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Preface

This volume covers the adverse effects of medicines used
in psychiatry and drugs of abuse. The material has been
collected from Meyler’s Side Effects of Drugs: The
International Encyclopedia of Adverse Drug Reactions

and Interactions (15th edition, 2006, in six volumes),
which was itself based on previous editions of Meyler’s
Side Effects of Drugs, and from the Side Effects of Drugs

Annuals (SEDA) 28, 29, and 30. The main contributors of
this material were Jeffrey K Aronson, Stefan Borg,
Andrew Byrne, Alfonso Carvajal, Philip J Cowen,
Stephen Curran, DL Dunner, Everett H Ellingwood, Rif
S El-Mallakh, Peter J Geerlings, Sarah Guzofski , Leslie L
Iversen, Jeffrey W Jefferson, Natalia Jimeno, Tong H
Lee, Luis H Martín Arias, David B Menkes, Shabir
Musa, Inger Öhman, Jayendra K Patel, Edmond H Pi,
TE Ralston, Reginald P Sequeira, George M Simpson,
John J Sramek, and Eileen J Wong. For contributors to
earlier editions of Meyler’s Side Effects of Drugs and the
Side Effects of Drugs Annuals, see http://www.elsevier.
com/wps/find/bookseriesdescription.cws_home/BS_SED/
description.

A brief history of the Meyler series

Leopold Meyler was a physician who was treated for
tuberculosis after the end of the Nazi occupation of The
Netherlands. According to Professor Wim Lammers, writ-
ing a tribute in Volume VIII (1975), Meyler got a fever
from para-aminosalicylic acid, but elsewhere Graham
Dukes has written, based on information from Meyler’s
widow, that it was deafness from dihydrostreptomycin;
perhaps it was both. Meyler discovered that there was
no single text to which medical practitioners could look
for information about unwanted effects of drug therapy;
Louis Lewin’s text ‘‘Die Nebenwirkungen der
Arzneimittel’’ (‘‘The Untoward Effects of Drugs’’) of
1881 had long been out of print (SEDA-27, xxv-xxix).
Meyler therefore determined to make such information
available and persuaded the Netherlands publishing firm
of Van Gorcum to publish a book, in Dutch, entirely
devoted to descriptions of the adverse effects that drugs
could cause. He went on to agree with the Elsevier
Publishing Company, as it was then called, to prepare
and issue an English translation. The first edition of 192
pages (Schadelijke Nevenwerkingen van Geneesmiddelen)
appeared in 1951 and the English version (Side Effects of
Drugs) a year later.
The book was a great success, and a few years later

Meyler started to publish what he called surveys of
unwanted effects of drugs. Each survey covered a period
of two to four years. They were labelled as volumes rather
than editions, and after Volume IV had been published
Meyler could no longer handle the task alone. For sub-
sequent volumes he recruited collaborators, such as
Andrew Herxheimer. In September 1973 Meyler died
unexpectedly, and Elsevier invited Graham Dukes to
take over the editing of Volume VIII.
Dukes persuaded Elsevier that the published literature

was too large to be comfortably encompassed in a four-
yearly cycle, and he suggested that the volumes should be

produced annually instead. The four-yearly volume could
then concentrate on providing a complementary critical
encyclopaedic survey of the entire field. The first Side

Effects of Drugs Annual was published in 1977. The first
encyclopaedic edition of Meyler’s Side Effects of Drugs,
which appeared in 1980, was labelled the ninth edition,
and since then a new encyclopaedic edition has appeared
every four years. The 15th edition was published in 2006,
in both hard and electronic versions.

Monograph structure

This volume is in six sections:

� antidepressants—a general introduction to their
adverse effects, followed by monographs on individual
drugs and groups of drugs (including lithium);

� neuroleptic drugs—a general introduction to their
adverse effects, followed by monographs on individual
drugs;

� hypnosedatives—a general introduction to their
adverse effects, followed by monographs on individual
drugs;

� drugs of abuse;
� drugs used to treat Alzheimer’s disease;
� psychological and psychiatric adverse effects of non-

psychoactive drugs.

In each monograph in the Meyler series the information is
organized into sections as shown below (although not all
the sections are covered in each monograph).

DoTS classification of adverse drug
reactions

A few adverse effects have been classified using the sys-
tem known as DoTS. In this system adverse reactions are
classified according to the Dose at which they usually
occur, the Time-course over which they occur, and the
Susceptibility factors that make them more likely, as
follows:

� Relation to Dose

� Toxic reactions—reactions that occur at suprather-
apeutic doses

� Collateral reactions—reactions that occur at stan-
dard therapeutic doses

� Hypersusceptibility reactions—reactions that occur
at subtherapeutic doses in susceptible individuals

� Time-course

� Time-independent reactions—reactions that occur
at any time during a course of therapy

� Time-dependent reactions

� Immediate or rapid reactions—reactions that
occur only when a drug is administered too
rapidly

� First-dose reactions—reactions that occur after
the first dose of a course of treatment and not
necessarily thereafter



� Early reactions—reactions that occur early in
treatment then either abate with continuing
treatment (owing to tolerance) or persist

� Intermediate reactions—reactions that occur
after some delay but with less risk during longer
term therapy, owing to the ‘‘healthy survivor’’
effect

� Late reactions—reactions the risk of which
increases with continued or repeated exposure

� Withdrawal reactions—reactions that occur
when, after prolonged treatment, a drug is with-
drawn or its effective dose is reduced

� Delayed reactions—reactions that occur some
time after exposure, even if the drug is with-
drawn before the reaction appears

� Susceptibility factors

� Genetic
� Age
� Sex
� Physiological variation
� Exogenous factors (for example drug–drug or drug–

food interactions, smoking)
� Diseases

Drug names

Drugs have usually been designated by their recom-
mended or proposed International Non-proprietary
Names (rINN or pINN); when these are not available,
chemical names have been used. In some cases brand
names have been used.

Spelling

For indexing purposes, American spelling has been used,
e.g. anemia, estrogen rather than anaemia, oestrogen.

Cross-references

The various editions of Meyler’s Side Effects of Drugs are
cited in the text as SED-l3, SED-14, etc; the Side Effects

of Drugs Annuals are cited as SEDA-1, SEDA-2, etc.
J K Aronson

Oxford, June 2008
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Organization of material in monographs in the Meyler series (not

all sections are included in each monograph)

General information

Drug studies

Observational studies

Comparative studies

Drug-combination studies

Placebo-controlled studies

Systematic reviews

Organs and systems

Cardiovascular

Respiratory

Ear, nose, throat

Nervous system

Neuromuscular function

Sensory systems

Psychological

Psychiatric

Endocrine

Metabolism

Nutrition

Electrolyte balance

Mineral balance

Metal metabolism

Acid-base balance

Fluid balance

Hematologic

Mouth

Teeth

Salivary glands

Gastrointestinal

Liver

Biliary tract

Pancreas

Urinary tract

Skin

Hair

Nails

Sweat glands

Serosae

Musculoskeletal

Sexual function

Reproductive system

Breasts

Immunologic

Autacoids

Infection risk

Body temperature

Multiorgan failure

Trauma

Death

Long-term effects

Drug abuse

Drug misuse

Drug tolerance

Drug resistance

Drug dependence

Drug withdrawal

Genotoxicity

Cytotoxicity

Mutagenicity

Tumorigenicity

Second-generation effects

Fertility

Pregnancy

Teratogenicity

Fetotoxicity

Lactation

Breast feeding

Susceptibility factors

Genetic factors

Age

Sex

Physiological factors

Disease

Other features of the patient

Drug administration

Drug formulations

Drug additives

Drug contamination and adulteration

Drug dosage regimens

Drug administration route

Drug overdose

Interactions

Drug-drug interactions

Food-drug interactions

Drug-device interactions

Smoking

Other environmental interactions

Interference with diagnostic tests

Diagnosis of adverse drug reactions

Management of adverse drug reactions

Monitoring therapy

References
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This section contains monographs on the following groups
of antidepressants:

� tricyclic antidepressants;� selective serotonin re-uptake inhibitors (SSRIs);� monoamine oxidase inhibitors;� other antidepressants (including serotonin and nora-
drenaline re-uptake inhibitors)� lithium.

Here we cover some of the adverse effects that affect
antidepressants as a class or for which there have been
comparisons between different types of antidepressants.

Organs and Systems

Psychiatric

Mania is listed as a possible adverse effect of all antide-
pressant drugs, and there is a well recognized association
between the use of antidepressants and reports of
switches from depression into mania (SEDA-23, 17).
There are three kinds of explanation for this phenom-
enon: (i) a spontaneous switch from depression into
mania as part of a bipolar illness, which happens by
chance to coincide with the use of antidepressant treat-
ment; (ii) the mania is indeed triggered by the antidepres-
sant drug but the depression is part of a bipolar illness and
bipolar patients are unusually susceptible to antidepres-
sant-induced hypomania; (iii) antidepressants can induce
mania in patients with true unipolar depression who
would never otherwise suffer from manic illness.
In a systematic review of antidepressant-induced hypo-

mania and mania the rate of switching from depression
into mania with antidepressant drug treatment in patients
identified as having unipolar depression was quite low and
generally under 5% (1). This rate is within that described
for the spontaneous conversion from unipolar to bipolar
disorder during longer-term follow-up in the absence of
antidepressant treatment. In contrast, in patients with
established bipolar illness, antidepressant drugs did
increase the risk of mania, and the risk with tricyclic anti-
depressants was probably greater than that seen with selec-
tive serotonin re-uptake inhibitors (SSRIs). The authors
concluded that the rate of antidepressant-induced hypoma-
nia and mania in major depression is within the rate of
misdiagnosis of bipolar depression as unipolar depression,
and that depressed patients who experience antidepres-
sant-induced hypomania are truly bipolar. However, this
conclusion is somewhat circular, and if accepted would
make it impossible to diagnose antidepressant-induced
hypomania without also diagnosing bipolar illness.
Longer-term follow-up studies will help show whether
patients with antidepressant-induced hypomania also
develop manic illness in circumstances other than exposure
to antidepressant medications. However, the best way of
resolving this issue would be to identify a genetic or other
biological marker that distinguished bipolar subjects from
those with unipolar illness.
Evidence from 12 trials has been assessed in a systema-

tic review, in which 1088 patients with bipolar depression
were randomized to different kinds of antidepressant

medication or placebo (2). A high proportion of patients
(75%) were taking concomitant therapy with a mood
stabilizer or an atypical antipsychotic drug. Overall, anti-
depressant treatment did not increase the risk of switch-
ing to mania relative to placebo (3.8% versus 4.7%,
difference ¼ 0.9%, CI¼ –2.0, 3.8%). However, patients
who were taking tricyclic antidepressants had a higher
rate of manic switching compared with other antidepres-
sants (mainly SSRIs and MAOIs).The rate of manic
switch on tricyclics was 10% and for other antidepressants
3.2% (absolute risk difference of 6.8%, CI¼ 1.7, 12%).
These findings suggest that tricyclic antidepressants
should not be used in depressed patients with bipolar
disorder unless it is essential and that SSRIs should prob-
ably be first-line treatment. However, the data are
derived from short-term studies (up to 10 weeks) and
the course of the bipolar disorder during longer-term
treatment with antidepressants is unclear. Also most of
the patients in the systematic review were taking other
drugs (mood stabilizers and antipsychotic drugs), which
would be expected to lessen the risk of mania. Hence, the
rate of manic switching in patients taking antidepressants
as sole therapy could be higher.

Sexual function

Most classes of antidepressant drugs are associated with
sexual dysfunction of various kinds, including reduced
desire and arousal, erectile difficulties, and ejaculatory
and orgasmic inhibition. A literature review has shown
that rates of sexual dysfunction of all kinds were highest
with selective serotonin re-uptake inhibitors (SSRIs) and
venlafaxine and least with amfebutamone (bupropion) and
the reversible inhibitor of monoamine oxidase type A,
moclobemide (3). Switching to amfebutamone or mirtaza-
pine from SSRIs often enabled patients to obtain relief
from sexual dysfunction. However, commonly recom-
mended antidotes to SSRI-induced sexual dysfunction,
such as Ginkgo biloba, serotonin (5HT2) receptor antago-
nists, such as cyproheptadine, and amfebutamone augmen-
tation were not supported by placebo-controlled trials.
These data suggest that antidepressant-induced sexual

dysfunction is more likely to be associated with agents
that greatly potentiate 5HT neurotransmission. This
notion is supported by the results of a 6-week double-
blind study of 24 men with premature ejaculation, in
which paroxetine (20 mg/day) increased latency to ejacu-
lation six-fold while mirtazapine (30 mg/day) had minimal
effect (4). In a randomized, 8-week, double-blind, pla-
cebo-controlled study in 450 patients with major depres-
sion, fluoxetine (20–40 mg/day) significantly impaired
sexual function, while the noradrenaline re-uptake inhi-
bitor reboxetine had no effect (5).
In a double-blind, placebo-controlled study in 90

patients with sexual dysfunction who were taking a
variety of 5HT re-uptake inhibitor antidepressants, silde-
nafil (50–100 mg) produced improvement in all aspects of
the sexual response in 54% of antidepressant-treated
patients compared with a placebo response rate of 4.4%
(NNT ¼ 2) (6). This suggests that sildenafil is an effective
treatment for antidepressant-induced sexual dysfunction.

Antidepressants 3
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Long-Term Effects

Tumorigenicity

Studies in rats have suggested that both tricyclic antidepres-
sants and selective serotonin re-uptake inhibitors (SSRIs)
promote the growth of mammary tumors. Rates of antide-
pressant prescribing have increased over the last 20 years,
and breast cancer remains a leading cause of mortality in
women. Two recent non-systematic reviews (7,8) have
examined the question of whether antidepressant treatment
might increase the risk of breast cancer. A variety of studies
have been conducted, including hospital- and population-
based case-control studies and prospective cohort studies.
Overall the evidence for an association between any use of
antidepressant medication and breast cancer is weak and
inconclusive. However, it is possible that sustained use of
certain drugs, for example, the SSRI paroxetine, might be
associated with an increased risk. Problems with the studies
reviewed include defining what kind of antidepressant
treatment regimen represents significant exposure, and
the unknown nature of the time-course of any effect of
antidepressants on the development of breast cancer. The
increasing use of SSRIs, which are known to be associated
with breast enlargement (SEDA-22, 12), suggests that
further prospective studies are needed.

Drug Administration

Drug overdose

Suicidal ideation of some kind almost invariably accom-
panies severe depression. Hence the relative toxicity of
antidepressants in overdose can be important in deter-
mining treatment choice. It is accepted that SSRIs are
less dangerous in overdose than tricyclic antidepressants,
but there are fewer data on the toxicity of other antide-
pressants. The presentation and likely toxicity in overdose
of several newer antidepressant drugs have been reviewed
(9). Deaths in overdose have been most clearly associated
with amfebutamone and venlafaxine.
Amfebutamone overdose typically presents with neuro-

logical symptoms, including delirium, agitation, and sei-
zures; however, cardiac dysrhythmias, with QT
interval prolongation and cardiac arrest, have occurred
(10,11). Venlafaxine overdose is also associated with sei-
zures and cardiac dysrhythmias (Nurnberg 56). Venlafaxine
is a potent 5-HT re-uptake inhibitor, and signs of 5HT
toxicity (agitation, myoclonus, hyperthermia) are common.
In a prospective cohort study of over 450 patients who

had attempted suicide by antidepressant ingestion the risk
of seizures after venlafaxine overdose (14%) was signifi-
cantly greater than that of SSRIs (1.3%) and similar to that
seen with dosulepin (11%) (12). Rates of 5HT toxicity did
not differ significantly between venlafaxine and SSRIs
(29% versus 19%) but were greater than with tricyclic
antidepressants (1.2%). Unlike SSRIs, venlafaxine was
associated with significant prolongation of the QT interval;
tricyclic antidepressants had a similar effect.

Data on the consequences of overdose of other new
antidepressant agents are limited, but current evidence
suggests that reboxetine and mirtazapine have low toxi-
city in overdose (Buckley 539). Reboxetine, as would be
expected, presents with signs of noradrenergic overactiv-
ity, such as sweating, tachycardia, hypertension, and anxi-
ety. The characteristic feature of mirtazapine overdose is
sedation (Buckley 539).
Overdose of moclobemide by itself rarely appears to

give rise to serious problems. This is in contrast to over-
dose with conventional monoamine oxidase inhibitors,
which can cause fatal 5HT toxicity. However, if patients
take moclobemide together with serotonergic antidepres-
sants, such as SSRIs or clomipramine, 5HT toxicity is
common. 5HT toxicity occurred in 11 of 21 patients who
took overdoses of moclobemide and serotonergic agents
but in only one of 33 patients who took moclobemide
alone (13). Consistent with this, four patients died, pre-
sumably of 5HT toxicity, after co-ingesting 3,4-methyle-
nedioxymethamphetamine (MDMA, ecstasy) and
moclobemide (14).
Overall the current data suggest that the safety advan-

tage in overdose relative to tricyclic antidepressants
enjoyed by SSRIs may extend to reboxetine and mirtaza-
pine. Amfebutamone and venlafaxine are more toxic than
SSRIs in overdose, but they are still likely to be safer than
tricyclic antidepressants.
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TRICYCLIC ANTIDEPRESSANTS

General Information

There are no accurate data on the worldwide use of the
many tricyclic compounds listed in Table 1, and the avail-
ability of particular drugs varies from country to country.
The dosage range for all these compounds is 50–300 mg/
day, with the exception of nortriptyline, which has an
upper limit of 200 mg, and protriptyline, which is more
potent (range 10–60 mg/day). Well-controlled comparisons
are few, but it is clear that these drugs resemble each other
more than they differ. Their adverse effects will be dis-
cussed for the class as a whole, with distinguishing features
of specific compounds mentioned when appropriate.
Tricyclic antidepressants interfere with the activity of at

least five putative neurotransmitters by several different
potential mechanisms at both central and peripheral sites.
This gives rise to uncertainty in understanding the
mechanisms that underlie a bewildering variety of unto-
ward effects, which are in turn further modified by tem-
poral factors, probably related to changes in receptor
sensitivity. Differences between drugs are often inferred
on the basis of selective effects on isolated organs in
specific species, but their relevance to actions in man is
largely unsubstantiated, owing to a lack of early clinical
pharmacology studies. There is a high base rate for spon-
taneously occurring complaints or placebo-induced
adverse effects in psychiatric populations, which compli-
cates interpretation, even in controlled studies. There is
also a wide range of interindividual sensitivity and sus-
ceptibility between patients, and very little consistent
correlation between plasma concentrations and particular
adverse effects.

All tricyclic compounds (with the possible exception of
protriptyline) have sedative effects, and this may be desir-
able or undesirable, depending on a particular patient’s
state of apathy or agitation. They have a spectrum of
anticholinergic activity, presenting as troublesome
adverse effects, such as dry mouth, sweating, confusion,
constipation, blurred vision, and urinary hesitancy,
depending on individual patient susceptibility. Weight
gain is a common and troublesome adverse effect; it is
mediated in part by histamine H1 receptor antagonism.
The adverse effects of most serious concern relate to the

cardiovascular system and seizure threshold. Actions on
the adrenergic and cholinergic systems probably contribute
to both hypotensive and direct cardiac effects, including
alterations in heart rate, quinidine-like delays in conduc-
tion, and reduced myocardial contractility. The seizure
threshold is lowered, increasing the frequency of epileptic
seizures. All of these adverse effects can occur at thera-
peutic dosages in susceptible populations, such as elderly
people, children, and people with cardiac problems or
epilepsy, but are also a major cause of morbidity and
mortality in accidental or intentional overdosage. Doses
in excess of 500 mg can be seriously toxic, and death is
fairly common when doses of 2 g or more are taken.
Tricyclic antidepressants rarely cause cholestatic jaun-

dice and agranulocytosis due to hypersensitivity reactions.
The rare liver necrosis may reflect severe hypersensitivity.
Two fatal cases of hypersensitivity myocarditis and hepa-
titis have been described (1). A variety of dermatological
manifestations have been reported (rash, urticaria, vascu-
litis), but their relation to drug ingestion is often uncer-
tain. A single case of pulmonary hypersensitivity with

Table 1 Tricyclic antidepressants that have been widely studied or are currently available for treating depression (all rINNs)

Compound Structure Comments

Imipramine Dibenzapine; tertiary amine Prototype compound

Desipramine Secondary amine First metabolite of imipramine

Amitriptyline Dibenzocycloheptene; tertiary amine Meta-analyses suggest the most effective

Nortriptyline Secondary amine First metabolite of amitriptyline

Protriptyline Secondary amine Most potent; least sedative

Doxepin Dibenzoxepine ring Sedative

Clomipramine Halogenated ring Available for intravenous use

Dimetacrine Acridine ring

Lofepramine Propylamine side-chain Relatively safe in overdose

Noxiptiline Oxyimino side-chain

Butriptyline Isobutyl side-chain More potent dopamine effects

Imipramine oxide Oxygenated ring Metabolite of imipramine

Amitriptyline oxide Oxygenated ring Metabolite of amitriptyline

Dibenzepin Dibenzodiazepine ring

Melitracen Anthracene ring

Amoxapine Dibenzoxazepine ring; piperazine

side-chain

Less potent than other tricyclics; dopamine

D2 receptor antagonist

Iprindole 6,5,8 ring structure Weak action on amino pump mechanism

Dosulepin Dibenzothiepine ring

Trimipramine Propyl side-chain Little effect on monoamine re-uptake

Amineptine Seven-carbon side-chain Less sedative than other tricyclics

ª 2009 Elsevier B.V. All rights reserved.



pleural effusions and eosinophilia has been reported with
desipramine (2).
Tumor-inducing effects have not been reported.

Plasma concentrations and adverse effects

Plasma concentrations of antidepressants are influenced by
pharmacogenetic factors, age, and drug interactions. Several
studies have attempted to define the relation between
plasma concentrations of tricyclic antidepressants and their
therapeutic or adverse effects. However, the results are con-
flicting (SEDA-3, 12; SEDA-5, 15) (3). Sometimes there is a
clear relation between cardiac toxicity and high plasma con-
centrations (4–6), but in some individuals cardiotoxic effects
occur at presumed therapeutic concentrations. Sporadic
reports of severe adverse effects, mostly of the anticholiner-
gic type, have often been associated with high plasma con-
centrations of amitriptyline or nortriptyline (7,8), although
these vary with each drug and from patient to patient. The
risk of central nervous system toxicity in patients treated
with tricyclic antidepressants may be correlated with plasma
concentrations, age, and sex (SEDA-16, 8; SEDA-17, 17). It
can be concluded that routine plasma concentration moni-
toring is generally of little practical value in managing
patients with adverse effects, but in view of the great inter-
individual variability in the pharmacokinetics of the tricyclic
antidepressants, monitoring may be useful in those patients
who report adverse effects at low doses.

Once-daily dosage

Most comparisons of once-daily with divided regimens for
a variety of tricyclic compounds have shown equal effi-
cacy and reduced adverse effects with once-daily regi-
mens (SEDA-3, 10). However, the significance of such
regimens for compliance may have been exaggerated.
Multiple drugs have a much clearer impact on compliance
than do multiple dosages of a single drug. Compliance is
not usually impaired until more than three tablets a day
are prescribed (9). A patient who forgets to take a single
dose of a once-daily regimen loses more therapeutic effect
than a patient who is equally forgetful about a divided
regimen. Divided regimens may also be useful for patients
who benefit from short-term sedation during the daytime.
Some adverse effects are more marked with single large

doses, particularly in vulnerable patients. One study
showed an increased frequency of frightening dreams
when tricyclic antidepressants were given in a single bed-
time dose (10). Elderly patients who take large single
doses at bedtime may be at risk of dizziness, ataxia, and
confusion caused by postural hypotension when they
attempt to get out of bed in the dark (8).

Compatibility with electroconvulsive therapy

An important practical question concerns the compatibil-
ity of tricyclic antidepressants and electroconvulsive ther-
apy (ECT). This has been studied in 15 patients taking
150–250 mg/day of imipramine or amitriptyline who
received 4–16 ECT treatments (11). Continuous monitor-
ing of cardiac function by oscilloscopy showed dysrhyth-
mias in 40% of the ECT sessions. There were single extra

atrial beats in 46 of 151 sessions and 1–3 premature ven-
tricular beats in 12 sessions. Transient ventricular tachy-
cardia occurred in one 32-year-old woman taking
amitriptyline 250 mg/day who received 12 ECT treat-
ments. The authors concluded that the cardiac effects
are similar to those observed in previous studies of elec-
trocardiographic changes during ECT in patients not tak-
ing antidepressants, and expressed the opinion that
combined therapy does not involve any increased risk of
serious cardiac dysrhythmias. A controlled comparison of
ECT given to 19 patients taking tricyclic antidepressants
and 27 control patients showed no differences in heart
rate, blood pressure, or ectopic heart beats (12).

Tricyclic antidepressants in the treatment of
enuresis

Although pediatric psychopharmacology is much
neglected, nocturnal enuresis is an area of extensive
research. An earlier review catalogued almost 100 publica-
tions on the topic (13). The tricyclic antidepressants have
been shown to be effective in well-controlled trials, and
over 40 publications had appeared before 1970. At that
time adverse effects in children appeared to be minimal
and comparable to those in adults. Since then considerable
concern has developed over cardiotoxic effects and the
risks of accidental overdose in children. The earlier reports
have been summarized (SEDA-1, 10); managing overdose
in children has been reviewed (SEDA-2, 10); death in a 16-
month-old infant has been reported (SEDA-3, 9).
Sudden death, possibly related to cardiac effects in

children and adolescents, has been discussed (SEDA-15,
13; SEDA-16, 9; SEDA-18, 18); it was concluded that
children taking tricyclic antidepressants require careful
monitoring of the electrocardiogram, even when rela-
tively low doses are used (SEDA-18, 18).
Symptoms of intoxication in children taking tricyclic

antidepressants may fail to be recognized in time, as
shown by a number of cases published in the former
German Democratic Republic (14), which led to serious
consideration of the abandonment of such treatment
there.
The British Committee on Review of Medicines recom-

mended that these drugs should not be used in children
under 6 years of age and should be given for periods not
exceeding 3 months, and then only after a full examina-
tion (including electrocardiography) and consideration of
other treatment options.

Long-term adverse effects

Treatment guidelines for depression and anxiety increas-
ingly emphasize the value of longer-term maintenance
treatment with antidepressants in order to prevent recur-
rence of illness. It is therefore important to assess the
adverse effects burden of longer-term medication. The
change in adverse effects profile over 1 year of treatment
has been studied in a double-blind, placebo-controlled
study of maintenance treatment with imipramine (average
daily dose 160 mg) in 53 patients with panic disorder (15).
Adverse effects of imipramine, such as sweating, dry
mouth, and increased heart rate, persisted over the year
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of treatment, while rates of sexual dysfunction fell. Weight
gain became increasingly problematic, and by the end of
the trial imipramine-treated patients had a mean increase
in weight of 4.5 kg, significantly more than the placebo-
treated subjects, who gained only 1.3 kg. Data of this kind
are helpful when advising patients on which adverse effects
may remit and which are likely to persist during longer-
term treatment. These data suggest that relative to SSRIs,
such as fluoxetine and sertraline, maintenance treatment
with imipramine is less likely to cause sexual dysfunction
but has a greater risk of weight gain.

Organs and Systems

Cardiovascular

The cardiac toxicity of tricyclic antidepressants in over-
dose has been a source of continued concern. Undesirable
cardiovascular effects, besides representing a major ther-
apeutic limitation for this category of drugs, delineate an
area in which tricyclic compounds with novel structures,
as well as second-generation antidepressants, may have
significant advantages. The cardiovascular effects of tri-
cyclic antidepressants and the new generation of antide-
pressants have been reviewed (SEDA-18, 16) (16).
Since the inception of SEDA in 1977, each volume has

included a review of the evolving literature, focusing on
specific aspects, including direct myocardial actions
(SEDA-12, 13), hypotension (SEDA-12, 13), and the inci-
dence, severity, and management of overdosage in adults
and children (SEDA-10, 19) (SEDA-11, 16) (4,17–21).

Direct myocardial actions

Tricyclic antidepressants are highly concentrated in the
myocardium; this may account for the vulnerability of the
heart as a target organ as well as for inconsistently and
inconclusively reported relations between plasma drug
concentrations and specific manifestations of cardiac toxi-
city. These drugs interfere with the normal rate, rhythm,
and contractility of the heart through actions on both
nerve and muscle that are mediated by at least four dif-
ferent mechanisms (singly, in combination, or due to
imbalance), including an anticholinergic action, interfer-
ence with re-uptake of catecholamines, direct myocardial
depression, and alterations in membrane permeability
due to lipophilic and surfactant properties.
Acute experiments in dogs have shown a negative ino-

tropic effect sufficient to cause congestive cardiac failure,
but a carefully conducted long-term study in man did not
show impaired left ventricular function in depressed
patients with concurrent congestive failure (SEDA-9,
18). In another study (22) nortriptyline (mean dose
76 mg/day, mean plasma concentration 107 ng/ml) was
given to 21 depressed patients with either congestive
heart failure or enlarged hearts. In this study, nortripty-
line was effective and well tolerated, producing only one
episode of intolerable hypotension.
The most readily observable change in cardiac function is

sinus tachycardia, which occurs to a greater or lesser extent in
more patients and which correlates weakly or inconsistently

with plasma concentrations (4,17,18). The mechanism may
be related to both central and peripheral effects on choliner-
gic and adrenergic systems, but is not simply a reflex
response to hypotension (4). The presence of tachycardia
can serve as an indirect measure of compliance (4), but it is
seldom a cause for concern, except in individuals who
anxiously monitor their own physiological functions.
The complex changes that occur in cardiac rhythm have

been intensively studied using 24-hour high-speed and
high-fidelity cardiographic tracings, His bundle electro-
cardiography (23,24), and cardiac catheterization
(25,26). Changes in conduction and repolarization cause
prolongation of the PR, QRS, and QT intervals and flat-
tening or inversion of T-waves on routine electrocardio-
grams; conduction delay occurs distal to the
atrioventricular node and is apparent as a prolonged HV
interval (the time from activation of the bundle of His to
contraction of the ventricular muscle). This effect resem-
bles that due to type I cardiac antidysrhythmic drugs, such
as quinidine and procainamide. These conduction
changes can cause atrioventricular or bundle branch
block and can predispose to re-entrant excitation currents
with ventricular extra beats, tachycardia, or fibrillation.
The implications and complications of these changes in

cardiac function and rhythm are less clear; knowledge of
their existence provoked concern about the incidence of
sudden death in patients with cardiovascular disease, but
the evidence from epidemiological sources is equivocal
(19). General guidelines for the use of these drugs in the
elderly have been discussed above, and a review of studies
on the cardiovascular effects of therapeutic doses of tricyclic
antidepressants has supported their use in elderly patients
and those with pre-existing cardiovascular disease, provided
precautions are taken. Atrial fibrillation has been reported
in predisposed elderly subjects (SEDA-18, 19). In children
taking desipramine there have been reports of sudden death
(27,28) and tachycardia, and cardiographic evidence of an
intraventricular conduction defect (SEDA-18, 18) (29).
The antidysrhythmic effect of imipramine was first

reported in 1977 during treatment of two depressed
patients whose ventricular extra beats improved during
treatment (30). Tricyclic compounds can trigger serious
dysrhythmias at high doses and perhaps also when the
myocardium is sensitized.
Care should be taken in patients with a recent myocar-

dial infarction who show evidence of impaired conduction
(first-degree heart block, bundle-branch block, or prolon-
gation of the QTc interval), since tricyclic antidepressants
can theoretically add to the already increased risk of
ventricular fibrillation in such patients (31). Reviews in
earlier editions of Meyler’s Side Effects of Drugs dis-
cussed these effects and gave practical guidelines on the
use of tricyclic antidepressants in patients with heart dis-
ease (32).
There is sometimes a clear-cut correlation between

cardiac toxicity and high plasma concentrations (SEDA-
18, 18) (4–6), but this may not always be so in individuals
who are highly sensitive to the drug or in whom prolonged
treatment may have led to drug accumulation in the myo-
cardium, despite plasma concentrations in the usual target
range. Routine plasma concentration monitoring does not
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seem indicated, since plasma concentrations account for
only a small part of the variance in cardiac effects (17). If
an individual shows significant changes clinically or car-
diographically, a spot measurement may show a high
plasma concentration, requiring dosage reduction.
To date there have been no prospective studies that

clearly show increased mortality in cardiac patients who
use tricyclic antidepressants. It has been suggested that
overall mortality due to cardiac disease may be higher in
depressed patients who remain untreated than in those
who receive either an antidepressant or electroconvulsive
therapy (33). Even in patients who have chronic heart
disease, the risks of effective treatment with a tricyclic
appear to be minimal (34).

Hypotension

As many as 20% of patients taking adequate doses of a
tricyclic antidepressant experience marked postural hypo-
tension. This effect is not consistently correlated with plasma
concentrations and tolerance does not develop during treat-
ment (35–37). The mechanism for this effect is uncertain; it
has been attributed to a peripheral antiadrenergic action, to
a myocardial depressant effect, and to an action mediated by
alpha-adrenoceptors in the central nervous system (38).
Studies of left ventricular function in man are conflicting.
One study of systolic time intervals showed a decrement in
left ventricular function with therapeutic doses (39), while
two in which cardiac function was observed directly during
cardiac catheterization after overdosage showed no evi-
dence of impaired myocardial efficiency, whereas the hypo-
tension persisted after left ventricular filling pressures and
cardiac output had returned to normal (40,41).
Postural hypotension can lead to falls. Its occurrence

may be predictable, since patients who have raised systo-
lic pressures and who have a pronounced postural drop
before treatment are most likely to experience drug-
induced hypotension (37). Such patients should be cau-
tioned to rise slowly from sitting positions and, since
elderly people are especially at risk of falling at night,
single large bedtime doses of sedative tricyclic drugs
should be avoided. These preventive measures are the
most helpful, since the hypotensive effect is not directly
related to plasma drug concentrations and may not
improve with dosage reduction. The wisdom of using
sympathomimetic drugs to counter this undesirable effect
is questionable (42).

Use in patients with cardiac disease

The diagnosis of depression and the use of antidepressant
medication are both associated with an increased risk of
myocardial infarction. The relative contribution of these
two factors is uncertain. In a case-control study of 2247
subjects, taking antidepressants was associated with a 2.2-
fold (CI = 1.3, 3.7) increase in the risk of myocardial
infarction (43). This increased risk seemed to be
accounted for entirely by the use of tricyclic antidepres-
sants, because selective serotonin re-uptake inhibitors
were not associated with an increased risk, although the
confidence intervals were wide (relative risk 0.8; CI = 0.2,
3.5). These findings support the usual clinical advice that

tricyclic antidepressants are best avoided in those with
known cardiovascular disease or significant risk factors.

Cardiovascular complications of overdosage

The relation between the dosage of a tricyclic antidepres-
sant and the development of life-threatening cardiovascu-
lar complications is unclear and individually variable
(44,45), although plasma concentrations above 1000 ng/
ml give cause for serious concern. Plasma concentrations
vary widely, and absorption can be delayed or deceptive,
owing to gastric stasis and enterohepatic recycling (46).
Dysrhythmias can occur for the first time up to 36 hours
after drug ingestion or admission to hospital (46). The
frequency of serious cardiac conditions in one series of
68 cases (47) was 46% in patients who took over 2000 mg
of imipramine or its equivalent, almost twice that of those
who took less (25%). An intensive study of cardiovascular
complications among 35 overdose patients showed that
51% had significant hypotension and 80% had abnormal
electrocardiograms (40). The latter consisted of sinus
tachycardia (71%) and various abnormalities that reflect
impaired conduction, including prolongation of the QTc

interval (86%), QRS complex (29%), and PR interval
(11%). The ST segments and T-waves were abnormal in
28% of patients. Despite these manifestations of dis-
turbed conduction and repolarization, there were rela-
tively few dysrhythmias; 13 patients (37%) had
ventricular extra beats, which lasted up to 72 hours after
admission and subsided within 36 hours in 10 cases. No
patients developed sustained repeated ventricular tachy-
dysrhythmias, and the authors speculated that bizarre
wide QRS complexes seen in aberrantly conducted supra-
ventricular tachycardia (present in some cases) may
sometimes be misinterpreted as ventricular tachycardia.
The basic principles of intensive supportive care should

be applied early, and artificial ventilation is often neces-
sary, since respiratory depression is more frequent than is
commonly supposed (48,49). Patients should be monitored
for 24 hours if the initial (or subsequent) electrocardiogram
shows a dysrhythmia. Among 75 patients with overdose,
none who had a normal electrocardiogram and level of
consciousness for 24 hours went on to develop any signifi-
cant dysrhythmia (50). However, a case was subsequently
reported of a patient who died an acute cardiac death 57
hours after admission and 33 hours after normalization of
the electrocardiogram (51). The authors suggested that
prolonged monitoring may be justified in individuals who
have taken antidepressants for prolonged periods, com-
pared with those who overdose early in treatment.
More specific treatment to combat cardiotoxic effects is

usually necessary in only a minority of instances; in the
series reported above (40), five patients (14%) had marked
hypotension. Initial low left ventricular filling pressures
were corrected within 3 hours by infusion of isotonic saline.
Systemic hypotension persisted and was corrected by infu-
sion of sympathomimetic amines. Routine insertion of a
pulmonary artery catheter, with continuous monitoring of
blood gases, pulmonary arterial pressure, left atrial wedge
pressure, and cardiac output have been recommended (40).
Volume expansion is suggested for low left atrial pressure,
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with dopamine infusion to improve myocardial contracti-
lity if cardiac output remains low.
The management of ventricular extra beats is based on

recognition of the quinidine-like basis of the conduction
defect. In the series reported above (40) all 13 patients with
ventricular arrhythmias responded to intravenous infusion
of lidocaine (mean dose 2.0 mg/minute). This alone might
account for the absence of deaths in this series.
Another indirect method of benefiting the patient with

cardiotoxic effects has been the alkalinization of plasma to
a pH of 7.50–7.55 using sodium bicarbonate infusion (52).
This enhances plasma protein binding, making the drug
less available to the tissues. It is claimed that this technique
reverses both hypotension and cardiac dysrhythmias with-
out the risk of the undesirable effects of antidysrhythmic
drugs (46). Recommendations for the management of poi-
soning with tricyclic antidepressants given in a recent
review have been summarized (SEDA-16, 8).

Differences among tricyclic compounds

There is evidence that doxepin is significantly less cardi-
otoxic than other tricyclic compounds (53). However, a
complete review of all the animal and clinical data has
suggested that doxepin overdose can still cause lethal
dysrhythmias in man, probably by producing more
marked respiratory depression.
Three different studies have shown that there is less

risk of hypotension in patients treated with nortriptyline
(54–56) than with other tricyclic compounds. However, a
similar claim has been made for doxepin (57).
Increased pulse rate and blood pressure have been

associated with desipramine in the treatment of bulimia
nervosa (SEDA-17, 18).

Respiratory

There has been one case report of reduced ventilatory
response to hypercapnia after nortriptyline in a woman
with chronic obstructive pulmonary disease (SEDA-18, 19).

Nervous system

Miscellaneous symptoms that have been attributed to the
tricyclic antidepressants include fatigue, weakness, dizzi-
ness, headache, and tremor; patients are likely to fall
because of these disturbances.
Seizures are serious adverse events associated with the

use of antidepressants, and the relative frequencies for dif-
ferent antidepressants have for a long time been a matter of
controversy. The literature has been critically evaluated,
taking into account predisposing factors, drug doses, plasma
drug concentrations, and the duration of treatment (58). A
significant proportion of seizures occurred in predisposed
individuals, and the risk of seizure for most antidepressants
increased with dose or blood concentration. After overdose
the risk was higher for amoxapine and the tetracyclic drug
maprotiline than for other antidepressants, but for several
drugs there are not enough data to estimate the risk.
Imipramine was the most frequently studied tricyclic, with
a seizure risk of 0.3–0.6% at effective doses. For several of
the second-generation antidepressants, a lower seizure risk
has been reported in large clinical trials. Caution with all

antidepressants should certainly be exercised in people who
are predisposed to seizure activity because of brain damage
or alcohol or drug abuse.
Concurrent use of lithium may be a risk factor for

neurological adverse effects.

� A 34-year-old woman took amitriptyline 300 mg each
night for several years. Six days after starting lithium
300 mg tds she had several generalized tonic-clonic
seizures. A second episode occurred on re-exposure
to lithium (59).

Patients with phobias or panic disorders are extremely
sensitive to the adverse effects of tricyclic drugs early in
treatment. They often have a syndrome of fine tremor,
insomnia, and anxiety, which can be characterized as
‘‘jitteriness’’ and which is sometimes attributed to adre-
nergic hypersensitivity (SEDA-13, 9). Serum iron concen-
trations were significantly lower in jittery patients than in
those who were not affected (SEDA-17, 19) (60). The
authors suggested that this may be related to the role of
iron as a co-factor for tyrosine hydroxylase.
Because tricyclic antidepressants suppress REM sleep,

they have been used in the management of narcolepsy
and cataplexy when amphetamines fail or abuse potential
is high. Clomipramine is the most effective, possibly
because it has more pronounced actions on serotonergic
mechanisms (61).
Three reports have referred to a type of difficulty in

articulation described as ‘‘speech blockage’’ or ‘‘dysar-
thria’’ (62–64). The disturbance was described as a delay
in thinking and speech, in which the patient has difficulty
in conceptualizing or transferring the next logical thought
into words. The effect resembles stammering.
There have been sporadic reports of bilateral foot-drop

with peroneal nerve involvement (65). A major neuropa-
thy, with high stepping gait and inability to dorsiflex the
foot, occurred in an 84-year-old woman; this presumed
adverse effect remitted 8 weeks after withdrawal (66).
Unusual neurological reactions have been observed in

some patients, generally when combinations of drugs
(often including maprotiline) have been used (67). The
symptoms were ataxia, akathisia, hypokinetic disorders of
speech and motion, a dream-like state, and transiently
impaired memory.
Confusion was observed in 13% of 150 patients taking

tricyclic drugs, and in as many as 35% of patients over 40
years of age. All responded rapidly to drug withdrawal
(SEDA-9, 26).
Aggressiveness during treatment in patients taking imi-

pramine and amitriptyline in relatively low doses has been
described (68). Violent behavior has also been attributed
to amitriptyline (SEDA-17, 18).

Anticholinergic actions

Several organs are the target for the anticholinergic (anti-
muscarinic) activity of the tricyclic antidepressants. They
constitute the most common and troublesome adverse
effects of the tricyclic antidepressants, but the peripheral
anticholinergic actions can also be put to therapeutic use
in conditions such as irritable bowel syndrome, premature
ejaculation, and nocturnal enuresis.
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Experiments on receptor binding in rat brain and gui-
nea-pig ileum have shown a spectrum of activity at mus-
carinic acetylcholine receptors for different tricyclic
antidepressants (69). A comparison of five compounds
showed that amitriptyline and doxepin were the most
and desipramine the least potent, imipramine and nor-
triptyline being intermediate. Single-dose experiments in
volunteers (given up to 100 mg of each drug) have con-
firmed the same rank order for both the peripheral antic-
holinergic actions (on salivary flow) and the central
effects (sedation and other measures on a mood scale)
(70). The significance of these differences between rela-
tively low single doses of these drugs in healthy volunteers
should not be uncritically extrapolated to clinical practice.
However, they do provide a rationale for selecting among
the different drugs for patients in whom either a high
degree of sedation is desirable or anticholinergic effects
are likely to be troublesome. No tricyclic is entirely free of
anticholinergic action, and individual differences in sus-
ceptibility or metabolism can still cause serious problems
in some patients. It is also difficult to predict which parti-
cular organ will become the major target for anticholiner-
gic activity; some patients complain bitterly of a dry
mouth, others report blurred vision, and some develop
bowel or bladder symptoms. Careful history taking and
physical examination will often reveal a possible cause for
concern, based on the patient’s previous response to simi-
lar drugs, existing disease (such as narrow-angle glau-
coma, enlarged prostate, constipation), or advancing age.
Older people are supposedly susceptible to delirium

caused by centrally acting anticholinergic drugs. This can
take the form of anxiety, agitation, or frank hypomania.
Such difficulties are more likely if the patient is also
taking antipsychotic drugs (many of which also have
anticholinergic effects) or anticholinergic antiparkinso-
nian drugs. Although such effects have long been recog-
nized as a risk associated with the anticholinergic
properties of these drugs, it has been suggested that
their incidence may be lower than is often assumed (71).
In an epidemiological study from a West German multi-
center drug surveillance system in almost 14 000 patients
for 5 years, exposure-related incidence rates were 1.2%
for tricyclic antidepressants compared with 0.8% for both
tranylcypromine and neuroleptic drugs (72). The risk
increased steadily with age in both sexes and all diagnos-
tic subgroups, and was six-fold higher (3.4%) in those
over 60 years. Also at greater risk were women and
patients with affective psychosis.
Adverse anticholinergic effects can occur immediately

after the first dose of a tricyclic antidepressant. They are a
major cause of poor compliance in patients who expect
immediate relief, but who are not properly prepared for
the delay that can occur in the beneficial effects of these
drugs on mood and energy.

Sensory systems
Loss of accommodation and blurred vision are common
inconveniences that can usually be tolerated in the knowl-
edge that they lessen with the duration of treatment.
Exacerbation of narrow-angle glaucoma in the elderly

can occur, but is not an absolute contraindication to treat-
ment with a tricyclic antidepressant, since the anticholi-
nergic effects can be balanced by judicious use of
pilocarpine (73,74).
Damage can occur to the corneal epithelium, due to

reduced lacrimation and relative accumulation of mucoid
secretions in patients who wear contact lenses (75).

Mouth and teeth
Rampant dental caries due to xerostomia occurred in a
patient who took doxepin up to 300 mg/day for over 2
years (76). The author warned of the need to counsel
patients to carry out rigorous and regular dental hygiene,
as well as simple measures to promote increased saliva-
tion, such as sugarless lemon drops or chewing gum. In
another study there was an increase in the number of
decayed teeth in 35 children treated with amitriptyline
or nortriptyline for enuresis, compared with a smaller
group of untreated children with enuresis and a larger
matched population control group (77).

Gastrointestinal
Simple dietary advice about bulk foods can mitigate
minor bowel disturbances. More serious complications
that can arise include paralytic ileus, which can be life-
threatening, especially in the elderly (78). A less well-
known adverse effect is the potential for aggravating or
even possibly inducing a hiatus hernia, presumably due to
an anticholinergic effect on the cardiac sphincter (79).

Urinary tract
The tricyclic antidepressants increase bladder sphincter
tone and the volume of fluid necessary to trigger detrusor
contraction (80). Such effects may account for their effi-
cacy in nocturnal enuresis, in which the benefit occurs
early and at a low dosage, consistent with anticholinergic
activity. However, this pharmacological action can cause
hesitancy and urinary retention, especially in predisposed
men who have prostatic hyperplasia.
Renal damage from tricyclic antidepressants has been

suggested on only one occasion.

� A 65-year-old man taking imipramine 300 mg/day
developed toxic psychosis, anorexia, and nausea after
24 days. He was mildly azotemic, but these changes
quickly reverted after withdrawal. No biopsy or renal
function tests were reported.

The findings are entirely compatible with prerenal azote-
mia associated with diminished fluid intake during a drug-
induced psychosis (81).

Neuroleptic malignant syndrome

The neuroleptic malignant syndrome, which is classically
associated with antipsychotic drugs and is usually attrib-
uted to excessive dopamine D2 receptor blockade, can
rarely occur with other medications, including tricyclic
antidepressants.

� A 62-year-old man was found unresponsive in his
apartment. He had a past history of bipolar disorder,
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for which he was taking nortriptyline and sodium
valproate (dosages not stated). On admission to hospi-
tal his rectal temperature was 107.1�F and he had
increased muscle tone. He was intubated and cooled
with ice packs. His creatine kinase activity was raised
(1046 IU/l) but valproate and nortriptyline concentra-
tions were within the target ranges. Extensive investi-
gations, including biochemical screens and brain scans,
showed no clear cause for his condition. Shortly after-
wards he developed disseminated intravenous coagula-
tion and died.

The authors concluded that the features of the illness
were consistent with nortriptyline-induced neuroleptic
malignant syndrome (82). However, a contributory role
for sodium valproate was also possible.
The neuroleptic malignant syndrome has also been

reported in association with the antidepressants trimipra-
mine (SEDA-21, 11) (83), desipramine (SEDA-17, 18),
and amoxapine (SEDA-16, 9; SEDA-17, 18) (84).
Amoxapine in particular has significant dopamine D2
receptor antagonistic properties. In most cases the
patients were taking several other drugs, but there have
been reports of the syndrome in association with amox-
apine or desipramine alone.

Serotonin syndrome

The serotonin syndrome is usually associated with the use
of combinations of drugs that potentiate brain serotonin
function. This syndrome has been associated with several
tricyclic antidepressants when used in combination with
monoamine oxidase (MAO) inhibitors (85). Rarely it can
be associated with the use of a single agent, such as
clomipramine, a tricyclic antidepressant with potent ser-
otonin re-uptake inhibitor properties (86).

� A 60-year-old woman, with a history of hypertension,
type 2 diabetes mellitus, and depression, took clomi-
pramine 200 mg/day for 8 months and then 250 mg/day
for 3 months. Her other medications were glibencla-
mide 7.5 mg/day, lisinopril 5 mg/day, and clonazepam
0.5 mg/day. Without any change in medications or
other precipitants, she began to feel confused and
weak. She became pyrexial (41.6�C), confused, and
tremulous, with myoclonic jerking. The combined
plasma concentrations of clomipramine and des-
methylclomipramine were 2230 nmol/l, somewhat
over the usual target range (below 1900 nmol/l).
Within hours her condition deteriorated, with seizures,
ventricular tachycardia, and disseminated intravascu-
lar coagulation. Rhabdomyolysis led to acute renal
insufficiency, which required dialysis. She remained
severely ill over the next 4 weeks and eventually died
of opportunistic Gram-negative infections.

This case illustrates that the serotonin syndrome can
occasionally occur apparently spontaneously in patients
taking a single serotonergic drug. The authors were
unable to find any reason why the syndrome developed
so catastrophically when it did, except for the modestly
increased concentrations of clomipramine and its meta-
bolite.

Extrapyramidal symptoms

Tricyclic antidepressants are often listed among the many
drugs that can produce buccofaciolingual or choreoathe-
toid movements (87). A putative mechanism is a central
anticholinergic action, which upsets the balance between
the dopaminergic and cholinergic systems. The sponta-
neous occurrence of this syndrome makes it difficult to
establish a cause-and-effect relation, although both
patients described in the above report had symptoms
again when rechallenged.
There is a more clear-cut cause-and-effect relation in

the parkinsonian symptoms that occasionally occur with
high-dosage tricyclic therapy in susceptible individuals
(particularly elderly women). Because of its piperazine
side-chain and structural resemblance to the phenothia-
zines, amoxapine has antidopaminergic properties that
appear to produce typical dystonic reactions (88), but
other tricyclic antidepressants may also be implicated in
producing the full range of so-called extrapyramidal syn-
dromes, including akathisia, dystonic reactions, parkin-
sonism, and tardive dyskinesia. Case reports have been
described before (SEDA-16, 9; SEDA-17, 18; SEDA-18,
18). In the reports of tardive dyskinesia the problem is
often that these patients have taken many different drugs.

Sensory systems

Eyes

Loss of accommodation and blurred vision are common
inconveniences that can usually be tolerated, in the
knowledge that they lessen with the duration of treat-
ment. Exacerbation of narrow-angle glaucoma in the
elderly can occur, but is not an absolute contraindication
to treatment with a tricyclic antidepressant, since the
anticholinergic effects can be balanced by judicious use
of pilocarpine (73,74).
Treatment with bright light is used for mood disorders,

and it has been suggested that antidepressants, which may
act as photosensitizers, could enhance the effect of bright
light on the eye, giving rise to adverse effects (SEDA-18,
17).

Ears

Tinnitus can occur after prolonged treatment with tricyc-
lic antidepressants. In an early trial of imipramine (89)
there were two cases of transient deafness, but in the
subsequent 20 years no auditory effects have been
recorded. In 1980, a report appeared (90) concerning
four patients, all taking imipramine in dosages below
150 mg/day. Each complained of buzzing or ringing in
the ears. In each case the symptoms improved or disap-
peared on dosage reduction, with maintenance of thera-
peutic benefit, and in one case the patient was switched to
an equivalent dosage of desipramine without recurrence.
A further report concerned a patient taking protriptyline
45 mg/day who developed ringing in both ears after 12
days (91). Symptom severity fell with dosage reduction
and disappeared entirely after desipramine 100 mg/day
was substituted. The authors postulated that non-vibra-
tory tinnitus had originated from either neurological fac-
tors or changes in blood flow. In a chart review of 475
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patients treated with tricyclic antidepressants there were
five patients with tinnitus. Each developed the symptom
in the second or third week of treatment at dosages of
imipramine of 150–250 mg/day, with plasma concentra-
tions of 200–400 ng/ml (92). In every case tinnitus sub-
sided spontaneously within a further 2–4 weeks after
onset, even though dosage and plasma concentrations
remained constant.
Another unusual disturbance of hearing has been

reported in a child taking tricyclic antidepressants (93).
Auditory acuity was normal, but discriminative ability for
both clear and distorted speech was depressed. The dis-
order cleared within some days of withdrawal.

Psychological, psychiatric

Cognitive impairment has been associated with nortripty-
line in elderly subjects (SEDA-17, 19).
Musical hallucinations have been reported in associa-

tion with clomipramine (SEDA-17, 18).

Mania

It is widely believed that there is a significant risk that
tricyclic antidepressants can precipitate mania or rapid
cycling in up to 10% of patients, and that various factors
increase this possibility, including being female or
younger, having an earlier onset of illness, and having a
positive first-degree family history (SED-11, 40).
Biochemical risk factors have been alleged to include
patients with a low urinary excretion of the noradrenaline
metabolite methoxyhydroxyphenol glycol (MHPG); the
risk is possibly greater in patients taking tricyclic antide-
pressants rather than MAO inhibitors, and particularly in
the case of clomipramine. The data on which these con-
clusions were based have now been rigorously analysed
(94) in a review of the controversy surrounding the alter-
native suggestion that the so-called switch effect is a ran-
dom manifestation of bipolar illness. There is a paucity of
both prospective and long-term placebo-controlled stu-
dies, and existing research has suffered from unrepresen-
tative samples and poor definition of manic outcomes.
The reviewers concluded that ‘‘� � �some bipolar patients
and few, if any, unipolar patients become manic when
they are treated with antidepressants. A small number
of patients develop rapid cycling.’’
This more cautious conclusion is supported by the

results of a prospective study of 230 carefully selected
patients with recurrent depression (at least two episodes,
with an average of six) who took imipramine (200 mg/
day) for an average of over 46 weeks (95). Mania and
hypomania were defined and measured by the Raskin
rating scale. Only six patients (2.6%) developed hypoma-
nia, and four of these did so after withdrawal. Younger
patients, women, and those with a previous history of
hypomania (bipolar II) were no more likely to switch
than unipolar patients.
These results suggest that the risk of mania or hypoma-

nia in the long-term treatment of recurrent unipolar
depressed patients is relatively small. The 12 placebo-
controlled studies of acute treatment in less carefully
defined samples support higher incidence rates (around

6–7% for hypomania and 1–2% for mania), but these
figures may be inflated owing to the inclusion of bipolar
patients with a high risk of a spontaneous switch (94).

Metabolism

Weight gain has long been recognized as a concomitant of
antidepressant and antipsychotic drug therapy. This may in
part reflect improvement in mental state, but there also
appears to be a physiological component, with an increased
craving for sweets (96). No abnormalities have been found
in fasting glucose and insulin concentrations or in intrave-
nous insulin tolerance tests (96,97). Another possible sug-
gestion for weight gain is that taste perception in
depression improves after therapy with tricyclic antide-
pressants (98). A study of 50 depressed patients attempted
to address some of these issues (99). Increased energy
efficiency during antidepressant treatment has also been
suggested as a reason for weight gain (SEDA-17, 8). A
warning to patients with diabetes that hypoglycemia can be
masked seems appropriate (100).
Interest in the metabolic effects of psychotropic drugs has

been heightened by reported increases in serum cholesterol
concentrations produced by atypical antipsychotic drugs,
such as olanzapine and clozapine. Raised cholesterol con-
centrations have also been reported in conjunction with the
antidepressant drug, mirtazapine, which, like olanzapine and
clozapine, blocks histamine H1 and 5HT2 receptors. A strik-
ing increase in serum cholesterol was reported in 32-year-old
woman during treatment with the tricyclic antidepressant,
doxepin (101). When reboxetine was substituted for doxepin
the cholesterol concentration returned to normal. Doxepin
has particularly potent H1 receptor antagonist properties,
which suggests that blockade of H1 receptors may play a
role in the cholesterol raising properties of some psychotro-
pic drugs. This effect may have implications for the associa-
tion between the use of tricyclic antidepressants and an
increased risk of myocardial infarction (SEDA-24, 12).

Endocrine

The ‘‘Division of Drug Experience’’ of the US
Department of Health and Welfare issued a note on five
cases of the syndrome of inappropriate antidiuretic hor-
mone secretion and drugs to which it has been attributed
(102). All involved drugs with a tricyclic structure; one
patient was taking imipramine, three carbamazepine, and
the others the closely related muscle relaxant cyclobenz-
aprine. The dosage of imipramine was 50 mg/day for 3
weeks and the patient was a 72-year-old woman. Other
cases have been reported, involving amitriptyline (102),
imipramine, and protriptyline (SEDA-17, 17).
Tricyclic antidepressants, presumably through blocking

the re-uptake of noradrenaline, can cause a crisis in a
patient with a pheochromocytoma (SEDA-21, 11) (103).
Prolactin concentrations are very rarely altered during

treatment with tricyclic antidepressants, but this is more
likely to occur and to produce galactorrhea or amenor-
rhea with clomipramine and amoxapine and when
there are other contributory factors that may stimulate
prolactin secretion, such as stress or electroconvulsive
therapy (104).
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Hematologic

Occasional cases of blood dyscrasias with tricyclic antide-
pressants continue to be reported (SEDA-12, 46) (SEDA-
18, 18) (SEDA-21, 10). Antidepressant-induced blood
dyscrasias have recently been reviewed (105).
Agranulocytosis has been associated with tricyclic anti-

depressants (106). Of 20 cases, eight were fatal and 12
recovered after 3–20 days.
Two cases of non-thrombocytopenic purpura occurred

in patients taking tricyclic antidepressants. Both
improved on withdrawal (107). True thrombocytopenia,
with platelets counts as low as 120 � 1012/l, occurred in a
79-year-old woman taking doxepin. During later treat-
ment with amitriptyline, thrombocytopenia recurred, but
not when she took imipramine (108). Cross-sensitivity
must be highly specific to chemical structure, doxepin
and amitriptyline being more like each other than imipra-
mine.

Liver

Cholestasis was among the first adverse effects reported
with phenothiazines, tricyclic antidepressants, and MAO
inhibitors. Its incidence appears to have fallen, for reasons
that are not understood, but under-reporting may be a
factor. Increases in liver enzymes, especially transami-
nases and alkaline phosphatase, are quite common during
treatment with both phenothiazines and tricyclic antide-
pressants. Such effects are usually benign, but one careful
study of a patient taking amitriptyline showed biopsy
findings of mononuclear and eosinophilic infiltration;
cholestasis and jaundice were absent (109). In a con-
trolled comparison of lofepramine and fluoxetine, there
were significant increases in alkaline phosphatase, alanine
aminotransferase, and gammaglutamyl transferase in
patients taking lofepramine but not fluoxetine (110).
More serious and sometimes fatal liver necrosis has been

reported with a number of different tricyclic structures and
probably represents an extreme form of hypersensitivity
(111,112). Liver necrosis in a 33-year-old woman who took
imipramine 300 mg/day for over 1 month led the authors to
suggest that once-daily dosage may pose a special hazard,
because peak concentrations can exceed the toxic concen-
tration, even though steady-state plasma concentrations
are in the usual target range (113). A particular hazard
appears to be posed by amineptine (qv).
There is no indication for routine liver function tests in

patients taking tricyclic antidepressants; raised transami-
nases and alkaline phosphatase within the limits of the
reference ranges are not a cause for serious concern,
unless they are accompanied by clinical signs or symptoms
indicative of liver dysfunction.

Skin

Skin rashes are so common that it is difficult to determine
a cause-and-effect relation. A choice must be made
between waiting to see if the rash clears despite continued
treatment or switching to a different compound and, if
necessary, rechallenging at a later date. Serious reported
skin reactions include cutaneous vasculitis, urticaria, and

photosensitivity. A grey discoloration of the skin in light-
exposed areas has been associated with long-term therapy
with imipramine and desipramine (SEDA-17, 19)
(SEDA-18, 18). Pigmentary changes in the iris were also
reported in one of the cases. Amineptine has been
reported (114) to cause a particularly active acne, occur-
ring beyond the usual distribution on the body and
beyond the usual age, especially in women. The remedy
recommended is withdrawal of amineptine. A single case
of a rosacea-like eruption on the face of a 76-year-old
woman was also caused by this drug, and the association
was confirmed by re-challenge (115).
Hyperpigmentation is a recognized adverse effect of

the antipsychotic drug chlorpromazine. Four cases of
hyperpigmentation have been described in patients taking
the structurally related tricyclic antidepressant imipra-
mine (116). All were women and had taken imipramine
for at least 2 years. The hyperpigmentation occurred in a
photodistribution on the face, arms, and the backs of the
hands. In two patients who discontinued imipramine the
hyperpigmentation resolved within 1 year. The authors
speculated that the pigmentation might have been due to
deposition of melanin in an unusual form, possibly in a
complex with a metabolite of imipramine.

Musculoskeletal

Elderly people are at increased risk of fractures, and a
case-control study of patients admitted to hospital sug-
gested that both tricyclic antidepressants and SSRIs
increased the probability of hip fracture about 2.5 times
(SEDA-22, 11). In a prospective study of 8127 women
aged 65 years and older who were followed for 4.8 years,
the risk of a first hip fracture was 4% and the risk in
women taking antidepressants was increased 1.7 times
(95% CI ¼ 1.05, 2.07) (117). The relative risk among
women taking tricyclic antidepressants (RR ¼ 1.83; CI
¼ 1.08, 3.09) was slightly higher than that for SSRIs,
which had wider confidence intervals (RR ¼ 1.54; CI ¼
0.62, 3.08). Depression as an independent variable did not
increase the risk of hip fracture. This study has confirmed
that women taking antidepressants are at increased risk of
hip fracture and has suggested that the effects of SSRIs
and tricyclic antidepressants are similar.

Sexual function

A review of sexual dysfunction due to antidepressant
drugs in men, citing both published findings and reports
provided by the manufacturers, drew a distinction
between erectile dysfunction, ejaculatory problems, and
changes in libido (118). A complicating factor is the lack
of information concerning the base rate of these problems
in depression itself. Erectile impotence has been reported
with all of the commonly used tricyclic compounds in low
normal dosages. Delayed and occasionally painful ejacu-
lation occurs, and four cases of painful ejaculation in
association with imipramine and clomipramine have
been reported (SEDA-17, 18). Priapism can occur (118).
Both increased and decreased libido have been reported,
but it is virtually impossible to distinguish drug related-
ness from the natural history of the condition. A small
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number of uncontrolled studies have shown therapeutic
benefits in patients with premature ejaculation or dis-
turbed sexual function accompanied by depression (119).
Delayed orgasm or loss of ability to obtain orgasm has

been reported in women taking desipramine (120).
The sexual dysfunction is probably due to 5-HT re-

uptake blockade, because similar effects are seen in
patients taking SSRIs.

Long-Term Effects

Drug withdrawal

There is compelling evidence for a withdrawal syndrome
due to abrupt discontinuation of tricyclic antidepressants
(SEDA-5, 16), and the literature has been reviewed (121).
Reports have involved both imipramine and doxepin
(122). Symptoms occur as early as the morning after a
missed dose (123), but more often after 48 hours and up to
2 weeks after withdrawal. They include anxiety, restless-
ness, sweating, diarrhea, hot or cold flushes, and piloerec-
tion. Amitriptyline withdrawal was followed by similar
physical symptoms 36 hours after the last dose, followed
by severe depressive illness (SEDA-17, 18).
Delirium after withdrawal of doxepin has been

reported (124), as well as instances of mania (125).
Pronounced neurological symptoms have been described
after sudden withdrawal of amitriptyline (SEDA-18, 18).
The existence of a withdrawal syndrome was subjected

to a controlled test (122) in seven patients who had been
taking long-term amitriptyline up to 250 mg/day, imipra-
mine 200 mg/day, or desipramine 250 mg/day. After 4
weeks placebo was substituted double-blind for 10–21
days. Both plasma and urine MHPG concentrations
increased by an average of 74% above baseline, starting
within 36 hours and reaching a peak 3 weeks after with-
drawal. Despite these pronounced neurochemical
changes there were no alterations in pulse rate or heart
beat, and only two patients had definitely worse anxiety.
There is clearly a need for larger controlled studies to

determine the incidence and severity of withdrawal
effects after withdrawal of tricyclic antidepressants.
Based on uncontrolled observations, it has been suggested
that the incidence varies from under a quarter to over half
of all patients.
A report of three cases (126) has suggested that central

cholinergic overactivity is implicated, and that atropine
sulfate 3 mg/day or synthetic anticholinergic agents (such
as benzatropine mesylate 4 mg/day) ameliorate withdra-
wal symptoms within a few hours. The authors suggested
that this technique may be especially useful in patients in
whom tricyclic antidepressants must be abruptly with-
drawn because of allergic or idiosyncratic reactions.

Second-Generation Effects

Teratogenicity

In chick embryos there was a high prevalence of abnorm-
alities, including microphthalmia, micromelia, and

reduced body size, after the administration of imipramine,
but the dosages of imipramine were close to lethal (127).
The issue of dysmorphogenesis due to these drugs was

first seriously discussed after a report on three possible
cases from Australia in 1972 (128). Although the data
underlying this report were later discredited, it led to a
careful study of the case records of women who had taken
tricyclic antidepressants in pregnancy, and more than 300
cases were rapidly identified in which such treatment had
been followed by the birth of a normal infant. Other
negative reports exonerating the drugs have appeared
since (129–132), although sporadic case reports continue
to appear (133).
In spite of these reports, which negate a possible associa-

tion between tricyclic antidepressants and teratogenicity, it
may be advisable to avoid these drugs during pregnancy,
especially in the early stages, unless there is a compelling
need. In many of the reports the drugs were given in low
doses or for indications not justifying their use.

Fetotoxicity

Instances of distress in the newborn have been reported
after treatment of their mothers with tricyclic antidepres-
sants in the period before delivery (134). In one case, a
neonate had signs of congestive heart failure without
cardiac abnormality; another had tachycardia and myo-
clonus; a third had respiratory distress and neuromuscular
spasms. These effects were thought to have resulted from
both the adrenergic and anticholinergic effects of the
tricyclic antidepressants, which readily pass the placenta
and should be avoided during the perinatal period.
Infants born to mothers taking tricyclic antidepressants

can become jittery in the first few days of life (135).

� A healthy boy (weight 3370 g) was born to a mother
who had taken clomipramine 100 mg/day throughout
pregnancy. On the second day after delivery, the child
was jittery and on the fifth day he developed myoclonic
jerking of his arms and legs. There was no epileptic
activity on a 10-channel electroencephalogram, and clo-
nazepam and phenobarbital did not suppress the move-
ments. However, the movements were suppressed by a
single dose of intravenous clomipramine 0.5 mg. The
myoclonus recurred only occasionally over the next 4
days. Examination at one month later was normal, apart
from mild jitteriness in response to touch.

Maternal clomipramine use is associated with seizures in
neonates but this case appears to have been caused by a
withdrawal state that was relieved by clomipramine
administration.
Another report has suggested that effects in the neo-

nate may be due to withdrawal from maternal antidepres-
sants after birth (136). Two cases of neonatal convulsions
have been reported in infants whose mothers had been
treated with clomipramine. In both cases the seizures
occurred on the first day of life coincident with a fall in
plasma clomipramine concentrations. In one case the con-
vulsions were controlled by administration of clomipra-
mine followed by tapered withdrawal.
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Hypotonia has been described in four children, one of
whom also developed jitteriness (SEDA-17, 18).

Lactation

There are few reports on the excretion of antidepressant
drugs in breast milk, even though postpartum depression
is relatively common. In a 32-year-old woman who took
imipramine 200 mg/day from 1 month postpartum imipra-
mine and desipramine were detectable in breast milk
(137). There have also been reports that amitriptyline
(138), desipramine (139), and nortriptyline (140,141)
were detectable in the milk of nursing mothers and in
the plasma of the mothers and infants. Neither parent
compound nor metabolite were detected in infants’
serum, except for two infants who had low concentrations
of 10-hydroxynortriptyline. There were no adverse effects
in any of the infants. The use of antidepressants during
lactation has been reviewed, including 15 studies in which
serum concentrations of antidepressants were obtained
from nursing infants (142).
There has been a report of an 8-week-old breast-fed

infant whose mother was taking doxepin (143). Four days
after an increase in the daily dosage from 10 to 75 mg the
infant developed respiratory depression; desmethyldoxe-
pin was detected in the baby’s plasma.

Susceptibility Factors

Age

Elderly people

Elderly people have high rates of depression but tend to
be excluded from randomized trials of antidepressant
treatment. In general, older people metabolize tricyclic
antidepressants more slowly and have higher steady-state
plasma concentrations. There is an increased risk of
adverse effects of tricyclic antidepressants in elderly
patients (SEDA-18, 17). Elderly people often take other
drugs that can cause depression or interact with its treat-
ment (144). These potential sources of variation are
superimposed on the wide range of plasma concentrations
reported among individuals, and on the differences
between drugs in dose–response profiles. The dictates of
safe practice are that treatment in elderly people be
begun with low dosages (50 mg/day of imipramine or
equivalent) in divided amounts, with dosage increases in
small increments (50 mg/day of imipramine each week)
and a reduced total dose range (75–150 mg/day, except in
exceptional circumstances) (145). Close attention should
be paid to the potential anticholinergic, neurological, or
cardiovascular complications to which elderly people are
especially vulnerable (31).
The adverse effects profile of fixed-dose clomipramine

(150 mg/day) has been assessed in 112 hospitalized
depressed patients (aged 22–70 years), of whom 38 were
over 55 years of age (146). The only adverse effect that
distinguished patients over 55 years was orthostatic hypoten-
sion: older subjects had a significantly greater fall in systolic
blood pressure on standing. Orthostatic hypotension can
lead to falls and injuries, particularly in patients being

treated at home, and this suggests that blood pressure should
be monitored in older patients who are taking psychiatric
doses of tricyclic antidepressants. It is also worth noting that
the upper age limit of patients in this study was only 70 years,
so it is unclear how more elderly patients would fare with
this rather substantial dose of clomipramine.

Drug Administration

Drug overdose

Both accidental and intentional overdose are relatively
frequent and pose difficult management problems.
Particular concern has been expressed for children, either
because they gain access to parents’ tablets or have been
treated for enuresis. During one year a Melbourne hospi-
tal admitted 35 children poisoned with tricyclic antide-
pressants (147). In 1979 it was reported that tricyclic
antidepressants had replaced salicylates as the most com-
mon cause of accidental death in English children under
the age of five. Concern was expressed about this (148),
and Swiss federal statistics raised similar worries (149).
The majority of all deaths from antidepressant poison-

ing in Scotland, England, and Wales, during 1975–1984
and 1985–1989 were due to two tricyclic drugs, amitripty-
line and dosulepin, and they, as well as the entire group of
older tricyclic antidepressants, had a fatality index (deaths
per million prescriptions) significantly higher than the
mean (150).
A nation-wide analysis of suicide mortality in Finland

showed that between 1990 and 1995 the overall suicide
mortality fell significantly from 30 to 27 per 100 000
(151). However, the use of antidepressants in completed
suicide showed an upward trend, while the use of more
violent methods (gassing, hanging) fell. During this time
prescription of moclobemide and two SSRIs (citalopram
and fluoxetine) increased, while that of tricyclics (mainly
doxepin and amitriptyline) remained steady. The mean
annual fatal toxicity index was highest for tricyclics, such
as doxepin, trimipramine, and amitripyline, and lowest for
SSRIs.
Educational policies and commercial marketing of anti-

depressant drugs have led to an increase in the detection
and treatment of depression. Conceivably this may be
associated with the fall in suicide rates noted in Finland.
However, overdosage of tricyclic antidepressants con-
tinues to contribute to deaths from suicide. Whether com-
pletely replacing tricyclics with less toxic compounds
would lower overall suicide rate remains controversial.
The results of a British survey of all deaths due to acute

poisoning due to antidepressants are shown in Table 2
(152).
A major problem in evaluating the incidence and sever-

ity of complications due to overdosage in adults has been
the reporting of individual cases or selected samples,
often with the inclusion of patients who have taken sev-
eral drugs or who have concurrent physical disease. More
reliable epidemiological surveys from different countries
(45,153,154) have suggested that the mean ingested over-
dose of a tricyclic antidepressant in adults is around
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1000 mg, and that only about 3% of patients take enough
to cause fatal complications. There is considerable indivi-
dual variability in response to overdosage, and there are
conflicting reports concerning the degree of correlation
between plasma concentrations and complications. One
large study showed that plasma concentrations in excess
of 1000 ng/ml were associated with coma, convulsions,
cardiac dysrhythmias, and a need for supportive measures
(21). In other studies there was no clear-cut correlation
between plasma concentration and the incidence of toxic
complications (155). Cardiac complications have been
reviewed above and are serious, but should not deflect
attention from other serious effects. A review of all
deaths due to these drugs in Britain during 1976 showed
that dysrhythmias were less common than supposed (11 of
113 patients who died in hospitals), but that respiratory
depression was more frequent (54 of 113 patients) (48).
Some such deaths might have been avoided by more

frequent artificial ventilation and better attention to the
principles of supportive care.

Management of overdose

The literature on poisoning with tricyclic antidepressants
has been reviewed and recommendations for the manage-
ment of overdose proposed (SEDA-16, 8; 156). In over-
dose, physostigmine can reverse life-threatening
dysrhythmias, but its effect is short-lasting and it has
adverse effects of its own; it should be avoided (156).
Even in an intensive care unit, treatment of overdose

with tricyclic antidepressants can be very challenging
(157).

� A 17-month-old girl took about 750 mg of amitripty-
line (usual adult daily dose 150 mg). Two hours later
she was comatose with minimal response to painful
stimuli. She also had multifocal clonic seizures. Her

Table 2 Deaths per million prescriptions for antidepressants in the UK

Drug No. of prescriptions Total deaths Deaths per million prescriptions (95% CI)

Tricyclic antidepressants and related drugs 74 598 000 2598 35 (34, 36)

Desipramine 45 000 9 201 (92, 382)

Amoxapine 107 000 10 94 (45, 172)

Dosulepin 26 210 000 1398 53 (51, 56)

Amitriptyline 23 844 000 906 38 (36, 41)

Imipramine 3 354 000 110 33 (27, 40)

Doxepin 1 587 000 40 25 (18, 34)

Trimipramine 2 370 000 39 17 (12, 23)

Clomipramine 4 315 000 54 13 (9.4, 16)

Nortriptyline 1 269 000 7 5.5 (2.2, 11)

Maprotiline 201 000 1 5.0 (0.1, 28)

Trazodone 2 753 000 11 4.0 (2.0, 7.1)

Mianserin 922 000 3 3.3 (0.7, 9.5)

Mirtazapine 324 000 1 3.1 (0.1, 17)

Lofepramine 7 189 000 9 1.3 (0.6, 2.4)

Butriptyline 1000 0 0 (0, 3372)

Iprindole 3000 0 0 (0, 1218)

Viloxazine 10 000 0 0 (0, 357)

Protriptyline 94 000 0 0 (0, 39)

Serotonin re-uptake inhibitors 47 329 000 77 1.6 (1.3, 2.0)

Venlafaxine 2 570 000 34 13 (9.2, 19)

Fluvoxamine 660 000 2 3.0 (0.3, 11)

Citalopram 2 603 000 5 1.9 (0.6, 4.5)

Sertraline 5 964 000 7 1.2 (0.5, 2.4)

Fluoxetine 19 926 000 18 0.9 (0.5, 1.4)

Paroxetine 15 031 000 11 0.7 (0.4, 1.3)

Nefazodone 576 000 0 0 (0, 6.4)

Monoamine oxidase inhibitors 1 203 000 24 20 (13, 30)

Tranylcypromine 367 000 16 44 (25, 71)

Phenelzine 404 000 6 15 (5.5, 32)

Moclobemide 365 000 2 5.5 (0.6, 20)

Iproniazid 200 0 0 (0, 18 444)

Isocarboxazid 68 000 0 0 (0, 55)

Other antidepressants 2 523 000 1 0.4 (0, 2.2)

Flupentixol 28 000 0 0 (0, 2.4)

Tryptophan 28 000 0 0 (0, 133)

Reboxetine 175 000 0 0 (0, 21)

Lithium 5 106 000 37 7.2 (5.1, 10)

Numbers may not add up to the total because of rounding.
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blood pressure was 70/40 mmHg and heart rate 140/
minute. Arterial pH was 7.24. Electrocardiography
showed a ventricular tachycardia and wide QRS com-
plexes. She was treated with intravenous fluids for
circulatory support, diazepam (0.3 mg/kg/hour) for sei-
zures, intravenous lidocaine (20 micrograms/kg/min-
ute), and sodium bicarbonate (2 mmol/kg). There was
no response to this therapy; and she remained in a
deep coma with persistent cardiac dysrhythmias and
seizures. Ten hours after admission, hemoperfusion
was started and continued for 2 hours. Just before
and during hemoperfusion, she had several episodes
of ventricular fibrillation, which were treated success-
fully with cardioversion. After hemoperfusion her car-
diac rhythm returned to normal and the seizures
stopped. Her serum amitriptyline concentration fell
from 1299 mg/l to 849 mg/l. Her cardiovascular and
neurological status returned to normal the next day.

This case vividly illustrates the life-threatening conse-
quences of tricyclic antidepressant overdose, in which
serum concentrations of more than 1000 mg/l carry a
high risk of mortality. Because of the high toxicity of
tricyclic antidepressants, children are particularly at risk
from accidental ingestion of tablets from inadequately
secured containers, a point worth making when prescrib-
ing tricyclic antidepressant for patients who have young
children. The value of hemoperfusion in tricyclic antide-
pressant overdose has been debated. General opinion is
that it is unlikely to be helpful, because the large volume
of distribution of tricyclic antidepressants means that rela-
tively little drug will be removed.

Drug–Drug Interactions

General

The large number of drugs with which tricyclic antide-
pressants interact are summarized in Table 3; those of
major concern are discussed in more detail below.

Alcohol

Alcohol in combination with tricyclic antidepressants
impairs performance, and it is customary to caution patients
about the risk of impairment in their ability to drive or
handle machinery. Not only can additive impairment occur
(mediated at the receptor level), but alcohol can also alter
the metabolism of the antidepressant (SEDA-8, 24).

Amines

Tricyclic antidepressants act on both presynaptic and
postsynaptic neurons, as well as on alpha- and beta-adre-
noceptors. Because their principal action is to block the
re-uptake of noradrenaline at the presynaptic neuron,
they potentiate the hypertensive effects of both directly
acting and indirectly acting amines (158,159). The hyper-
tensive effects of phenylephrine are increased by a factor
of 2–3, and of noradrenaline by a factor of 4–8. Even the
administration of local anesthetics containing noradrena-
line as a vasoconstrictor has proven fatal. The types of

compound that can produce this interaction and the
symptoms that result have been previously reviewed in
detail (SEDA-1, 11).

Anesthetics

In 190 patients taking tricyclic antidepressants that could
not be discontinued before surgery, who underwent gen-
eral and 61 local or regional anesthesia, there were no
changes in the cardiovascular effect of halothane, induc-
tion time with pentobarbital, propanidid, or ketamine, or
the duration of depolarization or recovery time (160). The
general conclusion was that it is safer to continue treat-
ment with tricyclic antidepressants than to risk potential
disruption from withdrawal before surgery.

Anticoagulants

Tricyclic antidepressants can interfere with the metabo-
lism of oral anticoagulants, increase their serum concen-
trations, and prolong their half-lives by as much as
300% (SEDA-21, 10) (161). Prothrombin activity should
be carefully monitored in patients taking oral anticoa-
gulants.

Antidysrhythmic drugs

Because of their similar lipophilic and surfactant proper-
ties, tricyclic antidepressants interact with antidysrhyth-
mic drugs of the quinidine type, interfering with the
voltage-dependent stimulus and producing dose-related
synergy (162). Cardiac glycosides and beta-blockers are
free of this interaction, although animal studies have sug-
gested increased lethality of digoxin in rats pretreated
with tricyclic antidepressants (163), while propranolol
may potentiate direct depression of myocardial contrac-
tility due to tricyclic antidepressants. For all of these
reasons, the preferred treatment for tricyclic-induced dys-
rhythmias is lidocaine, but even this is reported to be only
variably effective and possibly to potentiate the hypoten-
sive effects of tricyclic drugs (46).

Antipsychotic drugs

Tricyclic antidepressants lower the seizure threshold and
should therefore be used with caution with other agents
that can also lower seizure threshold, such as antipsycho-
tic drugs (164).

� A 34-year-old man with schizophrenia responded well
to olanzapine 20 mg/day. However, he then had obses-
sional hand washing and was given clomipramine,
which was increased to a dosage of 250 mg/day. He
then reported myoclonic jerks with some dizziness, and
10 days later had a generalized tonic-clonic seizure.
The combined clomipramine + desmethylclomipra-
mine concentration was 2212 nmol/l, higher than the
upper end of the usual target range (1300 nmol/l). An
electroencephalogram showed paroxysmal slowing
and spike-and-wave activity. Both olanzapine and clo-
mipramine were withdrawn. Later the clomipramine
was restarted as monotherapy and a dose of 300 mg/
day was reached, which led to an even higher
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clomipramine + desmethylclomipramine concentra-
tion (3234 nmol/l), but there was no clinical or electro-
encephalographic evidence of seizure activity.
However, when olanzapine was added in a dosage of
15 mg/day, myoclonic jerking and abnormal electroen-
cephalographic activity recurred within 7 days.

The seizures occurred in the presence of high concentrations
of clomipramine in this case, suggesting a pharmacodynamic
drug interaction, since neither agent given alone provoked
seizure activity, whereas the combination did. It is, however,
possible that clomipramine might have caused a rise in
olanzapine blood concentrations, which were not measured.

Table 3 Interactions of tricyclic antidepressants with other substances

Interacting

substance(s) Type of interaction(s) Comments

Alcohol Additive sedative effects May be more pronounced with more sedative

tricyclic compounds

Anticholinergic

drugs

Additive effects on pupils, nervous system, bowel,

and bladder

Particularly likely to occur when a tricyclic drug, a

phenothiazine, and a antiparkinsonian drug are

prescribed concurrently

Anticoagulants Increased serum concentrations of oral anticoagulant Tricyclic drugs can interfere with the metabolism of

oral anticoagulants

Antiepileptic drugs Antagonism Convulsive threshold lowered

Decreased plasma concentrations of some tricyclic

drugs

Hepatic microsomal enzyme induction

Antihypertensive

agents

Reversal of hypotensive effects of clonidine, reserpine,

a-methyldopa, and guanethidine

Hypertension should be controlled with diuretics,

b-blockers, or vasodilators before treatment of

depression

Barbiturates Reduced plasma concentrations of tricyclic drugs Hepatic microsomal enzyme induction

Calcium channel

blockers

Increased plasma concentrations of imipramine

and possibly other drugs

Cigarette smoking Decreased plasma concentrations of tricyclic drugs Probably increased metabolism

Cimetidine Increased systemic availability of tricyclic drugs Probably due to impaired hepatic extraction

Disulfiram Increased plasma concentrations of tricyclic drugs Probably inhibition of metabolism

Diuretics Increased risk of postural hypotension Pharmacodynamic interaction

Halofantrine Increased risk of ventricular dysrhythmias Prolonged QT interval

Levodopa Impaired gastrointestinal absorption May apply to other drugs metabolized in the gut

Monoamine oxidase

inhibitors

Increased incidence of weight gain See text; see also Monoamine oxidase inhibitors

Increased anticholinergic effects

Hyperthermia, hyper-reflexia, convulsions, death

(very rare)

Membrane-stabilizing

drugs (quinidine

type)

Synergism

Methylphenidate Increased plasma concentrations of tricyclic drugs Probably inhibition of metabolism

Morphine Potentiation of analgesic effect of morphine May be partly due to increased systemic

availability of morphine

Nitrates Reduced effect of sublingual nitrates Owing to dry mouth

Phenothiazines Increased plasma concentrations of tricyclic drugs Owing to inhibition of metabolism

Possible potentiation and/or increased speed of onset

of antidepressant effect

Enhanced cardiotoxic effects with thioridazine Presynaptic a2-adrenoceptor blockade (animal

studies)

Ventricular dysrhythmias can occur

Rifampicin Decreased plasma concentrations of some tricyclics Hepatic microsomal enzyme induction

Ritonavir Possibly increased plasma concentrations of tricyclic

drugs

Inhibition of metabolism

SSRIs Increased plasma concentrations of tricyclic drugs Inhibition of metabolism

Corticosteroids Altered systemic availability of tricyclic drugs Inhibition of metabolism

Akathisia Receptor interaction

Exacerbation of psychosis

Sympathomimetic

agents

Potentiation of hypertensive effects with

phenylephrine, noradrenaline, methylphenidate

Potentiation of effects of pheochromocytoma

Thyroid hormones Can manifest as spurious hyperthyroidism, cardiac

dysrhythmias, or, in some cases, enhanced

therapeutic actions of tricyclics

Increased receptor sensitivity to catecholamines
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Baclofen

Tricyclic antidepressants can potentiate the muscle relax-
ant effects of baclofen, resulting in severe hypotonic
weakness (165); the combination has also been incrimi-
nated in the causation of short-term memory impairment
(SEDA-11, 127) (166).

Benzodiazepines

Four patients developed adverse effects attributable to
combinations of benzodiazepines with tricyclic antide-
pressants, including exacerbations of delusional thought
disorders (167).

Clozapine

Nefazodone had minimal effects on clozapine metabolism
when co-administered in six patients: mean clozapine
concentrations rose by 4% and norclozapine concentra-
tions by 16% (168).

Corticosteroids

Patients taking prednisone have experienced psychosis,
perhaps due to an interaction at dopamine receptor sites
(169,170).

Desmopressin

Tricyclic antidepressants increase the release of endogen-
ous antidiuretic hormone and can therefore potentiate the
antidiuretic effect of desmopressin. A hyponatremic con-
vulsion occurred in a child who was given desmopressin
and imipramine (171).

Fluconazole

Fluconazole can increase plasma concentrations of ami-
triptyline, presumably by inhibiting cytochrome P450 iso-
zymes (CYP3A4 and CYP2C19), preventing its
demethylation. Two patients taking amitriptyline and flu-
conazole developed syncope and in one concomitant elec-
trocardiographic monitoring showed a prolonged QT
interval and torsade de pointes (172,173). In neither case
were serum amitriptyline concentrations measured, but
the symptoms were consistent with tricyclic antidepres-
sant toxicity. These case reports suggest that this combi-
nation should be used with caution and probably with
monitoring of amitriptyline concentrations.

Fluvoxamine

Fluvoxamine is a potent inhibitor of cytochrome
CYP1A2, which may lead to interactions with several
tricyclic antidepressants and theophylline (174).

Hormonal contraceptives—oral

Oral contraceptives have a complex effect on the meta-
bolism of tricyclic drugs, resulting in reduced systemic
availability (175). Oral contraceptives reduce the clear-
ance of imipramine, probably by reducing hepatic oxida-
tion, and thus increase its half-life. Hydroxylation of
amitriptyline is inhibited by contraceptive steroids. The

clinical significance is uncertain, but there is at least anec-
dotal evidence of an increase in antidepressant adverse
effects (176). Caution should be exercised when tricyclic
antidepressants are used long term in women taking oral
contraceptives.

Levodopa

The anticholinergic effects of imipramine and other tri-
cyclic antidepressants can delay gastrointestinal motility
enough to interfere with the absorption of various other
drugs. Such was the case in an experimental study of the
absorption of levodopa in four healthy subjects (177). It is
likely that this effect may interfere with absorption of
other drugs, especially those, such as chlorpromazine,
that are extensively metabolized in the gut.

Lithium

Amitriptyline

Serum lithium concentrations were unchanged when
breakthrough depression was treated double blind by
the addition of amitriptyline (75–150 mg/day, n = 23)
and the combination was generally well tolerated (178).

� A 34-year-old woman took amitriptyline 300 mg each
night for several years (179). Six days after starting to
take lithium 300 mg tds, she had several generalized
tonic-clonic seizures. A second episode occurred on re-
exposure to lithium.

Doxepin

An interaction of lithium with doxepin has been
described.

� A 65-year-old man who took lithium and doxepin for
13 years presented with a 6-month history of myoclonic
jerking of both arms, which resolved when both drugs
were stopped (180).

Whether this represented a drug interaction or a single
drug effect is unclear.
Six patients taking a stable dose of fluvoxamine had a

minor increase in plasma fluvoxamine concentration
(from 67 to 76 ng/ml) 2 weeks after starting to take
unspecified doses of lithium; this is unlikely to be of
clinical significance (181).

Methylphenidate

The interaction with methylphenidate may be of particu-
lar significance, because of claims that tricyclic antide-
pressants and methylphenidate have a synergistic effect
on mood, owing to interference by methylphenidate with
the metabolism of imipramine, resulting in increased
blood imipramine concentrations (182). The occurrence
of this hypertensive interaction calls for caution in the use
of such combinations, for which there is no established
evidence.

Monoamine oxidase inhibitors

The interactions of tricyclic antidepressants with MAO
inhibitors are so dangerous that they constitute a
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formidable barrier to their combined clinical use. The
temptation to treat refractory patients with this combi-
nation is great, but considerable care should be taken
(183,184), and it should be remembered that there is
no firm proof of the superiority of such combinations.
Several reviewers (185–187) have concluded that the
dangers of these interactions have been overstated and
the potential therapeutic advantages underestimated.
On the other hand, reports of serious and fatal com-
plications continue to appear (188,189). Specialists
have advised that the combination of an MAO inhibi-
tor with trimipramine or amitriptyline is usually safe,
but that imipramine and clomipramine must be
avoided.

Morphine

Clomipramine, amitriptyline, and probably other antide-
pressants that potentiate the serotonergic system,
enhance the analgesic effect of morphine.

Olanzapine

Clomipramine and olanzapine are both metabolized by
CYP1A2 and CYP2D6, and it is therefore possible that
raised concentrations of both compounds can result from
co-administration.

� Seizures in a 34-year-old man were attributed to an
interaction of olanzapine with clomipramine (190).

A pharmacodynamic interaction occurred between olan-
zapine and imipramine 191).

Pancuronium bromide

The use of both halothane and pancuronium in patients
taking tricyclic antidepressant has been reported as result-
ing in severe tachydysrhythmias. Experiments in dogs have
shown that this combination can produce ventricular fibril-
lation and cardiac arrest (192). Enflurane also resulted in
tachycardias in dogs given both imipramine and pancuro-
nium acutely, but not when the imipramine was given
chronically for 15 days beforehand. Pancuronium should
not be used in patients taking tricyclic antidepressants.

Paroxetine

Paroxetine can cause clinically important increases in
plasma concentrations of tricyclic antidepressants (193).

Phenothiazines

Two Scandinavian patients taking combinations of neuro-
leptic drugs and tricyclic antidepressants developed epi-
leptic seizures (194). The risk of seizures is greater in
patients with brain damage or epilepsy and with high
dosages, sudden increases in dosage, or shortly after the
introduction of a second compound.
The possible mechanism for these interactions with

phenothiazines is raised plasma concentrations of the
tricyclic compounds due to competition for the hepatic
cytochrome P450 that metabolizes both types of com-
pound (SEDA-9, 30) (195). Antidepressant plasma con-
centrations may increase by up to 70% (196).

Postganglionic blockers

Tricyclic antidepressants reverse the hypotensive effects
of postganglionic blocking agents, guanethidine, reser-
pine, clonidine, and alpha-methyldopa, and the addition
of a tricyclic can result in loss of blood pressure control
(159,197). Sudden withdrawal of a tricyclic compound
from a patient stabilized with these compounds can also
result in serious hypotension. An additional reason for
avoiding drugs such as reserpine, methyldopa, and pro-
pranolol in depressed cardiovascular patients is that these
drugs can also cause or aggravate depression.

Psychotropic drugs

The evidence for interactions with other commonly pre-
scribed psychotropic drugs has been reviewed extensively
(SEDA-8, 25).

Salicylates

Tricyclic antidepressants are highly bound to plasma pro-
teins. Theoretically, other drugs that are highly protein
bound could displace tricyclic antidepressants from pro-
tein binding sites; this would be expected to lead to
increased plasma concentrations of unbound antidepres-
sant and a greater likelihood of adverse effects. In prac-
tice, however, important interactions of this kind are
unusual, probably because these drugs have high apparent
volumes of distribution, and the amount of drug that can
be displaced from plasma proteins is very small compared
with tissue concentrations. Salicylates are highly protein
bound, and the effect of adding acetylsalicylic acid 1 g/day
for 2 days on the plasma availability of imipramine
(150 mg/day) has been studied in 20 depressed patients
(198). Acetylsalicylic acid reduced the protein binding of
imipramine and while the total plasma concentration of
imipramine was not altered, the unbound concentration
rose almost four-fold. The number of characteristic
adverse effects of imipramine also increased significantly.
However, this study was not blind and the results must be
in doubt, since it is unlikely that brain concentrations of
the drug changed significantly.

Sex hormones

Conjugated estrogens cause akathisia in some patients
taking tricyclic drugs, perhaps due to an interaction at
dopamine receptor sites (199).

Sodium valproate

Sodium valproate can increase serum tricyclic drug con-
centrations (SEDA-21, 22).

� In a 46-year-old woman, when valproate 1 g/day was
added to clomipramine 150 mg/day, there was a sub-
stantial increase in serum clomipramine concentrations
(from 185 ng/ml to 447 ng/ml); she had feelings of
numbness and sleep disturbance, which disappeared
when the dose of clomipramine was reduced (200).

The increase in tricyclic concentrations following valpro-
ate is probably partly due to inhibition of CYP2C
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isozymes, preventing demethylation of tertiary tricyclic
antidepressants to the corresponding secondary amines
(desmethylimipramine in the case of clomipramine).
However, valproate can also increase the plasma concen-
trations of secondary amine tricyclics, such as nortripty-
line (200). The current data suggest that the combined use
of tricyclic antidepressants and valproate should be
undertaken with caution.

SSRIs

Fluoxetine can increase blood concentrations of desipra-
mine and nortriptyline (201–204).
Interactions of SSRIs with tricyclic antidepressants have

been reported. For example, plasma concentrations of tri-
cyclic antidepressants rise after the addition of fluoxetine
(205,206), fluvoxamine (207,208), and sertraline (209).

St John’s wort

St John’s wort can cause drug interactions by inducing
hepatic microsomal drug-metabolizing enzymes or the
drug transporter P-glycoprotein, which causes a net efflux
of substrates, such as amitriptyline, from intestinal epithe-
lial cells into the gut lumen (SEDA-24, 12). In 12 patients
(9 women, 3 men) the addition of St John’s wort 900 mg/
day to amitriptyline 150 mg/day led to a 20% reduction in
plasma amitriptyline concentrations, while nortriptyline
concentrations were almost halved (210).

Terbinafine

Desipramine

Inhibition of CYP2D6 by terbinafine has been evaluated
by assessing 48-hour concentration-time profiles of the
tricyclic antidepressant desipramine in 12 healthy volun-
teers identified as extensive CYP2D6 metabolizers by
genotyping and phenotyping (211). The pharmacokinetics
were evaluated at baseline (50 mg oral desipramine given
alone), steady state (after 250 mg oral terbinafine for 21
days), and 2 and 4 weeks after terbinafine withdrawal.
The pharmacodynamics were evaluated before and 2
hours after each dose of desipramine, using Mini-Mental
Status Examination and electroencephalography.
Terbinafine inhibited CYP2D6 metabolism, as indicated
by significant increases in desipramine Cmax and AUC
and reductions in the Cmax and AUC of the CYP2D6-
mediated metabolite, 2-hydroxydesipramine, both of
which were still altered 4 weeks after terbinafine with-
drawal. Caution should be exercised when co-prescribing
terbinafine and drugs that are metabolized by CYP2D6,
particularly those with a narrow therapeutic index.

Imipramine� A 51-year-old patient developed imipramine toxicity
and increased plasma concentrations associated with
the introduction of terbinafine, possibly due to inhibi-
tion of CYP2D6 (212).

Nortriptyline

Metabolism by CYP2D6 is of major importance for the
hydroxylation of nortriptyline, making it susceptible to

competitive inhibition by terbinafine. Nortriptyline intox-
ication provoked by terbinafine has been reported (213).

� A 74-year-old man taking a stable dose of nortriptyline
for depression developed signs of nortriptyline intox-
ication 14 days after he started to take terbinafine
(210). Nortriptyline serum concentrations were several
times higher than the usual target range and fell to
baseline after withdrawal of terbinafine. Re-challenge
led to the same clinical and laboratory findings.

Nortriptyline intoxication secondary to terbinafine has
been observed in a woman with a major depressive dis-
order (214). After rechallenge her serum nortriptyline
concentration rose and the serum concentrations of its
two hydroxylated metabolites fell. She had a normal gen-
otype for CYP2D6, suggesting that this interaction can
occur even in people without reduced CYP2D6 activity.

Thioridazine

The interaction of thioridazine with a tricyclic antidepres-
sant is particularly dangerous, since both cause cardiac
toxicity. One report concerned two young patients who
developed ventricular dysrhythmias, from which they
recovered (215).

Thyroid hormone

Spurious hyperthyroidism occurred in a child taking thyr-
oid hormone and imipramine for enuresis (216). The abil-
ity of thyroid hormone to increase receptor sensitivity to
catecholamines has long been known, and has been used
to enhance the clinical response in some refractory
patients, especially women.

Yohimbine

Yohimbine has a sialogenic effect in depressed patients
with a dry mouth due to tricyclic antidepressants or neu-
roleptic drugs (217).
However, there is an increased risk of hypertension

when tricyclic antidepressants are combined with yohim-
bine (218).
Yohimbine can cause hypertension in patients taking

tricyclic antidepressants. A drug history should include
the use of herbal remedies before conventional treat-
ments are prescribed.
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[Bad combinations of antidepressant drugs.] Concours

Med 1972;94:8543.

184. Ponto LB, Perry PJ, Liskow BI, Seaba HH. Drug therapy

reviews: tricyclic antidepressant and monoamine oxidase

inhibitor combination therapy. Am J Hosp Pharm

1977;34(9):954–61.

185. Goldberg RS, Thornton WE. Combined tricyclic–MAOI

therapy for refractory depression: a review, with guidelines

for appropriate usage. J Clin Pharmacol 1978;18(2–3):143–

7.

186. Anath J, Luchins DJ. Combined MAOI–tricyclic therapy

(a critical review). Indian J Psychiatry 1976;18:26.

187. White K, Simpson G. Combined MAOI–tricyclic antide-

pressant treatment: a reevaluation. J Clin

Psychopharmacol 1981;1(5):264–82.

188. Johne A, Schmider J, Brockmoller J, Stadelmann AM,

Stormer E, Bauer S, Scholler G, Langheinrich M,

Roots I. Decreased plasma levels of amitriptyline and its

metabolites on comedication with an extract from St.

John’s wort (Hypericum perforatum). J Clin

Psychopharmacol 2002;22(1):46–54.

189. Graham PM, Potter JM, Paterson J. Combination mono-

amine oxidase inhibitor/tricyclic antidepressants interac-

tion. Lancet 1982;2(8295):440.

190. Zullino DF, Delessert D, Eap CB, Preisig M, Baumann P.

Tobacco and cannabis smoking cessation can lead to intox-

ication with clozapine or olanzapine. Int Clin

Psychopharmacol 2002;17(3):141–3.

191. Callaghan JT, Bergstrom RF, Ptak LR, Beasley CM.

Olanzapine. Pharmacokinetic and pharmacodynamic pro-

file. Clin Pharmacokinet 1999;37(3):177–93.

192. Edwards RP, Miller RD, Roizen MF, Ham J, Way WL,

Lake CR, Roderick L. Cardiac responses to imipramine

and pancuronium during anesthesia with halothane or

enflurane. Anesthesiology 1979;50(5):421–5.

193. Leucht S, Hackl HJ, Steimer W, Angersbach D,

Zimmer R. Effect of adjunctive paroxetine on serum

levels and side-effects of tricyclic antidepressants in

depressive inpatients. Psychopharmacology (Berl)

2000;147(4):378–83.

194. Krishnan KR, France RD, Ellinwood EH Jr. Tricyclic-

induced akathisia in patients taking conjugated estrogens.

Am J Psychiatry 1984;141(5):696–7.

195. Siris SG, Cooper TB, Rifkin AE, Brenner R,

Lieberman JA. Plasma imipramine concentrations in

patients receiving concomitant fluphenazine decanoate.

Am J Psychiatry 1982;139(1):104–6.

196. Linnoila M, George L, Guthrie S. Interaction between

antidepressants and perphenazine in psychiatric inpatients.

Am J Psychiatry 1982;139(10):1329–31.

197. Reda G, Lacerna F, Reda M, Lauro R. Interazioni tra

farmaci antidepressi ed antipertensivi. Riv Psichiatr

1977;XII:309.

198. Juarez-Olguin H, Jung-Cook H, Flores-Perez J, Asseff IL.

Clinical evidence of an interaction between imipramine

and acetylsalicylic acid on protein binding in depressed

patients. Clin Neuropharmacol 2002;25(1):32–6.

199. Krishnan KR, France RD, Ellinwood EH Jr. Tricyclic-

induced akathisia in patients taking conjugated estrogens.

Am J Psychiatry 1984;141(5):696–7.

200. Fehr C, Grunder G, Hiemke C, Dahmen N. Increase in

serum clomipramine concentrations caused by valproate. J

Clin Psychopharmacol 2000;20(4):493–4.

201. Goodnick PJ. Influence of fluoxetine on plasma levels of

desipramine. Am J Psychiatry 1989;146(4):552.

202. Bell IR, Cole JO. Fluoxetine induces elevation of desipra-

mine level and exacerbation of geriatric nonpsychotic

depression. J Clin Psychopharmacol 1988;8(6):447–8.

203. Vaughan DA. Interaction of fluoxetine with tricyclic anti-

depressants. Am J Psychiatry 1988;145(11):1478.

204. von Ammon Cavanaugh S. Drug–drug interactions of

fluoxetine with tricyclics. Psychosomatics 1990;31(3):273–

6.

205. Aranow AB, Hudson JI, Pope HG Jr, Grady TA,

Laage TA, Bell IR, Cole JO. Elevated antidepressant

plasma levels after addition of fluoxetine. Am J

Psychiatry 1989;146(7):911–3.

206. Preskorn SH, Beber JH, Faul JC, Hirschfeld RM. Serious

adverse effects of combining fluoxetine and tricyclic anti-

depressants. Am J Psychiatry 1990;147(4):532.

207. Spina E, Campo GM, Avenoso A, Pollicino MA,

Caputi AP. Interaction between Fluvoxamine and imipra-

mine/desipramine in four patients. Ther Drug Monit

1992;14(3):194–6.
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Amineptine

General Information

Amineptine is a tricyclic antidepressant that selectively
reduces the dopamine reuptake without affecting the
uptake of noradrenaline or serotonin (5-HT) (1). In
vivo, it increases striatal homovanillic acid concentrations
without affecting the concentrations of other metabolites
of dopamine, 3,4,dihydroxyphenylacetic acid (DOPAC)
and 3-methoxytyramine. However, high doses of aminep-
tine reduced the extracellular DOPAC concentration in
the nucleus accumbens but not in the striatum. Long-term
treatment with amineptine causes down-regulation of
beta-adrenoceptors.
Amineptine has a seven-membered carbon side-chain

and is reported to have more stimulant and fewer sedative
effects than other tricyclic compounds, possibly owing to
differential actions on dopaminergic rather than seroto-
nergic mechanisms. Amineptine appears to have an unu-
sual propensity for causing hepatocellular damage, which
may limit its clinical use (2).
Amineptine increases the release and reduces the re-

uptake of dopamine, and it is therefore not surprising that
an amphetamine-like drug dependence has been reported
(3–5). A withdrawal syndrome occurs and can be
improved by clonidine (SEDA-16, 8).

Organs and Systems

Liver

Of all the tricyclic antidepressants, amineptine appears to
be the most likely to cause liver damage. More than 26
cases of toxic hepatitis have been reported in France (6).
In most cases, hepatitis occurred within the usual dosage
range and recurred on rechallenge. However, in several
instances it was reported after overdosage. There are
other reports of hepatotoxicity associated with aminep-
tine (7,8).

Skin

Amineptine has been reported (9) to cause particularly
active acne, occurring beyond the usual distribution on
the body and beyond the usual age, especially in women.
The remedy recommended is withdrawal of amineptine.
A rosacea-like eruption on the face of a 76-year-old

woman was associated with amineptine; the association
was confirmed by re-challenge (10).

Long-Term Effects

Drug dependence

Dependence on amineptine in a patient also taking mid-
azolam has been reported (11).
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Thérapie) 1984;39(5):509–16.

3. Ginestet D, Cazas O, Branciard M. Deux cas de depen-
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Amitriptylinoxide

General Information

Amitriptylinoxide, a metabolite of amitriptyline, has been
compared with the parent drug (1). The antidepressant
effects were comparable, but the metabolite was thought
to have fewer adverse effects, especially cardiotoxic ones.
This conclusion was based on the absence of cardio-
graphic abnormalities in 15 patients, but this is a very
small series on which to base such a conclusion.
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Amoxapine

General Information

In a major review of amoxapine and its pharmacology
it was concluded that it is similar in efficacy and
potency to standard tricyclic compounds, with a seda-
tive action intermediate between amitriptyline and imi-
pramine (1).
As previously noted (SEDA-4, 21; SEDA-5, 17),

amoxapine has a tricyclic nucleus with a modified piper-
azine side chain and is closely related to the neuroleptic
drug loxapine. In animals, amoxapine has no antisero-
tonergic properties and less anticholinergic activity than
prototype drugs. Peak plasma concentrations are
achieved in less than 2 hours, and the half-lives of the
parent drug and its two active metabolites are 8, 6, and
30 hours respectively.

Overall, amoxapine appears to have some advantage
over other tricyclic antidepressants: possible earlier onset
of action and relative freedom from serious cardiotoxic
effects. Its major drawbacks are the potential for neuro-
leptic adverse effects, a high incidence of seizures, deaths
in overdose (2), and the possibility of long-term neurolo-
gical damage.
Amoxapine is less potent than other tricyclic antide-

pressants, with a therapeutic dosage range of 75–
600 mg/day (usually 200–400 mg/day). Clinical effects
have not been consistently correlated with plasma con-
centrations, but amoxapine has similar efficacy to other
tricyclic antidepressants in heterogeneous populations of
depressed patients. Controlled comparisons have shown
that its clinical profile is very similar to that of imipra-
mine (3) and that it is somewhat less sedative than
amitriptyline (4–6). In two of these studies (4,6) the

results confirmed the suggestion of a somewhat earlier
onset of action.

Amoxapine appears to have the same common adverse
effects as other tricyclic compounds, including those attri-
butable to anticholinergic activity. Its structural similarity
to the classic neuroleptic drugs appears to confer an addi-
tional hazard of adverse effects usually found in that
category of drugs, such as galactorrhea and extrapyrami-
dal disorders (SEDA-9, 20). In a study of its potential
neuroleptic properties (7), using a radioreceptor assay in
vivo and using plasma drawn from patients taking neuro-
leptic drugs or antidepressants, amoxapine and its meta-
bolite, 7-hydroxyamoxapine, had potent neuroleptic
activity. In patients taking amoxapine, there was neuro-
leptic activity comparable to that in patients taking lox-
apine, while none of the other tricyclic antidepressants
(amitriptyline, nortriptyline, imipramine, and desipra-
mine) had this property. Further reports of adverse effects
attributable to its neuroleptic profile continue to appear,
including tardive dyskinesia (8,9), acute torticollis (10),
and malignant neuroleptic syndrome (SEDA-16, 9;
SEDA-17, 18; 11).

Organs and Systems

Metabolism

A further reminder of the structural resemblance of
amoxapine to the neuroleptic drugs has been provided
by an adverse effect reported with both amoxapine and
its close congener, loxapine (12).

� A 49-year-old woman with no history of diabetes
was admitted in unexplained hyperglycemic coma
(blood glucose 26 mmol/l) while taking lithium
1500 mg/day and loxapine 150 mg/day. She
responded to insulin, but insulin responses on test-
ing were not delayed and suggested an iatrogenic
rather than a diabetic cause. The fasting glucose fell
to 4.2 mmol/l after withdrawal of loxapine but con-
tinuing lithium. Two weeks later amoxapine 150 mg/
day was started and she became acutely confused,
with a serum glucose of 5.7 mmol/l. Two weeks after
stopping amoxapine the serum glucose returned to
normal.

The authors speculated that a common metabolite
of both drugs, 7-hydroxyamoxapine, was responsible
for the hyperglycemia, owing to its antidopaminergic
properties.

Drug Administration

Drug overdose

A bleak picture has rapidly evolved for amoxapine with
regard to its toxicity in overdosage. Over 18 months, 33
cases were reported from Washington, DC, and New
Mexico Poison Centers (2). These cases included 5
patients who died and 12 who developed seizures. Thus,
the mortality rate of 15% greatly exceeds that of 0.7% for
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other antidepressants in the same centers, and the seizure
rate is 36% compared to 4.3%. The authors noted that
‘‘the striking CNS toxicity of amoxapine overdose with
frequent, persistent, and poorly controlled seizure activity
is disconcerting.’’ In a retrospective comparison of deaths
from antidepressant overdosage in Scotland, England,
and Wales between 1987 and 1992, the number of deaths
per million prescriptions of amoxapine was significantly
higher than expected (13).
Renal damage has occurred in cases of amoxapine

overdose.

� Acute renal insufficiency and rhabdomyolysis were
reported in a 27-year-old man who took 1–2 g of amox-
apine (14). The authors recommended aggressive
volume expansion and diuresis with loop diuretics,
because of the futility of hemodialysis.

A 24-year-old man took 4 g of amoxapine and developed
gross hematuria and a high serum uric acid concentration
on the second day of hospitalization (15). As in previously
reported cases, serum creatine phosphokinase was grossly
raised. The patient remained obtunded and stuporose for
7 days but eventually recovered.
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Butriptyline

General Information

Butriptyline is the isobutyl side-chain homologue of ami-
triptyline. Its adverse effects, reported in two open stu-
dies, were no different from those of other tricyclic
antidepressants (1,2).
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Clomipramine

General Information

Clomipramine is the imipramine analogue of chlorproma-
zine. However, while the difference between chlorproma-
zine and promazine is large, adding a chloride atom to
imipramine hardly affects its actions. Most trials have
failed to show any superiority of the chlorinated com-
pound over imipramine. The adverse effects profile is
similar (1), but drowsiness, confusion, and ‘‘feeling
awful’’ are commonly reported (2).
In a controlled comparison between clomipramine and

amitriptyline, the former caused adverse effects more
often, especially drowsiness (3). Overdose toxicity is the
same as with other tricyclic antidepressants (4); fatal
interactions with monoamine oxidase (MAO) inhibitors
have been reported (SEDA-18, 16; 5). Altogether, toxic
effects are not substantially different.
Besides depression, clomipramine is also widely used in

the treatment of phobic and obsessive-compulsive disor-
ders (6–8) and in panic disorders (9).

Organs and Systems

Cardiovascular

Venous thrombosis is a recognized complication of tricyc-
lic antidepressants. Thrombosis of the cerebral veins
occurred in a 61-year-old woman after intravenous
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clomipramine, and the authors suggested that the risk
may be greater when the intravenous route is used (10).
Intravenous administration invariably produced elec-

trocardiographic changes, sometimes slow to reverse, in
elderly patients (11).
At therapeutic doses, tricyclic antidepressants can

cause postural hypotension, but they are regarded as
being safe in patients who require general anesthesia.
However, hypotension during surgery has been associated
with clomipramine (12).

� A 57-year-old man due to undergo mitral valve surgery
took clomipramine (150 mg at night) up to the night
before surgery. His blood pressure before induction
with thiopental (250 mg) and fentanyl (250 micro-
grams) was 105/65 mmHg, with a heart rate of 70
beats/minute. Anesthesia was maintained with iso-
fluorothane, and 45 minutes after induction, his systo-
lic blood pressure fell to 90 mmHg. Ephedrine (30 mg
total), phenylephrine (500 micrograms total), or dopa-
mine (10 micrograms/kg/minute) did not increase the
blood pressure. After sternotomy, his systolic blood
pressure fell to 55 mmHg and his pulse rate to
60 beats/minute, and he had third-degree atrioventri-
cular block. Further ephedrine, phenylephrine, and
adrenaline were without effect. During cardiopulmon-
ary bypass, a noradrenaline infusion was started
(0.2 micrograms/kg/minute) and isofluorothane was
withdrawn. After he had been weaned from bypass
the noradrenaline infusion was continued at a dose of
0.2–0.8 micrograms/kg/minute, sufficient to maintain
the systolic blood pressure at 90–100 mmHg. After
the operation, clomipramine was withheld and the nor-
adrenaline infusion tapered off, and 3 days later the
hypotension had resolved.

The hypotension in this case was severe and refractory
to noradrenergic stimulation, perhaps because of the
alpha1-adrenoceptor antagonist properties of clomipra-
mine. The fall in systolic blood pressure was accompanied
by a paradoxical fall in heart rate, perhaps because the
anticholinergic effect of clomipramine removed the effect
of vagal tone on the resting heart rate. It seems likely that
the hypotensive effect of clomipramine was potentiated
by general anesthesia; however, such a reaction is rare
and the underlying cardiac problem may have contributed
to this severe adverse reaction. This case reinforces cur-
rent advice that tricyclic antidepressants are best avoided
in patients with significant cardiac disease.

Nervous system

Use of the intravenous route is fraught with danger and
without any demonstrable advantages.

� A 31-year-old woman who received clomipramine
intravenously 300 mg/day developed seizures and car-
diac arrest on the 15th day; she was successfully resus-
citated (13).

Seizures occurred in four of 50 patients receiving intra-
venous treatment. Those vulnerable to this complication

were not identified in advance by prescreening electro-
encephalography (14).

Endocrine

Clomipramine has also aroused interest because of an
action on prolactin release, which occurs with major tran-
quillizers but not with other tricyclic antidepressants (15).
This action of clomipramine is related to its chemical
structure and reflects a greater effect on dopamine meta-
bolism and serotonin uptake compared with other anti-
depressants.

Sexual function

Delayed or complete abolition of ejaculation is attrib-
uted to strong 5-HT re-uptake blockade but perhaps
with additional alpha-adrenoceptor-blocking activity
(16). Impotence may be due to a ganglionic blocking
action.
Four patients taking up to 100 mg/day developed

uncontrollable yawning, in three cases (two men and
one woman) associated with sexual arousal, in two
instances with spontaneous orgasm (17). In all four
patients the symptoms disappeared after withdrawal.
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Dibenzepin

General Information

Dibenzepin is a 6,7,6 tricyclic compound of the dibenzo-
diazepine type. A comparison with imipramine was said
to show equal efficacy; adverse effects were comparable
in type and degree (1).
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Dimetacrine

General Information

Dimetacrine is a 6,6,6 tricyclic acridine derivative. In a
double-blind study, dimetacrine was less effective than
imipramine and produced more weight loss and abnormal
liver function tests more often (1).
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Dosulepin

General Information

Dosulepin (dothiepin) is a tricyclic antidepressant that has
been available in Europe for over 30 years and is particularly

popular in the UK. Its animal and clinical pharmacology has
been described in an extensive review (1). It appears to be
equivalent to amitriptyline, although few studies have
reported dosages above 225 mg/day. Dosulepin is as effec-
tive and sedative as amitriptyline, with somewhat fewer
anticholinergic adverse effects in several studies. However,
it does not appear to have been compared with other less
sedative or anticholinergic tricyclic compounds or second-
generation drugs. Although it is claimed to have fewer car-
diovascular effects, this has not been well substantiated in
controlled comparative studies, and the cardiovascular and
other effects of overdosage appear to be identical for all
tricyclic compounds. Fetal tachydysrhythmias were believed
to be caused by maternal ingestion of dosulepin (2).
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Doxepin

General Information

Doxepin is a tricyclic antidepressant that has also been
used topically in the treatment of atopic dermatitis and
other forms of eczematous dermatitis. It causes the adverse
effects that one would expect, and systemic effects can
result from absorption after topical administration.

Organs and Systems

Nervous system

Short-term treatment with 5% doxepin cream caused
mild transient drowsiness in 16–28% of patients, severe
enough to necessitate withdrawal in about 2% (1). In
addition, 5% of treated patients noted a dry mouth.
Excessive use in children can result in intoxication, with
seizures, respiratory depression, electrocardiographic
abnormalities, and coma (2).
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Imipraminoxide

General Information

Imipraminoxide is an imipramine metabolite. In a com-
parison with the parent drug, efficacy was identical;
adverse effects were of the same type but possibly less
frequent (1).
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Lofepramine

General Information

Lofepramine is an imipramine analogue whose animal
pharmacology suggests low toxicity (1). Its clinical effi-
cacy is similar to that of imipramine and amitriptyline.
Patients on lofepramine report less dryness of the mouth,
fewer disturbances of accommodation, and less drowsi-
ness, but a greater incidence of tremor (2).
Lofepramine has apparently not been compared with

desipramine, to which it is mainly metabolized. The
claim that lofepramine has fewer adverse effects than
traditional tricyclic compounds must be viewed with
skepticism (SEDA-11, 14). However, lofepramine is
safer than conventional tricyclic antidepressants in over-
dose.

References

1. d’Elia G, Borg S, Hermann L, Lundin G, Perris C,

Raotma H, Roman G, Siwers B. Comparative clinical eva-

luation of lofepramine and imipramine. Psychiatric aspects.

Acta Psychiatr Scand 1977;55(1):10–20.

2. Bernik V, Maia E. Therapeutical and clinical evaluation of a

new antidepressant drug, lofepramin (EMD 31.802), in com-

parison to amitriptyline in the treatment of depression Rev

Bras Clin Ter 1978;7:43.

Melitracen

General Information

Melitracen is structurally and pharmacologically related to
imipramine, with two methyl groups attached to the central

ring. It has similar efficacy to amitriptyline, with a some-
what more rapid effect and similar adverse effects (1).

Reference

1. Francesconi G, LoCascio A, Mellina S, et al. Controlled

comparison of melitracen and amitriptyline in depressed

patients. Curr Ther Res Clin Exp 1976;20:529.

Nortriptyline

General Information

Nortriptyline is a tricyclic compound which differs from
amitriptyline in being monodemethylated (1).
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Noxiptiline

General Information

Noxiptiline is a tricyclic compound that differs from ami-
triptyline in having a longer side-chain, containing an
oxyimino-group.
In a double-blind comparison of noxiptiline

(n = 30) and amitriptyline (n = 32) in hospitalized
patients with primary depressive illness for 3–6
weeks there were no significant differences, but nox-
iptiline had a faster onset of action (1). A compar-
ison with imipramine also showed no difference in
therapeutic efficacy (2).
As regards adverse effects, noxiptiline seemed to cause

more mental symptoms, such as delirium (3). In one study
in 44 patients, 9 developed delirium, there were mild
manic symptoms in 6, dry mouth in 21, disturbed micturi-
tion in 2, and difficulty in accommodation in 3 (2), the last
3 being evidence of anticholinergic effects.
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Trimipramine

General Information

Trimipramine is a sedating tricyclic antidepressant that has
been used as a hypnotic (1); it shares this activity with other
drugs of its class, notably amitriptyline, dosulepin, doxepin,
and trazodone, and with the tetracyclics mianserin and
mirtazapine. Trimipramine may be preferred for this pur-
pose, since it has less effect on sleep architecture, including
REM sleep (2), and has only a modest propensity to pro-
duce rebound insomnia in a subset of patients (3). Sedative
antidepressants may be particularly appropriate for indivi-
duals at risk of benzodiazepine abuse and patients with
chronic pain (4). The usual pattern of tricyclic adverse
effects, especially antimuscarinic and hypotensive effects
and weight gain, can be expected. Some authors, enthu-
siastic about GABA enhancers, contend that antidepres-
sants are not useful hypnotic alternatives (5).

Antidepressant drugs of various classes (tricyclics,
monoamine oxidase inhibitors, SSRIs) have broad effi-
cacy in generalized anxiety and in panic disorder, for
which they are the treatments of choice (6,7). While not
likely to cause benzodiazepine-like dependence or abuse,
they do have a significant therapeutic latency, and the
older drugs are very toxic in overdose.
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SELECTIVE SEROTONIN RE-UPTAKE INHIBITORS (SSRIS)

General Information

The selective serotonin re-uptake inhibitors (SSRIs) that
are currently available are fluoxetine, fluvoxamine, par-
oxetine, sertraline, citalopram, and escitalopram. They
are widely marketed and are in many countries a major
alternative to tricyclic antidepressants in the treatment of
depression. The SSRIs are structurally diverse, but they
are all inhibitors of serotonin uptake, with much less
effect on noradrenaline. They have slight or no inhibitory
effect on histaminergic, adrenergic, serotonergic, dopami-
nergic, and cholinergic receptors (1).
The SSRIs are eliminated mainly through hepatic

metabolism. Their half-lives are about 1 day for fluvox-
amine, paroxetine, and sertraline (2–5), 1.5 days for cita-
lopram (6), and 2–3 days for fluoxetine (7).
Norfluoxetine, the main metabolite of fluoxetine, is a
potent and selective serotonin re-uptake inhibitor, and
since this metabolite also has a very long half-life (7–15
days) it contributes significantly to the clinical effect.
Norsertraline, the desmethylated metabolite of sertraline,
is also an inhibitor of serotonin re-uptake, but with much
lower potency than sertraline; although its half-life is
about 2.5 times longer than that of sertraline, it is not
considered to contribute to the clinical effect (3). The
main metabolite of citalopram, desmethylcitalopram, is
pharmacologically active but has much lower potency
than the parent compound (1). The metabolites of fluvox-
amine and paroxetine are inactive with respect to mono-
amine uptake (2). Escitalopram oxalate is the S-
enantiomer of citalopram (8). The therapeutic activity of
citalopram resides in the S-isomer and escitalopram binds
with high affinity to the human serotonin transporter; R-
citalopram is about 30-fold less potent. The half-life of
escitalopram is 27–32 hours. Escitalopram and citalopram
have negligible effects on CYP isozymes.
The major advantages of SSRIs over the tricyclic anti-

depressants are their less pronounced anticholinergic
adverse effects and lack of severe cardiotoxicity.
However, some studies have shown some degree of ner-
vousness or agitation, sleep disturbances, gastrointestinal
symptoms, and perhaps sexual adverse effects more com-
monly in patients treated with SSRIs than in those treated
with tricyclic antidepressants. SSRIs may also be asso-
ciated with an increased risk of suicide, particularly in
children under 16 (9).
There seems to be little difference between SSRIs with

respect to frequency and severity of adverse effects. The
most common adverse effects are gastrointestinal distur-
bances (nausea, diarrhea/loose stools, constipation; inci-
dence 6–37%), nervous system effects (insomnia,
somnolence, tremor, dizziness and headache; 11–26%),
and effects on the autonomic nervous system (dryness of
the mouth and sweating; 9–30%) (2,10). Weight gain or
weight loss have been documented relatively infrequently
(2). A high frequency of sexual disturbances has been

reported. SSRIs may selectively inhibit hepatic enzymes,
causing pharmacokinetic interactions with other drugs
that are metabolized by these enzymes; a pharmacody-
namic interaction can also occur when SSRIs are given in
combination with other serotonergic drugs, which may
give rise to serotonergic hyperstimulation, the ‘‘serotonin
syndrome.’’ The SSRIs are safer than the tricyclic anti-
depressants in overdose.
A meta-analysis of 20 short-term studies of five SSRIs

(citalopram, fluoxetine, fluvoxamine, paroxetine, and ser-
traline) has been published (11). There were no overall
differences in efficacy, but fluoxetine had a slower onset
of action. Analysis of tolerability showed the expected
adverse effects profile, the most common adverse event
being nausea, followed by headache, dizziness, and tre-
mor. The rate of withdrawal from treatment because of
adverse effects was significantly greater with fluvoxamine
(RR = 1.9; CI = 1.2, 3.0). Data available from the UK
Committee on Safety of Medicines suggested that with-
drawal reactions were most common with paroxetine and
least common with fluoxetine (presumably because of the
long half-life of its active metabolite norfluoxetine).
There were more gastrointestinal reactions to fluvoxa-
mine and paroxetine. This pattern was reflected in pre-
scription-event monitoring data. Citalopram and
sertraline were least likely to cause drug interactions,
but citalopram was implicated more often in fatal over-
doses.

Organs and Systems

Nervous system

Movement disorders

Extrapyramidal symptoms (including akathisia, dystonia,
dyskinesia, tardive dyskinesia, parkinsonism, and brux-
ism) have been reported in association with SSRIs, espe-
cially in the presence of predisposing factors (SEDA-14,
14; 12). Current data suggest that SSRIs should be used
with caution in patients with parkinsonism (see the mono-
graph on fluoxetine). Concomitant treatment with neuro-
leptic drugs and high concentrations of SSRIs seems to
predispose to extrapyramidal symptoms. Elderly patients
and women are also at increased risk.
It is believed that SSRIs produce movement disorders

by facilitating inhibitory serotonin interactions with dopa-
mine pathways. While all SSRIs are potent inhibitors of
serotonin re-uptake, they have other pharmacological
actions that might contribute to their clinical profile.
Sertraline has an appreciable affinity for the dopamine
re-uptake site, and for this reason might be presumed less
likely to cause movement disorders than other SSRIs.
However, there is little clinical evidence to support this
suggestion and a case of sertraline-induced parkinsonism
has been reported (13).
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SSRI-induced movement disorders have been compre-
hensively reviewed (14). The use of SSRIs was associated
with a range of movement disorders, the most frequent of
which was akathisia. However, clinician-based reports of
adverse events solicited from SSRI manufacturers sug-
gested that parkinsonism might occur with an equal fre-
quency but with a later onset during treatment. As
suggested before (SEDA-22, 12), concomitant treatment
with antipsychotic drugs and lithium, as well as pre-exist-
ing brain damage, predisposes to the development of
movement disorders with SSRIs. Case reports have sug-
gested that akathisia can be associated with suicidal
impulses.
Spontaneous reports received by the Netherlands

Pharmacovigilance Foundation between 1985 and 1999
have been analysed in a case-control study (15).
Relative to other antidepressants, SSRIs were about
twice as likely to be implicated in spontaneous reports
of extrapyramidal reactions (OR = 2.2; 95% CI = 1.2,
3.9). The risk was greater in patients who were also taking
neuroleptic drugs. This result suggests that SSRIs have a
modestly increased risk of producing extrapyramidal
reactions compared with other antidepressants.
However, increased reporting can be influenced by
increased awareness. In addition, no account was appar-
ently taken in this study of relative prescription rates of
different antidepressants.
Withdrawal of SSRIs usually results in remission of

symptoms of extrapyramidal movement disorders.
However, occasionally, SSRIs can unmask a vulnerability
to Parkinson’s disease, and can also worsen established
Parkinson’s disease (SEDA-22, 23) (see monographs on
citalopram and sertraline) (16).

Serotonin syndrome

The serotonin syndrome is a well-established complica-
tion of SSRI treatment. It is usually associated with high
doses of SSRIs or the use of SSRIs in combination with
other serotonin-potentiating agents, such as monoamine
oxidase inhibitors (SEDA-22, 24).

� A 45-year-old man had definite symptoms of serotonin
toxicity (hypomania, myoclonus, sweating, and shiver-
ing), first when taking a low therapeutic dose of cita-
lopram (20 mg/day) and then with low-dose sertraline
(25 mg/day); he was also taking zolpidem (17).

The authors speculated that the combination of zolpidem
with an SSRI might have predisposed to the serotonin
syndrome. It is also possible that some people (for exam-
ple poor metabolizers) are idiosyncratically vulnerable to
serotonin toxicity at low doses of SSRIs.

Sleep

SSRIs can cause insomnia and daytime somnolence; how-
ever, the symptoms seem to reflect a sleep–wake cycle
disorder. It is conceivable that disruptions in the normal
pattern of melatonin secretion, particularly a delay in the
normal early morning fall in plasma concentrations could
be involved in the pathophysiology of these symptoms.
The fact that fluvoxamine is the SSRI that is most likely

to cause sleep disorders supports a role of melatonin,
which is increased by fluvoxamine but not by other
SSRIs (18).
Paroxetine has been associated with sleep-walking

(somnambulism) (19).

� A 61-year-old woman taking paroxetine 10 mg/day for
depression had difficulty falling asleep, but there was
no personal or family history of parasomnia. After 2
weeks the paroxetine was increased to 20 mg/day and 1
week later she was noted by her husband to be sleep-
walking and trying at times to leave the house. When
wakened she was confused and had no memory of the
event. The paroxetine was withdrawn; the sleep-walk-
ing stopped and did not recur.

Other classes of antidepressant drugs can sometimes
cause somnambulism, and it seems likely that paroxetine
provoked this rare adverse effect. Sleep-walking is
thought to be initiated during slow-wave sleep, after
which partial arousals activate motor behaviors in the
absence of full consciousness. The disrupting effects of
antidepressants on sleep architecture might lead to som-
nambulism in pre-disposed individuals.

Sensory systems

Tricyclic antidepressants can precipitate acute glaucoma
through their anticholinergic effects. There are also
reports that SSRIs can cause acute glaucoma, presumably
by pupillary dilatation (see the monograph on paroxetine
and fluoxetine).

Psychological, psychiatric

Like other antidepressants, SSRIs are occasionally asso-
ciated with manic episodes, even in patients with no his-
tory of bipolar disorder. Some argue that the affected
patients may have had an underlying predisposition to
bipolar illness.
In a retrospective chart review of 167 patients with a

variety of anxiety disorders, excluding patients with evi-
dence of current or previous mood disorder, manic epi-
sodes were recorded in five patients, a rate of 3% (20).
While this might suggest a clear effect of SSRIs to induce
mania, two of the patients were taking clomipramine, a
tricyclic antidepressant, albeit a potent serotonin re-
uptake inhibitor. In addition, all the affected patients
had additional diagnoses of histrionic or borderline per-
sonality disorder, known to be associated with mood
instability. It is still therefore plausible that SSRIs cause
mania only in patients with an underlying predisposition,
although this may be more subtle than a personal or
family history of bipolar illness.
Visual hallucinations are rare during antidepressant

drug treatment, except after overdosage.

� A 38-year-old man with a history of chronic depression
developed on waking visual hallucinations of different
geometric shapes after treatment with both sertraline
and fluoxetine. Eventually he responded to treatment
with nefazodone, which did not cause hallucinations
(21).
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Many drugs that cause visual hallucinations (for example
lysergic acid diethylamide) have agonist activity at 5-HT2

receptors, and it is conceivable that in these patients both
sertraline and fluoxetine caused sufficient activation of
post-synaptic 5-HT2 receptors to produce this visual dis-
turbance. Although nefazodone can increase 5-HT neuro-
transmission, it is also a 5-HT2-receptor antagonist, so
presumably does not activate 5-HT2 receptors.

Suicidal behavior

Over the last decade there has been a debate as to
whether SSRIs might increase the risk of suicide in certain
individuals. Some patients can respond to SSRIs by
becoming agitated and restless and developing symptoms
that resemble akathisia. Case reports have suggested that
adverse effects of this type could underlie an increased
risk of self-harm and aggression. However, results from
the placebo-controlled randomized trials carried out for
regulatory purposes have not supported the proposal that
SSRIs increase the risk of suicide of suicidal behavior.
A review of the database of the Food and Drug

Administration showed 77 suicides among 48 277 patients
who had participated in placebo-controlled trials of anti-
depressants (22). The rate of suicide with SSRIs (0.59%;
CI ¼ 0.31, 0.87) was similar to that of other antidepres-
sants (0.76%; CI ¼ 0.49, 1.03) and placebo (0.45%; CI ¼
0.01, 0.89). While these data are reassuring, patients con-
sidered clinically at high risk of suicide were excluded
from the trials and the patients received a greater degree
of supervision than would occur in routine practice.
In a re-analysis of antidepressant trial data there was an

odds ratio for a suicidal act while taking SSRIs relative to
placebo of 2.0 (CI ¼ 1.2, 3.3), while the risk for completed
suicide on SSRIs, although raised, had wide confidence
intervals (RR ¼ 3.1; CI ¼ 0.4, 23.1) (23). One of the
author’s arguments was that in previous analyses suicidal
behaviors occurring during placebo wash-out have been
misclassified as happening during placebo treatment.
Separation of these two classes of event allows a pro-
suicidal effect of SSRIs to be revealed.
In a matched case-control, primary-care study of over

150 000 patients who received at least one prescription for
an antidepressant between 1993 and 1999, in which dosu-
lepin was used as the reference standard, there was no
relative increased risk of non-fatal self-harm for fluoxe-
tine (OR ¼ 1.16; 95% CI ¼ 0.90, 1.50), while the risk for
paroxetine approached significance (OR ¼ 29; 95% CI ¼
0.97, 1.70) (24). The authors suggested that the latter
finding might have been due to uncontrolled confounding
by severity of depression or apparent suicide risk. In the
small number of cases of fatal suicide there was no

relation with any particular class of medication.
However, the strong relation between the risk of suicidal
behavior and the initiation of treatment was noteworthy;
thus, in the first 9 days of treatment the risk of non-fatal
suicidal behavior was increased four-fold over later weeks
of therapy (OR ¼ 4.07; 95%CI ¼ 2.89, 5.74), while for
fatal suicide the risk was over 30 times greater (OR ¼ 38;
95%CI ¼ 6, 231). This relation was independent of the
class of medication prescribed.
These findings suggest that in the routine clinical man-

agement of depression in primary care, the risk of self-
harm is not strongly associated with any particular class of
antidepressant. In the absence of a placebo group we
cannot say whether antidepressants might increase the
risk of self-harm relative to placebo; conceivably, of
course, they might reduce it. However, it does seem
clear that there is a strong link between initiation of
antidepressant drug treatment and both fatal and non-
fatal self-harm. This fits in with the well-known clinical
impression that the start of antidepressant treatment is a
time of increased risk of suicidal behavior (25). There are
several possible explanations for this phenomenon; for
example, (i) antidepressant treatment increases the risk
of suicidal behavior directly; (ii) antidepressants improve
motor retardation before alleviating depressed mood,
thereby increasing the probability that patients will act
on their pre-existing suicidal thinking; (iii) patients only
present for treatment when they are at a particularly low
ebb, and the failure of antidepressant medication to have
a quick onset of action adds to feelings of hopelessness
and despair. Whatever the explanation, it is clearly pru-
dent to monitor depressed patients closely during the first
few weeks of treatment, while mood is still low and suici-
dal feelings have not resolved.
The UK Committee of Safety of Medicines has pre-

viously warned that paroxetine appeared to be no more
effective than placebo in the treatment of depression in
adolescents and might be associated with a greater risk of
self harm (SEDA-28, 16). In a meta-analysis of both
published and unpublished placebo-controlled trials of
SSRIs in childhood and adolescent depression, only fluox-
etine seemed clearly to be associated with a positive
benefit–harm balance (26). The evidence of efficacy for
sertraline and citalopram was doubtful, while the risk of
serious adverse events was significantly increased.
Additionally, for both drugs the risk of suicidal behavior
was numerically increased. In regard to venlafaxine, the
risk of suicidal behavior was significantly greater than
placebo.
Subsequently, the UK Committee on Safety of

Medicines issued guidance for practitioners, indicating
that with the exception of fluoxetine, the benefit–harm
balance of SSRIs and venlafaxine in depressed children
and adolescents was unfavorable (27). A similar conclu-
sion was drawn concerning mirtazapine. It is, however,
puzzling that the therapeutic effects of fluoxetine should
be quite so different from compounds that are similar
pharmacologically. One important issue might be the
relevance of regulatory trials of antidepressants to real-
world treatment. Placebo-controlled trials in depression

DoTS classification:
Reaction: Suicide risk due to SSRIs
Dose-relation: Collateral
Time-course: Intermediate
Susceptibility factors: Age (adolescents and children)
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often exclude the more depressed patients as well as those
with worrying suicidal ideation. Hence, it may be more
difficult to show a specific benefit of a drug. However, the
meta-analysis cited above (Whittington 1341) also sug-
gested that young people might be more susceptible
than adults to any effect of antidepressants to induce
suicidal ideation. SSRIs are also used in adolescents to
treat anxiety disorders, such as obsessive–compulsive dis-
order. Whether the risk of suicidal behavior with SSRIs is
also increased in this group is uncertain, but clearly cau-
tion is indicated.
Another large systematic review was carried out by the

UK Medicines Control Agency (MCA), focusing on all
published and unpublished regulatory trials of SSRIs in
depressed patients aged 18 and over (28). The MCA
found no evidence that, relative to placebo, any individual
SSRI increased the risk of fatal or non-fatal self-harm, but
they concluded that ‘‘a modest increase in the risk of
suicidal thoughts and self-harm for SSRIs compared
with placebo cannot be ruled out’’. There was also no
evidence from epidemiological studies that the prescrib-
ing of SSRIs had led to an increase in suicide rate,
although such studies are difficult to interpret, because
suicide rates are affected by many factors that are likely
to have a greater impact than antidepressants.
Overall the randomized studies suggest that the risk of

suicide and suicidal behavior in patients taking placebo is
numerically less than in patients taking active antidepres-
sants. Since on clinical rating scales, antidepressant drugs
usually reduce suicidal ideation more than placebo, this is
a paradoxical observation. It might, however, reflect the
old adage that the risk of suicide is greatest during the
early stages of antidepressant treatment, when motor
retardation has remitted but depressed mood and suicidal
thinking persist. Such an effect might be exaggerated with
modern antidepressants, which are more activating than
tricyclic antidepressants. The need for caution in both
clinical practice and trial evaluation is underlined by a
warning from the Committee of Safety of Medicines that
paroxetine is no more effective than placebo in the treat-
ment of depression in adolescence, and may also be asso-
ciated with a greater risk of self-harm and suicidal
behavior (29).
Furthermore, the data provided by the MCA and pub-

lished subsequently suggest that in people aged 18 years
and older, SSRIs do not increase the risk of completed
suicide relative to placebo. In addition, there is no differ-
ence in the risk of suicide or self-harm in patients taking
SSRIs compared with those taking tricyclic antidepres-
sants (30). It is possible, however, that when all the data
for individual SSRIs are combined, SSRIs as a group
might produce a small increase in the risk of self-harm
relative to placebo (31,32). It has been calculated that, if
this is the case, on the present evidence the number
needed to treat for harm (NNTH, i.e. to produce one
suicide) is 759; this contrasts with the much more favor-
able number need to treat for benefit (NNTB) in depres-
sion, which is 4–7 (Gunnell 385). Thus, particularly in
patients with significant depressive symptoms and func-
tional disability, the benefit–harm balance of SSRIs
appears to be favorable. It is also worth noting that the

possible increase in the risk of self-harm appears to be
similar between tricyclic antidepressants and SSRIs, sug-
gesting that any putative mechanism is likely to be com-
mon to all antidepressant medications.

Endocrine

Serotonin pathways are involved in the regulation of pro-
lactin secretion. Amenorrhea, galactorrhea, and hyper-
prolactinemia have been reported in patients taking
SSRIs (see the monographs on fluoxetine, fluvoxamine,
paroxetine, and sertraline).

Electrolyte balance

SSRIs can reportedly cause hyponatremia (SEDA-18, 20;
SEDA-26, 13). In a case-control study of hyponatremia in
39 071 psychiatric inpatients and outpatients, the inci-
dence of antidepressant-induced hyponatremia was 2.1%
(33). SSRI users had a three times higher risk of develop-
ing hyponatremia relative to users of other antidepressant
drugs (OR = 3.1; 95% CI = 1.3, 8.6). Additional risk fac-
tors included older age and concomitant treatment with
diuretics.
SSRIs can cause hyponatremia in elderly patients

(SEDA-18, 20, 21).

� A 45-year-old woman developed hyponatremia com-
plicated by rhabdomyolysis while taking citalopram
and the antipsychotic drug chlorprothixene for depres-
sive psychosis (34). The hyponatremia became appar-
ent 2 weeks after the dose of citalopram was increased
to 40 mg/day, when she complained of weakness and
lethargy.

SSRI-induced hyponatremia is unusual in non-geriatric
populations, but the chlorprothixene may have played a
role in this case.

� An 89-year-old man, who was taking aspirin 325 mg/
day, clopidogrel 75 mg/day, atenolol 25 mg/day, and
lansoprazole 30 mg/day, developed depression and was
given citalopram 20 mg/day (35). His depressive symp-
toms started to improve, but after 12 days he devel-
oped malaise, nausea, and headache. His serum
sodium concentration had fallen from 138 mmol/l
before citalopram to 117 mmol/l. This was due to inap-
propriate secretion of antidiuretic hormone.
Citalopram was withdrawn, he was given intravenous
saline, and 72 hours later his serum sodium was normal
and his symptoms of malaise, nausea, and headache
had resolved. However, his depressive symptoms wor-
sened, so citalopram (20 mg/day) was restarted with
close monitoring of the serum sodium. Within 2 days
his serum sodium had fallen to 126 mmol/l. Citalopram
was withdrawn and mirtazapine was used as an alter-
native antidepressant with good effect and without any
reduction in serum sodium.

This is an unusually well documented case, in which re-
challenge clearly established the role of citalopram in
causing hyponatremia in this patient.
In a prospective study of serum sodium concentrations

in 75 men and women (aged 36–90 years) who received
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paroxetine for the treatment of depression, hyponatremia
(defined as a serum sodium concentration of less than 135
mmol/l) developed in 12% within a median of 9 days of
paroxetine treatment (36). The effect did not seem to be
related to plasma concentrations of paroxetine, but lower
baseline serum sodium concentrations and low body
weight were risk factors for hyponatremia. In fact the
authors’ data showed that in most patients, paroxetine
lowered serum sodium concentrations to some extent,
but in a subgroup the effect was greater. Presumably
patients who start treatment with lower baseline values
of serum sodium are at more risk of reaching a sodium
concentration at which symptoms will occur. In animals,
serotonin agents can release ADH (37), which might
provide an explanation for the ability of SSRIs to lower
plasma sodium in humans.
There have been other reports of hyponatremia with

SSRIs (38,39). Hyponatremia is probably more common
with SSRIs than with tricyclic antidepressants and predo-
minantly but not exclusively affects older patients. Most
reports involve fluoxetine, but this might represent
greater patient exposure. All SSRIs and venlafaxine can
produce this adverse effect (SEDA-23, 21; SEDA-25, 14).
According to published reports, the median time to the
onset of hyponatremia is 13 days (range 3–120) and the
presentation is of inappropriate secretion of antidiuretic
hormone (38). Symptoms, such as lethargy and confusion,
can be non-specific, so awareness of the possibility of
SSRI-induced hyponatremia, particularly in elderly peo-
ple, is needed.

Fluid balance

The syndrome of inappropriate secretion of antidiuretic
hormone (SIADH) is a possible adverse effect of the
SSRIs (SEDA-14, 14) (SEDA-18, 20) (SEDA 21, 11)
(40). The mechanism is not known. Several of the affected
patients have been elderly, and old people may be at
greater risk.

Hematologic

SSRIs have in rare cases been reported to produce bruis-
ing, bleeding, prolonged bleeding time, increased pro-
thrombin time, and other hematological disturbances
(SEDA-24, 15) (see the monographs on fluoxetine, flu-
voxamine, paroxetine, and sertraline). The suggested
mechanism of these adverse effects is reduced granular
storage of serotonin in platelets, leading to disturbances
of platelet function, especially in predisposed patients
with mild underlying platelet disorders (41,42). An alter-
native mechanism is increased capillary fragility. Some
patients appear to have a pre-existing susceptibility, for
example, by virtue of treatment with other medications
that might predispose to bleeding.
Five children, aged 8–15 years, developed bruising or

epistaxis 1–12 weeks after starting SSRI treatment (43).
In all cases the bleeding problem resolved when the SSRI
was withdrawn or the dose lowered. In a review of 30
cases of SSRI-induced bleeding disorders the most com-
mon events were bruising, petechiae, purpura, and

epistaxis, though gastrointestinal hemorrhage was also
reported (44). The mean age of the affected patients was
42 years and the female:male ratio was 3:4. Symptoms
were sometimes associated with prolonged bleeding time
or platelet aggregation disorders, but often these indices
were normal.

Gastrointestinal

Gastrointestinal adverse effects are one of the major dis-
advantages of SSRIs. The most common is nausea, and
the incidence is said to be 20% or more for paroxetine
(45,46), sertraline (47), fluvoxamine (5), fluoxetine (48),
and citalopram (10,49). Although nausea can lead to drug
withdrawal, it usually disappears after a few weeks. Other
gastrointestinal symptoms that occur commonly with
fluoxetine and sertraline are loose stools and diarrhea
(47,48,50), while constipation has been more often
reported with fluvoxamine (5) and paroxetine (45,46).
In a case-control study, current exposure to SSRIs was

associated with an increased risk of upper gastrointestinal
bleeding (RR = 3.0; CI = 2.1, 4.4) (51). The risk was sub-
stantially greater in subjects taking both SSRIs and non-
steroidal anti-inflammatory drugs (NSAIDs) (RR = 16;
CI = 6.6, 37). However, there was also an increased risk
of bleeding with trazodone (RR = 8.6; CI = 2.1, 35),
which does not block the uptake of 5-HT in therapeutic
doses. Thus, the association between certain kinds of
antidepressant drugs and upper gastrointestinal bleeding
appears to be real.
This association has been confirmed in a cohort study in

26 005 antidepressant users (52). The risk of being hospi-
talized for upper gastrointestinal bleeding within 90 days
of antidepressant prescription was increased in people
taking SSRIs (OR ¼ 3.6; CI ¼ 2.7, 4.7). Combined use
of SSRIs and aspirin increased the risk 5.2 times (CI¼ 3.2,
8.0), while combined use with an NSAID increased the
risk 12 times (CI ¼ 7.1, 20). There was a lower risk of
gastrointestinal bleeding (OR ¼ 2.3; CI ¼ 1.5, 3.4) with
antidepressants with less potency to inhibit 5HT re-
uptake (amitriptyline, dosulepin, imipramine), while
non-serotonergic antidepressants (desipramine, nortripty-
line, mianserin) did not increase the risk. These findings
suggest that SSRIs should be used with caution in patients
taking aspirin or NSAIDs. The risk of upper gastrointest-
inal bleeding with SSRIs used by themselves appears to
be of the same order as that with aspirin. This observation
is of interest, in view of a case-control study suggesting a
lower risk of first myocardial infarction in patients taking
SSRIs (OR ¼ 0.59; CI ¼ 0.39, 0.91) (53). This effect was
not seen with non-SSRI antidepressants.

Liver

SSRIs are rarely hepatotoxic and have only occasionally
been reported (see the monographs on fluoxetine, parox-
etine, and sertraline).

� A 23-year-old woman taking sertraline (dose and
length of time not stated) developed a mild pyrexia,
right-sided abdominal pain, nausea, vomiting, and
chills. She had a raised serum alanine transaminase
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activity but no other abnormality of liver function tests.
A liver biopsy showed changes consistent with either a
drug-induced reaction or autoimmune disease.
Sertraline was withdrawn and prednisone 20 mg/day
started. Four weeks later her alanine transaminase
activity had fallen significantly, but she then restarted
sertraline because of increasing depression. The ala-
nine transaminase activity rose again, despite continu-
ing prednisone, and only fell when sertraline was
withdrawn.

while there have been other cases of hepatitis in associa-
tion with sertraline this is the first case to have been
confirmed by re-challenge.
A similar case has been reported in association with

citalopram (54).

� A 44-year-old man with depression was given hydro-
xyzine hydrochloride 100 mg/day, clonazepam 2 mg/
day, and citalopram 20 mg/day. Two years before he
had tolerated fluoxetine for 6 months for an episode of
depression, with good effect. After 7 weeks he devel-
oped weakness and weight loss. Physical examination
was normal but the serum aspartate transaminase
(AsT) was raised at 277 IU/L (reference range < 36
IU/l). His bilirubin was normal. Citalopram was with-
drawn and the other drugs were continued intermit-
tently; 5 days later the serum aspartate transaminase
had fallen by a half, and within 2 months it had
returned to normal.

The time course of the raised aspartate transaminase and
its resolution in response to citalopram withdrawal sug-
gests that citalopram was responsible for the hepatic
damage in this case. The earlier exposure to fluoxetine
did not apparently cause liver damage, suggesting that the
response to citalopram did not involve blockade of sero-
tonin re-uptake.

� A 39-year-old woman with a severe depressive illness
took fluvoxamine in increasing doses, but after 9 days
reported upper quadrant pain and vomiting (55). Her
liver enzymes were raised (aspartate transaminase 609
mmol/l, previously 11 mmol/l). Tests for hepatitis and
HIV were negative, but hepatic biopsy showed choles-
tasis and hepatocytolysis with possible duct damage.
The liver enzymes fell when fluvoxamine was with-
drawn but increased again 4 days after fluvoxamine
re-challenge. They continued to rise when citalopram
was substituted for fluvoxamine but fell when citalo-
pram was withdrawn. She eventually responded to
ECT and was discharged with normal liver function
tests. However, 10 months later she was again admitted
with a depressive psychosis. Olanzapine was started
and 7 days later citalopram added; 4 days later this
she again developed upper quadrant pain and raised
aspartate transaminase activity (251 mmol/l).
Citalopram was withdrawn and the liver enzymes gra-
dually returned to normal over the next 3 weeks. She
eventually responded well to olanzapine alone.

In this case the hepatotoxicity with citalopram and
fluvoxamine appears to have been confirmed by

re-challenge. Sometimes patients who have experienced
hepatotoxicity with one SSRI can apparently be treated
with a different SSRI without recurrence. However, this
did not seem to be the case here because the patient had
the same adverse hepatic reaction to two structurally
unrelated SSRIs.

Skin

Skin reactions to SSRIs have been reported (SEDA-17,
20) (SEDA-18, 20), including Stevens–Johnson syndrome
(56), and rash due to fluoxetine occurs in a few percent of
patients (57) (see also the monographs on fluoxetine,
fluvoxamine, and sertraline).

Sexual function

Impaired sexual function

The adverse sexual effects of SSRIs have been reviewed
(58). The use of SSRIs is most often associated with
delayed ejaculation and absent or delayed orgasm, but
reduced desire and arousal have also been reported.
Estimates of the prevalence of sexual dysfunction with
SSRIs vary from a small percentage to over 80%.
Prospective studies that enquire specifically about sexual
function have reported the highest figures. Similar sexual
disturbances are seen in patients taking SSRIs for the
treatment of anxiety disorders (59), showing that SSRI-
induced sexual dysfunction is not limited to patients with
depression. It is not clear whether the relative incidence
of sexual dysfunction differs between the SSRIs, but it is
possible that paroxetine carries the highest risk (58).
In a chart review of 22 adolescents who were taking

SSRIs for a variety of indications and who had been
systematically questioned about the effect of their illness
and its treatment on their sexual function, five reported
significant sexual dysfunction (three cases of anorgasmia,
and two of reduced libido), probably attributable to the
SSRI (60). This small sample suggests that the rate of
sexual dysfunction associated with SSRI treatment in
adolescents is very similar to that seen in adults. Issues
of sexuality are particularly important in adolescence, but
may be difficult to discuss. This study shows the impor-
tance of tactful and sensitive enquiry and the probable
benefit of clear information about the sexual adverse
effects of SSRIs.
The ability of SSRIs to cause delayed ejaculation has

been used in controlled trials of men with premature
ejaculation (61,62). Of the SSRIs, paroxetine and sertra-
line produced the most benefit in terms of increase in time
to ejaculation, but fluvoxamine did not differ from pla-
cebo. Clomipramine was more effective than the SSRIs
but caused most adverse effects. From a practical point of
view many patients might prefer to take medication for
sexual dysfunction when needed rather than on a regular
daily basis, and it would be of interest to study the bene-
ficial effects of SSRIs on premature ejaculation when
used in this way.
Laboratory studies have shown that fluvoxamine differs

from paroxetine, sertraline, and fluoxetine in not delaying
the time to ejaculation. The effect of citalopram to delay
ejaculation is also relatively modest (63). There are,
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however, many other ways in which SSRIs can interfere
with sexual function, for example by causing loss of sexual
interest and erectile difficulties. In an open, prospective
study of 1000 Spanish patients taking a variety of antide-
pressants, there was an overall incidence of sexual dys-
function of 59% (64). The highest rates, 60–70%, were
found with SSRIs (including fluvoxamine) and venlafax-
ine. The lowest rates were found with mirtazapine (24%),
nefazodone (8%), and moclobemide (4%). Spontaneous
resolution of this adverse effect was uncommon—80% of
subjects had no improvement in sexual function over 6
months of treatment. This study suggests very high rates
of sexual dysfunction in patients taking SSRIs and venla-
faxine. However, in investigations of this nature, it can be
difficult to tease out the effect of the drug from that of the
underlying disorder. Nevertheless, while depressive symp-
toms should improve in most patients over 6 months of
treatment, the sexual dysfunction in these subjects tended
not to remit, suggesting that the antidepressant was the
main culprit.

Increased sexual function

Occasionally, SSRIs are associated with increased sexual
desire and behavior.

� A 27-year-old married woman with a borderline per-
sonality disorder was admitted to hospital with depres-
sion and suicidal ideation (65). Over 3 weeks she was
given fluvoxamine in doses up to 150 mg/day, but
because of lack of response the dosage was increased
to 200 mg/day; 3 days later she reported that her sex
drive was greater than it had ever been before and that
she felt she could not control it. There was no evidence
of mania. Within a week of withdrawal of fluvoxamine
her sexual desire had returned to its previous level.

Patients with borderline personality disorder may behave
in a sexually disinhibited manner and have mood swings.
In this patient, however, it did not appear as though the
hypersexuality was part of a manic syndrome, and she was
clear that the sexual feelings were unusually great for her.
Support for a role of the SSRI in this adverse effect comes
from a series of five patients (four taking citalopram and
one paroxetine) who had an unusual increase in sexual
interest, with preoccupation with sexual thoughts, promis-
cuity, and excessive interest in pornography (66). In some
of the cases symptoms such as diminished need for sleep
suggested the possibility of a manic syndrome.
These reports suggest that occasionally SSRIs can be

associated with increased sexual desire and behavior. This
might be associated with mood instability, for example in
a manic or mixed affective state, but in some people
personality factors are likely to be important.

Treatment of sexual dysfunction due to SSRIs

Various treatments have been advocated to ameliorate
sexual dysfunction in SSRI-treated patients, including
5-HT2-receptor antagonists (cyproheptadine, mian-
serin, nefazodone) and 5-HT3-receptor antagonists

such as granisetron (59). One of the most popular
remedies is the use of dopaminergic agents, such as
amfebutamone.
In a prospective study, 47 patients who complained of

SSRI-induced sexual dysfunction took amfebutamone
(bupropion) 75–150 mg 1–2 hours before sexual activity
(67). If this was unsuccessful they were titrated to a
dosage of 75 mg tds on a regular basis. Amfebutamone
improved sexual function in 31 patients (66%). Anxiety
and tremor were the most frequently reported adverse
events, and seven patients discontinued for this reason.
However, it should be noted that more serious adverse
events (panic attacks, delirium, and seizures) have been
reported when amfebutamone (bupropion) and SSRIs are
combined (59).
In a placebo-controlled, parallel-group study of buspir-

one and amantadine in 57 patients with fluoxetine-
induced sexual dysfunction, there was an overall improve-
ment in all three treatment groups and no significant
differences between them (68). These data suggest that
anecdotal reports of treatment benefit in SSRI-induced
sexual dysfunction should be regarded with caution.

Reproductive system

Vaginal bleeding and menorrhagia have been rarely
reported with SSRI treatment and the mechanism is
uncertain. SSRIs have been associated with bleeding dia-
theses, which might explain these observations (SEDA-
24, 15) (SEDA-25, 14). Another possibility is an action of
serotonin pathways on the neural regulation of gonado-
tropin release. More cases have been reported.

� A 67-year-old woman developed vaginal bleeding after
taking sertraline 25 mg/day for 3 days (69). The sertra-
line was withdrawn and the bleeding stopped 48 hours
later.� A 41-year-old woman developed vaginal bleeding after
taking venlafaxine 75 mg/day, a dose at which selective
serotonin blockade is the predominant pharmacologi-
cal action (70). The vaginal bleeding stopped 24 hours
after venlafaxine withdrawal and occurred again on
rechallenge.

SSRIs can be associated with breast enlargement in
women and gynecomastia has been reported in men.

� Gynecomastia occurred in a 30-year-old man who had
taken paroxetine 40 mg/day for 5 years (71). Over this
time gynecomastia of the left breast became increas-
ingly marked. There was no evidence of metabolic or
hormonal abnormalities and plasma prolactin was
within the reference range. Biopsy showed no evidence
of malignancy. The gynecomastia was reduced by sur-
gery and paroxetine was replaced with mirtazapine. At
2-year follow-up there was no evidence of recurrence.� A similar but more acute case of gynecomastia in
association with fluoxetine has been reported in a 21
year old man (72). The gynecomastia resolved after
fluoxetine withdrawal.
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Immunologic

Infection risk: three cases of Herpes simplex reactivation
associated with fluoxetine have been described (SEDA-
16, 10).

Death

Severe adverse reactions to SSRIs that were reported to
Health Canada’s database in 1986–1996 have been
reviewed (73). There were 295 severe adverse reactions
with 87 deaths. Of the fatal cases, 65 were due to inten-
tional overdose. The other 22 deaths were due chiefly to
other forms of suicide or were accidental or indeterminate
(12 cases). Of the rest there were three cases of neurolep-
tic malignant syndrome and individual cases of cardiac or
respiratory disease in which the role of SSRIs was less
clear.
This report shows that the major causes of death in

patients taking SSRIs are related to the risks of depres-
sion itself, particularly self-harm. SSRIs themselves
appear to be relatively safe. It is possible, however, that
the cases of neuroleptic malignant syndrome could have
been misdiagnosed forms of the serotonin syndrome,
which, like the neuroleptic malignant syndrome, can pre-
sent with hyperthermia and changes in consciousness and
is usually produced by pharmacodynamic interactions
between SSRIs and other serotonin-potentiating com-
pounds (SEDA-25, 24). In general, the risks of SSRIs
are increased by co-prescription, and fatal overdose with
SSRIs usually involves a mixture of psychotropic drugs
and/or alcohol.
Sudden death has been reported in three elderly

women with pulmonary disease and atrial fibrillation
who had recently started taking fluoxetine. The authors
recommended caution in such patients, although no cau-
sal link with fluoxetine was established (SEDA-17, 19).

Long-Term Effects

Drug withdrawal

Reports of withdrawal reactions after abrupt withdrawal
of SSRIs continue to accumulate, and several reviews
have summarized case reports of withdrawal symptoms
(74,75).
SSRIs with shorter half-lives, such as fluvoxamine and

paroxetine (qv), have a higher incidence of withdrawal
symptoms than long-acting ones, but withdrawal effects
have been reported, albeit rarely, after withdrawal of
fluoxetine (qv) (SEDA-20, 8) (76) and citalopram (77).
Patients taking high doses, long-term treatment, or both
are at increased risk of developing withdrawal symptoms
(76,78).
In a randomized, placebo-controlled trial, sudden with-

drawal of paroxetine produced significant withdrawal
symptoms by as early as the second day, while patients
taking fluoxetine remained asymptomatic for the five-day
withdrawal period (79). Patients taking sertraline had an
intermediate level of abstinence symptoms. Both parox-
etine- and sertraline-treated patients reported impaired

functioning during the withdrawal period, while those
taking fluoxetine did not. These findings are consistent
with earlier reports that suggested that acute withdrawal
symptoms after fluoxetine withdrawal are unusual, pre-
sumably because of the long half-life of its active meta-
bolite, norfluoxetine.

Second-Generation Effects

Teratogenicity

Tricyclic antidepressants appear to be generally free of
teratogenic effects, but the status of newer antidepres-
sants is unclear. Since 1993 four controlled prospective
studies of antidepressant exposure during pregnancy have
been published, involving about 400 women, most of
whom took fluoxetine at various stages during pregnancy
(80). There was no evidence that fluoxetine or other
SSRIs caused an increase in intrauterine death, significant
birth defects, or growth impairment. Follow-up beha-
vioral studies of infants exposed to SSRIs during preg-
nancy also showed no difference from controls. In a
summary of systematic reviews of the safety of SSRIs in
pregnancy and lactation the authors concluded that thus
far there is little evidence that SSRIs cause birth defects
(81) (but see Paroxetine).

Fetotoxicity

An increasing number of women are being exposed to
SSRIs during pregnancy and postanatany. It is therefore
important to establish as carefully as possible whether
SSRIs have teratogenic effects (SEDA-24, 15). In a retro-
spective study of the impact on birth outcome of the
timing of fluoxetine exposure in 64 pregnant women
there were no major differences between infants exposed
to fluoxetine early in pregnancy (the first or second tri-
mesters only) and those exposed to fluoxetine throughout
the third trimester and delivery (82). However, the infants
in the late-exposed group were about twice as likely to be
admitted to a special-care nursery. No specific pattern of
neonatal difficulties could be found to account for this
difference, and it is possible that the excess of neonatal
problems in the late-onset treatment group was due to
worse depression in the women who took antidepressants
at around the time of delivery.
Withdrawal effects of SSRI treatment may be apparent

in neonates shortly after delivery. These include jitteri-
ness, hypoglycemia, hypothermia, and respiratory distress
(83).

� A boy (3.4 kg) was born by cesarean section, because
of fetal distress, to a mother who had taken paroxetine
(40 mg/day) and olanzapine (10 mg/day) until 48 hours
before delivery (84). After delivery, the baby had
increased tone and was hypoglycemic. The next day
he was increasingly jittery, with profuse salivation. At
44 hours there was no detectable paroxetine or olanza-
pine in the neonatal plasma and CSF concentrations of
the 5HT metabolite, 5-hydroxyindoleacetic acid
(5HIAA) were normal. The baby’s condition improved
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over the next few days, and 1 week after birth the only
abnormality was slight jitteriness. At 6 months the
baby was considered normal.

This infant’s symptoms were similar to those described in
other neonates whose mothers took SSRIs shortly before
delivery, although in this case a contributory effect from
olanzapine was also possible. The authors made the point
that it can be difficult to decide from the clinical presen-
tation whether neonatal problems, such as those
described above, represent SSRI withdrawal (5HT defi-
ciency) or SSRI toxicity (5HT excess). The fact that no
paroxetine was detected in the infant’s plasma led them to
conclude that SSRI withdrawal was responsible for the
symptoms in this case.
In a follow-up study in 20 infants born to mothers who

had taken either fluoxetine (20–40 mg/day) or citalopram
(20–40 mg/day), the children of mothers who had taken
SSRIs had raised scores in the first 4 days of life on scales
rating symptoms of 5HT excess, including tremor, rigidity,
and restlessness (85). Children who had been exposed to
SSRIs had lower concentrations of 5HIAA in cord blood
(consistent with persistent 5HT re-uptake blockade) and
there was a significant negative correlation between the
5HT symptom score and cord blood 5HIAA. At 4 days
citalopram and fluoxetine were detectable in plasma sam-
ples from the infants. By 2 weeks there was no significant
difference in 5HT symptom scores between exposed
infants and controls. Weight gain over this time was simi-
lar in the two groups. These findings support the view that
the neonatal syndrome associated with SSRI treatment of
mothers around the time of delivery can sometimes be
due to 5HT toxicity rather than SSRI withdrawal.
There are concerns that the use of SSRIs in later preg-

nancy may be associated with persistent pulmonary
hypertension in the newborn (86).
Of 93 cases of neonatal symptoms associated with the

use of SSRIs in mothers around the time of delivery 64
were associated with paroxetine but reactions were also
reported in infants whose mothers had taken citalopram,
fluoxetine, and sertraline (87). It is unclear from these
data whether paroxetine is actually most likely to provoke
the neonatal syndrome, but in adults its use is associated
with more severe withdrawal reactions than other SSRIs.
It should also be noted that it is not clear whether the
syndrome described in neonates is due to SSRI withdra-
wal or a form of serotonin toxicity.

Lactation

The benefit : harm balance of breast-feeding during anti-
depressant treatment is difficult to compute and must be
done on an individual basis. In general, breast-feeding
with SSRIs is regarded as safe, as the amount of drug
ingested by the infant is very low, and although all
SSRIs are excreted in breast milk to some extent, there
is little evidence that infants who are breast-fed by
mothers who are taking SSRIs suffer acute adverse effects
(4c). However, adverse effects in the child are reported
occasionally (SEDA-25, 15) and it is difficult to exclude
completely the possibility of long-term effects on brain

development in the infant. Clearly, the lower the concen-
tration of SSRI in the infant the less likely are problems of
acute and longer-term toxicity. In two cases treatment of
breast-feeding mothers with fluvoxamine (300 mg/day)
was associated with undetectable concentrations of flu-
voxamine (below 2.5 ng/ml) in the plasma of both infants
(88). These results are encouraging, but further data will
be needed before it can be concluded that fluvoxamine
has an advantage over other SSRIs in this respect.
Because fluoxetine has a long half-life it may be advisable
not to use it in breast-feeding women.
When blood and milk were sampled in 22 nursing

women taking sertraline (25–200 mg/day), sertraline and
its metabolite, desmethylsertraline, were found in all the
milk samples (89). The maximum concentration of sertra-
line and desmethylsertraline in the milk occurred 8–9
hours after maternal ingestion of the daily dose of sertra-
line. Eleven infants had detectable desmethylsertraline;
of these, four also had detectable sertraline. No adverse
effects were noted in any of the children. The authors
calculated that the infants had received on average
about 0.5% of the maternal sertraline dose.
These data confirm that the infants of nursing mothers

taking SSRIs are likely to be exposed to low doses of
antidepressants. While this rarely causes overt effects,
the possibility of subtle long-term behavioral conse-
quences cannot be excluded. In the case of sertraline it
would be wise to discard breast milk accumulated 8–9
hours after dosing as this will reduce the daily dose that
the infant receives.
In a prospective study of 31 nursing mothers who were

taking citalopram for the treatment of depression, and 31
matched, healthy breast-feeding women, the mothers tak-
ing citalopram treatment did not report a significant
excess of adverse effects in their infants (90). A further
prospective study in 27 mothers who took paroxetine
while breast feeding included two control groups: (i) 19
women who did not take any medication and did not
breast feed; (ii) 27 mothers who breast-fed their infants
but did not take any medications (91). Information about
the infants was gathered from the mothers, who com-
pleted a detailed questionnaire at 3 months and 1 year
post-partum. There were no significant differences
between the infants in terms of weight gain or develop-
mental milestones.
These data are reassuring, but the studies, although

prospective, were not large. The current data suggest
that SSRIs are unlikely to produce overt effects on infant
development; however, subtle effects on neurological and
psychological development are hard to exclude (92).

Drug Administration

Drug overdose

The SSRIs are in general considered to be less toxic in
overdose than tricyclic antidepressants. From a review of
cases of overdose with SSRI during 10 years it was con-
cluded that SSRIs are rarely fatal in overdose when taken
alone (93). In moderate overdoses of up to 30 times the
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daily dose, symptoms were either minor or absent. In
higher doses, typical symptoms included drowsiness,
tremor, nausea, and vomiting. At extremely high doses
(over 75 times the usual daily dose), there were more
serious toxic effects, including seizures, electrocardio-
graphic changes, and disturbances of consciousness.
When an SSRI overdose was taken in combination with
alcohol or other drugs, toxicity increased, and almost all
deaths involving SSRIs were in combination with other
drugs.
In 225 patients who had taken overdoses of antidepres-

sant drugs in suicide attempts, venlafaxine and citalopram
were more likely to be associated with seizures than mir-
tazapine and nefazodone and 5HT toxicity was more
common after overdose of venlafaxine (94). These find-
ings confirm the potential toxicity of venlafaxine in over-
dose and also suggest a pro-convulsant effect of large
doses of citalopram.

Drug–Drug Interactions

General

For the SSRIs there are two types of interaction of major
concern: SSRIs can selectively inhibit hepatic drug meta-
bolizing enzymes, giving rise to pharmacokinetic interac-
tions (SEDA-22, 13), and pharmacodynamic interactions
can occur when SSRIs are given in combination with
other serotonergic drugs, which can cause serotonergic
hyperstimulation: the ‘‘serotonin syndrome.’’ Fluoxetine
gives rise to special concern, since reactions can occur
weeks after withdrawal, owing to the long half-life of
both parent compound and metabolite. Of the various
SSRIs, citalopram seems the least likely to produce this
effect. Paroxetine and fluoxetine can cause interactions
with tricyclic antidepressants, neuroleptic drugs, and
some antidysrhythmic drugs that are metabolized by
CYP2D6.
In 31 healthy men and women (mean age 28 years) the

ability of four SSRIs (fluoxetine, fluvoxamine, paroxe-
tine, and sertraline) to inhibit CYP2D6 activity was
assessed in vivo, as judged by the dextromethorphan test
(95). All were extensive metabolizers of dextromethor-
phan. After 8 days treatment at therapeutic doses, four of
eight paroxetine-treated and five of eight fluoxetine-trea-
ted subjects had become poor metabolizers, presumably
because of the inhibitory effect of the two SSRIs on
CYP2D6 activity. In contrast, none of the eight fluvoxa-
mine-treated or seven sertraline-treated subjects showed
this effect. This in vivo study has confirmed the potent
inhibitory effect of fluoxetine and paroxetine on CYP2D6
and the relative sparing by fluvoxamine and sertraline.
However, fluvoxamine is a potent inhibitor of CYP1A2
and CYP3A3/4 (SEDA-22, 13). In addition, at higher
doses (over 100 mg/day at steady state) sertraline can
inhibit CYP2D6.
The drugs that can cause a serotonin syndrome when

they are combined with SSRIs include monoamine oxi-
dase inhibitors (including reversible inhibitors of mono-
amine oxidase types A and B), dextromethorphan,

tryptophan, lithium, pentazocine, and carbamazepine
(SEDA-17, 23) (SEDA-18, 22) (96).

Alprazolam

SSRIs and the benzodiazepine alprazolam are often used
to treat panic disorder. Pharmacokinetic reactions
between them could therefore be important. Alprazolam
is metabolized by CYP3A4, which fluvoxamine inhibits
(SEDA-22, 13). In 23 out-patients (11 men, 12 women,
mean age 39 years) who took alprazolam both as mono-
therapy (mean dose 1.0 mg/day) and in combination with
fluvoxamine (mean dose 34 mg/day), fluvoxamine
increased plasma alprazolam concentrations by 58%
(97). This was not associated with increased sleepiness,
measured by a subjective rating scale, but objective mea-
sures of psychomotor function were not carried out and
these could have been impaired by raised alprazolam
concentrations.
The effects of SSRIs on alprazolam pharmacokinetics

have been studied in 21 healthy volunteers (age and sex
not given) who were pre-treated with either fluoxetine or
citalopram (20 mg/day for 21 days) (98). Fluoxetine
increased the AUC of a single 1.0 mg dose of alprazolam
by 32%; citalopram had no effect. These findings are
consistent with previous reports that fluoxetine and its
active metabolite, norfluoxetine, produce moderate inhi-
bition of CYP3A4 while citalopram does not.

Buspirone

The serotonin syndrome can occur with therapeutic doses
of SSRIs (see above), but it occurs most commonly when
SSRIs are co-administered with other drugs that also
potentiate serotonin function. Recent case reports have
suggested that there is a risk of the serotonin syndrome
when SSRIs are combined with buspirone (99).

Coumarin anticoagulants

Concomitant treatment with aspirin or NSAIDs increases
the risk of gastrointestinal bleeding five and twelve times
respectively. An interaction might also be expected with
warfarin, not only because SSRIs and warfarin can cause
bleeding, but also because SSRIs that inhibit CYP2C9
(fluoxetine and fluvoxamine) might inhibit the metabo-
lism of warfarin and prolong its activity. The risk of
gastrointestinal bleeding during combined treatment of
SSRIs with warfarin has been studied in 98 784 patients
aged 65 years or older who had used warfarin for at least a
year (100). Of these patients 1538 were admitted to hos-
pital with gastrointestinal bleeding. The risk of exposure
to fluoxetine or fluvoxamine did not differ from that of a
nested case–control group (1.2, CI ¼ 0.8, 1.7) and the risk
with other SSRIs was similar (1.1, CI ¼ 0.9, 1.4). These
data are reassuring, but people who take combined treat-
ment with SSRIs and anticoagulants need careful moni-
toring (SEDA-27, 14).

Dextromethorphan

SSRIs inhibit hepatic CYP isozymes and can thereby
increase the activity of co-administered drugs that are
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metabolized by this route (SEDA-22, 13) (SEDA-24, 15).
In healthy volunteers randomly allocated to fluoxetine
(20 mg/day), sertraline (100 mg/day), or paroxetine
(20 mg/day) the activity of CYP2D6 was measured by dex-
tromethorphan testing once steady state had been achieved
and the medication was withdrawn (101). Extrapolated
calculations showed that the mean time for full CYP2D6
recovery after fluoxetine (63 days) was significantly longer
than that for sertraline (25 days) or paroxetine (20 days).
Accordingly, even after SSRIs have been withdrawn, the
potential for drug interactions persists for substantial peri-
ods of time, particularly in the case of fluoxetine.

Erythromycin

� A 12-year-old boy developed the serotonin syndrome,
which is normally associated with the interaction of
two or more serotonergic agents, after the co-adminis-
tration of erythromycin and sertraline.

This could have been due to erythromycin-induced inhi-
bition of sertraline metabolism by CYP3A (102).

Grapefruit juice

Grapefruit juice is also a modest inhibitor of CYP3A4.
Grapefruit juice (250 ml tds) for 5 days produced a 1.6-
fold increase in the AUC of a single dose of fluvoxamine
75 mg in 10 healthy men (aged 19–30 years) (103).
Fluvoxamine is metabolized by CYP2D6 and CYP1A2,
but this study suggests that there may also be a modest
contribution from CYP3A4.

Haloperidol

Fluvoxamine has little inhibitory effect on CYP2D6 but is
a potent inhibitor of CYP1A2 and CYP2C19. It also is a
moderate inhibitor of CYP3A4, which is involved in the
metabolism of haloperidol. When fluvoxamine (25, 75,
and 150 mg/day, each for 2 weeks) was added to haloper-
idol in 12 patients with schizophrenia aged 22–59 years,
plasma haloperidol concentrations rose dose-relatedly;
after fluvoxamine 25 mg/day haloperidol concentrations
rose by about 20%, with additional 20% increases with
each increment in fluvoxamine dose; however, this was
not associated with overt clinical toxicity (104).

Linezolid

SSRIs can provoke 5HT neurotoxicity (the 5HT syn-
drome) through pharmacodynamic interactions with
other drugs that also potentiate 5HT function. Often the
ability of the interacting drug to facilitate 5HT function is
well known, as is the case, for example, when SSRIs are
combined with monoamine oxidase inhibitors or lithium.
In other cases, however, the potential 5HT activity of the
co-administered drug is not widely known. The ability of
the antibiotic linezolid to inhibit MAO and thereby to
cause 5HT neurotoxicity in combination with SSRIs has
been noted previously (SEDA-27, 14), and further cases
have now been reported.

� An 85-year-old woman with an oxacillin-resistant
Staphylococcus aureus infection took oral linezolid

(105). She had been taking long-term citalopram main-
tenance treatment for depression. Shortly afterwards
she developed a worsening tremor and became restless
and confused. She had dysarthria and hyper-reflexia,
with impaired gait. Citalopram was withdrawn, and her
mental status and neurological signs returned to base-
line within two days.� A four-year-old girl took fluoxetine for symptoms of
post-traumatic stress disorder after a severe burn
injury and 2 days after the addition of linezolid devel-
oped agitation, mydriasis, and abnormal movements in
her limbs (106). Linezolid was withdrawn, and the
symptoms resolved after 2 days.

The signs of 5HT neurotoxicity can be sometimes rather
non-specific, as in this case, and a high index of suspicion
may be needed when SSRIs are used in drug combina-
tions of which there is little previous experience.

Methylenedioxymetamfetamine (MDMA)

An MDMA-related psychiatric adverse effect ecstasy
been enhanced by an SSRI (107).

� A 52-year-old prisoner, who was taking the SSRI cita-
lopram 60 mg/day, suddenly became aggressive, agi-
tated, and grandiose after using ecstasy. He carried
out peculiar compulsive movements and had extreme
motor restlessness, but no fever or rigidity. He was
given chlordiazepoxide and 2 days later was asympto-
matic. Citalopram was reintroduced, and 2 days later
he reported visual hallucinations of little bugs in the
cell. Promazine was substituted for citalopram and his
condition improved 2 days later.

The authors suggested that SSRIs such as citalopram can
potentiate the neurochemical and behavioral effects of
MDMA.

Monoamine oxidase inhibitors

Monoamine oxidase inhibitors, including reversible inhi-
bitors of monoamine oxidase types A and B, can cause a
serotonin syndrome when they are combined with SSRIs
(SEDA-17, 23) (SEDA-18, 22) (64).

Nefazodone

The serotonin syndrome can occur with therapeutic doses
of SSRIs (see above), but it occurs most commonly when
SSRIs are co-administered with other drugs that also
potentiate serotonin function. Recent case reports have
suggested that there is a risk of the serotonin syndrome
when SSRIs are combined with nefazodone (108).
Concentrations of nefazodone and its metabolites can

be increased by fluoxetine and paroxetine (SEDA-20, 9).
Combinations of serotonin agents produce serotonin toxi-
city, and a case of serotonin syndrome occurred when
nefazodone (200 mg/day) was combined with fluoxetine
(40 mg/day) in a 50-year-old man (109). The toxic symp-
toms settled 3 days after withdrawal of both antidepres-
sants.

Selective Serotonin Re-uptake Inhibitors (SSRIS) 47

ª 2009 Elsevier B.V. All rights reserved.



Neuroleptic drugs

Interactions of SSRIs with neuroleptic drugs have been
reported (110–112).

Olanzapine

Olanzapine is metabolized by CYP1A2, and fluvoxamine,
which inhibits CYP1A2, increases plasma olanzapine con-
centrations (SEDA-24, 71).

� A 21-year-old woman had a very high olanzapine
plasma concentration (120 ng/ml) during co-adminis-
tration of fluvoxamine 150 mg/day and olanzapine
15 mg/day; her symptoms included slight tremor, rigid
movements, and general discomfort (113).

Pharmacokinetic and pharmacodynamic profiles of olan-
zapine have been extensively reviewed (114). Olanzapine
does not inhibit CYP isozymes, and no clinically signifi-
cant metabolic interaction was found with fluoxetine.

Oxazolidinones

Serotonin syndrome was reported in a 56-year-old white
woman who received intravenous linezolid shortly after
withdrawal of a selective serotonin reuptake inhibitor,
paroxetine (115).
The serotonin syndrome was reported in a 45-year-old

white man who received intravenous linezolid (600 mg 12
hourly) and sertraline (116).

Pethidine

Pethidine plus an SSRI may have caused a 5HT syndrome
(117).

� A 43 year old man was premedicated for endoscopy
with intravenous midazolam 2 mg and pethidine 50
mg). He immediately became agitated and restless.
His blood pressure rose to 180/100 mmHg, he sweated,
had widely dilated pupils, and had diarrhea. Over the
next 90 minutes his condition remitted without specific
treatment. He then reported that he had been taking
fluoxetine (20 mg every other day), which he had
stopped taken about 2 weeks before.

The symptoms described here resemble the 5HT toxicity
syndrome (SEDA-25, 16) and suggest that pethidine can
provoke this reaction when combined with SSRIs, as it
can with monoamine oxidase inhibitors. The report is also
a useful reminder that the active metabolite of fluoxetine,
norfluoxetine, has a half-life of about 1 week and would
still have been present at the time of endoscopy, even
though fluoxetine had been stopped 14 days before.

Risperidone

SSRIs are often prescribed with antipsychotic drugs, and
some SSRIs inhibit CYP2D6, which can lead to increased
blood concentrations of the antipsychotic drug. In 13
patients aged 26–56 years with schizophrenia, stabilized
on risperidone 4–6 mg/day who took sertraline 50 mg/day
for 4 weeks, plasma concentrations of risperidone and its
major metabolite, 9-OH-risperidone, did not change

(118). Over the next 4 week, four patients continued to
take sertraline 50 mg/day, while in the others the dose was
increased at the discretion of the treating clinician. In
patients taking sertraline 100 mg/day there was a small
but non-significant increase in plasma risperidone concen-
trations. However, in two patients who took sertraline 150
mg/day, plasma risperidone concentrations increased by
about 50%. Sertraline is a modest inhibitor of CYP2D6
compared with fluoxetine or paroxetine. This study sup-
ports the view that at doses under 100 mg/day sertraline is
unlikely to produce significant pharmacokinetic interac-
tions through CYP2D6 inhibition; however, at higher
doses such interactions become increasingly likely.

Sibutramine

The serotonin syndrome has been attributed to a combi-
nation of citalopram and sibutramine.

� A 43-year-old woman who had taken citalopram
40 mg/day for 2 years was given sibutramine for obe-
sity and a few hours after the first dose of 10 mg had
irritability, racing thoughts, pressure of speech, agita-
tion, shivering, and sweating (119). These symptoms
persisted for 3 days, during which time she continued
to take sibutramine. The day after sibutramine was
withdrawn the symptoms resolved.

The serotonin syndrome can present with hypomanic fea-
tures, and the clinical picture and rapid onset in this case
suggested that the addition of sibutramine to citalopram
provoked serotonin toxicity. Sibutramine blocks the reup-
take of serotonin, dopamine, and noradrenaline. Whether
the serotonin toxicity seen here resulted purely from the
combined effects of both citalopram and sibutramine in
blocking serotonin re-uptake is unclear. It is possible, for
example, that potentiation of dopamine and noradrena-
line activity by sibutramine might also have been
involved.

Tizanidine

Fluvoxamine 100 mg/day resulted in a large (about 30-
fold) increase in plasma concentrations of tizanidine in 10
healthy volunteers (120). This interaction caused signifi-
cant physiological consequences, including a substantial
fall in systolic blood pressure, perhaps because tizanidine
is an a2-adrenoceptor agonist. The authors suggested that
the interaction was likely to be due to fluvoxamine-
mediated inhibition of CYP3A4, which is involved in the
metabolism of tizanidine.

Tramadol

Tramadol has some activity in blocking the re-uptake of
5HT and can also cause 5HT neurotoxicity in combina-
tion with SSRIs.

Citalopram� A 70-year-old woman, who had been taking citalopram
10 mg/day for 3 years for depression, began taking
tramadol 50 mg/day) for pain relief and rapidly devel-
oped tremor, restlessness, fever, and confusion (121).
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The symptoms settled after tramadol was withdrawn.
The same symptoms recurred 1 year later, when tra-
madol 20 mg/day was added to the citalopram.
Genotyping for functional polymorphisms in
CYP2D6 and CYP2C19 showed that she was hetero-
zygous for alleles causing deficient activity in both
these metabolizing enzymes. Consistent with this she
had reduced clearance of citalopram, presumably due
to CYP2C19 deficiency.

The simultaneous use of tramadol and SSRIs is probably
not uncommon in clinical practice, and it is therefore
likely that some patients can take this combination with-
out developing 5HT toxicity. When symptoms of the 5HT
syndrome develop it may be that, as in this case, that there
is a factor in the individual patient that increases the risk.

Fluoxetine

Serotonin syndrome and mania occurred in a 72-year-old
woman taking fluoxetine 20 mg/day and tramadol
150 mg/day 18 days after she started to take the combina-
tion (122). Inhibition of CYP2D6 may have played a part
(123).

Sertraline

The serotonin syndrome has been reported after concur-
rent use of tramadol and sertraline (SEDA-22, 103).

� Serotonin syndrome occurred in an 88-year-old woman
who took sertraline 50–100 mg/day and tramadol 200–
400 mg/day for 10 days; the symptoms subsided 15 days
after withdrawal of tramadol (124).

Venlafaxine

The death of a 36-year-old patient with a history of alco-
hol dependence who was taking tramadol, venlafaxine,
trazodone, and quetiapine has highlighted the increased
risk of seizures with concomitant use of tramadol and
selective serotonin re-uptake inhibitors (125).

Tricyclic antidepressants

Interactions of SSRIs with tricyclic antidepressants have
been reported. For example, plasma concentrations of
tricyclic antidepressants rise after the addition of fluoxe-
tine (126,127), fluvoxamine (128,129), and sertraline
(130).

Triptans

Drugs used in the treatment of acute migraine, such as
sumatriptan and rizatriptan, are 5-HT1B/1D-receptor ago-
nists and could theoretically interact pharmacodynami-
cally with SSRIs to cause serotonin toxicity. Triptans are
metabolized mainly by monoamine oxidase, which makes
pharmacokinetic interactions with SSRIs unlikely.
Although case series have suggested that sumatriptan
can be safely combined with SSRIs (SEDA-22, 14),
there are occasional reports of toxicity.
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Citalopram and escitalopram

General Information

Citalopram is a racemic bicyclic phthalane derivative and
is a highly selective serotonin re-uptake inhibitor with
minimal effects on noradrenaline and dopamine neuronal
reuptake. Inhibition of 5-HT re-uptake by citalopram is
primarily due to escitalopram, the active S-enantiomer of
citalopram (1). One would expect escitalopram to be
twice as potent as citalopram but otherwise not to differ
significantly from the racemic mixture. However, escita-
lopram is marketed as being more efficacious than citalo-
pram because, it is argued, the inactive R-isomer present
in the racemate actually inhibits binding of the S-enantio-
mer to its site of action, the serotonin transporter. In
some, but not all, clinical trials escitalopram has been
statistically superior to citalopram in terms of speed of
onset of therapeutic action and improvement on depres-
sion rating scales. The clinical significance of these differ-
ences is debatable (2).
Their most frequent adverse events (nausea, somno-

lence, dry mouth, increased sweating) are mainly transi-
ent and mostly mild to moderate (3). In terms of adverse
effects escitalopram appears to be equivalent to citalo-
pram. For example, in placebo-controlled trials, escitalo-
pram produced unwanted effects typical of the SSRI class,
including nausea (15%), ejaculation disorders (9%),
insomnia (9%), diarrhea (8%), somnolence (7%), dry
mouth (6%), and dizziness (6%).
The single and multiple-dose pharmacokinetics of cita-

lopram are linear and dose-proportional in the range 10–
60 mg/day. Citalopram is metabolized to demethylcitalo-
pram, didemethylcitalopram, citalopram-N-oxide, and a
deaminated propionic acid derivative. Citalopram has a
mean half-life of about 35 hours (4). Racemic citalopram
is several times more potent than its metabolites in inhi-
biting serotonin reuptake (5).
In a systematic review of clinical trials the therapeutic

efficacy of citalopram was significantly greater than that
of placebo and comparable with that of other antidepres-
sants (6).
Escitalopram oxalate is the S-enantiomer of citalopram

(7). The therapeutic activity of citalopram resides in the
S-isomer and escitalopram binds with high affinity to the
human serotonin transporter; R-citalopram is about 30-
fold less potent. Escitalopram is extensively metabolized
in the liver by CYP2C19, CYP3A4, and CYP2D6, and its
blood concentrations are increased by drugs that inhibit
one or more of these enzymes. The half-life of escitalo-
pram is 27–32 hours. Citalopram has negligible effects on
CYP isozymes. In vitro, escitalopram is a weak inhibitor
of CYP2D6. Drugs that are substrates for CYP2D6 and
that have a narrow therapeutic index (for example, flecai-
nide and metoprolol) should be prescribed with caution in
conjunction with escitalopram. As with other SSRIs, esci-
talopram should not be co-administered with monoamine
oxidase inhibitors.

Escitalopram was efficacious in patients with major
depressive disorder in short-term, placebo-controlled
trials, three of which included citalopram as an active
control, and in a 36-week study in the prevention of
relapse in depression (7). It has also been used to treat
generalized anxiety disorder, panic disorder, and social
anxiety disorder. Results also suggest that, at comparable
doses, escitalopram demonstrates clinically relevant and
statistically significant superiority to placebo treatment
earlier than citalopram. The most common adverse events
associated with escitalopram include nausea, insomnia,
disorders of ejaculation, diarrhea, dry mouth, and somno-
lence. Only nausea occurred in more than 10% of patients
taking escitalopram.
A meta-analysis of 20 short-term studies of five SSRIs

(citalopram, fluoxetine, fluvoxamine, paroxetine, and ser-
traline) has been published (8). There were no overall
differences in efficacy, but fluoxetine had a slower onset
of action. Citalopram and sertraline were least likely to
cause drug interactions, but citalopram was implicated
more often in fatal overdoses.

Organs and Systems

Cardiovascular

There has been some concern about the cardiovascular
safety of citalopram, mainly because of animal studies
showing effects on cardiac conduction. These most com-
monly occur in large overdoses, in which a variety of
cardiac abnormalities, including QTc prolongation, have
been noted. However, this can occur with therapeutic
doses too.

� Bradycardia (34/minute) with a prolonged QTc inter-
val of 463 ms occurred in a patient taking citalopram
40 mg/day (9). The bradycardia resolved when citalo-
pram was withdrawn. The patient also had alcohol
dependence and evidence of cardiomyopathy; presum-
ably this may have potentiated the effect of citalopram
on cardiac conduction.� A 21-year-old woman developed QTc prolongation
(457 ms) after taking a fairly modest overdose
(400 mg) of citalopram (usual daily dose 20–60 mg)
(10). The QTc prolongation resolved uneventfully
over the next 30 hours.

This suggests that even modest overdoses of citalopram
can cause QTc prolongation and that cardiac monitoring
should be considered. Based on the pharmacokinetic pro-
file of citalopram and the temporal pattern of QTc

change, the authors suggested that the effect of citalo-
pram on the QTc interval was mediated by one of its
metabolites, dimethylcitalopram.
Prolongation of the QTc interval has been reported in

five patients who made non-fatal suicide attempts by tak-
ing large amounts of citalopram. Their electrocardio-
grams showed other conduction disorders, including
sinus tachycardia and inferolateral repolarization distur-
bances (SEDA-21, 12).
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Nervous system

SSRIs can infrequently cause extrapyramidal movement
disorders and can also worsen established Parkinson’s
disease (SEDA-22, 23) and another case has been
reported (11).

� A 68-year-old woman developed major depression. A
neurological assessment excluded neurological dis-
eases, including Parkinson’s disease. After treatment
with citalopram, 20 mg/day for 7 days, she developed
severe parkinsonism, with rigidity, tremor, and brady-
kinesia, and became unable to walk. The citalopram
was withdrawn after a further week and nortriptyline
was substituted; however, 10 days later parkinsonism
was still present. Her symptoms eventually responded
to cobeneldopa.

The authors concluded that the citalopram had probably
precipitated latent Parkinson’s disease. Citalopram is the
most highly selective SSRI and, in anecdotal accounts, has
been implicated somewhat less often than other SSRIs in
extrapyramidal movement disorders. However, this case,
together with another report of citalopram-induced wor-
sening of pre-existing Parkinson’s disease (12), suggests
that it should be used with caution in patients with this
disorder.
The rabbit syndrome is a movement disorder charac-

terized by involuntary perioral movements that mimic the
chewing movements of a rabbit. The condition is distin-
guished from tardive dyskinesia by the lack of tongue
involvement. Rabbit syndrome is usually associated with
antipsychotic drug treatment, but two cases have been
associated with escitalopram and citalopram; both
resolved when the antidepressant was withdrawn (13).
SSRIs can rarely cause extrapyramidal movement disor-
ders (SEDA-22, 23), probably through indirect interac-
tion with dopaminergic pathways, and this is presumably
the mechanism here. Venlafaxine did not produce the
rabbit syndrome in either patient, even though venlafax-
ine is a potent serotonin re-uptake inhibitor. This suggests
that rabbit syndrome may be more specifically associated
with citalopram and escitalopram than with SSRIs in
general. Alternatively, the concomitant noradrenergic
potentiation produced by venlafaxine may have pre-
vented expression of the movement disorder.

Sensory systems

Sudden-onset diplopia can be an alarming symptom and
can be associated with serious underlying disorders, such
as cranial nerve lesions, orbital disease, intranuclear
ophthalmoplegia, and vertebrobasilar insufficiency.

� A 28-year-old medical student developed major
depression and was given citalopram (20 mg/day)
(14). After 12 days he described incapacitating diplo-
pia which resolved when he closed one eye.
Neurological and ophthalmic examination was normal
and no structural lesion was detected with brain mag-
netic resonance imaging. The citalopram was with-
drawn and the diplopia resolved within 3 days.

The fact that withdrawal of citalopram led to rapid reso-
lution of the diplopia suggests that it was due to the
citalopram, but the mechanism of this rare adverse effect
is unclear.

Psychological, psychiatric

Mania has been reported in six patients, five of whom were
taking citalopram and one paroxetine (SEDA-22, 12).
SSRIs are generally thought to have relatively little

effect on tasks of psychological performance in compar-
ison to tricyclic antidepressants and agents such as mirta-
zapine (SEDA-28, 19). In 24 healthy men and women
aged 30–50 years who were randomized to receive citalo-
pram (40 mg/day), sertraline (100 mg/day), and placebo
for 14 days in a crossover, within-subject design, citalo-
pram (but not sertraline) caused impaired vigilance on the
Mackworth clock task (15). The same authors have pre-
viously reported similar deficits after fluoxetine, paroxe-
tine, and venlafaxine, suggesting that impairment of
vigilance might be a general consequence of drugs that
potently block serotonin re-uptake. In contrast to other
SSRIs, sertraline did not apparently impair vigilance in
the Mackworth clock task. The authors speculated that
this might be due to its concomitant dopamine re-uptake
blocking properties. This study has a certain ecological
validity because it investigated the effects of subchronic
treatment with SSRIs rather than the more common
approach of using single doses. However, it is not clear
how far the reduction in vigilance that the authors
detected would lead to deficits in performance of real-
world tasks such as driving (see below). Also we do not
know how SSRI treatment might alter psychological per-
formance in depressed patients, many of whom have pre-
existing cognitive deficits due to the depressive disorder.
The effects of both acute and subchronic mirtazapine

and escitalopram on driving performance in a specially
adapted vehicle have been studied in 18 healthy partici-
pants (9 men and 9 women) mean age 31.4 years (16).
They were randomly assigned to escitalopram (increasing
to 20 mg/day over 15 days), mirtazapine (increasing to
45 mg/day over 15 days), and placebo in a double-blind
crossover design. Escitalopram did not alter driving per-
formance at any time, whereas mirtazapine impaired driv-
ing after 2 days but not after 9 and 16 days. These data
suggest that escitalopram in standard clinical doses does
not alter driving performance in healthy volunteers. The
effects of mirtazapine, even at the highest dose, were
fairly transient; however, it seems sensible to warn
patients starting mirtazapine treatment to be cautious
about driving until they have adapted to the sedative
effects of the drug.

Electrolyte balance

Hyponatremia can sometimes cause severe disturbances
of consciousness.

� A 47-year-old woman with multiple sclerosis took cita-
lopram 20 mg/day for 4 weeks and was found uncon-
scious in her apartment (17). The main finding was a
low plasma sodium (108 mmol/l). As a result of
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prolonged coma, she had rhabdomyolysis and required
intubation for 3 days as well as sodium replacement
therapy. She eventually made a full recovery.

It is possible in this case that the underlying demyelinat-
ing disease may have made the patient more susceptible
to the sodium-lowering effects of the SSRI.

� A 45-year-old woman developed hyponatremia com-
plicated by rhabdomyolysis while taking citalopram
and the antipsychotic drug chlorprothixene for depres-
sive psychosis (18). The hyponatremia became appar-
ent 2 weeks after the dose of citalopram was increased
to 40 mg/day, when she complained of weakness and
lethargy.

SSRI-induced hyponatremia is unusual in non-geriatric
populations, but the chlorprothixene may have played a
role in this case.

Gastrointestinal

Gastrointestinal adverse effects are one of the major dis-
advantages of SSRIs. The most common is nausea, and
the incidence is said to be 20% or more for citalopram
(19,20).

Sexual function

Citalopram has a relatively modest effect in delaying
ejaculation (21).
Sexual disinhibition has been reported in five patients,

four of whom were taking citalopram; they had an unu-
sual increase in sexual interest, with preoccupation with
sexual thoughts, promiscuity, and excessive interest in
pornography (22). In some of the cases symptoms such
as diminished need for sleep suggested the possibility of a
manic syndrome.

Long-Term Effects

Drug withdrawal

Reports of withdrawal symptoms after citalopram with-
drawal are rare, but it is uncertain whether this reflects a
truly lower propensity to cause withdrawal symptoms.

� A 30-year-old man with a history of major depression
and panic disorder had been in remission for a year
with citalopram 20 mg/day, valproate 600 mg/day, and
alprazolam 3 mg/day (23). The citalopram was tapered
over 3 weeks to 5 mg/day and then withdrawn. The day
after the last dose he experienced anxiety and irritabil-
ity together with frequent short-lasting bursts of dizzi-
ness, not having had the latter previously panic and
depression did not recur and after a week the symp-
toms resolved spontaneously.� A 45-year-old woman achieved remission from an epi-
sode of major depression within 2 weeks of taking
citalopram (40 mg/day). After about 3 months of treat-
ment she missed her daily dose of citalopram, and 3
hours later had a sudden episode of dizziness while
driving. A similar episode occurred 2 weeks later

again after a missed dose of citalopram. The dizziness
remitted about 1 hour after the citalopram was taken.

These symptoms, particularly dizziness, are characteristic
of SSRI withdrawal, and suggest that citalopram, like
other SSRIs, can cause a withdrawal syndrome in some
patients, despite slow tapering of the dose.
Withdrawal symptoms in the 2 weeks after sudden dis-

continuation of citalopram have been examined in a dou-
ble-blind, placebo-controlled study (24). Withdrawal
symptoms were overall mild, but neurological and psy-
chiatric disturbances were 2–3 times as common in
patients randomized to placebo than in those randomized
to continue with citalopram. The authors pointed out that
withdrawal symptoms were particularly common in
patients who were randomized to placebo who also had
depressive relapses. This shows the difficulty of disentan-
gling the effects of depressive relapse from those of pure
treatment withdrawal. However, it is also possible that
acute withdrawal of medication induces an abnormal neu-
robiological state, in which both depression and absti-
nence symptoms are more likely to occur. It would be
wise to warn patients about the possible effects of missing
doses of the shorter-acting SSRIs.

Second-Generation Effects

Lactation

Citalopram has been reported to cause sleep disturbance
in a breast-fed infant (25).

� A 29-year-old woman took citalopram (40 mg/day)
while breast feeding her 5-week-old daughter. The
maternal citalopram concentrations were 99 ng/ml in
the serum and 205 ng/ml in the breast milk. The serum
concentration in the infant was 13 ng/ml, and the
child’s sleep was fitful and disturbed. The dosage of
citalopram was reduced to 20 mg/day and the two
feeds after each daily dose were replaced by artificial
nutrition. One week later the infant was sleeping nor-
mally, and the serum citalopram concentrations in
mother and infant had fallen to 35 ng/ml and 2 ng/ml,
respectively.

These data suggest that although breast feeding during
citalopram treatment is possible, careful dosing and close
observation of mother and infant are necessary.

Drug Administration

Drug overdose

Six deaths have been reported after overdosage of citalo-
pram. Although five of the six had also taken other sub-
stances, these were not thought to have contributed
significantly (SEDA-20, 8). Of five patients who made
non-fatal suicide attempts by taking large amounts of
citalopram (up to 5200 mg), four developed generalized
seizures and all had prolonged QTc intervals. Other con-
duction disorders included sinus tachycardia and infero-
lateral repolarization disturbances. Two patients
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developed rhabdomyolysis and one hypokalemia. These
data suggest that citalopram overdose can cause seizures
and disturbances of cardiac conduction that might predis-
pose to fatal dysrhythmias (SEDA-21, 12) (26,27).
In another case prolonged sinus bradycardia occurred

(28).

� A 32-year-old woman took 800 mg of citalopram, 20
times her usual daily dose, in a suicide attempt. On
admission to hospital she had a sinus bradycardia (41/
minute) but the electrocardiogram was otherwise nor-
mal, with a QT interval of 430 ms. Treatment with
atropine failed to increase her heart rate and she had
hypotension and syncope. A temporary pacemaker
was inserted and was required for the next 6 days
before it could be safely removed.

There are concerns that citalopram may be less safe in
acute overdose than other SSRIs (SEDA-21, 12). Among
all fatal poisonings in one forensic district of Sweden,
citalopram was the fourth most commonly used drug (22
of 358 cases) (29). However, when correction was made
for prescription rate, citalopram was less toxic than ami-
triptyline, dextropropoxyphene, or nitrazepam. This
study has confirmed that citalopram is less toxic than
tricyclic antidepressants such as amitriptyline. However,
whether it is more toxic than other SSRIs is still uncertain.

Drug–Drug Interactions

General

Of all the SSRIs citalopram has the least inhibitory effect
on cytochrome P450 enzymes and has not been associated
with clinically significant interactions with other CNS
drugs.
It has been used successfully in combination with the

tricyclic antidepressant desipramine in a 45-year-old
woman who had previously suffered tricyclic toxicity
when desipramine had been combined with paroxetine
(30).

Acenocoumarol

When a drug has a relatively narrow therapeutic index,
such as acenocoumarol, pharmacokinetic interactions can
have serious clinical consequences.

� A 63-year-old woman taking acenocoumarol 18 mg/
week (INR 1.8) started to take citalopram 20 mg/day
and 10 days later noted spontaneous bleeding from her
gums; the INR had risen to more than 15 (31). She was
treated with two units of whole blood and the citalo-
pram was withdrawn. Five days later the INR had
returned to the target range.

Citalopram is said to be less likely than other SSRIs to
cause drug interactions, because it is a relatively weak
inhibitor of CYP isozymes. However, even slight inhibi-
tion may have produced serious consequences in this
case.

Clozapine

The effect of citalopram on plasma concentrations of
clozapine have been prospectively studied in 15 patients
with schizophrenia taking clozapine 200–400 mg/day (32).
The addition of citalopram 40 mg/day did not alter
plasma clozapine concentrations.
However, in a 39-year-old man with a schizoaffective

disorder, citalopram 40 mg/day appeared to increase
plasma clozapine concentrations and increased adverse
effects (33). The adverse effects settled within 2 weeks
of a reduction in citalopram dosage to 20 mg/day, with a
corresponding 25% fall in clozapine concentrations. It is
possible that at higher doses, citalopram can increase
clozapine concentrations, perhaps through inhibition of
CYP1A2 or CYP3A4.

Digoxin

Citalopram 40 mg/day for 4 weeks did not alter the phar-
macokinetics of digoxin 1 mg orally (34). Digoxin is not a
CYP substrate, so an interaction with SSRIs is unlikely,
but the authors cited a report that fluoxetine increased
plasma digoxin concentrations (35).

Risperidone

The effect of citalopram on plasma concentrations of
risperidone has been prospectively studied in 15 patients
with schizophrenia (32). The addition of citalopram did
not alter plasma risperidone concentrations.
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Fluoxetine

General Information

Fluoxetine is a selective serotonin re-uptake inhibitor
(SSRI). The manufacturers of fluoxetine have published
a review of the adverse effects that were noted in 1378
patients who took it for up to 2 years (1).
In a meta-analysis based on 9087 patients in 87 different

randomized clinical trials fluoxetine was more effective
than placebo from the first week of therapy (2). In buli-
mia nervosa, fluoxetine was as effective as other agents. It
was as effective as clomipramine in the treatment of
obsessive-compulsive disorder.
The major adverse effects of fluoxetine confirm its

stimulant profile and its relative lack of anticholinergic
actions. The most frequent adverse effects, which
occurred in 10–25% of patients, were nausea (25%), ner-
vousness, insomnia, headache, tremor, anxiety, drowsi-
ness, dry mouth, sweating, and diarrhea (10%). Most of
these adverse effects occurred early in treatment and
seldom led to drug withdrawal.

Organs and Systems

Cardiovascular

Fluoxetine appears not to have the cardiovascular effects
associated with tricyclic compounds, but 10 patients did
discontinue treatment because of tachycardia, palpitation,
and dyspnea (3). Two older women each had a myocar-
dial infarction and subsequently died, although these
events may not have been drug-related.
In general, SSRIs are assumed to be safe in patients

with cardiovascular disease, although there have been few
systematic investigations in these patients. In a prospec-
tive study of 27 depressed patients with established car-
diac disease, fluoxetine (up to 60 mg/day for 7 weeks)
produced a statistically significant reduction in heart
rate (6%) and an increase in supine systolic blood pres-
sure (2%) (4). One patient had worsening of a pre-
existing dysrhythmia and this persisted after fluoxetine
withdrawal. These findings suggest that, relative to tricyc-
lic antidepressants, fluoxetine may have a relatively
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benign profile in patients with cardiovascular disease.
However, the authors cautioned that in view of the
small number of patients studied, these findings cannot
be widely generalized.
The effects of fluoxetine (20 mg/day for 12 weeks) on

sitting and standing blood pressures have been reported
(5). Fluoxetine modestly but significantly lowered sitting
and standing systolic and diastolic blood pressures by
about 2 mmHg. Patients with pre-existing cardiovascular
disease showed no change. This study confirms that fluox-
etine has little effect on blood pressure in physically
healthy depressed patients and in those with moderate
cardiovascular disease.
Fluoxetine-induced remission of Raynaud’s phenom-

enon has been reported (SEDA-18, 20) (6).

Cardiac dysrhythmias

Fluoxetine has reportedly caused prolongation of the QTc

interval (7).

� A 52-year-old man had an abnormally prolonged QTc

interval of 560 ms, with broad-based T-waves. He had
taken fluoxetine 40 mg/day over the previous 3
months, before which an electrocardiogram had
shown a normal QTc interval (380 ms). The fluoxetine
was withdrawn, and 10 days later the QTc interval was
380 ms. His only other medication was verapamil
which he had taken for 3 years for hypertension.

Systematic studies of fluoxetine as monotherapy have not
shown evidence of QTc prolongation. It is possible in this
case that fluoxetine interacted with verapamil to produce
a conduction disorder.
An elderly man developed atrial fibrillation and brady-

cardia shortly after starting fluoxetine, and again on
rechallenge (SEDA-16, 9). Dose-dependent bradycardia
with dizziness and syncope has also been reported in a few
patients taking fluoxetine (SEDA-16, 9) and in a prese-
nile patient (8).

Nervous system

Several cases in which fluoxetine worsened parkinsonian
disability have been described, and the problem of
exacerbation of Parkinson’s disease by fluoxetine has
been reviewed (SEDA-18, 19).
Five patients taking fluoxetine developed akathisia,

perhaps due to enhanced serotonergic inhibition of dopa-
mine neurons (9). A causal link between fluoxetine-
induced akathisia and suicidal behavior has been sug-
gested (SEDA-17, 19) (SEDA-18, 19), and akathisia has
also been associated with ‘‘indifference’’ (SEDA-18, 19).
One case of neuroleptic malignant syndrome has been

described with fluoxetine (10).
One case of tics after long-term fluoxetine therapy has

been described; the symptoms subsided several months
after withdrawal (SEDA-18, 19).
One case of migraine associated with fluoxetine has

been reported, with no further attacks when the drug
was withdrawn (SEDA-18, 20).
Stuttering has been reported with fluoxetine (11).

Two patients who had been maintained successfully on
fluoxetine (20 mg/day) for 6 and 10 years respectively
began to have agitation, tension, and sleep disturbance
(12). There had been no recent changes in medications or
life events to explain these symptoms, which closely
resembled the kind of adverse effects that can occur
shortly after the start of SSRI treatment. Both patients
improved after downward titration of the dose of fluox-
etine. Blood concentrations of fluoxetine were not
reported, so it is possible that for some reason (for exam-
ple a change in diet or activity) plasma fluoxetine con-
centrations had recently increased in these subjects.
However, the development of characteristic adverse
effects after such a long trouble-free period suggests that
patients taking maintenance medication need long-term
follow-up, or at least ready access to specialist advice.

Seizures

Fluoxetine has been associated with seizures, ((3,13) and
in overdose (3,14). It has also been shown to lengthen
seizure duration during electroconvulsive therapy
(SEDA-17, 20). Four patients had suspected seizures dur-
ing studies (3) and one who took a 3000 mg overdose (3)
had unequivocal convulsions but recovered.

Sensory systems

Tricyclic antidepressants can precipitate acute glaucoma
through their anticholinergic effects. There are also
reports that SSRIs can cause acute glaucoma, presumably
by pupillary dilatation (see the monograph on
Paroxetine).
In a placebo-controlled study in depressed patients a

single dose of fluoxetine (20 mg) increased intraocular
pressure by 4 mmHg (15). This increase is within the
normal diurnal range, but could be of clinical conse-
quence in individuals predisposed to glaucoma.
However, post-marketing surveillance has not suggested
an association between the use of fluoxetine and glau-
coma (16).
Blurred vision has occasionally required withdrawal of

fluoxetine (3).

Psychological, psychiatric

An analysis of severe adverse effects that caused drug
withdrawal showed that psychotic reactions occurred in
nine of 1378 patients; in four cases this appeared to be a
stimulant psychosis and in three a conversion to mania
(3).
Cognitive function can be impaired by fluoxetine; a

negative effect on learning and memory has been
described (SEDA-17, 20).
Reports of acute mania and manic-like behavior after

treatment with fluoxetine or fluvoxamine have appeared
(SEDA-13, 12; SEDA-17, 20; SEDA-18, 20), but there are
not enough data to estimate the incidence.
Suicidal ideation has been described after 2–7 weeks of

fluoxetine (17) and other case reports (SEDA-16, 9;
SEDA-17, 19). A causal link was initially questioned
(SED-12, 57; SEDA-15, 15; SEDA-17, 19), and in one
controlled trial there was no increase (SEDA-16, 9).
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Furthermore, a meta-analysis of controlled trials did not
point to a greater risk of suicide attempts or suicidal
ideation with fluoxetine than with tricyclic antidepres-
sants (1).
In a meta-analysis based on 9087 patients in 87 different

randomized clinical trials with fluoxetine there was no
increased risk of suicide (2).
In an analysis of data from the National Institute of

Mental Health Collaborative Depression Study in 643
patients with affective disorders who were followed up
after fluoxetine was approved by the FDA in December
1987 for the treatment of depression, nearly 30%
(n = 185) took fluoxetine at some point (18). There was
an increased rate of suicide attempts before fluoxetine
treatment in those who subsequently took fluoxetine.
Relative to no treatment, fluoxetine and other antidepres-
sants were associated with non-significant reductions in
the likelihood of suicide attempts or completions.
Severity of psychopathology was strongly associated
with increased risk, and each suicide attempt after admis-
sion to the study was associated with a marginally signifi-
cant increase in the risk of suicidal behavior. The authors
concluded that the results did not support the speculation
that fluoxetine increases the risk of suicide.

Endocrine

Fluoxetine causes weight loss, in contrast to tricyclic anti-
depressants (19). In one study there was a mean fall in
weight of 3.88 pounds over 6 weeks compared with a gain
of 4.6 pounds with amitriptyline (20).
Serotonin pathways are involved in the regulation of

prolactin secretion. Amenorrhea, galactorrhea, and
hyperprolactinemia have been reported in a patient tak-
ing SSRIs.

� A 71-year-old woman who had taken fluoxetine (dose
unspecified) for a number of weeks noted unilateral
galactorrhea and had a raised prolactin of 37 ng/ml
(reference range 1.2–24 ng/ml) (21). She was also tak-
ing estrogen hormonal replacement therapy, benaza-
pril, and occasional alprazolam. Withdrawal of the
fluoxetine led to normalization of the prolactin con-
centration and resolution of the galactorrhea.

Estrogens also facilitate prolactin release, and so hor-
mone replacement therapy may have played a part in
this case.

Hematologic

Petechiae and prolongation of bleeding time have been
reported in association with fluoxetine (SEDA-16, 10). In
one case a 31-year-old woman taking fluoxetine devel-
oped bruising (22).
Aplastic anemia with fever, pleuritic chest pain, and

pancytopenia developed in a 28-year-old woman (23)
after 6 weeks of fluoxetine therapy. Bone-marrow exam-
ination confirmed acute marrow aplasia. She recovered 19
days after withdrawal. Neutropenia occurred rapidly after
rechallenge. Another report described severe neutrope-
nia during fluoxetine treatment (24).

Gastrointestinal

Gastrointestinal adverse effects are one of the major dis-
advantages of SSRIs (see General section). Two women
developed stomatitis while taking fluoxetine; in one it
recurred on rechallenge (25).

Liver

Chronic hepatitis associated with fluoxetine has been
reported in a 35-year-old man (26).
In a post-marketing surveillance study there were some

cases in which fluoxetine alone appeared to have precipi-
tated hepatitis, which remitted when treatment was with-
drawn (27). Fluoxetine can cause mild increases in liver
enzymes, with a rate in clinical trials of about 0.5%.
Rarely this can progress to hepatitis.

Skin

Rashes due to fluoxetine occur in a few percent of patients
(28). Fluoxetine has been implicated in two cases of psor-
iasis (SEDA-17, 20). A woman taking fluoxetine monother-
apy had painful burning, persistent erythema, and blisters
on sun-exposed areas (SEDA-20, 8).

Hair

Reversible hair loss has been reported in patients taking
fluoxetine (SEDA-16, 10) (SEDA-17, 20).

Sexual function

Fluoxetine can impair sexual function in both sexes, and
particularly causes delayed orgasm or anorgasmia
(SEDA-14, 14; SEDA-17, 21; SEDA-18, 21), in 5–10%
of patients (29,30).
Fluoxetine has been implicated in one case of pro-

longed erection (SEDA-18, 21).
Yawning, clitoral engorgement, and spontaneous

orgasm have been associated with fluoxetine (31).
Penile anesthesia has been reported in association with

fluoxetine and sertraline (SEDA-17, 20).

Immunologic

Vasculitis has been attributed to fluoxetine (32,33).

� A patient who took fluoxetine for a manic-depressive
disorder developed pulmonary inflammatory nodules
with non-caseating giant cell granulomas, interstitial
pneumonia, and non-necrotizing vasculitis, but
remained asymptomatic (34). The diagnosis was made
by open lung biopsy. The pulmonary nodules progres-
sively resolved after withdrawal and the chest X-ray
returned to normal in 9 months.

Second-Generation Effects

Fetotoxicity

Fluoxetine can occasionally cause cardiac dysrhythmias in
adults, and may have done so in a fetus, whose mother
took fluoxetine during pregnancy.
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� A woman took fluoxetine (20–30 mg/day) from the
28th week of pregnancy (35). The fluoxetine was with-
drawn during the 37th week, and at 38 weeks a male
infant (2700 g) was born by spontaneous vaginal deliv-
ery. Both before and after delivery the baby was noted
to have multiple atrial and ventricular extra beats.
Echocardiography showed a normal heart and the
baby was otherwise well. By discharge on day 5 the
frequency of extra beats had fallen, and on follow-up 1
month later they were no longer present.

The long half-life of fluoxetine and its active metabo-
lite, norfluoxetine, means that the active drug would have
been present in the mother and baby for some weeks after
withdrawal. However, as the authors pointed out, the
baseline incidence of atrial extra beats in a fetus in utero
is about 1–2%. It is therefore possible that treatment with
fluoxetine in this case was coincidental.
Fluoxetine-related withdrawal effects have been

reported in a neonate whose mother had taken fluoxetine
during pregnancy (SEDA-18, 21).

Drug Administration

Drug overdose

Nine patients took overdoses of fluoxetine in amounts up to
3000 mg (37 times the recommended dose) (3). One, who
also took several other drugs, including amitriptyline, died,
but the other eight all recovered with relatively minor
symptoms in most cases. Four patients had suspected sei-
zures during studies (3) and one who took a 3000 mg over-
dose had unequivocal convulsions but recovered.
Overdosage of fluoxetine has been implicated in the

development of seizures, but usually only when taken
with other substances.

� A 15-year-old girl had a tonic-clonic seizure after over-
dosage of fluoxetine alone; she recovered uneventfully
(36).

Drug–Drug Interactions

Beta-blockers

An interaction between metoprolol and fluoxetine with
severe bradycardia has been described (SEDA-18, 23).

Carbamazepine

Fluoxetine can increase plasma concentrations of carba-
mazepine (SEDA-17, 21) (SEDA-18, 23).

Clozapine

In 10 patients stabilized on clozapine (200–450 mg/day)
who took fluoxetine (20 mg/day) for 8 weeks, mean
plasma concentrations of clozapine, norclozapine, and
clozapine N-oxide increased significantly by 58%, 36%,
and 38% respectively (44).
In two cases ingestion of clozapine and fluoxetine had a

fatal outcome (45). The blood fluoxetine concentration was

0.7 mg/ml, which would be considered a high therapeutic
concentration (usual target range 0.03–0.5 mg/ml). The
blood clozapine concentration was 4900 ng/ml, which is
within the lethal concentration range (1600–7100 ng/ml).
Dual effects were observed in a 44-year-old schizophre-

nic patient taking clozapine with both fluoxetine and
sertraline for mood stabilization (46). Clinical and motor
status improved with both fluoxetine and sertraline; cog-
nitive function improved with clozapine and fluoxetine,
but was not sustained with sertraline.

Digoxin

Fluoxetine has been reported to increase serum digoxin
concentrations (37).

� A 93-year-old woman with congestive cardiac failure,
paroxysmal atrial fibrillation, and hypertension devel-
oped depression after the death of her daughter. For
several months she had been taking captopril 25 mg
bd, furosemide 40 mg/day, digoxin 0.125 mg/day, and
ranitidine 150 mg bd. She was in sinus rhythm and her
serum digoxin concentration was 1.0–1.4 nmol/l. She
was treated with fluoxetine (10 mg/day), but a week
later she developed anorexia. At that time the serum
digoxin concentration was 4.2 nmol/l. Both digoxin
and fluoxetine were withdrawn and the digoxin con-
centration returned to the target range within 5 days,
with resolution of the anorexia. Digoxin was restarted
and concentrations in the usual target range were
achieved during the next 3 weeks (0.9–1.4 nmol/l).
Because of persisting depressive symptoms, fluoxetine
(10 mg/day) was given again, but the digoxin concen-
trations rose and after 4 days were 2.8 nmol/l. Both
digoxin and fluoxetine were then withdrawn.

Because digoxin has a narrow therapeutic range, this
interaction, if confirmed, may be of clinical significance.
The mechanism is not clear, because digoxin is not a
substrate for the cytochrome P450 enzymes that are inhib-
ited by fluoxetine. The authors speculated that fluoxetine
may reduce the renal clearance of digoxin; if so, it might
do that by inhibiting the P-glycoprotein that is responsible
for the active tubular secretion of digoxin.

Lithium

A report has been published of lithium toxicity induced
by combined treatment with fluoxetine (38).
Lithium toxicity has also been reported during co-

administration with fluoxetine (47).

� After 4 hours of mild, intermittent, hot-weather work,
a 45-year-old man taking fluoxetine and lithium
(serum concentration not mentioned) collapsed,
became comatose, convulsed, and was febrile (42�C);
consciousness returned after 6 days but cerebellar
symptoms and atrophy persisted (48). It was suggested
that disruption of temperature regulation had been
caused by a synergistic effect of the two drugs
(although he had taken neither drug for 36 hours
before the episode).
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Mirtazapine

In patients who do not respond to SSRI treatment, the
addition of mirtazapine is an increasingly popular option.
Mirtazapine is an a2-adrenoceptor antagonist, so its acute
pharmacological effects predominantly involve potentia-
tion of noradrenergic function. This might be expected to
enhance the serotonergic actions of SSRIs.

� A 48-year-old woman unresponsive to fluoxetine (20–
40 mg/day for 8 weeks) was given additional mirtaza-
pine (30 mg/day) (49). Over the next month her
depression remitted, but after taking the combined
treatment for 7 weeks she slept less, spent more, and
was more sociable than usual. She was also argumen-
tative and agitated. Mirtazapine and fluoxetine were
withdrawn and valproate introduced as a mood stabi-
lizer. Within 2 weeks her mood had settled but she
subsequently became depressed again.

The manic episode here could have been due to mirtaza-
pine alone or to the combination of fluoxetine and mirta-
zapine. The case also demonstrates the common clinical
observation that when an antidepressant treatment has
apparently caused mania, withdrawal of antidepressant
therapy often results in re-emergence of depressive symp-
toms, even when mood stabilizer treatment has been
introduced.

Monoamine oxidase inhibitors

The problem of the long half-life of fluoxetine, leading to
interactions with monoamine oxidase inhibitors, even
after withdrawal, has been discussed previously (SEDA-
13, 12), and caused the manufacturer to circulate a warn-
ing to that effect.
Pseudopheochromocytoma, with hypertension, palpita-

tion, and headache, has been reported in a patient taking
fluoxetine and selegiline (SEDA-18, 23).

Phenytoin

Several case reports and one in vitro study have suggested
that combined administration of fluoxetine with pheny-
toin can significantly increase phenytoin serum concen-
trations, leading to toxicity (19,39,40).

Reboxetine

In the pharmacological management of patients with
treatment-resistant depression, it is a common strategy
to combine a drug that selectively inhibits noradrenaline
re-uptake (for example reboxetine) with one that selec-
tively inhibits the re-uptake of serotonin (for example an
SSRI). As well as the hoped-for pharmacodynamic inter-
action, a kinetic interaction can also occur, because of the
effect of SSRIs on CYP450 enzymes. The effect of com-
bined treatment with reboxetine (8 mg/day) and fluoxe-
tine (20 mg/day) has been compared with each treatment
given alone for 8 days in 30 healthy volunteers in a paral-
lel design (50). There was no potentiation of adverse
effects by the combination. Fluoxetine increased the
plasma AUC of reboxetine by 20%, but this was not
statistically significant. The authors suggested that the

combination of fluoxetine and reboxetine should have
minimal adverse impact in depressed patients. However,
the major metabolite of fluoxetine, norfluoxetine, is also
an inhibitor of CYP3A4 and would not have reached
steady-state concentrations during the time of the study.
This suggests that caution might still be needed during
longer-term use of this combination in depressed patients.

Risperidone

Combined treatment with atypical neuroleptic drugs and
SSRIs is common and case reports have suggested that
SSRIs can increase risperidone concentrations and
increase the risk of extrapyramidal disorders (SEDA-23,
18).

� Severe parkinsonism with urinary retention occurred
when fluoxetine 20 mg/day was added to risperidone
2 mg/day in a 46-year-old man with schizophrenia.
Risperidone had been prescribed at this dose for 1
month without any adverse effects, and the authors
considered that a pharmacokinetic interaction between
fluoxetine and risperidone was the most likely mechan-
ism (41).

In a systematic open study in 11 hospitalized patients
taking a steady dose of risperidone (4–6 mg/day), fluox-
etine (20 mg/day) increased plasma concentrations of
active antipsychotic medication (combined concentra-
tions of risperidone and 9-hydroxyrisperidone) by 50%
after treatment for 25 days (42). Despite this, the treat-
ment was well tolerated and there were improvements in
rating scales of psychosis and depressed mood. Whether
this was due to the introduction of fluoxetine or the
higher plasma concentrations of risperidone is not clear.
Fluoxetine and norfluoxetine would require at least a
further 2 weeks to reach steady state, so additional
increases in risperidone concentrations might be antici-
pated over this time.
A pharmacokinetic interaction of risperidone with

fluoxetine has been reported (SEDA-22, 71). When 10
schizophrenic patients stabilized on risperidone 4–6 mg/
day took fluoxetine 20 mg/day for concomitant depres-
sion the mean plasma risperidone concentration increased
from 12 to 56 ng/ml at week 4; the concentration of 9-
hydroxyrisperidone was not significantly affected (51).
One patient dropped out after 1 week because of akathi-
sia associated with a markedly increased plasma risperi-
done concentration.
In an open, 30-day trial, the pharmacokinetics, safety,

and tolerability of a combination of risperidone 4 or 6 mg/
day with fluoxetine 20 mg/day were evaluated in 11 psy-
chotic inpatients (52). CYP2D6 genotyping showed that
three were poor metabolizers and eight were extensive
metabolizers. The mean AUC of risperidone increased
from 83 and 398 h.ng/ml to 341 and 514 h.ng/ml when
risperidone was co-administered with fluoxetine in exten-
sive and poor metabolizers respectively. However, despite
this pharmacokinetic interaction, the severity and inci-
dence of extrapyramidal symptoms and adverse events
did not increase significantly when fluoxetine was added;
10 of the 11 patients improved clinically.
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� Catastrophic deterioration, with the severity of obses-
sive-compulsive symptoms returning to pretreatment
levels, was observed in a 21-year-old man when risper-
idone was added to fluoxetine in a dosage that was
stepped up to 3 mg/day (53).

Tramadol

Serotonin syndrome and mania occurred in a 72-year-old
woman taking fluoxetine 20 mg/day and tramadol
150 mg/day 18 days after she started to take the combina-
tion (54). Inhibition of CYP2D6 may have played a part
(55).

Triptans

Caution has been advocated when SSRIs such as fluoxe-
tine are combined with the triptans that are used to treat
acute episodes of migraine (SEDA-24, 16). There are case
reports of symptoms suggestive of serotonin toxicity when
fluoxetine has been combined with sumatriptan, perhaps
because the SSRI can potentiate the 5-HT1B/1D agonist
effects of the triptan (SEDA-22, 14).
The effect of fluoxetine 60 mg/day for 8 days on the

pharmacokinetics of almotriptan has been studied in 14
healthy volunteers (43). Fluoxetine produced a significant
increase in the peak concentration of almotriptan, but the
AUC was not altered. These results suggest that CYP2D6
plays a minor role in the metabolism of almotriptan. The
combined treatment was reported to be well tolerated,
but this does not exclude the possibility of occasional
cases of serotonin toxicity in some individuals.

Venlafaxine

Four depressed patients (age range 21–73 years) had
anticholinergic adverse effects when venlafaxine
37.5 mg/day was added to fluoxetine 20 mg/day (56).
Venlafaxine does not have direct anticholinergic effects,
but could cause them indirectly as a result of its ability to
increase noradrenergic neurotransmission. This effect
would be expected only at much higher doses of venlafax-
ine than those used here, which led the author to suggest
that in the presence of CYP2D6 inhibition by fluoxetine,
venlafaxine concentrations could have been substantially
higher than expected.

Zolpidem

The possible pharmacokinetic and pharmacodynamic
interactions of repeated nightly zolpidem dosing with
fluoxetine were evaluated in 29 healthy women. There
were no clinically significant pharmacokinetic or pharma-
codynamic interactions (57).
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Fluvoxamine

General Information

Fluvoxamine is a non-sedating antidepressant with fewer
anticholinergic adverse effects than clomipramine or imi-
pramine (1–3). Its major adverse effects, like those of
other SSRIs, include nausea and vomiting. It has a half-
life of 15 hours, and peak plasma concentrations occur at
1–8 hours after oral administration (4). It is metabolized
(by oxidation, oxidative deamination, and hydrolysis) to
nine metabolites, none of which is pharmacologically
active (5). Studies of single versus multiple dosing have
shown no significant differences (6,7). Usual doses are in
the range of 150–300 mg/day, and once-a-day dosing is
possible.
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Fluvoxamine appears to have no specific effects on
laboratory tests (4,8,9); although some have reported a
significant fall in platelet count and an increase in serum
creatinine, most of the values remained well within the
reference ranges (10).

Organs and Systems

Cardiovascular

A slight, clinically unimportant reduction in heart rate has
been reported with fluvoxamine (11,12). There has been
one report of supraventricular tachycardia in a woman
with no previous cardiovascular disease, but the associa-
tion with fluvoxamine was unclear since there was no
rechallenge (SEDA-16, 9).

Nervous system

In a yearlong study of 31 patients there was agitation,
which required withdrawal in two patients early in treat-
ment, dry mouth, tremor, and insomnia (13). Increased
agitation and insomnia may require the addition of a
sedative or hypnotic.
Acute dystonia has been described in association with

fluvoxamine (SEDA-18, 20).
Seizures have been reported in a predisposed subject

given fluvoxamine (SEDA-17, 20).
Treatment with serotonin-potentiating drugs in usual

therapeutic doses can sometimes produce the serotonin
syndrome. There are also case reports of this reaction
with single doses of SSRIs (see also the monograph on
Sertraline) (14).

� An 11-year-old boy was brought to the emergency room
about 2 hours after taking a single tablet of fluvoxamine
(50 mg) prescribed for treatment of attention-deficit dis-
order. He was also taking benzatropine and perphena-
zine (dosages not stated). On arrival, he was agitated
and unresponsive, with bilateral ankle clonus, muscle
rigidity, fasciculations, and profuse sweating. His tem-
perature rose to 39.7�C. He was paralysed, intubated,
and ventilated, after which his condition improved. Two
days after admission, he had fully recovered.

The dopamine receptor antagonist properties of perphe-
nazine may have played a part in producing the syndrome
in this case.
SSRIs can cause insomnia and daytime somnolence;

however, the symptoms seem to reflect a sleep–wake
cycle disorder. It is conceivable that disruptions in the
normal pattern of melatonin secretion, particularly a
delay in the normal early morning fall in plasma concen-
trations, could be involved in the pathophysiology of
these symptoms. The fact that these sleep disorders were
seen only with fluvoxamine would also support a role of
melatonin (see the section on Endocrine in this mono-
graph).

Psychological, psychiatric

Reports of acute mania and manic-like behavior after
treatment with fluoxetine or fluvoxamine have appeared

(SEDA-13, 12) (SEDA-17, 20) (SEDA-18, 20), but there
are not enough data to estimate the incidence.

Endocrine

Fluvoxamine causes increased plasma melatonin concen-
trations. In an in vitro preparation, melatonin was meta-
bolized to 6-hydroxymelatonin by CYP1A2, which was
inhibited by fluvoxamine at concentrations similar to
those found in the plasma during therapy (15). This effect
was not shared by other SSRIs or by tricyclic antidepres-
sants, which do not have prominent effects on melatonin
secretion. Whether increased concentrations of melatonin
and loss of its normal circadian rhythm might cause symp-
toms is unclear. However, melatonin is believed to play a
role in the regulation of circadian rhythms, including
entrainment of the sleep–wake cycle. There have been
10 cases of circadian rhythm sleep disorder associated
with fluvoxamine (16). All the patients had delayed
sleep-phase syndrome, which is characterized by
delayed-sleep onset and late awakening. The delay in
falling asleep and waking up in the morning was 2.5–4
hours. In nine of the cases withdrawal of fluvoxamine or a
reduced dosage led to resolution of the sleep disorder.
When the patients were given alternative serotonin
potentiating agents, such as clomipramine or fluoxetine,
the sleep disorder did not recur.
Serotonin pathways are involved in the regulation of

prolactin secretion. Amenorrhea, galactorrhea, and
hyperprolactinemia have been reported in a patient who
was already taking an antipsychotic drug after starting
treatment with fluvoxamine (SEDA-17, 20).
Three cases of fluvoxamine-induced polydipsia, attrib-

uted to the syndrome of inappropriate ADH secretion
(SIADH), have been reported (SEDA-18, 20).

Hematologic

Fluvoxamine-associated bleeding has been described
(17–19).

Skin

A case of toxic epidermal necrolysis after fluvoxamine
has been described; although the patient was taking
other drugs, the authors concluded that the skin reaction
was probably due to fluvoxamine (SEDA-18, 20).

Hair

Hair loss has been associated with fluvoxamine (20).

Long-Term Effects

Drug withdrawal

Withdrawal symptoms have been reported with fluvoxa-
mine (SEDA-17, 20; SEDA-18, 21).
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Second-Generation Effects

Lactation

In two cases, treatment of breast-feeding mothers with
fluvoxamine (300 mg/day) was associated with undetect-
able concentrations of fluvoxamine (below 2.5 ng/ml) in
the plasma of both infants (21). These results are encoura-
ging, but further data will be needed before it can be
concluded that fluvoxamine has an advantage over other
SSRIs in this respect.

Drug Administrations

Drug overdose

There have been four cases of overdosage with fluvoxa-
mine in amounts ranging from 600 to 2500 mg (22).

Drug–Drug Interactions

Buspirone

In 10 healthy volunteers, fluvoxamine (100 mg/day for 5
days) significantly increased the peak concentrations of
the anxiolytic drug buspirone. Concentrations of the
active metabolite, 1-(2-pyrimidinyl)-piperazine, were
reduced (23). These effects were probably mediated
through inhibition of CYP3A4 by fluvoxamine.
The effects of fluvoxamine on the pharmacokinetics

and pharmacodynamics of buspirone have been investi-
gated in 10 healthy volunteers. Fluvoxamine moderately
increased plasma buspirone concentrations and reduced
the production of the active metabolite of buspirone. The
mechanism of this interaction is probably inhibition of
CYP3A4. However, this pharmacokinetic interaction
was not associated with impaired psychomotor perfor-
mance and is probably of limited clinical significance (33).

Clozapine

In a prospective study fluvoxamine, in a low dosage of
50 mg/day, produced a threefold increase in plasma clo-
zapine concentrations (n = 16) (24).
Other reports have confirmed that fluvoxamine

increases plasma concentrations of clozapine and its
metabolites 25,26 (SEDA-21, 12). The mechanism is
probably inhibition of CYP1A2.
Fluvoxamine increases clozapine plasma concentra-

tions (34,35). In 16 patients taking clozapine monother-
apy, fluvoxamine 50 mg was added in the hope of
ameliorating the negative symptoms of schizophrenia
(36). At steady state the serum concentrations of cloza-
pine and its metabolites increased up to five-fold (average
two- to three-fold). However, adverse effects were almost
unchanged in frequency and severity, in spite of the phar-
macokinetic interaction.
In another study there were similar increases in plasma

clozapine concentrations and adverse reactions in 18
patients taking fluvoxamine 50 mg (week 5, mean dose
97 mg) (37).

In nine men who were given a single dose of clozapine
50 mg on two separate occasions with a 2-week interval,
fluvoxamine increased clozapine plasma concentrations,
and the total mean clozapine AUC was increased by a
factor of 2.6; all the patients were sedated during com-
bined therapy (38).
Combined therapy with clozapine and fluvoxamine

(n = 11) and clozapine monotherapy (n = 12) have been
monitored before and during the first 6 weeks of medica-
tion (39). The co-administration of fluvoxamine attenu-
ated and delayed the clozapine-induced increase in
plasma concentrations of tumor necrosis factor-alpha,
enhanced and accelerated the clozapine-induced increase
in leptin plasma concentrations without a significant
effect on clozapine-induced weight gain, and reduced
granulocyte counts.
In two studies of short duration (18 patients each) there

were benefits of using low doses of clozapine plus fluvox-
amine, and the authors suggested taking advantage of this
interaction (40). Patients taking fluvoxamine required
relatively low doses of clozapine and had clinically signif-
icant reductions in the symptoms of their illness while
avoiding the sedative adverse effects associated with the
usual doses of clozapine.

Lithium

Six patients taking a stable dose of fluvoxamine had a
minor increase in plasma fluvoxamine concentration
(from 67 to 76 ng/ml) 2 weeks after starting to take
unspecified doses of lithium; this is unlikely to be of
clinical significance (41).

Methadone

Fluvoxamine increases methadone concentrations in
patients taking methadone maintenance treatment for
the management of opioid dependence (SEDA-19, 11).
The addition of sertraline (200 mg/day) produced a mod-
est (16%) increase in methadone concentrations in 31
depressed opioid-dependent subjects after 6 but not 12
weeks of combined treatment (27). The increase in
methadone concentrations was more modest than that
reported with fluvoxamine, presumably because sertra-
line is a less potent inhibitor of CYP1A2 and CYP3A4,
both of which are involved in methadone metabolism.
Fluvoxamine increases the effects of methadone, prob-

ably by inhibition of methadone metabolism (42).

Mexiletine

Mexiletine is metabolized by CYP2D6, CYP1A2, and
CYP3A4; fluvoxamine inhibits CYP1A2. It is not surpris-
ing therefore that fluvoxamine 50 mg bd for 7 days
increased the Cmax and AUC of a single oral dose of
mexiletine 200 mg in six healthy Japanese men (43).

Olanzapine

The atypical antipsychotic drug olanzapine is also meta-
bolized by CYP1A2.
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� A 21-year-old woman with schizophrenia and depres-
sion, who had been taking fluvoxamine (150 mg/day)
and olanzapine (15 mg/day) for several months, devel-
oped an extrapyramidal movement disorder, including
rigidity and tremor (28). The plasma fluvoxamine con-
centration was 70 ng/ml (usual target range is 20–
500 ng/ml), while that of olanzapine was 120 ng/ml
(usual target range is 9–25 ng/ml). The dosage of olan-
zapine was reduced to 5 mg/day and the plasma olan-
zapine concentration fell to 38 ng/ml, with resolution
of the tremor and rigidity. When fluvoxamine was
replaced with paroxetine (20 mg/day) the olanzapine
concentration fell further to 22 ng/ml.

Of the SSRIs, fluvoxamine is the most potent inhibitor of
CYP1A2 and is therefore likely to increase plasma olan-
zapine concentrations. The extrapyramidal effects in this
case were presumably due to excessive blockade of dopa-
mine D2 receptors by raised olanzapine concentrations.

Phenytoin

Fluvoxamine inhibits CYP2C9 and CYP2C19, the
enzymes responsible for the metabolism of phenytoin.

� A 45-year-old woman taking phenytoin 300 mg/day
had a plasma phenytoin concentration of 66 mmol/l
(29). When she became depressed fluvoxamine
50 mg/day was added. A month later her depressive
symptoms had improved, but she was ataxic and the
plasma phenytoin concentration was 196 mmol/l. The
fluvoxamine was withdrawn and the phenytoin dose
reduced to 150 mg/day. Her plasma phenytoin concen-
tration fell to 99 mmol/l, with resolution of the ataxia.

In vitro studies suggest that fluvoxamine is the most potent
SSRI in terms of its ability to inhibit phenytoin metabo-
lism. Inhibition of CYP2C19 or CYP2C9 could be respon-
sible, although fluvoxamine is a relatively weak in vitro
inhibitor of CYP2C9. However, in 14 healthy volunteers
fluvoxamine (150–300 mg/day for 5 days) significantly
reduced the clearance of tolbutamide (30). This suggests
that fluvoxamine should be used with caution when it is co-
administered with drugs such as tolbutamide, phenytoin,
and warfarin, which are substrates for CYP2C9.

Risperidone

� A24-year-old woman with auditory hallucinations taking
risperidone 6 mg/day developed neuroleptic malignant
syndrome after adding fluvoxamine 50 mg/day (44).

Sildenafil

Sexual dysfunction is a common adverse effect of SSRIs
and various treatments have been proposed, of which
sildenafil is the only strategy with consistent support
from controlled trials. Sildenafil is metabolized by
CYP3A4, which is inhibited by fluvoxamine. The effects
of fluvoxamine (100 mg/day for 10 days) on the pharma-
cokinetics of sildenafil (50 mg orally) has been evaluated
in 12 healthy men (mean age 25 years) using a double-
blind, placebo-controlled, crossover design (46).
Fluvoxamine increased the AUC of sildenafil by about

40% and prolonged its half-life by about 20%. This sug-
gests that patients taking fluvoxamine should use lower
doses of sildenafil for the treatment of SSRI-induced sex-
ual dysfunction. A similar but smaller effect might occur
with co-prescription of sildenafil and fluoxetine, which is
a weaker inhibitor of CYP3A4 than fluvoxamine.

Thioridazine

Fluvoxamine inhibits CYP1A2, and a low dosage (50 mg/
day) produced a 225% increase in plasma thioridazine
concentrations in 10 patients with schizophrenia (31).
This was not reflected in an increased incidence of clinical
adverse events; however, thioridazine prolongs the QTc

interval, which was not measured.
Fluvoxamine increased thioridazine concentrations

three-fold (45) in 10 patients with schizophrenia taking
steady-state thioridazine who were given fluvoxamine
(25 mg bd) for 1 week. Fluvoxamine interferes with the
metabolism of thioridazine, probably via CYP2C19 and/
or CYP1A2.

Tolbutamide

In 14 healthy volunteers fluvoxamine (150–300 mg/day
for 5 days) significantly reduced the clearance of tolbuta-
mide (30). This suggests that fluvoxamine should be used
with caution when it is co-administered with drugs that
are substrates for CYP2C9, such as tolbutamide, pheny-
toin, and warfarin.

Tricyclic antidepressants

Fluvoxamine is a potent inhibitor of cytochrome
CYP1A2, which may lead to interactions with several
tricyclic antidepressants and theophylline (32).
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Paroxetine

General Information

Paroxetine is a phenylpiperidine derivative. Its half-life is
about 17–22 hours and about 95% of it is bound to plasma
proteins. Its metabolites have no more than 1/50 of the
potency of the parent compound in inhibiting serotonin
re-uptake. The metabolism of paroxetine is accomplished
in part by CYP2D6, saturation of which at therapeutic
doses appears to account for the non-linearity of parox-
etine kinetics at higher doses and increasing durations of
treatment. The adverse effects of paroxetine are those of
the SSRIs in general. Commonly observed adverse events
in placebo-controlled clinical trials were weakness, sweat-
ing, nausea, reduced appetite, somnolence, dizziness,
insomnia, tremor, nervousness, ejaculatory disturbance,
and other male genital disorders. Paroxetine seems to
have a higher incidence of withdrawal symptoms than
other SSRIs.

Organs and Systems

Cardiovascular

Electrocardiographic changes, with a prolonged QTc

interval and bradycardia, have been reported with parox-
etine (1).

Nervous system

Serotonin syndrome

The serotonin syndrome is a recognized complication of
SSRI treatment. Usually it occurs as part of a drug inter-
action, when the serotonergic effects of SSRIs are aug-
mented by medications that also have serotonin-
potentiating properties (SEDA-22, 14) (SEDA-25, 16).
Occasionally, however, the serotonin syndrome can
occur after SSRI monotherapy.

� A 23-year-old Japanese woman with major depression
took a single dose of paroxetine (20 mg) and 1 hour
later had agitation, myoclonus, mild hyperthermia
(37.5�C), sweating, and diarrhea, symptoms that meet
the criteria for the serotonin syndrome; she recovered
with supportive treatment over 3 days (2).

Blood concentrations of paroxetine were not obtained,
but the authors reported that the patient was homozygous
for the 10* form of the CYP2D6 allele, which is associated
with low CYP2D6 activity in vivo. While this is an inter-
esting observation, it is unlikely by itself to explain the

patient’s sensitivity to paroxetine, because this genotype
is not uncommon in the Japanese population, and if a lot
of Japanese have this genotype, the serotonin syndrome
with SSRI monotherapy would be quite common, given
the widespread prescription of SSRIs. However, it rein-
forces clinical advice that in patients new to SSRI treat-
ment it is advisable to start therapy with half the standard
dose.

Dystonias

Acute dystonia has been described during the first days of
paroxetine treatment (SEDA-17, 19).
Paroxetine-induced akathisia has been described in an

81-year-old man with bipolar depression. The akathisia
began one week after paroxetine treatment (20 mg/day)
and remitted within 6 days of withdrawal (3).
The authors pointed out that it is important to recog-

nize SSRI-induced akathisia, because increasing agitation
and restlessness early in treatment can be mistaken for
worsening depression. In addition, case reports have sug-
gested that akathisia can be associated with suicidal
impulses.

Sensory systems

Tricyclic antidepressants can precipitate acute glaucoma
through their anticholinergic effects. There are also
reports that paroxetine can cause acute glaucoma, pre-
sumably by pupillary dilatation.

� An 84-year-old woman developed acute closed-angle
glaucoma after taking paroxetine for 6 days (SEDA-
21, 13).� A 70-year-old woman taking paroxetine developed
acute closed-angle glaucoma (4).� A 91-year-old developed bilateral acute closed-angle
glaucoma after taking paroxetine (5).

Three patients taking paroxetine for interferon-alpha-
induced depression developed retinal hemorrhages,
including one with irreversible loss of vision (6).

Psychological, psychiatric

In three children (two aged 9 years and one aged 10 years)
who took paroxetine 10–20 mg/day for the treatment of
childhood obsessive-compulsive disorder, symptoms of
mania, including overactivity, pressure of speech, irritabil-
ity, and antisocial behavior, occurred within 3 weeks of
starting paroxetine and remitted after paroxetine with-
drawal or dosage reduction (7). Symptoms of mania are
rare in childhood, suggesting that the elevated mood in
these cases was a direct effect of the paroxetine.
Psychomotor retardation with semistupor has been

reported in one patient taking paroxetine; however, she
was also taking antipsychotic drugs, which may have con-
tributed (SEDA-18, 20).

Endocrine

Serotonin pathways are involved in the regulation of pro-
lactin secretion. Galactorrhea has been associated with
paroxetine (8).
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Serotonin pathways are involved in the regulation of
prolactin secretion. Amenorrhea, galactorrhea, and
hyperprolactinemia have been reported in a patient tak-
ing SSRIs.

� A 32-year-old woman taking paroxetine 40 mg/day
had a raised prolactin concentration (46 ng/ml) and
galactorrhea, both of which resolved a few days after
paroxetine withdrawal (9).

Metabolism

Increases in cholesterol are most commonly reported in
association with atypical antipsychotic drugs, such as
olanzapine; however, similar reactions have been
reported with some antidepressants, including mirtaza-
pine and doxepin, which cause significant weight gain,
probably through histamine H1 receptor blockade.
Serum cholesterol concentrations have been measured
in 38 patients (23 men and 15 women) suffering from
panic disorder before and after 3 months of treatment
with paroxetine (20–40 mg/day) (10). At baseline the
mean total cholesterol concentrations of the patients did
not differ from those of controls (4.06 versus 4.29 mmol/l;
156 versus 165 mg/dl). However, after paroxetine the
cholesterol concentrations rose significantly to
4.55 mmol/l (175 mg/dl).
Of the SSRIs, paroxetine is the agent most likely to cause

weight gain; however, in this study the authors reported no
change in body mass index during the 3 months of treat-
ment, suggesting a more direct effect of paroxetine on
metabolism. Further work will be needed to see if similar
metabolic effects are associated with other SSRIs and in
patients with other treatment indications.

Hematologic

Clozapine and SSRIs are often used together, because
depressive syndromes are common in patients with schi-
zophrenia. Clozapine carries a relatively high risk of agra-
nulocytosis, but this adverse effect is very rarely seen with
SSRIs, although a case of possible fluoxetine-induced
neutropenia has been described (SEDA-22, 15). Two
cases in which the addition of paroxetine to clozapine
was associated with neutropenia have been reported
(11). The patients had been taking stable doses of cloza-
pine for 6–12 months and had previously tolerated other
SSRIs without adverse hematological consequences. In
both cases the white cell count recovered when clozapine
was withdrawn, although paroxetine was continued.
Fluoxetine has infrequently been associated with

abnormal bleeding, including ecchymoses, melena, and
hematuria. Spontaneous ecchymoses have been reported
in a woman taking paroxetine (12).

� A 47-year-old woman who had had bilateral mastec-
tomies for breast cancer became depressed and was
given paroxetine 20 mg/day. After 15 days she devel-
oped widespread multiple ecchymoses over the arms,
legs, and abdomen. Her platelet count, prothrombin
time, partial thromboplastin time, and bleeding time
were normal. Paroxetine was withdrawn, and 5 days
later, the bruising had markedly abated and no new

lesions were identified. She was subsequently treated
with a tricyclic antidepressant without recurrence of
the ecchymoses.

The authors noted two earlier reports of ecchymoses with
paroxetine, with normal laboratory values. They specu-
lated that an indirect effect on platelet function through
inhibition of platelet 5-HT uptake may be involved.
Paroxetine caused neutropenia in a patient whose white

cell count fell to 2.9 � 109/l (neutrophils 1.37 � 109/l) (13).
The white cell count gradually recovered over 6 weeks
after paroxetine withdrawal.

Liver

Hepatotoxicity associated with paroxetine has been docu-
mented in two case reports (SEDA-21, 12). Severe hepa-
titis has been reported in two young women who took
Atrium (febarbamate + difebarbamate + phenobarbital)
and paroxetine (14). Liver biopsy showed lesions compa-
tible with drug-related injury. Both recovered completely.
The authors suggested that simultaneous treatment with
Atrium and paroxetine increased each drug’s hepatotoxi-
city.

Sexual function

Delayed ejaculation associated with paroxetine has been
reported (SEDA-18, 21).

Immunologic

A skin reaction consistent with a vasculitis has been
reported.

� A 20-year-old woman taking paroxetine 10 mg/day for
obsessive-compulsive disorder developed multiple pur-
ple lesions on the fingers of both hands after 15 weeks
(15). The lesions disappeared after 1 week but
returned in 2 days after rechallenge with paroxetine.

Long-Term Effects

Drug withdrawal

Sudden withdrawal of paroxetine has been associated
with nausea, dizziness, tremor, insomnia, irritation, and
agitation (SEDA-17, 20). In three cases, a withdrawal
reaction occurred with paroxetine, despite tapering of
the dose for 7–14 days before discontinuation; the symp-
toms were the same as in earlier reports, but also included
in one case myalgia, and in another rhinorrhea and visual
phenomena similar to those associated with migraine
(16). The authors suggested that cholinergic mechanisms
and functional changes in 5-HT may play a role in the
mediation of withdrawal symptoms.

Second-Generation Effects

Teratogenicity

In a recent guideline the National Institute for Health and
Clinical Excellence has suggested that the use of
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paroxetine in the first trimester of pregnancy could be
associated with an increased risk of fetal heart defects
(17).

Drug Administration

Drug overdose

There were gastrointestinal symptoms and CNS distur-
bances in patients who took overdoses of paroxetine, the
largest amount being 850 mg (18).

Drug–Drug Interactions

Beta-blockers

Paroxetine can cause clinically important increases in
plasma concentrations of metoprolol (19).

Clozapine

In a prospective study, paroxetine (20 mg/day), a potent
inhibitor of CYP2D6, did not increase clozapine concen-
trations (n = 14), and the authors therefore suggested that
CYP2D6 is not an important pathway of metabolism of
clozapine (20). However, other studies (SEDA-21, 22)
have shown that paroxetine can increase clozapine con-
centrations, suggesting that this combination should be
used with caution.
The effect of paroxetine on steady-state plasma con-

centrations of clozapine and its metabolites has been
studied in 17 patients taking clozapine (200–400 mg/
day), nine of whom took additional paroxetine (20–
40 mg/day) (21). Paroxetine, a potent inhibitor of
CYP2D6, inhibited the metabolism of clozapine, possibly
by affecting a pathway other than N-desmethylation and
N-oxidation. After 3 weeks of paroxetine, mean plasma
concentrations of clozapine and norclozapine increased
significantly by 31% and 20% respectively, while concen-
trations of clozapine N-oxide were unchanged.

Linezolid

SSRIs can also cause pharmacodynamic drug interactions
for some time after withdrawal, through residual seroto-
nin reuptake blocking activity.

� A 56-year-old woman with a postoperative wound
infection developed the serotonin syndrome when she
was given the antibiotic linezolid intravenously (22).
The dose of paroxetine had been tapered and it had
been withdrawn 5 days before.

Linezolid inhibits monoamine oxidase activity and has
been reported to cause serotonin toxicity in combination
with paroxetine. While some patients have apparently
taken the combination of linezolid and an SSRI safely,
this report suggests that patients taking combined treat-
ment should be monitored for serotonin toxicity.

Lithium

Serum lithium concentrations were unchanged when
breakthrough depression was treated double blind by
the addition of paroxetine (20–40 mg/day, n = 19) and
the combination was generally well tolerated (23).

� A 20-year-old woman taking lithium and risperidone
became catatonic 5–7 days after the addition of parox-
etine, leading to speculation that this was due to an
interaction between the three drugs (24). Of 17
patients 4 who had paroxetine added to lithium as an
adjunctive antidepressant developed symptoms sug-
gestive of emerging serotonin syndrome (for example
nausea, vomiting, diarrhea, sweating, anxiety, over-
sleeping) (25).

Methadone

Methadone-maintenance treatment is now established by
controlled trials as effective in managing patients with
opioid dependence. SSRIs are often co-prescribed for
such patients, and there have been reports that SSRIs
can increase methadone concentrations, presumably by
inhibition of CYP2D6 (SEDA-25, 15). The effect of add-
ing paroxetine (20 mg/day) to the treatment regimen has
been studied in 10 opiate-dependent patients taking
methadone maintenance (26). Methadone concentrations
increased on an average by about one-third, although
there was much individual variation. There were no
obvious clinical consequences, presumably because the
patients were fairly tolerant to the effects of methadone.
However, the authors cautioned that sudden withdrawal
of an SSRI in methadone users has the potential to trigger
opioid-withdrawal symptoms.
Paroxetine 20 mg/day, a selective CYP2D6 inhibitor,

was given for 12 days to 10 patients on methadone main-
tenance (27). Eight were genotyped as CYP2D6 homo-
zygous extensive metabolizers and two as poor
metabolizers. Paroxetine increased the steady-state con-
centrations of R-methadone and S-methadone, especially
in the extensive metabolizers.

Tricyclic antidepressants

Paroxetine can cause clinically important increases in
plasma concentrations of tricyclic antidepressants (28).

Triptans

Treatment of 12 healthy volunteers with paroxetine
(20 mg/day for 14 days) did not alter the pharmacoki-
netics or pharmacodynamic effects of an acute dose of
rizatriptan (10 mg orally) (29). These data are reassuring,
but (as with sumatriptan) it is possible that sporadic cases
of 5-HT neurotoxicity could still occur when rizatriptan is
combined with an SSRI.

Risperidone

The addition of paroxetine 20 mg/day to risperidone 4–
8 mg/day in 10 patients with schizophrenia produced a
45% increase in plasma concentrations of risperidone
and its active metabolite, 9-hydroxyrisperidone (30).
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One of the patients developed signs of drug-induced
Parkinson’s disease following the addition of paroxetine.
The serotonin syndrome occurred in a patient taking

paroxetine plus an atypical antipsychotic drug, risperi-
done (31).

� A 53-year-old man took paroxetine 40 mg/day and
risperidone 6 mg/day, having previously taken lower
doses of both. Within 2 hours he developed ataxia,
shivering, and tremor. He had profound sweating but
was apyrexial, and was confused, with involuntary jerk-
ing movements of his limbs. He recovered without
specific treatment over the next 2 days.

This was the first report of the serotonin syndrome in a
patient taking an SSRI and an atypical antipsychotic drug.
The reaction was unexpected because risperidone, in
addition to being a potent dopamine receptor antagonist,
is also a 5-HT2-receptor antagonist. Subsequent animal
studies suggested that 5-HT2-receptor antagonists
increase the firing of serotonergic neurons, perhaps
through a postsynaptic feedback loop. This could account
for potentiation of the effects of SSRIs by 5-HT2-receptor
antagonists, such as risperidone.
The serotonin syndrome has been reported during

treatment with paroxetine and risperidone (32). A case
of edema in a patient taking risperidone and paroxetine
has also been reported (33).
The effects of paroxetine 20 mg/day for 4 weeks on

steady-state plasma concentrations of risperidone and its
active metabolite 9-hydroxyrisperidone have been studied
in 10 patients taking risperidone 4–8 mg/day (34). During
paroxetine administration, mean plasma risperidone con-
centrations increased significantly, while 9-hydroxyrisper-
idone concentrations fell slightly but not significantly;
after 4 weeks, the sum of the risperidone and 9-hydroxyr-
isperidone concentrations increased significantly by 45%
over baseline, and the mean plasma risperidone/9-hydro-
xyrisperidone concentration ratio was also significantly
changed. However, the drug combination was generally
well tolerated, with the exception of one patient who
developed parkinsonian symptoms during the second
week, and whose total plasma risperidone and 9-hydro-
xyrisperidone concentrations increased by 62%.
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Sertraline

General Information

Sertraline hydrochloride has an average half-life of about
26 hours, and mean peak plasma concentrations occur at
4.5–8.4 hours. The dosage is 50–200 mg/day orally. Its
major metabolite, N-desmethylsertraline, is less active
than sertraline. Adverse effects are as for the SSRIs in
general.

Organs and Systems

Cardiovascular

Angina occurred in an elderly woman shortly after she
started to take sertraline and on rechallenge (1).

Nervous system

Parkinsonism

Sertraline has an appreciable affinity for the dopamine re-
uptake site, and for this reason might be presumed less
likely to cause movement disorders than other SSRIs.
However, there is little clinical evidence to support this
suggestion and cases of sertraline-induced parkinsonism
have been reported (2).

� A 70-year-old woman, who had been taking sertraline
100 mg/day for 7 months, gave a 6-month history of
resting tremor and loss of dexterity in the right hand.
She had mild bradykinesia and cogwheel rigidity in the
right arm and leg. She had not taken any other medica-
tions. A brain MRI scan was normal. The sertraline
was withdrawn and within 1 month all the neurological
symptoms and signs had remitted.� An 81-year-old woman took sertraline 100 mg/day for
depression and 6 months later presented with tremor
and difficulty in moving her right arm and leg (3). A
diagnosis of right hemiparkinsonism was made and the
sertraline was withdrawn. Her extrapyramidal symp-
toms resolved within 3 months, but 14 months later she
developed parkinsonism and was treated with levo-
dopa and carbidopa.� A 70-year-old man developed parkinsonian symptoms
1 month after starting to take sertraline 100 mg/day
(4). Withdrawal of sertraline resulted in amelioration
but not complete remission of his symptoms which
then required treatment with carbidopa and levodopa.

In these cases presumably the sertraline prematurely pre-
cipitated Parkinson’s disease. Two cases of sertraline-
induced akathisia have been reported (SEDA-18, 19).

Serotonin syndrome

Treatment with serotonin-potentiating drugs in usual
therapeutic doses can sometimes produce the serotonin
syndrome. There are also case reports of this reaction
with single doses of SSRIs (see also the monograph on
fluvoxamine) (5).
Serotonin syndrome after a single dose of sertraline

100 mg has been reported in a 16-year-old girl (6). It
responded to a single 4 mg dose of the serotonin antago-
nist cyproheptadine.
There was therapeutic benefit from cyproheptadine in a

case of serotonin syndrome in a 2-year-old girl who acci-
dentally swallowed ten 50 mg tablets of sertraline (7).

Endocrine

Serotonin pathways are involved in the regulation of pro-
lactin secretion. Galactorrhea has also been reported in a
patient taking sertraline, in whom lactation ceased after
withdrawal (SEDA-18, 20) and in another case (8).

Hematologic

Prolonged bleeding time has been reported with sertra-
line (9).
Sertraline has been associated with agranulocytosis

(10).
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Liver

Hepatitis has been associated with sertraline (11).

Skin

Stevens–Johnson syndrome has been reported in a 96-
year-old woman who had taken sertraline (dosage not
stated) for 3 weeks (12). The lesions involved the skin,
oral mucosa, and conjunctiva. The eruption disappeared
within 7 days of sertraline withdrawal.

Hair

Hair loss has been associated with sertraline (13).

Sexual function

Sexual disturbance has also been associated with sertra-
line (14), and a high frequency of such adverse effects has
been reported in studies in which high doses were used. In
a double-blind, placebo-controlled study of sertraline and
amitriptyline in patients with major depression, male sex-
ual dysfunction, mainly ejaculatory disturbance, was
reported significantly more often with sertraline (in 21%
of the patients) (15). Male sexual dysfunction in 15% of
sertraline-treated patients has also been reported (16).
Priapism is occasionally associated with the use of psy-

chotropic drugs, such as trazodone, that are a1-adreno-
ceptor antagonists. It has also been reported in a man
taking sertraline (17).

� A 47-year-old man presented with a 4-day history of
priapism and moderate pain. Several brief but other-
wise similar episodes had occurred during the pre-
vious month. He had a history of depression and had
been taking sertraline 200 mg/day and dexamfeta-
mine 10 mg/day. He received intracorporeal methox-
amine, but when this proved ineffective he was
treated with intracorporeal adrenaline and a shunt
procedure. However, detumescence was incomplete.
At follow-up after several weeks the priapism had
resolved and he had not become impotent (a signifi-
cant risk in cases of prolonged priapism). He was
given nefazodone with no recurrence of erectile dys-
function.

The dosage of sertraline used in this case was high and the
combined use of dexamfetamine may also have been
relevant.

Long-Term Effects

Drug withdrawal

Withdrawal symptoms have been reported with sertraline
(18). All the symptoms, including gastrointestinal discom-
fort, insomnia, and influenza-like symptoms, remitted
when sertraline was reinstituted.

Drug Administration

Drug overdose

In 40 patients who took up to 8 g of sertraline there were
no serious sequelae (19).
One of the largest overdoses of sertraline has been

reported (20).

� A 51-year-old woman took about 8 g of sertraline,
about 80 times the usual daily dose. On admission to
hospital she was somnolent but rousable. Her electro-
cardiogram showed a transiently prolonged QTc inter-
val (510 ms falling to 470 ms). On the third day she
developed agitation, disorientation, myoclonus, and
pyrexia (38.5�C), was treated with supportive mea-
sures, and recovered over the next 3 days.

While cardiac toxicity was not prominent in this case, the
patient developed clear evidence of the serotonin syn-
drome, which proved self-limiting.

Drug–Drug Interactions

Alprazolam

Sertraline (50–150 mg/day) had no effects on alprazolam
metabolism in a randomized, double-blind, placebo-con-
trolled study in 10 healthy volunteers (24).

Buspirone

Serotonin syndrome has been attributed to the combina-
tion of buspirone and sertraline.

� A 49-year-old man had major adverse effects 11 days
after taking a combination of sertraline, buspirone, and
loxapine (25). The adverse effects were characteristic of
the serotonin syndrome, which is characterized by a
constellation of symptoms, including hypomania, agita-
tion, seizures, confusion, restlessness, hyper-reflexia, tre-
mor, myoclonus, ataxia, incoordination, anxiety, double
vision, fever, shivering, variable effects on blood pres-
sure, nausea and vomiting, sweating, and diarrhea.

Carbamazepine

Sertraline is a substrate for a number of CYP450 iso-
zymes, including CYP2C9, CYP2C19, and CYP3A4.
Several case reports have shown loss of antidepressant
activity of sertraline at usual therapeutic doses when
depressed patients have also taken drugs that induce
CYP3A4, including carbamazepine (21).

Clonazepam

In a randomized, double-blind, placebo-controlled, cross-
over study in 13 subjects, sertraline did not affect the phar-
macokinetics or pharmacodynamics of clonazepam (26).

Clozapine

Dual effects were observed in a 44-year-old schizophrenic
patient taking clozapine with both fluoxetine and sertra-
line for mood stabilization (27). Clinical and motor status
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improved with both fluoxetine and sertraline; cognitive
function improved with clozapine and fluoxetine, but was
not sustained with sertraline. However, sertraline did not
affect steady-state plasma concentrations of clozapine
and its metabolites in 17 patients taking clozapine (200–
400 mg/day), 8 of whom took additional sertraline (50–
100 mg/day) (28).

Erythromycin

Drug interactions leading to the serotonin syndrome
usually result from pharmacodynamic mechanisms.
However, the antibiotic erythromycin may have precipi-
tated the serotonin syndrome in a patient taking sertraline
by a pharmacokinetic mechanism (22).

� A 12-year-old boy, who had taken sertraline 37.5 mg/day
for 5 weeks for obsessive-compulsive disorder, started to
take erythromycin 200 mg bd. Within 4 days he began to
feel anxious; this was followed over the next 10 days by
panic, restlessness, irritability, tremulousness, and confu-
sion. These symptoms resolved within 72 hours of with-
drawal of sertraline and erythromycin.

The authors proposed that in this case erythromycin had
inhibited sertraline metabolism by inhibiting CYP3A.
This could have led to increased concentrations of sertra-
line and signs of serotonin toxicity. Unfortunately sertra-
line concentrations were not measured to confirm this
suggestion.

Rifampicin

Sertraline is a substrate for a number of CYP450 iso-
zymes, including CYP2C9, CYP2C19, and CYP3A4.
Several case reports have shown loss of antidepressant
activity of sertraline at usual therapeutic doses when
depressed patients have also taken drugs that induce
CYP3A4, including rifampicin (23).

Tramadol

The serotonin syndrome has been reported after concur-
rent use of tramadol and sertraline (SEDA-22, 103).

� Serotonin syndrome occurred in an 88-year-old woman
who took sertraline 50–100 mg/day and tramadol 200–
400 mg/day for 10 days; the symptoms subsided 15 days
after withdrawal of tramadol (29).

Zolpidem

Interactions between zolpidem and sertraline have been
studied in 28 healthy women, who took a single dose of
zolpidem alone and five consecutive doses of zolpidem
10 mg while taking chronic doses of sertraline 50 mg (30).
Co-administration of sertraline 50 mg and zolpidem
10 mg was safe but could result in a shortened onset of
action and increased effect of zolpidem.

References

1. Sunderji R, Press N, Amin H, Gin K. Unstable angina

associated with sertraline. Can J Cardiol 1997;13(9):849–51.

2. Di Rocco A, Brannan T, Prikhojan A, Yahr MD. Sertraline

induced parkinsonism. A case report and an in-vivo study of

the effect of sertraline on dopamine metabolism. J Neural

Transm 1998;105(2–3):247–51.

3. Pina Latorre MA, Modrego PJ, Rodilla F, Catalan C,

Calvo M. Parkinsonism and Parkinson’s disease associated

with long-term administration of sertraline. J Clin Pharm

Ther 2001;26(2):111–2.

4. Gregory RJ, White JF. Can sertraline induce parkinson’s

disease? Psychosomatics 2001;42(2):163–4.

5. Gill M, LoVecchio F, Selden B. Serotonin syndrome in a

child after a single dose of fluvoxamine. Ann Emerg Med

1999;33(4):457–9.

6. Mullins ME, Horowitz BZ. Serotonin syndrome after a single

dose of fluvoxamine. Ann Emerg Med 1999;34(6):806–7.

7. Horowitz BZ, Mullins ME. Cyproheptadine for serotonin

syndrome in an accidental pediatric sertraline ingestion.

Pediatr Emerg Care 1999;15(5):325–7.

8. Lesaca TG. Sertraline and galactorrhea. J Clin

Psychopharmacol 1996;16(4):333–4.

9. CalhounJW,CalhounDD.Prolongedbleeding time inapatient

treated with sertraline. Am J Psychiatry 1996;153(3):443.

10. Trescoli-Serrano C, Smith NK. Sertraline-induced agranu-

locytosis. Postgrad Med J 1996;72(849):446.

11. Hautekeete ML, Colle I, van Vlierberghe H, Elewaut A.

Symptomatic liver injury probably related to sertraline.

Gastroenterol Clin Biol 1998;22(3):364–5.

12. Jan V, Toledano C, Machet L, Machet MC, Vaillant L,

Lorette G. Stevens-Johnson syndrome after sertraline.

Acta Derm Venereol 1999;79(5):401.

13. Bourgeois JA. Two cases of hair loss after sertraline use. J

Clin Psychopharmacol 1996;16(1):91–2.

14. Cooper GL. The safety of fluoxetine – an update. Br J

Psychiatry Suppl 1988;3:77–86.

15. Reimherr FW, Chouinard G, Cohn CK, Cole JO, Itil TM,

LaPierre YD, Masco HL, Mendels J. Antidepressant effi-

cacy of sertraline: a double-blind, placebo- and amitripty-

line-controlled, multicenter comparison study in outpatients

with major depression. J Clin Psychiatry 1990;51(Suppl.

B):18–27.

16. Doogan DP. Toleration and safety of sertraline: experience

worldwide. Int Clin Psychopharmacol 1991;6(Suppl. 2):47–56.

17. Rand EH. Priapism in a patient taking sertraline. J Clin

Psychiatry 1998;59(10):538.

18. Louie AK, Lannon RA, Ajari LJ. Withdrawal reaction after

sertraline discontinuation. Am J Psychiatry 1994;151(3):450–1.

19. Lau GT, Horowitz BZ. Sertraline overdose. Acad Emerg

Med 1996;3(2):132–6.

20. Brendel DH, Bodkin JA, Yang JM. Massive sertraline over-

dose. Ann Emerg Med 2000;36(5):524–6.

21. Khan A, Shad MU, Preskorn SH. Lack of sertraline efficacy

probably due to an interaction with carbamazepine. J Clin

Psychiatry 2000;61(7):526–7.

22. Lee DO, Lee CD. Serotonin syndrome in a child associated

with erythromycin and sertraline. Pharmacotherapy

1999;19(7):894–6.

23. Markowitz JS, DeVane CL. Rifampin-induced selective ser-

otonin reuptake inhibitor withdrawal syndrome in a patient

treated with sertraline. J Clin Psychopharmacol

2000;20(1):109–10.

24. Hassan PC, Sproule BA, Naranjo CA, Herrmann N. Dose-

response evaluation of the interaction between sertraline and

alprazolam in vivo. J Clin Psychopharmacol 2000;20(2):150–8.

25. Bonin B, Vandel P, Vandel S, Sechter D, Bizouard P.

Serotonin syndrome after sertraline, buspirone and loxa-
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Possible syndrome sérotoninergiques induit par l’associa-
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MONOAMINE OXIDASE INHIBITORS

General Information

All available monoamine oxidase (MAO) inhibitors
(excepting moclobemide, toloxatone, brofaromine, and
selegiline) act via a ‘‘suicide’’ mechanism, by causing long-
lasting, irreversible, competitive inhibition of mitochondrial
MAO, which persists until new enzyme is manufactured
(1). Most of these drugs also produce a non-specific reduc-
tion in the activity of hepatic drug-metabolizing enzymes.
Table 1 lists the MAO inhibitors that are already avail-

able or under investigation. These compounds fall into
different chemical categories, including compounds that
have the following properties: antidepressant (moclobe-
mide), antihypertensive (pargyline), antineoplastic (pro-
carbazine), and antimicrobial (furazolidone).
Antidepressant drugs of various classes (tricyclics,

MAO inhibitors, SSRIs) have broad efficacy in general-
ized anxiety and in panic disorder, but SSRIs are now the
treatments of choice (2,3). Selegiline has been used to
treat Parkinson’s disease. Other drugs that have MAO
inhibitory activity, but are not used as such, include deb-
risoquine, linezolid, and isoniazid.
The monoamine oxidase inhibitors epitomize cyclical

fashions in drug use and the impact of adverse effects.
They were the first psychotropic drugs for which a clear
biochemical action was defined. Early excitement was
quickly tempered by reports of liver toxicity with the
hydrazine derivatives, leading to synthesis of the cyclo-
propylamine drug, tranylcypromine, which in turn elicited
the food and drug interactions that led to an overall
decline in popularity.
Then in the 1980s there was a reappraisal of the benefit-

to-harm balance of the MAO inhibitors. This spawned
both a search for safer and more selective or rapidly

reversible enzyme inhibitors (including moclobemide,
toloxatone, and brofaromine), as well as a review and
retrial of the older compounds.
The scientific underpinnings of this renaissance have

been reviewed (4). Much of the earlier work was con-
ducted using inadequate doses of phenelzine, whose effi-
cacy was later validated using adequate drug
concentrations (to produce 85% or more enzyme inhibi-
tion) (5). A review of eleven studies conducted in 1963–
1982 that compared MAO inhibitors and tricyclic com-
pounds showed that in three studies there was no differ-
ence, four favored tricyclic antidepressants, and in three
MAO inhibitors were superior (6). The three studies that
favored MAO inhibitors were among the four most
recently conducted (all since 1979). An article in 1985
entitled ‘‘Should the use of MAO be abandoned?’’ (7)
was accompanied by commentaries from six British and
US experts in psychopharmacology. The consensus was
clearly in favor of continued use, with the recognition that
even if a specific responder is difficult to define there are
individuals who respond when all other drugs have failed.
No clear-cut clinical or metabolic features distinguish
such individuals; an earlier claim that the clinical response
and susceptibility to adverse effects might be influenced
by genetically determined rapid or slow acetylation of
phenelzine was not confirmed by a review of seven studies
(8).
There have been many studies of the efficacy and toxi-

city of selective inhibitors of MAO type A (SEDA-16, 7;
SEDA-17, 16; SEDA-18, 16).
The adverse effects of the MAO inhibitors include

hepatocellular damage, similar to that which led to the
withdrawal of the earlier hydrazine derivatives, hypoten-
sion, often a pronounced adverse effect (possibly due to

Table 1 Monoamine oxidase (MAO) inhibitors that have been studied or are currently commercially available for treating depression

or for other purposes (rINNs except where stated)

Compound Structure Comments

Fenoxypropazine Hydrazines These drugs are earlier compounds that caused liver

damage; they are obsoleteIproniazid

Mebanazine

Pheniprazine g
Pivhydrazine

Nialamide Hydrazine Little used today

Phenelzine (pINN) Hydrazine Widely used

Isocarboxazid Hydrazine Similar to phenelzine

Tranylcypromine Cyclopropylamine Most amphetamine-like

High propensity for interactions with foods and drugs

Pargyline Propinylbenzylamine Used for hypertension

Furazolidone Nitrofuran Antimicrobial (giardiasis)

Procarbazine Methylhydrazine Antineoplastic

Clorgiline Propylamine Type A MAO inhibitor (serotonin/noradrenaline)

Selegiline Propinylamine Type B MAO inhibitor (phenylethylamine)

Moclobemide Benzamide Type A MAO inhibitor

Toloxatone Oxazolidinone Type A MAO inhibitor

Brofaromine Piperidine Type A MAO inhibitor
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the accumulation of a pseudotransmitter normally meta-
bolized by MAO), and autonomic disturbances, such as
dryness of the mouth, sweating, constipation, and weight
gain.
Differences between MAO inhibitors in adverse effect

profiles are poorly substantiated, and are confounded by
different usage patterns and drug potencies. The selective
MAO inhibitors are considered in other monographs.

Comparative risks of monoamine oxidase
inhibitors and tricyclic antidepressants

MAO inhibitors suffered a long period of disfavor, largely
because of their troublesome interactions. Their risks still
exceed those of the tricyclic compounds, but some experi-
enced clinicians feel that they can be used safely, provided
appropriate precautions are taken.
Of particular interest is a chart review of 198 patients,

aged 19–64, treated in a university research clinic by
psychiatrists who specialized in the pharmacological
treatment of affective disorders (9). Most of the patients
(130) had atypical depression and participated in a 6- or
12-week double-blind comparison of phenelzine, imipra-
mine, and placebo, with further follow-up. The authors
selected 14 adverse effects generally considered to cause
‘‘serious medical risk or subjective discomfort great
enough to require drug discontinuation.’’ There were ser-
ious adverse effects in 14% of the patients taking placebo,
27% of those taking imipramine, 43% of those taking
tranylcypromine, and 64% of those taking phenelzine;
38% had two or more serious adverse effects and all but
one was taking phenelzine. The differences between imi-
pramine and phenelzine were highly significant. By
33 weeks under half of the patients taking imipramine
had had a serious adverse effect, compared with over
90% of those taking phenelzine. Adverse effects were
sufficiently severe to require withdrawal in 45%. None
of the 14 selected adverse effects was more common in
the patients taking imipramine. The serious adverse
effects that were more common in patients taking phenel-
zine included hypomania (10%), hypertensive crisis (8%),
weight gain over 15 pounds (8%), and anorgasmia and
impotence (22%). In a second article the authors dis-
cussed these adverse effects in detail (10). Of the eleven
patients who had hypertensive crises, six had eaten tyra-
mine-containing foods ‘‘despite meticulous dietary review
and cautioning,’’ and three had taken ephedrine-contain-
ing medications; four obtained emergency medical treat-
ment in local hospitals and a fifth developed coma with
intracranial bleeding due to an unsuspected aneurysm.

Organs and Systems

Cardiovascular

When MAO is inhibited, the concentrations of noradrena-
line, dopamine, and serotonin increase in the central ner-
vous system and heart. The concentrations of the
precursors of these amines (dihydroxyphenylalanine and
5-hydroxytryptophan) are greatly increased. The effects
are similar to those of the postganglionic blocking amines:

postural hypotension occurs and cardiac output is reduced,
possibly due to the accumulation of a pseudotransmitter.

Hypotension

The hypotensive effects of the MAO inhibitors differ
from those of the tricyclic antidepressants, inasmuch as
the former affect supine as well as orthostatic blood pres-
sure. This was confirmed both in a study (11) involving
tranylcypromine and in an evaluation of blood pressure
changes in 14 patients taking phenelzine averaging 65 mg/
day for at least 3 weeks (12). The drug-free mean supine
systolic blood pressure was 127 mmHg and it fell signifi-
cantly (mean drop 5 mmHg) by the end of the first week.
By contrast, an increase in the orthostatic drop from the
mean predrug baseline of 2 mmHg did not reach signifi-
cance until the end of the second week of treatment, after
which the blood pressure continued to fall. Two patients
developed profound orthostatic falls of up to 50 mmHg
after more than 2 weeks of treatment. In one patient the
hypotension and related symptoms (light-headedness and
ataxia) improved with fludrocortisone, but not in the
other, who required drug withdrawal. The authors com-
mented that because orthostatic hypotension can develop
late, cautious long-term monitoring is required.

Hypertension

Hypertensive crises usually occur when MAO inhibitors
are combined with other drugs or foods that cause inter-
actions (see next subsection).

Autopotentiation of hypertensive effects

In a few cases, a hypertensive crisis appears not to have
been provoked by known drug or dietary precipitants
(13). From a review of 12 reports of spontaneous hyper-
tension in patients taking tranylcypromine or phenelzine,
it has emerged that a family history of hypertension may
be a risk factor (SEDA-18, 14). A significant increase in
supine blood pressure without similar changes in standing
blood pressure after the administration of tranylcypro-
mine has also been described (SEDA-17, 17).

Cardiac arrhythmias

MAO inhibitors can cause bradycardia. A report of two
cases of interactions of monoamine oxidase inhibitors
with beta-blockers (nadolol and metoprolol) is of interest,
and several possible mechanisms were discussed (14).

Nervous system

Autonomic nervous system

A carefully controlled 3-week comparison of phenel-
zine (up to 90 mg/day, mean 77 mg) and imipramine
(up to 150 mg/day, mean 139 mg) showed no signifi-
cant difference between the drugs in the incidence of
dry mouth, blurred vision, constipation, and urinary
hesitancy (15).

Central nervous system

Insomnia and daytime somnolence and fatigue have been
reported with tranylcypromine, phenelzine, and isocar-
boxazid (SEDA-16, 8; SEDA-17, 16). In a comparison
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of phenelzine and imipramine (15) there were important
and significant differences between the drugs: 19% of the
patients taking phenelzine reported drowsiness compared
with none of those taking imipramine; moreover, 18
patients taking phenelzine had to be withdrawn, com-
pared with one taking imipramine (who developed urin-
ary retention). Central nervous system toxicity was also
reported after an abrupt switch from phenelzine to iso-
carboxazid (SEDA-17, 17).

Parkinsonism

The MAO inhibitors can be used in patients who have
Parkinson’s disease, for two reasons. First, this is a dis-
order in which depression is common. Secondly, the selec-
tive type B inhibitor selegiline was originally thought to
benefit patients with parkinsonism, possibly by increasing
brain dopamine concentrations (16).
However, a recent long-term study has shown higher

death rates in patients with early mild Parkinson’s disease
taking combined selegiline and levodopa compared with
those taking levodopa alone. The authors concluded that
the combination of selegiline with levodopa offers no
advantage to patients with early mild Parkinson’s disease,
and that although selegiline may help symptoms in
advanced Parkinson’s disease it is best avoided in patients
with postural hypotension, frequent falls, confusion, and
dementia (17).

Dystonias

Two Italian neurologists have described current theories
about the pathophysiology of levodopa-associated motor
fluctuations and the use of inhibitors of MAO type B,
inhibitors of catechol-O-methyl transferase, and modi-
fied-release levodopa in minimizing this problem (18).

� Dystonia has been described in a 65-year-old woman
who had taken tranylcypromine 10 mg bd for 3 days.
She had major long-term depression that had failed to
respond to other agents. The dystonia abated 48 hours
after withdrawal but recurred on rechallenge (19).

Neuromuscular function

The tendency for MAO inhibitors to produce symptoms
related to neuromuscular excitability, the serotonin syn-
drome, has been recognized in cases of overdose (SEDA-
10, 18) and in interactions with other antidepressants or
tryptophan (SEDA-10, 16, 17) (20). The authors of a
thorough review of the preclinical and clinical literature
have drawn attention to these phenomena, which occur
at therapeutic doses with a MAO inhibitor alone, and
have speculated that the mechanism is related to a com-
bination of increased serotonergic tone and central disin-
hibition of alpha motor neuron-mediated spinal activity
(21). They discussed ten previous reports of myoclonus,
hyper-reflexia, muscle twitching, and increased muscle
tone in patients taking MAO inhibitors. These neuro-
muscular effects appear to occur in up to 15% or more
of patients, and are more likely when tryptophan is given
in combination. They usually appear after 10–14 days.
Tolerance does not occur, but the effects may abate or

disappear with dosage reduction. Symptoms predominate
during sleep and are often associated with muscle or joint
pains.

Endocrine

The syndrome of inappropriate secretion of antidiuretic
hormone (SIADH) (22) may be the mechanism of action
underlying cases of peripheral edema that have been
described (SEDA-2, 12) (SEDA-6, 28). Diuretics are not
helpful, but dosage reduction produces relief (23).
A number of antidepressant drugs, particularly selec-

tive serotonin re-uptake inhibitors (SSRIs), can increase
plasma prolactin concentrations, although galactorrhea is
uncommon. In a prescription-event monitoring survey of
about 65 000 patients, compared with SSRIs, moclobe-
mide was associated with a relative risk of galactorrhea
of 6.7 (95% CI = 2.7, 15) (24). However, this was substan-
tially less than the risk associated with the dopamine
receptor antagonist risperidone (relative risk compared
with SSRIs 32; 95% CI = 14, 70). Nevertheless, the data
suggest that moclobemide may be more likely to cause
galactorrhea than other antidepressant drugs.

Hematologic

Leukopenia and agranulocytosis are well-recognized
complications of treatment with tricyclic antidepressants
and have been reported with some second-generation
compounds. In a report of leukopenia in a patient taking
phenelzine attention was drawn to five other unpublished
cases and to previous published reports involving isocar-
boxazid, tranylcypromine, and tryptamine (25).

Liver

The early reports of hepatotoxicity with iproniazid led to
the synthesis of non-hydrazine inhibitors, and a report
from 19 French drug surveillance centers (26) has reaf-
firmed the frequency and severity of this adverse effect.
There were 91 cases of hepatitis due to all antidepressants
(11 with iproniazid) over 5 years. Cytolytic reactions
occurred in 11 patients treated with iproniazid; 5 died.
There was a high titer of antimitochondrial antibodies
(M6) in five patients.

Skin

Photosensitivity to MAO inhibitors must be most unu-
sual, but one well-authenticated report has been pub-
lished (27).

Sexual function

Impotence and delayed ejaculation in men and difficulty
in achieving orgasm in two women have been reported
with a variety of MAO inhibitors used to treat narcolepsy
(28), phobic anxiety (29), and depression (30–32). Sexual
symptoms are often dose-related and there is a delicate
interplay between psychic and pathophysiological influ-
ences. In men with premature ejaculation this effect may
even be considered therapeutic.
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Immunologic

Rashes have been reported, but their relation to drug
ingestion is poorly substantiated. The hepatocellular
damage caused by hydrazine derivatives is probably
mediated by an immunological mechanism.

Body temperature

Hyperthermia and labile blood pressure, perhaps due to
an interaction of clomipramine, phenelzine, and chlorpro-
mazine has been described in one patient (SEDA-17, 17).

Long-Term Effects

Drug withdrawal

The literature on a withdrawal syndrome (SEDA-10, 17)
has been expanded by further reports. One of these (33)
involved the development of an acute toxic delirium
3 days after withdrawal of phenelzine, and another (34)
concerned patients who became manic after withdrawal
of isocarboxazid. A withdrawal state similar to that
caused by withdrawal from amphetamines has been
described after withdrawal of tranylcypromine (SEDA-
16, 8) (SEDA-18, 14).
In principle it should be possible to switch from one

conventional MAO inhibitor to another without a wash-
out period. However, there have been reports that
patients who switched from phenelzine to tranylcypro-
mine had hypertensive reactions, with disastrous conse-
quences (35). Whenever possible, a 2-week washout
period when switching from a conventional MAO inhibi-
tor to tranylcypromine seems advisable.

Second-Generation Effects

Pregnancy

Little is known about the use of MAO inhibitors during
pregnancy and the postpartum period. There is a litera-
ture review along with a case report of phenelzine expo-
sure throughout pregnancy and the postpartum period
(36).

Lactation

There are some reports of the excretion of MAO inhibi-
tors in breast milk (37,38).

Susceptibility Factors

Age

Because of the concern expressed about the use of tricyc-
lic antidepressants in elderly people, MAO inhibitors
have been studied in this population (39). Patients with
dementia benefited in mood (but not cognition), and
some non-demented patients also improved. Adverse
effects were considered less frequent or troublesome
than those due to tricyclic compounds, although one
patient taking tranylcypromine became paranoid and

another taking phenelzine developed a choreiform move-
ment disorder. The fact that MAO concentrations
increase with age supports the use of these drugs in the
elderly, but their hypotensive effects and interactions with
other drugs and foods suggest that they should be used
with extreme caution in people who are exposed to poly-
pharmacy and whose comprehension of and attention to
warnings may be impaired.

Other features of the patient

It is inadvisable to give MAO inhibitors to schizophrenic
patients, even when they seem to be anergic or depressed,
since they may precipitate a psychotic crisis. It is also
difficult to ensure that such patients respect the necessary
dietary restrictions, that is, avoidance of tyramine-con-
taining foods.

Drug Administration

Drug overdose

The fatal effects of antidepressants in England, Scotland,
and Wales during 1975–1984 and 1985–1989 have been
compared in retrospective epidemiological studies
(40,41). The fatality index (deaths per million prescrip-
tions) for individual drugs or groups of drugs was used to
give an indication of the relative effects of the different
drugs. There were 24 deaths due to tranylcypromine, 33
due to phenelzine, and 3 due to isocarboxazid. The fatal-
ity index for tranylcypromine was significantly higher
than the mean for all antidepressants, while that for the
other MAO inhibitors was lower. The majority of all
deaths from antidepressant poisoning were due to two
tricyclic drugs (amitriptyline and dosulepin), and they,
as well as the entire group of older tricyclic antidepres-
sants, had a fatality index significantly higher than the
mean (41). It must of course be kept in mind that the
fatality index of a drug is influenced by many factors other
than its inherent toxicity, including dosage, differences in
severity of illness and suicidal tendencies, and prescrip-
tion for indications other than depression.
The minimum fatal dose of non-selective MAO inhibi-

tors is about 5–10 times the maximum daily dose,
although individuals have been reported to survive such
amounts. Symptoms of overdosage can be initially mild
and deceptive, but can progress over 24 hours to include
agitation, tremor, alternating low and high blood pres-
sure, severe muscle spasms, hyperpyrexia, and convul-
sions. Symptomatic treatment has included the beta-
blocker practolol (10 mg intravenously, repeated after
2 hours) and muscle relaxants with assisted respiration
(42), which may help reduce pyrexia by abolishing exces-
sive muscle activity. Active elimination techniques are
unhelpful, according to a comprehensive review of anti-
depressant overdosage (43).
In one patient who took 900 mg of phenelzine,

there was a marked excess of urinary and plasma catecho-
lamines, analogous to pheochromocytoma, and the
patient was successfully managed with alpha-adrenocep-
tor antagonists (44). In another patient, who probably
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took about 2000 mg of phenelzine, hyperpyrexia was pro-
minent and responded to dantrolene sodium (45). The
authors noted clinical similarities to malignant hyperpyr-
exia and neuroleptic malignant syndrome.
Overdose of the selective monoamine oxidase A inhi-

bitor moclobemide by itself rarely appears to give rise
to serious problems, in contrast to overdose with con-
ventional monoamine oxidase inhibitors, which can
cause fatal 5HT toxicity. However, if patients take
moclobemide together with serotonergic antidepres-
sants, such as SSRIs or clomipramine, 5-HT toxicity is
common. 5HT toxicity occurred in 11 of 21 patients who
took overdoses of moclobemide and serotonergic agents
but in only one of 33 patients who took moclobemide
alone (46). Consistent with this, four patients died, pre-
sumably of 5HT toxicity, after co-ingesting 3,4-methyle-
nedioxymethamphetamine (MDMA, ecstasy) and
moclobemide (47). Massive ingestion of moclobemide
(over 30 g) also appeared to be responsible for death
in a suicide attempt in a 48-year-old man (48). The
blood concentration of moclobemide measured at post
mortem (498 mg/ml) was about 500 times the usual

target concentration (0.2–2.1 mg/ml). Post-mortem find-
ings were non-specific, but the authors concluded that
death might have been due to the serotonin syndrome.

Drug–Drug Interactions

General

Problems with non-selective irreversible MAO inhibitors
arise for two reasons: the large number of amines that are
substrates for the enzyme and the fact that these drugs
also inhibit non-specific drug-metabolizing enzymes in
the liver. Together, these two actions produce a lengthy
list of interactions with other substances, the effects of
which can be enhanced or prolonged, both during treat-
ment with a MAO inhibitor and for up to 2 weeks after-
wards, owing to the irreversible nature of the enzyme
inhibition (Table 2).
Amines that serve as substrates include both natural

and synthetic ephedrine congeners contained in pre-
scribed and proprietary formulations, and amines such
as tyramine, which occur naturally in a variety of

Table 2 Drug and food interactions with MAO inhibitors

Hypertensive crisis: potentiation of central effects of drugs or food components due to inhibition of monoamine oxidase

Drugs Amines, prescribed or proprietary

Amphetamine and congeners

Ephedrine and congeners

Levodopa

Reserpine

Tryptophan

Foods Alcohol (wine, beer)

Amine-containing foodstuffs

Banana (peel)

Broad beans (including pods)

Caviar

Cheese

Chicken livers

Chocolate

Hung meats

Pickled herring

Yeast extracts (Marmite, packeted soups)

Serotonin syndrome Dextromethorphan

Pethidine (meperidine)

Selective serotonin re-uptake inhibitors

Trazodone and dextropropoxyphene (combined with phenelzine)

Tricyclic antidepressants

Tryptophan

Potentiation or prolongation of other drug effects due to

inhibition of hepatic drug-metabolizing enzymes

Alcohol (all types)

Anesthetics

Antihistamines

Antiparkinsonian agents

Barbiturates

Benzodiazepines

Chloral hydrate

Hypoglycemic agents

Opiate analgesics

Thyroid extract

Tricyclic antidepressants
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protein-containing foods, in which amines are produced
by bacterial decarboxylation of amino acids. When these
‘‘indirectly acting’’ amines are ingested, they are normally
destroyed by MAO in the intestine or liver; however,
after treatment with a MAO inhibitor they gain access
to the systemic circulation, resulting in release of nora-
drenaline from sympathetic nerve terminals. If the
amount ingested is sufficient, symptoms similar to those
of pheochromocytoma occur, with a paroxysmal increase
in blood pressure, sudden severe occipital headache, and
cardiac irregularities. In rare instances, fatal cerebral
hemorrhage or cardiac failure have occurred. The actions
of MAO inhibitors on non-specific hepatic drug-metabo-
lizing enzymes potentiate the effects of a large number of
drugs, including narcotic analgesics, barbiturates, and
anesthetics. This can complicate elective or emergency
surgery in patients taking these antidepressants, with
occasional fatal results.
A cause-and-effect relation for interactions between

non-selective MAO inhibitors and other substances is
often difficult to establish, for two reasons (49). First,
MAO inhibitors act by forming an irreversible bond
with an enzyme that is continuously being resynthesized.
The degree of enzyme inhibition therefore varies with the
dosage and duration of treatment, and can persist to some
degree for up to 2 weeks after withdrawal. Secondly, any
protein food that contains decarboxylating bacteria can
convert amino acids to amines such as tyramine, phenyl-
ethylamine, and histamine, and the amine composition of
foodstuffs is variable and unpredictable; for example,
identical-looking pieces of cheese can vary 100-fold in
tyramine content. The diversity and number of substances
(listed in Table 2) and unpredictability in the occurrence
of adverse effects have contributed to the unpopularity of
the MAO inhibitors as therapeutic agents.
Two facts simplify the understanding and use of these

drugs.

(1) The interactions listed in Table 2 fall into three cate-
gories:

(a) hypertensive crisis due to the release and potentia-
tion of catecholamines similar to that experienced
in pheochromocytoma;

(b) a serotonin syndrome, caused by excess serotonin
availability in the nervous system;

(c) exacerbation or prolongation of the normal actions
of the object drug (sedation or coma due to alco-
hol, anesthetics, or opioid analgesics; atropine-like
central toxicity due to tricyclic antidepressants).

The consequences of the hypertensive interaction are
variable. Many individuals remain unaware of rela-
tively minor increases in blood pressure. However, if
the rise is large and rapid (an increase of 30 mmHg or
more in systolic pressure within 20 minutes), the
patient experiences a sudden severe occipital head-
ache and palpitation, which may be associated in rare
instances with subarachnoid hemorrhage or cardiac
failure, if the cerebral vasculature or cardiac muscu-
lature are already weakened.

The serotonin syndrome is characterized by three or
more of the following symptoms: confusion, hypoma-
nia, agitation, myoclonus, hyper-reflexia, hyperther-
mia, shivering, sweating, ataxia, and diarrhea (50). It
is most often seen in patients taking a combination of
drugs that increase serotonin availability by different
mechanisms. Drug combinations that have been
reported to cause the serotonin syndrome have been
reviewed and the pathophysiology of the syndrome
discussed (45). It is probably mediated by stimulation
of 5-HT2 receptors. In most reported cases the drug
combination associated with the syndrome included a
MAO inhibitor (see Table 2). The syndrome is rare,
although it has been reported more often during the
past few years, and is often due to a combination of a
MAO inhibitor and a selective serotonin re-uptake
inhibitor. In most cases the symptoms are mild and
resolve rapidly after drug withdrawal and supportive
therapy. It must, however, be borne in mind that this
syndrome can be fatal, and if combinations of seroto-
nergic drugs are used they should be used with great
caution.

(2) A second factor that can improve the use of these
drugs is adequate patient education. Patients must be
aware of the name and nature of the drug they are
taking and its potential to interact with proscribed
foods and prescribed or over-the-counter medica-
tions. In addition, patients should understand what
symptoms to expect when an interaction occurs,
such as unexpected drowsiness (after alcohol or
other drugs) or a sudden severe headache (within
2 hours of a meal or medication). Because of the
many variables involved, foods or medications that
are taken with impunity on one occasion can interact
dangerously on another. The director of a British
counselling service has reported that of 119 patients
taking MAO inhibitors who experienced problems,
35 reported hypertensive crises, 4 fatal (51). Despite
warnings, these patients had eaten amine-containing
foodstuffs or taken over-the-counter cold remedies.
MAO inhibitors should not be prescribed unless the
patient is able to understand such instructions and
repeat them after explanation; compliance can be
confirmed at subsequent inquiry. Those who take
multiple medications, who have difficulty with com-
prehension or compliance (such as the elderly), or
who are frightened by such explanations should not
be given these drugs.The management of a patient
who experiences these drug interactions depends on
their nature. For symptoms due to exacerbation or
prolongation of drug effects, specific or supportive
measures (cardiovascular or respiratory) may be indi-
cated. In the case of a hypertensive crisis, symptoms
usually abate within 1–2 hours, as the blood pressure
falls. If hypertension is seen early, or if it persists or
recurs, it can be treated with parenteral phentolamine
or chlorpromazine, but the danger of causing hypo-
tension should be weighed carefully.The combination
of central nervous system stimulants with MAO inhi-
bitors in treatment-resistant depressed patients has
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been reported (52). However, this use should be
restricted to patients in whom there is careful mon-
itoring by specialists, because of the potential for
hypertensive crisis.

Araliaceae

Interactions of antidepressants with herbal medicines
have been reported (53). Ginseng has been reported to
cause mania, tremor, and headache when used in combi-
nation with conventional monoamine oxidase inhibitors.

Buspirone

The combination of buspirone with a MAO inhibitor can
cause the serotonin syndrome (54).
Buspirone interacts with monoamine inhibitors and can

cause the serotonin syndrome (55).

Chlorpromazine

Hyperthermia and labile blood pressure occurred in a
patient taking chlorpromazine, phenelzine, and clomipra-
mine (56).

Cocaine

The combination of monoamine oxidase inhibitors with
cocaine can cause hyperpyrexia (57).

Dextromethorphan

A possible interaction between dextromethorphan and
the monoamine oxidase inhibitor isocarboxazid has been
described, with myoclonic jerks, choreoathetoid move-
ments, and marked urinary retention (58).
Individuals who take monoamine oxidase inhibitors are

at increased risk of serotonergic adverse effects, as well as
the narcotic adverse effects of coma and respiratory
depression (58,59)
Four subjects had markedly reduced O-demethylation

of dextromethorphan after they had taken moclobemide
300 mg bd for 9 days (60). N-demethylation was not
affected. This result supports the hypothesis that moclo-
bemide or a metabolite reduces the activity of the cyto-
chrome enzyme CYP2D6. The clinical implications of this
particular interaction remain to be clarified.

Etamivan

Etamivan is contraindicated in patients taking MAO inhi-
bitors (61).

Fenfluramine

Fenfluramine can produce an acute confusional state if it
is given together with a MAO inhibitor (SED-9, 9).

Fentanyl

There is a risk of hypertension, tachycardia, hyperpyrexia,
and coma with the concurrent administration of opioids
and monoamine oxidase inhibitors (SEDA-19, 83).

Fluoxetine

The problem of the long half-life of fluoxetine, which
leads to interactions with MAO inhibitors, even after
withdrawal, has been discussed previously (SEDA-13,
12), and caused the manufacturer to circulate a warning
to that effect.
Pseudopheochromocytoma, with hypertension, palpita-

tion, and headache, has been reported in a patient taking
fluoxetine and selegiline (SEDA-18, 23).

Ginseng

Interactions of antidepressants with herbal medicines
have been reported (62). Herbal medicines are widely
used for their psychotropic properties and patients some-
times take herbal formulations in addition to conven-
tional psychotropic drugs, such as antidepressants.
Ginseng has been reported to cause mania, tremor, and
headache in combination with conventional MAO inhibi-
tors.

Isoniazid

Isoniazid inhibits MAO, and during isoniazid treatment
the ingestion of several kinds of cheese can cause flushing,
palpitation, tachycardia, and increased blood pressure
(63). Similar symptoms occur with isoniazid after the
ingestion of skipjack fish (Thunnidae) (63). The symp-
toms, notably headache, palpitation, erythema, redness
of the eyes, itching, diarrhea, and wheezing, are thought
to be caused mainly by the high histamine content of this
fish. The undesirable effects that occur when MAO inhi-
bitors are taken together with isoniazid resemble the
symptoms seen after the simultaneous ingestion of these
foods.
Isoniazid inhibits monoamine oxidase, and hence

reduces tyramine metabolism; this effect is enhanced by
co-administration of other monoamine oxidase inhibitors
(64).

Lithium

Interactions of lithium with antidepressants have been
reviewed: tricyclic antidepressants and MAO inhibi-
tors—no serious problems; SSRIs—a few reports of the
serotonin syndrome (65).

Lysergide

Chronic administration of a monoamine oxidase inhibitor
causes a subjective reduction in the effects of LSD, per-
haps due to differential changes in central serotonin and
dopamine receptor systems (66).

Nefazodone

Co-administration of nefazodone with a MAO inhibitor
or SSRI can cause the serotonin syndrome (67).

Neuroleptic drugs

Additive hypotensive effects can occur when a MAO
inhibitor is combined with an antipsychotic drug (68).
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However, the combination can be beneficial in treating
the negative symptoms of schizophrenia (69).

Opioid analgesics

Opioid analgesics interact with non-selective monoamine
oxidase inhibitors, causing nervous system excitation and
hypertension (70). These interactions have been reviewed
(SEDA-18, 14).
Concomitant use of some opioid analgesics, such as

pethidine or dextropropoxyphene, with the selective
monoamine oxidase inhibitors selegiline and moclobe-
mide can enhance their nervous system toxicity (71).
Dextromethorphan is metabolized by CYP2D6 to dex-

trorphan, which binds to phencyclidine receptors and is
thought to account for the toxic effects of hallucinations,
tachycardia, hypertension, ataxia, and nystagmus.
Individuals who are slow metabolizers, those who take
long-acting dextromethorphan formulations, and those
who take serotonin re-uptake inhibitors or MAO inhibi-
tors are at increased risk of adverse effects.
Opioids interact with monoamine oxidase inhibitors,

causing CNS excitation and hypertension (72).

Phenylephrine

Patients taking medications with pressor effects, such as
MAO inhibitors, tricyclic antidepressants, and anticholi-
nergic agents, should be monitored closely if phenylephr-
ine is used (SEDA-16, 542).

Selective serotonin re-uptake inhibitors (SSRIs)

Monoamine oxidase inhibitors, including reversible inhi-
bitors of monoamine oxidase types A and B, can cause a
serotonin syndrome when they are combined with SSRIs
(SEDA-17, 23) (SEDA-18, 22) (73).

Sumatriptan

On theoretical grounds sumatriptan should not be used
with a MAO inhibitor (74).

Trazodone

Trazodone is related to nefazodone but probably potenti-
ates 5-HT neurotransmission less. Trazodone is often
added to MAO inhibitors and SSRIs at low doses (50–
150 mg/day) as a hypnotic, but such combinations can
rarely provoke the serotonin syndrome.

� The serotonin syndrome occurred in a 60-year-old
woman when the addition of trazodone 50 mg/day to
nefazodone 500 mg/day caused confusion, restlessness,
sweating, and nausea after the third day of treatment
(75). The symptoms settled quickly on withdrawal of
both antidepressants.

Tricyclic antidepressants

The interactions of tricyclic antidepressants with MAO
inhibitors are so dangerous that they constitute a formid-
able barrier to their combined clinical use. The tempta-
tion to treat refractory patients with this combination is
great, but considerable care should be taken (76,77), and

it should be remembered that there is no firm proof of the
superiority of such combinations. Several reviewers (78–
80) have concluded that the dangers of these interactions
have been overstated and the potential therapeutic
advantages underestimated. On the other hand, reports
of serious and fatal complications continue to appear
(81,82). Specialists have advised that the combination of
an MAO inhibitor with trimipramine or amitriptyline is
usually safe, but that imipramine and clomipramine must
be avoided.

Venlafaxine

There have been previous reports of serotonin toxicity
when venlafaxine was combined with therapeutic doses
of conventional MAO inhibitors (SEDA 20, 21). The
serotonin syndrome has been reported in four patients
who were switched from the MAO inhibitor phenel-
zine to venlafaxine (83). In two of the subjects, the 14-
day washout period recommended when switching
from phenelzine to other antidepressant drugs had
elapsed.

� A 25-year-old woman had been taking phenelzine
45 mg/day for refractory migraine and tension head-
ache, but suffered intolerable adverse effects (weight
gain, edema, and insomnia). Phenelzine was withdrawn
and 15 days elapsed before she took a single dose of
venlafaxine 37.5 mg. Within 1 hour she developed agi-
tation, twitching, shakiness, sweating, and generalized
erythema with hyperthermia (38�C). Her symptoms
resolved within 3 hours with no sequelae.

These cases suggest that even after the recommended 2-
week washout from MAO inhibitors, venlafaxine can
provoke serotonin toxicity in some patients. In principle
it should be possible to switch from one conventional
MAO inhibitor to another without a washout period.
However, there have been reports that patients who
switched from phenelzine to tranylcypromine had hyper-
tensive reactions, with disastrous consequences (84).
Whenever possible, a 2-week washout period when
switching MAO inhibitors or when introducing serotonin
re-uptake inhibitors seems advisable.
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Brofaromine

General Information

Brofaromine is a selective inhibitor of monoamine oxi-
dase (MAO) type A. In an open study in endogenous
depression, adverse effects were reported in nine of 51
patients; these included dry mouth, dizziness, tremor,
hypomania, anxiety, and memory problems (SEDA-17,
16).
A randomized comparison of brofaromine with imi-

pramine in inpatients with major depression showed
that brofaromine was as effective as imipramine in the
treatment of major depression but had a different
adverse effects profile (1). Brofaromine was more likely
to cause sleep disturbances but lacked the anticholiner-
gic and certain cardiovascular adverse effects of imipra-
mine.
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Iprindole

General Information

Iprindole is a 6,5,8 tricyclic compound, whose first two
rings form an indole nucleus (SED-7, 27). It is of some
theoretical interest, in that it is weak in its action on the
amine pump mechanism. Adverse effects are reported as
being similar to those of other tricyclic antidepressants
(1,2).

Organs and Systems

Liver

The major adverse effect of serious concern has been
jaundice. A review of 21 cases of liver damage during
iprindole treatment showed that the onset was at 4–21
days after starting treatment (3). Recovery was rapid
after withdrawal. Liver biopsy showed predominantly
cholestasis. This complication seems to be similar to that
seen after chlorpromazine. In one instance (4), jaundice
was accompanied by a marked eosinophilia of 30% and
laboratory signs suggesting some hepatocellular damage
as well. Jaundice promptly recurred when the drug was
re-administered. All the features of this case suggested an
allergic reaction.
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Moclobemide

General Information

Moclobemide was the first selective inhibitor of monoa-
mine oxidase (MAO) type A to become commercially
available. It binds reversibly to the enzyme, considerably
shortening the duration of its effect. Both of these char-
acteristics reduce the risk of hypertensive crisis (1,2).
The adverse effects of moclobemide have been well

reported in several studies, mainly comparisons of moclo-
bemide with standard antidepressants. The consensus has
been that moclobemide produces fewer anticholinergic
effects and less orthostatic hypotension and dizziness
than clomipramine or imipramine. The main problems

reported early on were insomnia, agitation, and paresthe-
sia (3–9). The most common adverse effects in controlled
trials have been insomnia and nausea (SEDA-18, 15).
In a multicenter comparison of moclobemide, amitrip-

tyline, and placebo, gastrointestinal discomfort, head-
ache, and dizziness occurred in over 20% of
moclobemide-treated patients; insomnia was also com-
mon (10). In healthy volunteers there were no effects of
moclobemide on psychomotor performance. Acute con-
fusion and agitation was reported in one patient who
dropped out of a clinical trial owing to this adverse effect
(SEDA-16, 7). Hypomania was attributed to moclobe-
mide in two cases (SEDA-17, 16). Aggressive behavior
and mild manic symptoms were described in severely
depressed patients, refractory to other treatments, who
took moclobemide (SEDA-18, 15).
In a controlled multicenter study of 115 in-patients with

relatively severe depression, moclobemide was better tol-
erated but had a weaker therapeutic effect than clomipra-
mine. Nine of the patients taking moclobemide withdrew
owing to worsening of depression and suicidality,
although it is possible that the dosage of moclobemide
(400 mg/day) was inadequate (SEDA-18, 15).

Organs and Systems

Cardiovascular

There have been two reports of single cases of a rise in
blood pressure after moclobemide: in one there was a
40 mmHg increase in systolic pressure after one dose
only (8), while the other report referred only to ‘‘episodes
of hypertension’’ without further comment (4).
Interactions were not suggested in either case.
In a prospective drug utilization study in 13 741

patients who received the reversible type A MAO inhi-
bitor moclobemide in a variety of settings, including
general practice, psychiatric out-patients, and psychiatric
in-patients, there were few episodes of hypertension
(0.11%; 95% CI = 0.06, 0.18%) or hypotension (0.04%;
95% CI = 0.02, 0.10%) and episodes were mostly asso-
ciated with underlying cardiovascular disease (11).
These findings suggest that moclobemide in usual ther-
apeutic doses carries a low risk of producing significant
changes in blood pressure relative to conventional
MAO inhibitors.

Endocrine

A number of antidepressant drugs, particularly SSRIs,
can increase plasma prolactin concentrations, although
galactorrhea is uncommon. In a prescription event mon-
itoring survey of about 65 000 patients, compared with
SSRIs, moclobemide was associated with a relative risk of
galactorrhea of 6.7 (95% CI = 2.7, 15) (12). However, this
was substantially less than the risk associated with the
dopamine receptor antagonist risperidone (relative risk
compared with SSRIs 32; 95% CI = 14, 70).
Nevertheless, the data suggest that moclobemide may be
more likely to cause galactorrhea than other antidepres-
sant drugs.
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Liver

Hepatotoxicity has been associated with moclobemide,
including fatal intrahepatic cholestasis in an 85-year-old
woman 7 days after switching to moclobemide from fluox-
etine (13).

Sexual function

Most conventional antidepressants lower sexual desire
and performance. However, the reversible type A selec-
tive MAO inhibitor moclobemide produced intense
pathological sexual desire in three men with organic
brain disease (two with strokes and one with idiopathic
Parkinson’s disease) (14). In one man, the hypersexuality
was associated with features of pathological jealousy in a
paranoid state, but in the other two increased sexuality
was an isolated symptom. One of these patients, who had
been impotent after the stroke, resorted to telephone sex
services, a most uncharacteristic behavior for him. In all
cases, the hypersexuality remitted when moclobemide
was withdrawn. There have been two previous case
reports of moclobemide-induced hypersexuality in
women without organic brain disease. This must be a
rare adverse effect, but it is possible that in the cases
reported here the organic brain disease may have con-
tributed.
There are many other ways in which SSRIs can inter-

fere with sexual function, for example by causing loss of
sexual interest and erectile difficulties. In an open, pro-
spective study of 1000 Spanish patients taking a variety of
antidepressants, there was an overall incidence of sexual
dysfunction of 59% (15). The highest rates, 60–70%, were
found with SSRIs (including fluvoxamine) and venlafax-
ine. The lowest rates were found with mirtazepine (24%),
nefazodone (8%), and moclobemide (4%). Spontaneous
resolution of this adverse effect was uncommon – 80% of
subjects had no improvement in sexual function over 6
months of treatment.

Second-Generation Effects

Lactation

Moclobemide was measured in the milk and plasma of six
nursing mothers after single oral doses of moclobemide
300 mg, 3–5 days after delivery (16). The milk plasma
ratio was 0.72 and the estimated dose of moclobemide
to the infant was at most 1.2% of the weight-adjusted
maternal dose.

Drug Administration

Drug overdose

Overdoses of moclobemide alone have been considered
less toxic than overdoses of tricyclic antidepressants.
Intoxication with moclobemide (0.95–2 g) produced
symptoms of drowsiness, disorientation, and hyporeflexia
(17,18). Fatal moclobemide overdose when the compound
is taken alone is extremely rare (19).

However, if patients take moclobemide together with
serotonergic antidepressants, such as SSRIs or clomipra-
mine, 5-HT toxicity is common. 5HT toxicity occurred in
11 of 21 patients who took overdoses of moclobemide and
serotonergic agents but in only one of 33 patients who
took moclobemide alone (20). Consistent with this, four
patients died, presumably of 5HT toxicity, after co-ingest-
ing 3,4-methylenedioxymethamphetamine (MDMA,
ecstasy) and moclobemide (21). Massive ingestion of
moclobemide (over 30 g) also appeared to be responsible
for death in a suicide attempt in a 48-year-old man (22).
The blood concentration of moclobemide measured at
post mortem (498 mg/ml) was about 500 times the usual
target concentration (0.2–2.1 mg/ml). Post-mortem find-
ings were non-specific, but the authors concluded that
death might have been due to the serotonin syndrome.

Drug–Drug Interactions

Alprazolam

A 44-year-old man developed the serotonin syndrome
after taking moclobemide and alprazolam for 1 year
(23). The symptoms developed after 4 days of extreme
heat, which was thought to have contributed.

Citalopram and clomipramine

Five fatal cases of serotonin syndrome after combined
overdoses of moclobemide with citalopram and moclobe-
mide with clomipramine have been reported (SEDA-18,
16). Several cases of this syndrome have been reported in
patients taking moclobemide with drugs that potentiate
serotonin function (24–31).

Co-beneldopa

In healthy subjects given co-beneldopa and moclobemide,
no hypertension was noted, but the combination was
poorly tolerated, headache and insomnia commonly
being reported (SEDA-18, 16).

Dextromethorphan

Four healthy volunteers taking moclobemide (600 mg/
day for 9 days) had reduced clearance of dextromethor-
phan, a marker of hepatic CYP2D6 activity (32). These
findings suggest that at the higher end of its therapeutic
dosage range, moclobemide inhibits the metabolism
of drugs that are substrates for CYP2D6, for example
antipsychotic drugs and tricyclic antidepressants
(SEDA-14, 22).

Indirect sympathomimetics

Moclobemide increased the pressor effect of ephedrine in
healthy volunteers, who also had more adverse effects
including light-headedness and palpitation (SEDA-18,
16). Thus, moclobemide can potentiate the effect of indir-
ect sympathomimetics; such combinations should be used
with caution.

88 Moclobemide

ª 2009 Elsevier B.V. All rights reserved.



Rizatriptan

Rizatriptan is a 5-HT1B/1D receptor agonist that is meta-
bolized by MAO type A. In 12 young healthy volunteers,
moclobemide (300 mg/day for 4 days) potentiated the
hypertensive effect of acute rizatriptan (10 mg orally)
(33). This was associated with a significant increase in
the AUC of rizatriptan and its N-monodesmethyl meta-
bolite (by 2.2 and 5.3 times respectively). The authors
suggested that moclobemide and rizatriptan should not
be given together.

Selegiline

Patients taking moclobemide can usually eat a normal
diet, since there is no significant potentiation of tyramine.
However, the combination in high doses (20 mg or more)
of selegiline and moclobemide potentiates the pressor
effects of tyramine (presumably because of simultaneous
inhibition of both MAO type A and MAO type B), and a
tyramine-free diet is needed if the two drugs are used
together (SEDA-20, 6).

SSRIs

The combination of conventional MAO inhibitors with
serotonin-potentiating agents, such as SSRIs, is contra-
indicated, because of the risk of the serotonin syndrome.
Moclobemide may be less likely to cause this interaction,
although both case reports and clinical series have sug-
gested that some patients have suffered significant
adverse effects consistent with serotonin toxicity
(SEDA-20, 6) (SEDA-21, 10). After steady-state therapy
with the SSRI fluoxetine (20–40 mg/day for 23 days), 12
subjects took fluoxetine plus moclobemide (600 mg/day)
and 6 took fluoxetine and placebo (34). There was no
difference in the rates of adverse effects between the
two groups and no evidence of serotonin toxicity,
although fluoxetine inhibited the metabolism of moclobe-
mide. The authors suggested that patients can be safely
switched from fluoxetine to moclobemide without the
need for the currently advised 5-week washout (which is
necessary to allow the long-acting fluoxetine metabolite,
norfluoxetine, to be eliminated). However, case reports
have suggested that some patients can develop serotonin
toxicity when moclobemide is combined with SSRIs
(26,27,31) or clomipramine (29), so great caution is still
needed in clinical practice. Overdoses of moclobemide
and SSRIs can cause serious and sometimes fatal seroto-
nin toxicity (SEDA-18, 16).

Tyramine

Moclobemide in conventional doses (300–600 mg/day)
does not significantly potentiate the pressor effects of
oral tyramine, and special dietary restrictions are there-
fore not usually necessary. However, higher doses of
moclobemide are sometimes used to treat patients with
resistant depression. Moclobemide 900 mg/day and
1200 mg/day have been compared with placebo in 12
healthy volunteers (35). Neither dose of moclobemide
significantly potentiated the pressor effect of 50 mg of

tyramine, which has been estimated to be the upper
limit of dietary tyramine content, even of large meals
containing substantial amounts of cheese. However, one
subject taking moclobemide 1200 mg/day had an increase
in systolic blood pressure of over 30 mmHg. Individuals
have rather different sensitivities to the pressor effects of
oral tyramine challenge, and the number studied in this
series was small. Accordingly, clinical extrapolation might
not be straightforward. Patients taking conventional
doses of moclobemide are sometimes advised to restrict
their intake of cheese or other tyramine-containing foods,
and this advice is clearly prudent if subjects take higher
doses.

Venlafaxine

Interactions of moclobemide with venlafaxine, a potent
serotonin re-uptake inhibitor, have been reported (27,36).

� A 34-year-old man took 2.625 g of venlafaxine (ther-
apeutic dose 75–375 mg/day) and 3 g of moclobemide,
plus an unknown amount of alcohol 1 hour before
being admitted to hospital. Within 20 minutes of arri-
val his conscious level deteriorated and he had
increased muscle tone, with clonus in all limbs. He
was treated with intubation, paralysis, and ventilation,
and sedated with midazolam and morphine. He
regained consciousness after 2 days.

This case report confirms the serious consequences of
combined overdosage of moclobemide with drugs that
potentiate brain serotonin function (see also the mono-
graph on SSRIs).
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Phenelzine

General Information

Phenelzine is a non-selective monoamine oxidase (MAO)
inhibitor.

Organs and Systems

Nervous system

A potential risk of using a non-selective inhibitor in
patients with Parkinson’s disease is illustrated by separate
reports of the appearance of parkinsonism in patients
taking phenelzine (1,2).

� Speech blockage, so called, has been reported in a 34-
year-old woman who had taken phenelzine 45 mg/day
for 2 months (3). The adverse effect disappeared on
withdrawal and did not recur when her depression was
successfully treated with maprotiline 175 mg/day.

Psychological, psychiatric

In a carefully controlled 3-week comparison of phenelzine
(up to 90 mg/day, mean 77 mg) and imipramine (up to
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150 mg/day, mean 139 mg), four patients developed anti-
social behavior, three overt paranoid psychosis, and one a
hypertensive crisis, despite all precautions to avoid inter-
acting foods and drugs (4).
There has also been a report of delusional parasitosis

with phenelzine (SEDA-17, 14).
Dose-related visual hallucinations have been reported

in a patient with macular degeneration taking phenelzine
(the Charles Bonnet syndrome); the authors discussed the
possibility that deprivation-induced visual phenomena
had been intensified by increased central monoamine
concentrations (5).

Nutrition

Authors who reported a case of carpal tunnel syndrome
due to pyridoxine deficiency in a patient taking tranylcy-
promine (SEDA-9, 21) later collected data (6) on six
patients taking phenelzine (up to 75 mg/day for up to 4
months). All developed low concentrations of pyridoxine
and a variety of symptoms, including numbness, paresthe-
sia, and edema of the hands, as well as an ‘‘electric shock’’
sensation in the head, neck, and arms. The symptoms
resolved completely after the addition of pyridoxine
150–300 mg/day to the treatment regimen.

Hematologic

Leukopenia and agranulocytosis are well-recognized
complications of treatment with tricyclic antidepressants
and have been reported with some second-generation
compounds. In a report of leukopenia in a patient taking
phenelzine, attention was drawn to five other unpublished
cases and to previous published reports involving isocar-
boxazid, tranylcypromine, and tryptamine (7).

Long-Term Effects

Drug withdrawal

In a study of the use of phenelzine in continuation therapy
after recovery from an acute episode of depression,
relapse rates were higher in patients subjected to tapered
withdrawal than in those who continued taking the ther-
apeutic dose (8).
In a study of the effects of sudden drug withdrawal in 34

patients taking phenelzine and 17 taking tricyclic antidepres-
sants who had been treated for a mean duration of over 9
months, depressed patients taking phenelzine had signifi-
cantly more symptoms than depressed patients taking tricyc-
lic antidepressants, and a third of them relapsed, compared
with a quarter taking the tricyclic (9). At 3 months follow-up
47% of the patients taking phenelzine had resumed treat-
ment compared with 23% taking the tricyclic. An attempt to
distinguish between withdrawal symptoms and relapse on
the basis of the rapidity and severity of symptoms was
unsuccessful, but about a third of the patients in both groups
developed new symptoms of adrenergic hyperactivity,
including anxiety and perceptual disturbances.
Acute psychotic symptoms have been reported in two

young women shortly after withdrawal of long-term phe-
nelzine 90 mg/day (10).

Tumorigenicity

A single case of angiosarcoma in the liver has been
reported in a patient taking phenelzine (11); similar
tumors have occurred in mice treated with phenelzine.

Drug–Drug Interactions

Amantadine

A possible hypertensive interaction of phenelzine with
amantadine in Parkinson’s disease has been reported
(SEDA-10, 17).

Clonazepam

A flushing reaction has been associated with an interac-
tion of phenelzine with clonazepam (SEDA-17, 17).

Suxamethonium

Phenelzine, a monoamine oxidase inhibitor, has been
reported to cause significant prolongation of suxametho-
nium paralysis due to depressed plasma cholinesterase
levels (to about 10% of normal). Recovery of plasma
cholinesterase activity took 2 weeks (13).

Venlafaxine

There have been reports of serotonin toxicity when ven-
lafaxine was combined with therapeutic doses of conven-
tional MAO inhibitors (SEDA-20, 21). The serotonin
syndrome has been reported in four patients who were
switched from the MAO inhibitor phenelzine to venlafax-
ine (12). In two of them, the 14-day washout period
recommended when switching from phenelzine to other
antidepressant drugs had elapsed.

� A 25-year-old woman, who had taken phenelzine
(45 mg/day) for refractory migraine and tension head-
ache, suffered intolerable adverse effects (weight gain,
edema, and insomnia). Phenelzine was withdrawn and
15 days elapsed before she took a single dose of
37.5 mg of venlafaxine. Within 1 hour she developed
agitation, twitching, shakiness, sweating, and general-
ized erythema with hyperthermia (38�C). Her symp-
toms resolved within 3 hours with no sequelae.

This suggests that even after the recommended 2-week
washout from MAO inhibitors, venlafaxine can provoke
serotonin toxicity in some patients.
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Toloxatone

General Information

Like moclobemide, toloxatone, a selective and reversible
inhibitor of monoamine oxidase type A, is thought to be
relatively safe in combination with sympathomimetics
(SEDA-18, 16). However, sweating, tachycardia, and
headache have been reported when terbutaline was
added to toloxatone and phenylephrine (SEDA-18, 16).
In healthy volunteers, doses up to 600 mg/day did not
produce hypertensive reactions on challenge with oral
tyramine (SEDA-17, 17). Two fatal cases of fulminant
hepatitis have been reported (SEDA-16, 7).
Interactions with toloxatone are similar to those with

moclobemide (1).
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Tranylcypromine

General Information

Tranylcypromine is a non-hydrazine monoamine oxidase
(MAO) inhibitor with actions and uses similar to those of
phenelzine, but with less prolonged inhibition. Its half-life
is 90–190 minutes. It is structurally related to amfetamine,
to which it is metabolized in overdose (1).

Long-Term Effects

Drug abuse

Four cases of addiction to tranylcypromine have been
described, in addition to the three reported since 1965 (2).
The dosage was 150–300 mg/day. Themild euphoriant prop-
erties of tranylcypromine reflect its structural resemblance
to amfetamine, and probably account for tolerance and
addiction in predisposed individuals. Tranylcypromine
abuse in 18 patients has been reviewed (3), and two further
reports have appeared (SEDA-17, 17) (4). In one case (5),
the patient took 440 mg/day without any adverse effects.
The patient reported that she was longing for the ‘‘energiz-
ing’’ effect of the drug and for the feeling of ‘‘freedom and
power.’’ Withdrawal resulted in repeated generalized sei-
zures and status epilepticus.

Susceptibility Factors

Hepatic disease

A carefully controlled study showed that patients with
impaired liver function are especially sensitive to tranyl-
cypromine, sometimes developing obtunded conscious-
ness and slow electroencephalograms similar to those
found in hepatic encephalopathy (6).

Drug Administration

Drug overdose

The fatal effects of antidepressants in England, Scotland, and
Wales during 1975–1984 and 1985–1989 have been compared
in retrospective epidemiological studies (7,8). There were 24
deaths due to tranylcypromine, the fatality index for which
was significantly higher than themean for all antidepressants,
while that for the other MAO inhibitors was lower.
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OTHER ANTIDEPRESSANTS

General Information

The newer antidepressants that have followed the mono-
amine oxidase inhibitors and tricyclic antidepressants are
listed in Table 1. Most of them are covered in separate
monographs. They have a wide variety of chemical struc-
tures and pharmacological profiles, and are categorized as
‘‘second generation’’ antidepressants purely for conveni-
ence. Although these drugs are widely considered to be as
effective as each other and as any of the older com-
pounds, they have different adverse effects profiles. No
new antidepressant has proven to be sufficiently free of
adverse effects to establish itself as a routine first line
compound; some share similar adverse effects profiles
with the tricyclic compounds, while others have novel or
unexpected adverse effects. Complete categorization of
each compound will rest on wide-scale general use
beyond the artificial confines of clinical trials. This also
includes the experience that accumulates from cases of
overdosage, which cannot be anticipated before a new
drug is released. The selective serotonin reuptake inhibi-
tors are dealt with as a separate group, since they have
many class-specific adverse effects.

Amfebutamone (bupropion)

General Information

Amfebutamone is an amphetamine-like drug. It is struc-
turally and pharmacologically distinct from other antide-
pressants, and apparently enhances both dopamine and
noradrenaline function in the brain (SEDA-8, 18)
(SEDA-10, 20).
Amfebutamone is used to encourage smoking cessation

and in some countries as an antidepressant. In some
respects its adverse effects profile is similar to that of
the SSRIs: insomnia, agitation, tremor, and nausea are
most often reported.
Randomized controlled trials have shown that amfebu-

tamone is less likely to cause sexual dysfunction than
SSRIs (1,2), unlike SSRIs, which gives it an important
advantage in some patients.
Amfebutamone has been used as an antidepressant for

many years in the USA and Canada and is now licensed in
Europe for smoking cessation. There has been concern
about the number of serious adverse reactions associated

Table 1 Second-generation antidepressants (rINNs except where stated)

Compound Structure Comments

Amfebutamone

(bupropion)

Aminoketone Modulates dopaminergic function

Increased risk of seizures in high doses

Duloxetine Aryloxypropremine Inhibitor of serotouin and noradrenaline reuptake

Maprotiline Tetracyclic Strong inhibitory effect on noradrenaline uptake

Skin rashes (3%)

Increased incidence of seizures in overdose

Similar adverse effects profile to tricyclic compounds

Mianserin (pINN) Tetracyclic Sedative profile

Increased incidence of agranulocytosis

Possibly safer in overdose

Fewer cardiac effects

Milnacipran Tetracyclic Inhibitor of serotonin and noradrenaline reuptake

Mirtazapine Piperazinoazepine Noradrenergic and specific serotonergic antidepressant (NaSSA); similar to

mianserin

Nefazodone Phenylpiperazine Weak serotonin reuptake inhibitor

Blocks 5-HT2 receptors

Chemically related to trazodone

Reboxetine Morpholine Selective noradrenaline reuptake inhibitor (NRI or NARI)

Trazodone Triazolopyridine Weak effect on serotonin uptake

Blocks 5-HT2 receptors

Fewer peripheral anticholinergic properties

Sedative profile

Tryptophan Amino acid Precursor of serotonin

Eosinophilia-myalgia syndrome

Venlafaxine Bicyclic; cyclohexanol Serotonin and noradrenaline uptake inhibitor

Nausea, sexual dysfunction, and cardiovascular adverse effects

Viloxazine Bicyclic Fewer anticholinergic or sedative effects and weight gain

Causes nausea, vomiting, and weight loss

Can precipitate migraine
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with amfebutamone, with particular emphasis on the risk
of seizures. Deaths have also been reported from myocar-
ditis and liver failure (3). A problem in determining the
role of amfebutamone in these adverse effects is that it is
prescribed for heavy smokers who are at risk of serious
co-morbid disorders, particularly cardiovascular and
respiratory disease. However, it has been clear for some
time that the use of amfebutamone is associated with an
increased risk of seizures, though this is less with the
modified-release formulation (SEDA-23, 20).

Organs and Systems

Cardiovascular

The UK Committee on Safety of Medicines has received
over 200 reports of chest pain in patients taking amfebu-
tamone, and a case of myocardial infarction has been
reported.

� A 43-year-old man who had smoked up to 20 cigarettes
daily for several years and had a family history of heart
disease was given amfebutamone and stopped smoking
after reaching the recommended dose (300 mg/day)
(4). Three days later he developed central chest and
arm pain and 1 day later stopped taking amfebuta-
mone. Three days after this he developed classical
symptoms of acute inferoposterolateral myocardial
infarction. He was treated with thrombolytic therapy
and discharged taking secondary prevention therapy.

It is difficult to know how far amfebutamone might have
contributed to this acute cardiac event. However, conti-
nuing vigilance and case-control studies are warranted.

Nervous system

The main concern with the use of amfebutamone is that in
higher dosages it is associated with a risk of seizures
(0.4%). Early in 1986, advertising began to appear in
advance of the expected release of amfebutamone in the
USA. Abruptly, in March, distribution was halted
because of reports of seizures in patients with bulimia.
Although the risk is greater than that seen with SSRIs
(about 0.1%), data have suggested that amfebutamone
has approximately the same seizure potential as the tri-
cyclic compounds (SEDA-8, 30). However, a higher sei-
zure risk for amfebutamone than for tricyclic
antidepressants has been reported in patients taking
amfebutamone in doses over 450 mg/day (SEDA 17,
21). Furthermore, the manufacturers have noted an
increased risk of seizures in patients taking over 600 mg/
day in combination with lithium or antipsychotic drugs
(SEDA-10, 20).
Of 279 patients who presented to a hospital emergency

service between 1994 and 1998 with a first tonic-clonic
seizure, 17 (6.1%) had seizures that were thought to be
drug-related (5). The most common drug-induced causes
were cocaine intoxication (6/17) and benzodiazepine
withdrawal (5/17) followed by amfebutamone use (4/17).
While one amfebutamone-associated seizure occurred in
a 26-year-old woman without any other risk factors, the

three other patients (all women) had additional risk fac-
tors, such as concomitant treatment with antidepressants
that also lower seizure threshold and a history of bulimia
nervosa. These results suggest that amfebutamone is not
an infrequent cause of de novo seizures. However,
because of the time frame of the study, many of the
patients would have been taking standard-release amfe-
butamone. It would be of interest to repeat the study now
that modified-release amfebutamone is available.
Amfebutamone lowers the seizure threshold and can

cause paresthesia (6).

� A 38-year-old woman who was taking olanzapine
10 mg/day and lamotrigine 200 mg/day for a schizoaf-
fective disorder started to take amfebutamone for a
depressive mood swing. After 4 weeks the dose of
amfebutamone was increased to 300 mg/day, at which
point she complained of a twitching pain on the left
side of her face. There was hypesthesia of two branches
of the left trigeminal nerve, the ophthalmic and max-
illary branches, and a reduced left corneal reflex. The
amfebutamone was withdrawn and the neurological
signs and symptoms disappeared within 8 days. Four
weeks later, because of persisting depression, the
amfebutamone was reintroduced; at a dosage of
300 mg/day identical neurological symptoms recurred.

The reason for this unusual reaction is not clear.
Amfebutamone may potentiate dopamine neurotransmis-
sion, and dopamine D2 receptors modulate trigeminal
nerve function (7).
Amfebutamone has been reported to mimic transient

ischemic attacks (8).

� A 67-year-old man with a strong history of ischemic
heart disease, who had been smoking 20 cigarettes a
day for many years, started to take amfebutamone
(100 mg tds) as an aid to smoking cessation. One
week later he had episodes of disorientation, a tingling
sensation over his body, and roaring sounds in his ears.
MRI scanning and angiography showed evidence of
previous strokes. His current episodes were ascribed
to transient ischemic attacks. He had stopped taking
amfebutamone while in hospital and then restarted it 2
days after discharge, when the same symptoms
recurred. He then stopped taking amfebutamone com-
pletely and over the next 9 months had no further
neurological episodes.

It is possible that these symptoms were entirely due to
amfebutamone, but more probably the amfebutamone
interacted in some way with the patient’s established
cerebrovascular disease.
Amfebutamone has been associated with extrapyrami-

dal movement disorders (SEDA-27, 15) and ballismus has
been reported (22).

� A 42 year old woman developed ballismus 4 days after
increasing her dose of amfebutamone to 150 mg bd.
She had an involuntary urge to move, gross flexion
movements of the torso, and slapping movements of
her arms. She had no previous history of movement
disorders and was taking only occasional sumatriptan
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for migraine. Amfebutamone was withdrawn and she
was given haloperidol and oxazepam. The movements
abated.

It seems likely from this that the dopaminergic effects of
amfebutamone can provoke movement disorders in ther-
apeutic doses in some individuals.
Acute dystonia is a recognized complication of treat-

ment with antipsychotic drugs and it can also occur with
SSRIs and the anxiolytic drug buspirone.

� A 44-year-old man took amfebutamone 300 mg/day
and buspirone 45 mg/day for depression (9). Over 2–3
weeks he developed increasing neck stiffness, with
tightening and spasm of the jaw muscles and pain in
the left temporomandibular joint. He stopped taking
his medications, and all his symptoms resolved over the
next 3 weeks. Rechallenge with buspirone (45 mg/day)
failed to reproduce the dystonic symptoms. The bus-
pirone was withdrawn and amfebutamone 150 mg/day
was started; the dystonic symptoms did not recur.
However, 24 hours after the dose of amfebutamone
was increased to 300 mg/day there was a return of
neck stiffness and jaw spasm.

Amfebutamone has dopaminergic properties, which seem
to have played a part in this dystonia. Whether the effect
was initiated by concomitant buspirone therapy is
unclear, but subsequently amfebutamone alone was suffi-
cient to produce the dystonic symptoms.
Visual hallucinations and tinnitus have been reported

in patients taking amfebutamone (SEDA-17, 21).
Somnambulism has been reported with amfebutamone

(23).

� A 35-year-old man took amfebutamone 150 mg bd as
part of a smoking cessation program. After 14 days he
stopped smoking, after which he noted some increase
in mood and appetite. Three days later a friend
reported that the patient had telephoned him at 1.00
am, about 2 hours after he had gone to sleep, but the
patient had no memory of this. Over the next week he
discovered evidence of several episodes of nocturnal
eating but again had no recall of getting up at night to
obtain food. He stopped taking amfebutamone and the
sleep-walking episodes disappeared and did not recur.

Amfebutamone promotes slow wave sleep, the sleep
stage during which somnambulism is initiated. However,
this case was complex, because of the possible interaction
with nicotine withdrawal. Nicotine withdrawal is asso-
ciated with increased appetite and weight gain, and
sleep walking can be associated with nocturnal eating

Psychological, psychiatric

Amfebutamone potentiates dopamine neurotransmission
and at higher doses can cause toxic delirium and psycho-
sis, particularly in patients with a history of psychosis and
those taking other dopaminergic medications (SEDA-8,
31).

� A 79-year-old man developed a paranoid psychosis
with auditory hallucinations during treatment with

amfebutamone (100 mg tds) (10). The symptoms
remitted with reduction of the dose of amfebutamone
and the introduction of haloperidol 5 mg/day.

Paranoid ideas and hallucinations can occur during the
course of a severe depressive episode, but in this case the
patient’s mood was gradually improving, so a link with
amfebutamone seems more likely. It seems prudent to
dose amfebutamone conservatively in elderly patients.

� A 35-year-old woman with no history of a psychia-
tric disorder was given bupropion 300 mg/day for
smoking cessation (24). After 5 days she developed
an acute paranoid state with ideas of reference and
fixed convictions concerning her partner’s fidelity.
She was also irritable and slightly grandiose.
Bupropion was withdrawn and she was given benzo-
diazepines. She recovered over the next 2 days.

This case suggests that bupropion can rarely cause psy-
chotic symptoms even in people without susceptibility
factors, although it is conceivable that this patient might,
for example, have had a family history of psychiatric
disorder. Amfebutamone is believed to enhance dopami-
nergic function, and the psychiatric phenomena experi-
enced by the patient, principally paranoid delusions and
elevated mood, are consistent with a hyperdopaminergic
state.
In an open trial, two of 16 patients became psychotic

and were withdrawn from the study (11). A more detailed
report of this adverse effect described four of 13 patients
who became psychotic during a trial of amfebutamone;
three had a history of psychosis, but none had previously
had this response to other antidepressants (12). The usual
dosage range of amfebutamone is 300–750 mg/day, and
the psychotic symptoms occurred at dosages of 300–
500 mg/day. In two cases psychotic symptoms were absent
at lower dosages, but in one case the dose was therapeu-
tically inadequate.
Other reports of psychotic reactions and a manic syn-

drome associated with amfebutamone have appeared
(SEDA-16, 10) (SEDA-17, 21). In two of these cases a
possible drug interaction with fluoxetine, with inhibition
of the metabolism of amfebutamone, could not be
excluded.

Electrolyte balance

Hyponatremia with SSRIs is well described (SEDA-27,
12) but has also been reported with other antidepressants,
including the selective noradrenaline re-uptake inhibitor
reboxetine.

� A 49-year-old woman, who was taking oxcarbazepine
for bipolar disorder, developed hyponatremia after
also taking bupropion (25).

Oxcarbazepine can also cause hyponatremia, but in this
case the hyponatremia appeared to correlate with the
prescription of bupropion rather than oxcarbazepine and
was also reproduced by amfebutamone re-challenge. This
case suggests that amfebutamone can also cause hypona-
tremia, although it is possible that the presence of oxcar-
bazepine was necessary for the adverse effect to occur.
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Hematologic

Eosinophilia reportedly developed in a 72-year-old
woman shortly after she was given amfebutamone. The
eosinophil count fell rapidly after all medications (includ-
ing glibenclamide and tolmetin) were withdrawn (13).

Skin

Adverse skin reactions, such as rash, urticaria, and prur-
itus, have been reported in 1–4% of patients taking amfe-
butamone (14).

Sexual function

In contrast to SSRIs, amfebutamone is believed to have
minimal effect on sexual function (SEDA-23, 20).

� A 36-year-old man took amfebutamone 150 mg/day as
part of a smoking cessation program and soon com-
plained of complete anorgasmia; sexual desire and
arousal were preserved (26). Amfebutamone was with-
drawn and the sexual dysfunction resolved within 3
days.

Anorgasmia is a sexual adverse effect typically seen with
SSRIs. However, this case report suggests that rarely
amfebutamone can produce a similar effect.

Immunologic

Amfebutamone has been associated with a variety of
generalized sensitivity reactions (SEDA-25, 17; SEDA-
27, 28), including urticaria and serum sickness-like
reactions.

� A 17-year-old boy took amfebutamone (dose unstated)
for attention deficit disorder and 1 week later devel-
oped a generalized pruritic rash, but continued to take
amfebutamone (27). After a further week he presented
as an emergency with large joint tenderness and joint
swelling. A punch biopsy of a skin lesion showed urti-
caria with vasculitis. Amfebutamone was withdrawn
and a single dose of methylprednisolone sodium succi-
nate was given. His symptoms resolved completely
within 36 hours.� A 24 year old man developed a fever and a generalized
maculopapular rash after taking amfebutamone
150 mg bd for 3 weeks (28). Amfebutamone was with-
drawn but he went on to develop angioedema, eosino-
philia, and a systemic syndrome with hepatitis,
myositis, and obstructive lung disease. His symptoms
resolved over several weeks with a glucocorticoid.

Two cases of serum sickness-like reactions have been
reported in association with amfebutamone when used as
an aid to smoking cessation (15,16). Both patients devel-
oped localized swellings of the fingers and hands, urti-
caria, and arthralgia. In both cases treatment with
antihistamines and corticosteroids produced rapid relief
of symptoms.
In three other patients (two women, one man) a serum

sickness-like reaction developed 6–21 days after the start

of amfebutamone treatment (14). The symptoms, arthral-
gia, pruritus, and tongue swelling, abated within 2 weeks
of treatment with oral corticosteroids. Serum sickness
reactions to drugs are rare, and it will be important to
find out whether amfebutamone carries an increased risk
of this unusual reaction.

Death

Amfebutamone has been linked to 41 deaths (17). From
the reports of suspected adverse events received by the
Netherlands Pharmacovigilance Foundation, it appears
that more than half concerned patients at risk of smok-
ing-related diseases. In 15 cases there had been simulta-
neous use of amfebutamone with another antidepressant
(10 patients), theophylline (1 patient), or insulin (4
patients). These combinations may lead to an increase in
the risk of seizures. Furthermore, two patients reported
having taken antiepileptic drugs, despite the fact that
amfebutamone is contraindicated in patients with seizure
disorders. These results suggest that the guidelines
described in the product information are not being
adhered to in some cases.

Drug Administration

Drug formulations

A modified-release formulation of amfebutamone has
been marketed (18). There are insufficient data yet on
the risk of seizures with higher doses of the modified-
release formulation, but preliminary indications suggest
that it is likely to be lower than that seen with the immedi-
ate-release formulation (18).

Drug overdose

Seizure is a significant risk in amfebutamone overdose.

� An 18-year-old man attempted suicide by taking amfe-
butamone 7.5 g (50 � 150 mg tablets) (19). On assess-
ment 90 minutes later he was agitated and aggressive,
with a resting pulse of 160 beats/minute and a blood
pressure of 142/63 mmHg. He quickly developed a
persistently low blood pressure (65/40 mmHg), fol-
lowed by three generalized tonic-clonic seizures,
which were controlled by diazepam. He was ventilated
and a metabolic acidosis was corrected with sodium
bicarbonate. Despite this, his blood pressure remained
persistently low (70/40 mmHg) with a sinus tachycar-
dia (150 beats/minute). Dopamine was ineffective and
adrenaline was required. After 24 hours he was extu-
bated and made a full recovery over the next 3 days.� A 14-year-old boy took 1.5–3.0 g of amfebutamone
and had a persistent tachycardia, seizures, and brief
agitation and aggression (20). He also had visual hal-
lucinations, disorientation, and confusion but recov-
ered about 24 hours after ingestion.

These cases show that overdose of amfebutamone can be
serious.
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Drug–Drug Interactions

Antidepressants

The immediate-release form of amfebutamone may be
associated with a higher risk of seizures than other anti-
depressant drugs, but the risk with the modified-release
formulation is believed to be about the same as SSRIs
(SEDA-23, 27).

� A 28-year-old woman with schizophrenia taking risperi-
done 4 mg/day and clomipramine 25 mg/day started to
take modified-release amfebutamone for depressive
symptoms 150 mg/day initially and 1 month later
300 mg/day; 1 week after this she had a generalized
tonic–clonic seizurewith unconsciousness (29). The amfe-
butamone was withdrawn, but she had a similar seizure 3
days later, after which the clomipramine was changed to
sertraline. Following this no further seizures occurred.
However, epileptic discharges on the electroencephalo-
gram, which had previously been normal, continued for
another month, after which she was given valproate.

As in many cases of seizures associated with amfebuta-
mone, there were other risk factors in this case, in parti-
cular the use of other psychotropic drugs known to lower
the seizure threshold. The dose of clomipramine was low,
but amfebutamone may have some inhibitory effect on
CYP2D6, which is involved in the metabolism of tertiary
tricyclics such as clomipramine. The persistent electroen-
cephalographic abnormalities also suggested that the
patient had an underlying vulnerability to seizure disorder
although an earlier electroencephalogram had been nor-
mal. In general, it seems prudent to avoid the use of even
low doses of tricyclic antidepressants in combination with
amfebutamone. However, the combination of SSRIs and
amfebutamone is quite widely used in the USA in the
treatment of resistant depression (30).
Amfebutamone is sometimes used to augment the

action of other antidepressant drugs, but there are few
data on the pharmacokinetic effects of this strategy. In an
open study in 19 consecutive patients (7 men and 12
women), amfebutamone (150 mg/day for 8 weeks) did
not alter plasma concentrations of paroxetine or fluoxe-
tine (21). Plasma concentrations of venlafaxine increased,
but concentrations of its active metabolite, O-desmethyl-
venlafaxine, fell. Overall tolerability was good and there
was a significant reduction in depression rating scales.
Sexual function, particularly orgasmic function in
women, improved. These data suggest that adding amfe-
butamone to SSRI treatment does not alter plasma con-
centrations of SSRIs. The addition of amfebutamone to
venlafaxine seems unlikely to cause pharmacokinetic pro-
blems in practice, because the increase in plasma concen-
tration of the parent compound was offset by a reduction
in the concentration of its major active metabolite.
However, there is scope for an interaction of venlafaxine
with amfebutamone and the effects in individual patients
might be hard to predict. This study also supports clinical
suggestions that the addition of amfebutamone to
SSRI treatment can enhance antidepressant efficacy and

improve sexual function. However, controlled trials are
needed to confirm this view.

Dextromethorphan

While in vitro studies have suggested that amfebutamone
(bupropion) is a weak inhibitor of CYP2D6, case reports
suggest that it may in fact have cause significant drug
interactions though inhibition of CYP2D6 (SEDA-29,
25). In 21 subjects, mean age 40 years, 48% female, who
were randomly assigned to receive either amfebutamone
300 mg/day for 17 days or placebo in a parallel group
design, amfebutamone, but not placebo, produced a sub-
stantial increase in the dextromethorphan/dextrorphan
ratio, showing that it is an effective inhibitor of CYP2D6
in vivo (31).

Metamfetamine

When metamfetamine and amfebutamone (bupropion)
were co-administered to 26 subjects, 20 of whom com-
pleted the protocol, there was no evidence of additive
cardiovascular effects [32]. The subjects received metam-
fetamine 0, 15, and 30 mg intravenously before and after
randomization to bupropion 150 mg bd in a modified-
release formulation or matched placebo. There was a
non-significant trend for amfebutamone to reduce
metamfetamine-associated increases in blood pressure
and a significant reduction in the metamfetamine-asso-
ciated increase in heart rate. Amfebutamone reduced the
plasma clearance of metamfetamine and the appearance
of amfetamine in the plasma. Metamfetamine did not
alter the peak and trough concentrations of amfebuta-
mone or its metabolites. These findings are relevant to
the potential use of amfebutamone in ameliorating acute
abstinence in metamfetamine users. However, the risk of
seizures during amfebutamone treatment for metamfeta-
mine abuse has not been estimated.

Metoprolol

A possible inhibitory effect of amfebutamone on
CYP2D6 was used to explain an episode of severe brady-
cardia in a man taking the b-adrenoceptor antagonist,
metoprolol (33).

� A 56-year-old man taking metoprolol 75 mg/day for
hypertension developed fatigue and dyspnea 12 days
after starting to take amfebutamone 300 mg/day to
help smoking cessation. His heart rate was 43/minute
and his blood pressure 102/65 mmHg. His chest X-ray
showed evidence of mild congestive cardiac failure and
an electrocardiogram showed an atrial rate of 40/min-
ute together with a junctional escape rhythm of 43/
minute. All medications were withheld and the next
morning he was asymptomatic and in sinus rhythm.
Metoprolol was then restarted and he remained
asymptomatic after 1 month of follow up.

Although metoprolol concentrations were not measured
in this patient it seems likely that they were increased by
co-administration of amfebutamone.
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Duloxetine

Duloxetine has recently been marketed as an antidepres-
sant in Europe. It inhibits the re-uptake of serotonin and
noradrenaline, with minimal effects on other neurotrans-
mitter mechanisms. It is therefore classified as a serotonin
and noradrenaline re-uptake inhibitor (SNRI) and is
grouped with venlafaxine. The adverse effect profile of
duloxetine appears to be similar to that of the SSRIs and
venlafaxine. In placebo-controlled trials the most com-
mon adverse effects were nausea (37%), dry mouth
(32%), dizziness (22%), somnolence (20%), insomnia
(20%), and diarrhea (14%). Sexual dysfunction has also
been reported. Current data suggest that, unlike venlafax-
ine, duloxetine does not increase the blood pressure, but
further post-marketing surveillance studies will be needed
to confirm this (1).

Organs and Systems

Cardiovascular

Early descriptions of duloxetine suggested that it might be
less likely than venlafaxine to cause increased blood pres-
sure. The cardiovascular profile of duloxetine has
been reviewed from a database of eight double-blind
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randomized trials in depression, in which 1139 patients
took duloxetine (40–120 mg/day) and 777 took placebo
(2). Relative to placebo, duloxetine produced a small but
significant increase in heart rate (about 2/minute).
Duloxetine produced a greater rate of sustained increase
in systolic blood pressure than placebo (1% versus 0.4%,
relative risk 2.1) but no difference in diastolic blood pres-
sure. There were also significantly more instances of sig-
nificantly increased systolic blood pressure in patients
taking duloxetine than placebo at any clinic visit (19%
versus 13%). These findings suggest that duloxetine can
produce increases in blood pressure in some people, pre-
sumably through its potentiation of noradrenaline func-
tion. How the effect of duloxetine compares with that of
venlafaxine remains to be established.

Long-Term Effects

Drug withdrawal

Like venlafaxine and the SSRIs, acute withdrawal of
duloxetine causes a characteristic abstinence syndrome,
with tachycardia, dizziness, insomnia, headache, and anxi-
ety.

Drug-drug interactions

Duloxetine is metabolized by CYP2D6, the activity of
which it inhibits to a moderate extent. Caution is there-
fore needed when duloxetine is co-prescribed with other
drugs that are substrates of this enzyme. Duloxetine is
also partly metabolized by CYP1A2, so blood concentra-
tions of duloxetine might be increased by co-prescription
of potent inhibitors of CYP1A2 (1).
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Maprotiline

General Information

Maprotiline has a tetracyclic structure, in which the tri-
cyclic nucleus adjoins a fourth ring formed by an ethylene
bridge vertical to the major plane of the molecule
(SEDA-5, 34). It has a strong inhibitory effect on nora-
drenaline uptake across cell membranes, and relatively
weak effects on serotonergic mechanisms. The half-life
averages 43 hours (1), allowing once-daily dosing.
After the release of maprotiline in Britain, information

was collected from 10 000 patients treated in general

practice during 9 months (2). Patients were given 75 mg/
day, preferably at night, and were followed for 3 weeks.
By the end of that time 1343 patients had dropped out
owing to adverse effects, of which drowsiness was the
most common, followed by dizziness and headache. Skin
rashes reached a constant peak incidence of about 3%
after 2 weeks; rashes were reported in some earlier clin-
ical trials (SEDA-2, 12).
Blood concentrations were measured in two trials in

general practice (3). On both regimens (single and
divided doses), a steady state was reached after 1 week,
but there was considerable individual variability (up to
ten-fold) in plasma concentrations. In a multicenter study
of over 2000 records from more than 500 general practi-
tioners (4) the onset of action usually occurred within the
first week of treatment and the effect was complete after
3–4 weeks; roughly half of the total improvement
occurred by the end of the first week.
There have been several comparisons of maprotiline

with other antidepressants. There was no significant dif-
ference in adverse effects compared with doxepin (5),
amitriptyline (6), or imipramine (7).

Organs and Systems

Cardiovascular

Maprotiline is among the antidepressants with the lowest
reported incidence of tachycardia and postural hypoten-
sion.

Respiratory

Exercise-induced bronchospasm has been reported (8).

Nervous system

Information released by the UK Committee on Safety of
Medicines showed that maprotiline was associated with a
disproportionate risk of seizures (9). Among 186 patients
taking antidepressants who were admitted to a medical
center during one year only one of 45 patients taking
tricyclic compounds and none of the 109 patients not
taking antidepressants had a seizure; in contrast, five of
32 patients taking maprotiline had seizures, a significant
difference (10). The patients who had seizures were aged
20–66 years and none had a previous history. Dosages of
maprotiline were 75–300 mg/day, and each patient had
undergone a dosage increase in the week before the sei-
zure. A report based on experience in one hospital, in
addition to a review of 87 cases reported to the manufac-
turer, showed that seizures tended to occur at high doses
(regardless of dose escalation or plasma concentrations),
and that seizures presented after patients had been taking
maprotiline for several weeks (11). Post-marketing sur-
veillance has also shown a higher seizure risk with mapro-
tiline than with tricyclic antidepressants, but since the
maximum dose of maprotiline was reduced from 300 to
225 mg, few seizures have been reported (SEDA-17, 22).
So-called speech blockage has been reported with other

antidepressants.
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� A 54-year-old man developed a stammer and speech
blockage while taking maprotiline 75 mg/day (12). It
responded to a reduction in dose to 50 mg/day, reap-
peared with another challenge of 75 mg/day, and did
not respond to physostigmine intramuscularly on two
occasions. It did not occur when he took desipramine
50 mg/day.

Myoclonus due to maprotiline has been reported (13).
Further neuromuscular symptoms that have been
reported with maprotiline include cerebellar ataxia in a
54-year-old man with a history of unipolar depression and
chronic alcohol abuse who was taking maprotiline
200 mg/day (14). The question of whether his history of
alcohol abuse contributed by sensitizing his cerebellum to
maprotiline-induced ataxia was unresolved.
Non-convulsive status epilepticus occurred in a 27-

year-old woman shortly after starting treatment with clo-
mipramine and maprotiline (15). On withdrawal of med-
ication she gradually improved.

Endocrine

Galactorrhea occurred in a 23-year-old woman 2 weeks
after she started to take maprotiline 50 mg/day (increased
to 75 mg after 10 days) and resolved after withdrawal
(16).

Metabolism

An often troublesome adverse effect of antidepressant
medication is weight gain. Two cases of this adverse effect
have been reported in patients taking low doses of mapro-
tiline (17).

Hematologic

Neutropenia has been reported in a 51-year-old woman
who took 150 mg/day for several months and developed
myeloid hyperplasia with a virtual absence of mature
granulocytes; she recovered fully with conservative man-
agement (18).

Liver

As noted previously (SEDA-10, 21), hepatotoxicity has
been described with maprotiline, and two further reports
have been published. In one of these, hepatotoxicity was
observed in a 54-year-old man treated with maprotiline
for chronic head and neck pain (19). The other report
described a patient who developed a marked increase in
liver enzymes and symptoms during therapy with mapro-
tiline and opipramol; after withdrawal the patient recov-
ered completely (20).

Skin

Ichthyosiform desquamation of the skin and alopecia
have been reported (SEDA-17, 22).

Drug Administration

Drug overdose

Reports of overdose with maprotiline relate to doses of
750–3200 mg (21,22). The symptoms included impaired
consciousness, convulsions, confusion, disorientation,
visual hallucinations, and electrocardiographic changes
similar to those seen with tricyclic compounds. Among
41 patients who had taken overdoses of maprotiline car-
diotoxicity was equal to or greater than that of tricyclic
drugs (23). Mania occurred in one case of maprotiline
overdose (SEDA-17, 22).
Fatal overdose has been reported in detail in a 13-year-

old girl who took 3000 mg of maprotiline and developed
lactic acidosis, which the authors believed was responsible
for her death (24). Another death due to maprotiline was
reported in the USA in a 23-year-old woman who took
4.5–6.0 g (25).

Drug–Drug Interactions

Insulin

� Maprotiline, a tetracyclic antidepressant, repeatedly
induced hypoglycemia in a 39-year-old woman with
type 1 diabetes, even when the insulin dosage was
reduced from 20 U/day to 4–10 U/day. Maprotiline
seems to prolong the half-life of insulin. A glucagon
stimulation test showed a maximum C-peptide concen-
tration of only 0.22 nmol/l (27).

Risperidone

In three patients, plasma concentrations of maprotiline
were increased by concomitant treatment with the atypi-
cal antipsychotic drug, risperidone (26). The data suggest
that risperidone is a modest inhibitor of CYP2D6 and
should therefore be used with caution in combination
with drugs such as maprotiline, where increased plasma
concentrations have the potential to cause serious toxi-
city.
In three patients, maprotiline plasma concentrations

increased when risperidone was added (28). The rise was
explained by inhibition of CYP2D6, by which maprotiline
is mainly metabolized.
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Mianserin

General Information

Mianserin is a tetracyclic compound, related to cyprohep-
tadine (SEDA-5, 18). It is an effective antidepressant with
antiserotonergic properties and a sedative profile, but
minimal anticholinergic effect and less action on the car-
diovascular system than tricyclic antidepressants (1).

Organs and Systems

Cardiovascular

Cardiotoxic effects are relatively uncommon with mian-
serin (2). In a placebo-controlled study in 50 patients with
a variety of cardiac conditions who were taking anticoa-
gulants, mianserin (up to 30 or 60 mg) had no effects on
electrocardiography, blood pressure, or pulse rate after 3
weeks. In a second phase, mianserin (up to 60 mg/day)
was compared with amitriptyline (up to 150 mg/day) and
placebo in 18 healthy volunteers. Measurements included
systolic time intervals, electrocardiography at rest and
during exercise, echocardiography, and blood pressure.
Amitriptyline had a negative inotropic effect; mianserin
increased ejection fraction. The results of both these
experiments led the authors to conclude that mianserin
is an antidepressant with very low cardiac toxicity.
In another study of the electrocardiographic effects of

mianserin and a review of previous experiments with
doses up to 120 mg/day, there were no consistent cardio-
vascular effects, although four patients who took 40 mg/
day for 13 months had significant increases in pulse rate,
with prolonged PR intervals and reduced T-wave ampli-
tude (3). Fainting and persistent bradycardia were noted
in one woman after a single dose of mianserin 60 mg, and
her symptoms recurred on rechallenge (SEDA-17, 21).
There have been two instances of possible cardiac

effects due to mianserin in elderly patients with pre-exist-
ing cardiovascular disorders (4).

� A 71-year-old man with hypertension who took 30 mg/
day developed cardiac failure.� A 66-year-old woman with mitral regurgitation and
atrial fibrillation developed hypokalemia and a variety
of rhythm disturbances at dosages of 40 mg or more
per day.

Nervous system

In 40 patients who had seizures while taking therapeutic
dosages of mianserin it was concluded that mianserin is
probably no more likely to produce convulsions in ther-
apeutic dosages than tricyclic compounds (5). When it
does so, seizures are more likely to occur in the first 2
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weeks of treatment in patients with a family or personal
history indicative of risk, and after a dosage increase.
Mianserin can cause restless legs (SEDA-14, 15)

(SEDA-17, 21).

Hematologic

In 1979 the first case of leukopenia due to mianserin was
reported (6), followed by another soon after (7). In July
1980, the Australian Drug Evaluation Committee issued a
preliminary caution concerning further cases that had
been reported to its National Monitoring Centres and 6
months later published detailed reports of four other
cases (8), all of which had occurred within 1 year of
marketing in Australia, despite 6 years of use in Europe.
Inquiries unearthed reports of seven similar episodes held
by drug surveillance organizations in other countries, and
the Committee expressed its concern that ‘‘if a causal
relationship between mianserin and these blood disorders
is subsequently confirmed, the incidence of disorders due
to mianserin may be significantly greater than that of
disorders due either to the phenothiazines or the tricyclic
antidepressants’’ (9). In 1985 the UK Committee on
Safety of Medicines issued a statement concerning 15
reports that the Committee had received during 5 years
(10). Three of the patients subsequently died, one with
aplastic anemia, one with granulocytopenia, and one with
both erythrocyte and leukocyte hypoplasia. The New
Zealand Department of Health’s Clinical Services Letter
mentioned three cases of agranulocytosis that occurred in
New Zealand in 1982 (11). Another report (12) described
thrombocytopenia and leukopenia based on an immune
mechanism without generalized marrow depression. A
high rate of agranulocytosis has been reported by the
IMMP in New Zealand: one case out of 1822 and one
fatal case out of 11 537 (12).

Mouth and teeth

The lack of anticholinergic effects reported in clinical
studies has been supported by a double blind, placebo-
controlled comparison of mianserin (10–60 mg/day) and
amitriptyline (25–150 mg/day) in healthy volunteers (13).
Mianserin tended to increase saliva flow, while amitripty-
line significantly reduced it. However, a further experi-
ment in healthy volunteers showed that single doses of
mianserin (50–70 mg) produced a significant 29% reduc-
tion of salivation compared with placebo (14). This may
account for the glossitis that has previously been reported
(SEDA-9, 23).

Liver

Hepatotoxicity from mianserin has been reported in eight
cases (SEDA-17, 22).

Musculoskeletal

Mianserin can cause joint symptoms and arthritis (SEDA-
16, 11).

Drug Administration

Drug overdose

One of the putative benefits of mianserin is its alleged
safety in overdose, which may be related to a reduced risk
of cardiovascular adverse effects and convulsions. Data
from the UK Committee on Safety of Medicines suggest
that mianserin accounts for 11% of reported convulsions
and 5.8% of use, putting it intermediate between amitrip-
tyline and maprotiline (15). On the other hand, in the
London Poisons Unit survey, involving 84 patients who
took mianserin alone (up to 1000 mg), there were no
deaths and no patients with convulsions, although this
could represent a frequency of up to 3.6% (12).
A survey of 100 cases of overdose with mianserin

reported to the London Centre of the UK Poisons
Information Service included 54 patients who took mian-
serin alone in amounts up to and in three cases in excess
of 1000 mg (12). Plasma mianserin concentrations were
70–665 ng/l (the usual mean target concentration is 50 ng/
l). There were no reports of convulsions, cardiac dys-
rhythmias, or profound coma in any patient taking mian-
serin alone, but there were two deaths in patients who
took multiple drugs. The authors concluded that in acute
overdosage mianserin is less toxic than tricyclic antide-
pressants.

Drug–Drug Interactions

Clonidine and apraclonidine

Mianserin has alpha-adrenoceptor activity and so might
interact with clonidine (17). In healthy volunteers, pre-
treatment with mianserin 60 mg/day for 3 days did not
modify the hypotensive effects of a single 300 mg dose of
clonidine. In 11 patients with essential hypertension, the
addition of mianserin 60 mg/day (in divided doses) for 2
weeks did not reduce the hypotensive effect of clonidine.
The results of this study appear to have justified the
authors’ conclusion that adding mianserin to treatment
with clonidine will not result in loss of blood pressure
control.

Clonidine and methyldopa

Mianserin lacks potential for peripheral adrenergic inter-
actions, but since it has a-adrenoceptor activity, it might
interact with the centrally acting a-adrenoceptor agonists
clonidine and methyldopa. In healthy volunteers, pre-
treatment with mianserin 60 mg/day for 3 days did not
modify the hypotensive effects of a single 300 mg dose of
clonidine, and in 11 patients with essential hypertension,
the addition of mianserin 60 mg/day (in divided doses) for
2 weeks did not reduce the hypotensive effects of cloni-
dine or methyldopa (16). In patients taking methyldopa,
there were additive hypotensive effects after the first dose
of mianserin, but these were not significant after 1 or 2
weeks of combined treatment. The results of this study
appear to have justified the authors’ conclusion that com-
bining mianserin with centrally-acting hypotensive agents
will not result in loss of blood pressure control.
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Methyldopa

Mianserin has alpha-adrenoceptor activity and so might
interact with methyldopa (17). In 11 patients with essen-
tial hypertension, the addition of mianserin 60 mg/day
(in divided doses) for 2 weeks did not reduce the hypo-
tensive effect of methyldopa. In patients treated with
methyldopa, there were additive hypotensive effects
after the first dose of mianserin, but these were not
significant after 1 or 2 weeks of combined treatment.
The results of this study appear to have justified the
authors’ conclusion that adding mianserin to treatment
with methyldopa will not result in loss of blood pressure
control.
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Mirtazapine

General Information

The antidepressant mirtazapine is pharmacologically
similar to mianserin. It has a slightly weaker blocking
action at a1-adrenoceptors, and this is claimed to give it
a dual mode of action, increasing the release of both
noradrenaline and serotonin (1). It is claimed to have a
more rapid onset of action than some SSRIs, but this may
be due to its prominent sedative effect, which improves
insomnia from the start of treatment.
Mirtazapine is extensively metabolized in the liver,

mainly by CYP1A2, CYP2D6, and CYP3A4. With once-
daily dosing, steady-state concentrations are reached after
4 days in adults and 6 days in elderly people.
In major depression, the efficacy of mirtazapine is com-

parable to that of amitriptyline, clomipramine, doxepin,
fluoxetine, paroxetine, citalopram, and venlafaxine.
In placebo-controlled trials the most common adverse

effects of mirtazapine were dry mouth (25%), drowsiness
(23%), increased appetite (11%), and weight gain (10%)
(SEDA 21, 13).

Organs and Systems

Nervous system

Mirtazapine is a potent histamine H1 receptor antagonist
and is perceived by patients as being sedative. While this
may improve disturbed sleep, it also has implications for
daytime psychomotor performance. The effect of mirta-
zapine (15 mg at night for 2 days, then 30 mg at night for
2 days) and paroxetine (20 mg in the morning for 5 days)
has been studied in a placebo-controlled, crossover design
in 12 healthy volunteers (10 women, 2 men, median age 26
years) (2). On the fifth day the subjects undertook a
battery of psychomotor tests. Mirtazapine significantly
impaired several aspects of psychomotor performance
and increased daytime sleepiness, while paroxetine did
not. These results suggest that patients who take mirtaza-
pine should be warned about its deleterious effects on
psychomotor performance, particularly driving. It is likely
that tolerance to this effect will occur, but the time course
of adaptation is uncertain. Also uncertain is how far these
results in healthy subjects can be extrapolated to
depressed patients, many of whom will have performance
deficits due to poor sleep, which could conceivably be
helped by mirtazapine.

Psychological, psychiatric

Some patients appear to develop manic symptoms in
response to some antidepressants but not to others.
Psychosis was reportedly triggered by mirtazapine in a
patient taking long-term levodopa (3) and in another
patient hypomania occurred.

� A 45-year-old woman had a long history of dysthymia
and depression. She had taken many antidepressants,
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including tricyclics, SSRIs, amfebutamone, and venla-
faxine. She had no history of mania or hypomania. She
took sertraline 250 mg/day, with only a transient
response, and mirtazapine 15 mg/day was added.
Within 4 days she developed clear symptoms of hypo-
mania, with euphoric mood, mild grandiosity, pressure
of speech, increased energy, and a reduced need for
sleep. Mirtazapine was withdrawn and sertraline con-
tinued; within 3 days the hypomanic symptoms had
remitted. The depressive disorder then re-emerged (4).

Unlike most other antidepressants, mirtazapine does not
inhibit the reuptake of monoamines, but instead blocks
inhibitory a2-adrenoceptors. It is conceivable that this
pharmacological mechanism led to hypomanic symptoms
in this patient.

Hematologic

Mianserin, an analogue of mirtazapine, has been asso-
ciated with an increased risk of agranulocytosis.

� A 44-year-old woman with major depression was given
mirtazapine 30 mg/day. She had a normal white blood
cell count (6.8 � 109/l) (5). After 3 weeks she com-
plained of a sore throat, difficulty in swallowing, and
an aphthous ulcer in the mouth. Her temperature was
slightly raised (37.7�C) and her white cell count was
2.2 � 109/l, with a granulocyte count of 1.1 � 109/l.
Mirtazapine was withdrawn and she was given sultami-
cillin 375 mg bd. Within 2 weeks her white cell count
had risen to 3.8 � 109/l, with a granulocyte count of 3.2
� 109/l. Four weeks later she was treated successfully
with sertraline while her white count continued to rise.

The neutropenia in this case was consistent with an effect
of mirtazapine. This is presumably an uncommon adverse
effect, but this case reinforces advice given in the British
National Formulary that patients taking mirtazapine
should be advised to report any sore throat, fever, or
stomatitis.
During clinical trials two of 2796 patients (0.08%)

developed neutropenia, but both recovered after withdra-
wal. No other cases were detected in postmarketing sur-
veillance of 13 500 patients in the Netherlands (SEDA-21,
14).

Liver

Mirtazapine has been associated with increases in liver
enzymes (SEDA-21, 14).

Drug–Drug Interactions

Clonidine and apraclonidine

Hypertension has been reported with mirtazapine plus
clonidine (6).

� A 20-year-old man had had Goodpasture’s syndrome
for 2.5 years, end-stage renal disease on chronic hemo-
dialysis for 15 months, and hypertension controlled

with metoprolol, losartan, and clonidine. He developed
dyspnea and hypertension (blood pressure 178/
115 mmHg) 2 weeks after his psychiatrist first gave
him mirtazapine 15 mg at bedtime to treat depression.
His blood pressure did not fall significantly, despite the
addition of losartan and minoxidil and the use of intra-
venous glyceryl trinitrate and labetalol. Only after
emergency dialysis and intravenous nitroprusside did
his blood pressure fall to 150–180/80–100 mmHg.
When mirtazapine was withdrawn, his blood pressure
was controlled with minoxidil 5 mg, clonidine 0.1 mg,
and metoprolol 10 mg, all bd.

The authors recognized that mirtazapine alone could have
caused the hypertensive event. In postmarketing surveil-
lance of mirtazapine, hypertension occurred in at least
1% of patients. However, it is likely that the patient lost
antihypertensive control because mirtazapine antago-
nized the antihypertensive effect of clonidine.
Mirtazapine, a tetracyclic antidepressant, stimulates the
noradrenergic system through antagonism at central
alpha2 inhibitory receptors, which is precisely opposite
to the effect of clonidine.

Fluoxetine

In patients who do not respond to SSRI treatment, the
addition of mirtazapine is an increasingly popular
option. Mirtazapine is an a2-adrenoceptor antagonist,
so its acute pharmacological effects predominantly
involve potentiation of noradrenergic function. This
might be expected to enhance the serotonergic actions
of SSRIs.

� A 48-year-old woman unresponsive to fluoxetine (20–
40 mg/day for 8 weeks) was given additional mirtaza-
pine (30 mg/day) (7). Over the next month her depres-
sion remitted, but after taking the combined treatment
for 7 weeks she slept less, spent more, and was more
sociable than usual. She was also argumentative and
agitated. Mirtazapine and fluoxetine were withdrawn
and valproate introduced as a mood stabilizer. Within
2 weeks her mood had settled but she subsequently
became depressed again.

The manic episode here could have been due to mirtaza-
pine alone or to the combination of fluoxetine and mirta-
zapine. The case also demonstrates the common clinical
observation that when an antidepressant treatment has
apparently caused mania, withdrawal of antidepressant
therapy often results in re-emergence of depressive symp-
toms, even when mood stabilizer treatment has been
introduced.

Lithium

In a placebo-controlled, crossover study in 12 healthy
men, lithium and mirtazapine had no effect on the phar-
macokinetics of each other and there was no difference in
psychometric testing between the addition of lithium and
placebo (8).
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Nefazodone

General Information

Nefazodone is a phenylpiperazine antidepressant, struc-
turally related to trazodone, but it has less alpha1-adreno-
ceptor antagonist activity and is therefore less sedative. It
is a potent 5-HT2 receptor antagonist at postsynaptic
receptors, and a weak serotonin reuptake inhibitor. In
trials it was more effective than placebo and comparable
to imipramine.
Commonly reported adverse effects are dry mouth,

weakness, somnolence, nausea, dizziness, constipation,
light-headedness, amblyopia, and blurred vision (1,2).

Organs and Systems

Nervous system

Nefazodone is unusual amongst antidepressants in that it
does not reduce and in fact may increase rapid eye move-
ment (REM) sleep or dream sleep. In a controlled study in
depressed patients nefazodone 400 mg/day increased
REM sleep, while fluoxetine 20 mg/day produced the
opposite effect (3). In addition, nefazodone increased
sleep efficiency, while fluoxetine reduced it. The patients’
subjective assessments of sleep improved more with nefa-
zodone than with fluoxetine. However, the overall antide-
pressant effects of the drugs were similar. The function of
REM sleep and its relation to depressive disorders is not
clear, so it is uncertain whether preservation of REM sleep
by nefazodone is likely to be of clinical consequence.

Three men (aged 28–63 years) had troublesome burn-
ing sensations, not clearly localized to any one area of the
body, 3 days to 3 weeks after starting to take nefazodone
(4). The episodes lasted for about 30 minutes and
recurred several times each day. The symptoms
responded to nefazodone withdrawal or dosage reduction.
These unpleasant sensations appeared to be linked to
nefazodone, but the mechanism was obscure.

Psychological, psychiatric

� A 55-year-old woman with no previous history of bipo-
lar disorder became manic while taking nefazodone
(5).

Metabolism

Hypoglycemia occurred in a 54-year-old woman with dia-
betes mellitus after she started to take nefazodone (6).
She also reported weight loss of 5 pounds.

Liver

There have been several reports of serious hepatotoxicity
associated with nefazodone, in some cases leading to liver
failure.

� A 27-year-old man developed hepatitis (with raised
bilirubin and liver enzymes) without overt jaundice
after taking nefazodone 200 mg/day for 12 weeks (7).
No other cause for the hepatitis could be established
and the abnormal liver function tests settled 4 weeks
after nefazodone withdrawal. They became abnormal
again 1 week after nefazodone rechallenge and settled
once again on withdrawal.� Four women, aged 16–73 years, developed catastrophic
liver failure while taking nefazodone (8,9).
Nefazodone was given for 14–28 weeks before the
onset of symptoms. The cases had similar histological
appearances, with prominent centrilobular necrosis.
Three died, one survived after liver transplantation,
and one improved sufficiently to obviate the need for
transplantation. The duration of nefazodone treatment
before the onset of symptoms was 7–28 weeks. The
patients had no history of liver disease and other
causes were excluded as far as possible.� An 80-year-old man developed acute fatal liver failure
while taking nefazodone 50 mg/day (8).� A 52-year-old man with a 10-day history of fatigue and
jaundice had been taking nefazodone (300 mg/day) for
depression for about 6 weeks. Biochemical investiga-
tions showed acute liver failure. Infective hepatitis and
immune disorders were excluded. He failed to respond
to medical treatment, and hepatic transplantation was
performed. Histological examination of the liver
showed parenchymal necrosis, particularly in centrilob-
ular areas, together with lymphocytic infiltration (10).� A 46-year-old woman developed fatigue and jaundice
about 20 weeks after she started to take nefazodone
(300 mg/day). She had raised liver enzymes and bilir-
ubin concentrations. There was no evidence of infec-
tious hepatitis or immune disorders. Liver biopsy
showed ballooning degeneration and necrosis of
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hepatocytes with mixed inflammatory infiltrates. The
nefazodone was withdrawn and corticosteroid treat-
ment started. Within 4 months she recovered clinically
and her liver function tests returned to normal (11).

These severe reactions, although rare, cause concern.
The cumulative incidence of hepatic adverse reactions

associated with antidepressant treatment has been esti-
mated through spontaneous reports to the Spanish
Pharmacovigilance System (12). For classical tricyclic
antidepressants and SSRIs the estimated rate of adverse
hepatic reactions was 1.28–4.00 per 100 000 patient years.
However, the rate with nefazodone was much higher (29
per 100 000 patient years). This report supports concerns
that nefazodone may be more hepatotoxic than other
antidepressants. Significant hepatic reactions to nefazo-
done are relatively rare but can be serious.

Hair

Nefazodone was associated with hair loss in a 40-year-old
woman after dose escalation from 100 to 200 mg (13).

Sexual function

Sexual adverse effects seem to occur less often with nefa-
zodone than with SSRIs (SEDA 20, 9).

� A 48-year-old woman developed clitoral priapism on
the first day of nefazodone treatment (100 mg) (14).
The problem persisted for another day, after which she
discontinued the nefazodone and the priapism sub-
sided.

Clitoral priapism has been reported with other antidepres-
sants, including SSRIs both alone and in combination with
trazodone. In men, trazodone rather than nefazodone is
occasionally associated with priapism (SEDA-21, 14).

Long-Term Effects

Drug withdrawal

Discontinuation of SSRIs causes significant withdrawal
symptoms (SEDA-22, 12). Withdrawal reactions have
been less often described after discontinuation of
nefazodone.

� A 27-year-old man developed withdrawal symptoms
(dizziness, nausea, vomiting, sweating, anxiety, insom-
nia, and restlessness) after nefazodone was abruptly
withdrawn after 1 month (15).� A 22-year-old woman gradually increased her dose of
nefazodone to 400 mg/day over 3 weeks (16). One
week later she abruptly discontinued treatment.
About 48 hours later she began to have nausea, vomit-
ing, fatigue, headache, myalgia, restlessness, dizziness,
nightmares, emotional lability, and anxiety. These
symptoms continued unabated for a further 48 hours,
after which they remitted a few hours after nefazodone
was restarted.

These symptoms are very similar to those of severe SSRI-
induced withdrawal, as were those described in two

further case reports (17,18). As with SSRIs, it seems
prudent to withdraw nefazodone slowly and to be aware
of the possibility of SSRI-like withdrawal symptoms.

Second-Generation Effects

Lactation

Nefazodone passes into the breast milk and has been
reported to cause drowsiness and feeding problems in a
breast-fed infant (19).

� The mother of a 7-week-old premature girl became
depressed and was given nefazodone 300 mg/day.
Two weeks later the infant became drowsy and lethar-
gic and did not feed well. No medical condition was
found to account for these symptoms and breast-feed-
ing was stopped. The symptoms improved over the
next 3 days. The concentrations of nefazodone in
breast milk were about 10 times less than those in
maternal plasma, and the total infant dose of nefazo-
done was calculated to be only 0.45% of the maternal
dose.

In this case, nefazodone in the breast milk may have
caused the infant’s drowsiness and feeding problems,
despite the fact that the transferred dose of nefazodone
would have been very low, since the low gestational age of
the infant might have been associated with impaired
hepatic and renal clearance, making her susceptible to
even very small quantities of nefazodone.

Drug Administration

Drug overdose

The outcomes of over 1300 cases of poisoning with nefa-
zodone as a sole agent have been reported (20).
Generally, the toxic effects were mild, consisting mainly
of drowsiness, nausea, and dizziness. Clinical signs devel-
oped within 1–4 hours of ingestion and dissipated within
the following 24 hours. The most serious toxic effect was
hypotension, which occurred in 1.6% of cases.
Bradycardia occurred in 1.4% of cases. Only one patient
had a seizure and none required intubation. These data
suggest that the toxicity of nefazodone in overdose is low.
However, in suicide attempts, antidepressants are often
ingested with other agents, particularly alcohol and other
sedating drugs. This might increase the toxic effects of
nefazodone, particularly with regard to respiratory
depression.

Drug–Drug Interactions

Alprazolam

Nefazodone is a weak inhibitor of CYP2D6 but a potent
inhibitor of CYP3A4 and it increases plasma concentra-
tions of drugs that are substrates of CYP3A4, such as
alprazolam, astemizole, carbamazepine, ciclosporin, cisa-
pride, terfenadine, and triazolam.
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Carbamazepine

In a controlled study in 12 healthy men the combination
of carbamazepine and nefazodone led to increased
plasma carbamazepine concentrations and substantially
lowered plasma nefazodone concentrations (21). This
interaction, which is due to inhibition of CYP3A4 by
nefazodone, could lead to difficulties during treatment,
since the risk of carbamazepine toxicity would have to be
balanced against the loss of therapeutic effect of nefazo-
done. Except in special circumstances it is probably better
to avoid the combination.

Clozapine

When nefazodone (400 mg/day for 3 weeks) was added to
clozapine treatment in six patients with schizophrenia
there was no significant change in plasma clozapine con-
centrations (22). This finding suggests that CYP3A4 does
not play a major role in the metabolism of clozapine and
that nefazodone may be a suitable adjunctive treatment
for depression in clozapine-treated patients.
However, in another case the addition of nefazodone

appeared to produce clozapine toxicity (23).

� A 40-year-old man had taken clozapine 450 mg/day
and risperidone 6 mg/day for several years.
Nefazodone 200 mg/day was added in an attempt to
improve persistent negative symptoms, and after a
week the dosage was increased to 300 mg/day. One
week later, he reported anxiety and dizziness and was
hypotensive. The combined concentrations of cloza-
pine and its active metabolite norclozapine had
increased from 309 ng/ml before nefazodone to 566
ng/ml. The nefazodone dosage was reduced to
200 mg/day and the anxiety, dizziness, and hypoten-
sion resolved over the next 7 days. At the same time
plasma concentrations of clozapine and norclozapine
fell to 370 ng/ml.

These results suggest that in some individuals CYP3A4
plays a significant role in the metabolism of clozapine and
that the combination of nefazodone and clozapine should
therefore be used with caution. It is possible that in this
case concomitant treatment with risperidone may have
increased the effect of nefazodone to reduce the clearance
of clozapine.

HMG coenzyme-A reductase inhibitors

The antidepressant nefazodone increases the risk of rhab-
domyolysis from statins (28).

Haloperidol

Hepatic enzyme inhibition by nefazodone can signifi-
cantly raise concentrations and toxicity of haloperidol
(29).

Lithium

In 12 healthy volunteers, there were no clinically signifi-
cant alterations in blood concentrations of lithium or
nefazodone and its metabolites when the drugs were co-

administered (30). The addition of lithium for 6 weeks to
nefazodone in 14 treatment-resistant patients produced
no serious adverse effects and no dropouts (31). Lithium
augmentation of nefazodone in 13 treatment-resistant
depressed patients was associated with a variety of annoy-
ing adverse effects, but none led to treatment withdrawal
(32).

Monoamine oxidase inhibitors

Co-administration of nefazodone with a MAO inhibitor
or SSRI can cause the serotonin syndrome (33).

Selective serotonin re-uptake inhibitors (SSRIs)

Concentrations of nefazodone and its metabolites can be
increased by fluoxetine and paroxetine (SEDA-20, 9).
Combinations of serotonin agents produce serotonin toxi-
city, and a case of serotonin syndrome occurred when
nefazodone (200 mg/day) was combined with fluoxetine
(40 mg/day) in a 50-year-old man (24). The toxic symp-
toms settled 3 days after withdrawal of both antidepres-
sants.
The serotonin syndrome can occur with therapeutic

doses of SSRIs (see above), but it occurs most commonly
when SSRIs are co-administered with other drugs that
also potentiate serotonin function. Recent case reports
have suggested that there is a risk of the serotonin syn-
drome when SSRIs are combined with nefazodone (34).

Statins

Nefazodone can cause myositis and rhabdomyolysis in
patients taking pravastatin and simvastatin (25). The pos-
tulated mechanism involves inhibition of CYP3A4, lead-
ing to reduced clearance of the HMG-CoA reductase
inhibitors and muscle toxicity.

Substrates of CYP3A4

Nefazodone is a weak inhibitor of CYP2D6, but a potent
inhibitor of CYP3A4, and increases plasma concentra-
tions of drugs that are substrates of CYP3A4, such as
triazolam, alprazolam, ciclosporin, astemizole, cisapride,
terfenadine, and carbamazepine (26). Co-administration
with terfenadine, astemizole, or cisapride should be
avoided, because of the risk of cardiac dysrhythmias
(SEDA-20, 9).

Terfenadine

Drugs that inhibit CYP3A4 inhibit the clearance of terfe-
nadine, an antihistamine that can prolong the QTc inter-
val. This can cause potentially dangerous interactions. In
a double-blind, placebo-controlled study of the effect of
nefazodone (600 mg/day for 1 week) on the pharmacoki-
netics of terfenadine (120 mg/day for 14 days) and
another antihistamine, loratadine (20 mg/day for 14
days), in 67 healthy volunteers, nefazodone significantly
reduced the clearance of terfenadine and prolonged the
mean QTc interval (27). In addition, nefazodone pro-
duced a similar but smaller decrease in the clearance of
loratadine and combined treatment also significantly
increased the QTc interval. This effect of nefazodone on
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the clearance of terfenadine is predictable, as is the
increase in QTc interval. Loratadine is also partly meta-
bolized by CYP2D6, which probably explains the lesser
effect of nefazodone on loratadine clearance. Loratadine
by itself does not increase the QTc interval significantly,
but cardiotoxicity may be a possibility when it is com-
bined with nefazodone.

Triazolam

Nefazodone is a weak inhibitor of CYP2D6, but a potent
inhibitor of CYP3A4, and increases plasma concentra-
tions of drugs that are substrates of CYP3A4, such as
triazolam (35,36).

Zopiclone

� An 86-year-old white woman taking nefazodone for
depression started to take zopiclone for insomnia, but
subsequently had morning drowsiness (37). The plasma
concentration of zopiclone was measured 8 hours after
administration on two occasions, during and after nefa-
zodone therapy. After withdrawal of nefazodone, the
plasma concentration of the S-enantiomer of zopiclone
fell from 107 to 17 ng/ml, while the plasma concentra-
tion of the R-enantiomer fell from 21 to 1.5 ng/ml.

The substantial fall in plasma zopiclone concentration
after withdrawal of nefazodone probably reflected a drug
interaction due to inhibition of CYP3A4 by nefazodone
(38). Despite the normally short half-life of zopiclone, the
residual sedation initially observed in this case suggests
that the interaction had clinical significance.
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Nomifensine

General Information

Nomifensine was first introduced in 1977 and eventually
became available in over 70 countries. There has been
increasing evidence of problems with adverse effects since
1981 (SEDA-5, 19), when cases of ‘‘drug fever’’ were
recorded (SEDA-10, 22); this vague term covers a multi-
tude of sins, the origins of which were finally elucidated at
almost the exact moment when nomifensine was
approved for release in the USA. Finally, in January
1986, the manufacturers withdrew nomifensine world-
wide, citing grave concern elicited particularly by cases
of rapid acute hemolytic anemia with intravascular hemo-
lysis (SEDA-10, 22) (1).
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Reboxetine

General Information

Reboxetine is a selective noradrenaline re-uptake inhibi-
tor with low affinity for a-adrenoceptors and muscarinic
receptors. In controlled trials the following adverse events
occurred significantly more often with reboxetine than
with placebo: dry mouth (27%), constipation (17%),
increased sweating (14%), insomnia (14%), urinary

hesitancy (5%), impotence (5%), tachycardia (5%), and
vertigo (2%) (SEDA-21, 13).

Organs and Systems

Metabolism

Reboxetine does not cause weight gain during routine
clinical use and indeed has been advocated as an adjunc-
tive treatment in the management of olanzapine-induced
weight gain.

� A 44-year-old woman with bipolar disorder took lamo-
trigine 100 mg/day and reboxetine 12 mg/day (1). She
noted a loss of appetite but continued to eat three
meals a day. However, over the next year her weight
fell from 55 kg to 43 kg. There seemed to be no psy-
chiatric explanation for the weight loss and no medical
cause could be discovered. The reboxetine and lamo-
trigine were withdrawn and her weight returned to
baseline over the next 3 months. Around that time
she again took reboxetine, this time as a sole agent,
and once again her weight started to fall.

The loss of weight in this patient did not seem to be due
her to psychiatric condition. The authors speculated that
reboxetine might have some serotonergic activity, which
could have accounted for a reduction in appetite and
concomitant weight loss. However, drugs that potentiate
noradrenaline activity can also reduce hunger, so this
adverse effect could be due to the well characterized
noradrenergic effects of reboxetine.

Electrolyte balance

Hyponatremia has been reported with reboxetine (2,3).

� A 72-year-old man with diabetes mellitus and cardio-
vascular disease developed major depression. He was
taking aspirin (100 mg/day), enalapril (20 mg/day),
and glibenclamide (5 mg/day). His serum sodium was
133 mmol/l (reference range 134–146 mmol/l). He
started to take reboxetine (4 mg/day) and after 8 days
experienced malaise and nausea, at which time his
serum sodium had fallen to 118 mmol/l. The reboxe-
tine was withdrawn, and both his symptoms and the
low serum sodium remitted over the next 6 days.
Rechallenge with reboxetine produced a recurrence
of both the low sodium and the accompanying symp-
toms.

It appears that, like SSRIs, reboxetine can cause sodium
depletion in elderly people. However, in this case the
contributions of concomitant general medical illness and
its treatment were uncertain.

Gastrointestinal

In six children aged 6–15 years with co-morbid enuresis
and attention deficit/hyperactivity disorder (ADHD),
which had failed to respond to methylphenidate, rebox-
etine 4–8 mg/day for 6 weeks reduced the frequency of
bedwetting from an average of five times a week to once a
week (4). Reboxetine was generally well-tolerated,
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although three of the children reported anorexia. It is
difficult to draw firm conclusions from this small open
study. However, the effect of reboxetine on enuresis
would be consistent with its inhibitory effect on micturi-
tion. If reboxetine does prove effective for this indication
it would probably be safer than the standard drug man-
agement, which is imipramine. However, psychological
approaches, such as behavior therapy, are first-line treat-
ments.

Urinary tract

One of the adverse effects of reboxetine is difficulty in
passing urine (SEDA-21, 13). Eight patients taking rebox-
etine (4–8 mg/day) had troublesome urinary hesitancy
(5). They were successfully treated with tamsulosin
(0.4 mg/day), and in two patients tamsulosin was with-
drawn after 2 weeks without recurrence of the urinary
symptoms. Reboxetine is a selective noradrenaline re-
uptake inhibitor and may therefore produce urinary
symptoms by activating a1-adrenoceptors in the bladder,
which tamsulosin would be expected to reverse. However,
tamsulosin is also effective for urinary symptoms caused
by other mechanisms, for example benign prostatic hyper-
plasia. Whether its apparent effectiveness in reboxetine-
induced dysuria represents specific pharmacological
antagonism is therefore uncertain.

Drug–Drug Interactions

Fluoxetine

In the pharmacological management of patients with
treatment-resistant depression, it is a common strategy
to combine a drug that selectively inhibits noradrenaline
re-uptake (for example reboxetine) with one that selec-
tively inhibits the re-uptake of serotonin (for example an
SSRI). As well as the hoped-for pharmacodynamic inter-
action, a kinetic interaction can also occur, because of the
effect of SSRIs on CYP450 enzymes. The effect of com-
bined treatment with reboxetine (8 mg/day) and fluoxe-
tine (20 mg/day) has been compared with each treatment
given alone for 8 days in 30 healthy volunteers in a paral-
lel design (6). There was no potentiation of adverse
effects by the combination. Fluoxetine increased the
plasma AUC of reboxetine by 20%, but this was not
statistically significant. The authors suggested that the
combination of fluoxetine and reboxetine should have
minimal adverse impact in depressed patients. However,
the major metabolite of fluoxetine, norfluoxetine, is also
an inhibitor of CYP3A4 and would not have reached
steady-state concentrations during the time of the study.
This suggests that caution might still be needed during
longer-term use of this combination in depressed patients.

Ketoconazole

Reboxetine is metabolized by CYP3A4. In 11 healthy
volunteers ketoconazole, an inhibitor of CYP3A4,
increased the plasma AUC of reboxetine by about 50%
and prolonged the half-life (7). The adverse effects profile
of reboxetine was not altered by ketoconazole, but the

finding suggests that reboxetine should be used with cau-
tion in combination with drugs that inhibit CYP3A4, for
example nefazodone and fluvoxamine.
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Trazodone

General Information

Trazodone (SEDA-7, 19–21) is a triazolopyridine deriva-
tive that selectively but weakly inhibits 5-hydroxytrypta-
mine (5-HT) re-uptake and is an alpha-adrenoceptor
antagonist at both presynaptic and postsynaptic receptors
(1). During long-term administration it down-regulates
serotonin receptors (2).
Experience with therapeutic and toxic dose ranges of

trazodone has thrown much doubt on earlier claims for its
greater safety, and some unanticipated problems have
surfaced.
Trazodone is rapidly absorbed, with peak plasma con-

centrations at 0.5–2 hours. It is extensively metabolized
and eliminated mainly via the kidneys, with a half-life of
13 hours for total drug and metabolites.
A review of controlled clinical studies in depressed

patients in Europe and the USA showed that trazodone
is superior to placebo (3) and can be as effective as
imipramine or amitriptyline (3,4). The doses needed to
secure an equivalent effect (150–800 mg/day) were gen-
erally double those of the tricyclic antidepressants.
In 28 depressed patients treated with up to 600 mg/day

for 4 weeks, plasma concentrations varied eightfold (5).
There was a significant correlation between dosage and
plasma concentration, but no association with outcome
and no significant difference between the mean plasma
concentrations in responders (1.51 mg/ml) and non-
responders (1.64 mg/ml).
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The short half-life of trazodone naturally raises the
question of the optimal dosage frequency. The General
Practitioner Research Group in Britain (6) has conducted
a series of comparisons of trazodone given once, twice,
and thrice a day to anxious and depressed patients taking
up to 200 mg/day. Efficacy was the same with all three
regimens, although there were more complaints of dizzi-
ness and fewer of drowsiness with the thrice-daily regi-
men.

Organs and Systems

Cardiovascular

Based on animal research and restricted experience in
overdosage (SEDA-7, 19–21), early attempts to differ-
entiate trazodone from tricyclic antidepressants suggested
that it might be relatively free of cardiotoxic effects.
However, a preliminary report of a study of the effects
of trazodone on the cardiovascular system in 20 subjects
mentioned two patients who had ventricular dysrhythmias
(7). Others have reported ventricular tachycardia (8–10),
atrial fibrillation (11), and complete heart block (12).
Additive hypotensive effects of trazodone and phe-

nothiazines have been reported (13).
Trazodone can cause peripheral edema, as outlined in a

report of 10 cases (14).

Nervous system

Trazodone is markedly sedative, very similar in profile to
amitriptyline. It produces marked sedation and lethargy
within an hour, lasting up to 6 hours, and is about half as
potent as imipramine (4).
Although it is claimed to be relatively free of effects

usually attributed to anticholinergic activity, trazodone
does cause complaints of dry mouth and blurred vision,
which may be mediated through its actions on alpha-
adrenoceptors. Urinary retention has been reported in a
69-year-old woman taking a combination of trazodone
and an anticholinergic drug (isopropamide iodide) (15).
Cholinergic overactivity has also been described in two
patients after withdrawal (16).
The manufacturers of trazodone received 30 unpub-

lished reports of seizures in patients, most of whom had
evidence of seizure predisposition or concurrent contrib-
utory conditions. Two reports are detailed here (17,18).

� A 50-year-old woman with an electroencephalographic
abnormality but no history of epilepsy, who had taken
amitriptyline and perphenazine uneventfully for years,
suffered two seizures 18 days after switching to trazo-
done 50 mg/day.� A 47-year-old man developed 30-second episodes of
facial contortions, aphasia, garbled speech, neologism,
nocturnal episodes of deep breathing, swallowing, and
incomprehensible speech after taking trazodone
150 mg/day for 3 weeks. On withdrawal of trazodone,
his symptoms abated, but an electroencephalogram
showed a left anterior lobe spike. He was treated

with carbamazepine and within 6 months was not
depressed and had no further convulsive symptoms.

Sensory systems

Three cases of palinopsia (the persistence or reappear-
ance of an image of a recently viewed object) have been
reported (SEDA-17, 22); the authors speculated that this
may have been due to pharmacological effects resembling
those of LSD and mescaline.

Psychological, psychiatric

Conversion to mania has been reported in patients with
unipolar depression (19,20) and bipolar illness (20).
Delirium, which also occurs with tricyclic antidepres-

sants, has been reported with trazodone (21).

Liver

Hepatotoxicity, a known hazard of tricyclic compounds,
has been reported with trazodone (22,23).

Skin

Trazodone has caused generalized erythematous maculo-
papular eruptions (24), erythema multiforme (although
the patient was also taking lithium) (25), and generalized
pustular psoriasis in a patient who had had stable plaque
psoriasis for 19 years (26).

Sexual function

Inhibition of ejaculation was reported in a middle-aged
man 1 week after he started taking trazodone 100 mg at
night (27). The symptoms abated 3 days after withdrawal
and did not return when treatment was changed to dox-
epin 50 mg/day. Because trazodone has relatively more
alpha-adrenoceptor blocking action and less anticholiner-
gic activity than doxepin, the author speculated that this
was the mechanism.
Trazodone can cause severe and persistent priapism. In

a communication from the manufacturers in 1987, it was
noted that there had been 136 reports of ‘‘increased penile
tumescence’’ in patients taking trazodone. These included
all reports of abnormal erectile activity. The company
reported that the incidence of all abnormal erectile activ-
ity was about one in 6000 men, that in 36 of the 136
patients surgical interventions had been performed, and
that at least nine of these patients were impotent. They
suggested that early intervention is the treatment of
choice, and that trazodone should be withdrawn immedi-
ately at the first signs of prolonged erections. They recom-
mended that if conservative measures fail, intracavernosal
irrigation with a weak solution of adrenaline should be
considered (28). This rare adverse effect has been
reported previously with a number of psychoactive and
antihypertensive drugs (phenothiazines, guanethidine,
prazosin, hydralazine) and has been ascribed to their
alpha-adrenoceptor antagonist activity. The same
mechanism probably explains the effect of trazodone.
Increased libido (29) and anorgasmia (30) have been

reported with trazodone.
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Second-Generation Effects

Teratogenicity

The use of antidepressants in pregnancy is a difficult area,
because the teratogenic effects of many antidepressants are
not known. While tricyclic antidepressants and SSRIs are
believed to present a low risk of fetal abnormality (SEDA-
24, 15), the teratogenic potential of trazodone has been
unclear. In 147 women who took either trazodone or nefa-
zodone during the first trimester of pregnancy, the rate of
major malformations in the trazodone/nefazodone group
(1.6%) did not differ statistically from that in a control
group (3.0%) (31). Similarly, there were no statistically
significant differences in rates of spontaneous abortion or
stillbirth or in birth weight in the babies of women who
took trazodone or nefazodone. These findings are reassur-
ing. However, as the authors pointed out, the study, while
prospective, was not randomized. In addition they did not
examine the effects of trazodone and nefazodone sepa-
rately, and did not state how many women were taking
each drug. While trazodone and nefazodone are pharma-
cologically similar, they are not identical, and nefazodone
has recently been withdrawn in the UK because of a rare
association with severe liver disease (SEDA-26, 16).

Drug Administration

Drug overdose

In a 1980 review there were 68 cases of trazodone over-
dosage in amounts ranging up to 5 g (12 times the max-
imum therapeutic dose) (32). The predominant symptoms
were drowsiness, dizziness, and rarely coma. There were
no deaths in patients who took trazodone alone, and only
two in those who took it in combination with other poten-
tially lethal drugs. A brief review of data obtained from 46
cases of trazodone overdose reported to the National
Poisons Information Service in London showed that 25
of the patients took overdoses of trazodone alone, while
21 took trazodone in combination with other drugs (33).
This retrospective questionnaire study had inherent meth-
odological flaws, but it did lend credence to the belief that
trazodone is safe in overdose.
Trazodone is less cardiotoxic than tricyclic antidepres-

sants, although it has rarely been reported to cause ven-
tricular tachycardia. QT interval prolongation has been
reported in overdose (34).

� A patient who took an overdose of trazodone (3 g) had
sinus bradycardia (57 beats/minute) and a prolonged
QTc interval (60 msec). The abnormal QTc interval
gradually normalized over the next 3 days with suppor-
tive hospital treatment.

Drug–Drug Interactions

Amiodarone

A patient taking both trazodone and amiodarone devel-
oped prolongation of the QT interval and a polymorphous

ventricular tachycardia, perhaps by mutual potentiation
(35).

Carbamazepine

In a 53-year-old man, trazodone produced a clinically
significant increase in carbamazepine concentrations
(36). This suggests that trazodone inhibits CYP3A4. It
should be used with caution in combination with carba-
mazepine.

MAOIs and SSRIs

Although trazodone is related to nefazodone it probably
potentiates 5-HT neurotransmission less. Trazodone is
often added to monoamine oxidase inhibitors and seroto-
nin re-uptake inhibitors at low doses (50–150 mg/day) as a
hypnotic. In one case the combination of trazodone with
nefazodone provoked the serotonin syndrome (37).

� When a 60-year-old woman taking nefazodone
500 mg/day also took trazodone 50 mg/day she devel-
oped confusion, restlessness, sweating, and nausea
after 3 days. Her symptoms settled quickly on with-
drawal of both antidepressants.

Trazodone is commonly used as a hypnotic in patients
taking non-sedating antidepressants, particularly SSRIs
(38). It is believed to have a fairly wide safety margin,
but the effects of SSRIs on its pharmacokinetics have not
been widely studied. In 97 patients, mean age 40 years, 40
of whom took trazodone as monotherapy, 41 trazodone þ
citalopram, and 16 trazodone þ fluoxetine, there were no
differences in plasma concentrations of trazodone
between the three treatment groups and no significant
adverse effects as a result of the combinations (39). The
authors concluded that trazodone has a wide safety mar-
gin in combination with SSRIs, perhaps because it is
metabolized mainly by CYP3A4. However, if that is the
case, combination with fluvoxamine may be more proble-
matic (see SSRIs). In addition, the active metabolite of
trazodone, m-chlorophenylpiperazine, a 5HT receptor
agonist, is a substrate for CYP2D6, which raises the pos-
sibility that its concentrations may be increased when
trazodone is combined with fluoxetine or paroxetine. In
addition, there have been occasional case reports of signs
of 5HT toxicity when trazodone has been combined with
SSRIs.
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Tryptophan

General Information

The possibility that mental illness may be alleviated by
biogenic amine precursors is an appealing one (SEDA-4,
18). Tryptophan is a naturally-occurring essential amino
acid, which has been advocated as an innocuous health
food for the treatment of depression, insomnia, stress,
behavioral disorders, and premenstrual syndrome. The
availability of amino acids in health food stores and a
contemporary interest in natural remedies led to reported
widespread use of tryptophan to treat depression. It was
estimated in 1976 that up to that time several hundred
patients with affective disorders had been studied, with
results reported in at least 21 papers (1). However, the
results of clinical trials with L-tryptophan in the treatment
of depressive disorders are inconsistent (2).
It has been suggested that there may be some benefit of

using tryptophan in selected patients, particularly those
with psychomotor retardation (3). Unfortunately, most of
these reports have appeared as letters to the editors of
journals (4–6) or as preliminary communications (7). In
addition to the possible absence of any consistent effect,
there are many plausible reasons to explain the variability
in response. Tryptophan has been given in both the race-
mic and monomeric (levorotatory) forms, both alone and
together with a number of substances intended to increase
the synthesis or availability of serotonin, including mono-
amine oxidase (MAO) inhibitors (8), potassium or carbo-
hydrate supplements (9), and co-enzymes such as
pyridoxine or ascorbic acid (10). It has also been
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suggested that tryptophan plasma concentrations have a
therapeutic window (4), and that repeated administration
induces hepatic tryptophan pyrrolase, resulting in low-
ered plasma concentrations and loss of therapeutic effect
after 2 weeks of treatment (8). Attempts have been made
to ameliorate this problem by coadministration of nicoti-
namide (4).
In addition to the difficulty of interpreting possible

benefits due to tryptophan, there is a paucity of informa-
tion on its adverse effects. This may be partly accounted
for by the assumed safety of a natural substance, but it is
also contributed to by the preliminary nature of many
communications. In at least two studies (5,7) in which
tryptophan was compared with a tricyclic antidepressant,
inquiry about adverse effects was deliberately avoided, in
order to protect the double-blind integrity of the study.
Two studies have reported the lack of any consistent or
definite changes in hematological values, serum electro-
lytes, plasma proteins, or liver function tests after 4 weeks
of treatment with L-tryptophan up to 8 g/day (7,10).
Nausea early in treatment (11), light-headedness, which
does not appear to be related to postural hypotension
(12), and deterioration in mental status (13,14) have
been reported. Hypomania on combining tryptophan
with a MAO inhibitor has been reported (14) and toxic
effects, including muscle tremor, hypomanic mood,
hyper-reflexia, and bilateral Babinski signs, were seen in
a patient taking phenelzine and tryptophan.

Eosinophilia–myalgia syndrome

No severe or irreversible adverse effects of tryptophan
were reported until 1989, when an eosinophilia–myalgia
syndrome was described, and L-tryptophan-containing
products were withdrawn from the market (SEDA-15,
518). This syndrome was characterized by an eosinophil
count of at least 1� 109/l and intense generalized myalgia.
Other relatively frequent signs and symptoms were fati-
gue, arthralgia, skin rash, cough and dyspnea, edema of
the limbs, fever, scleroderma-like skin abnormalities,
increased hair loss, xerostomia, neuropathy, and pneumo-
nia or pneumonitis with or without pulmonary vasculitis.
About one-third of the cases required hospitalization, and
a substantial number of patients died. The syndrome is
suspected to have been due to an unidentified impurity in
products from one manufacturer (SEDA-18, 22).
The syndrome appears to be only part of a spectrum of

adverse effects associated with tryptophan (15). There has
been much discussion, but finally it appears that the links
are causal, as consistent findings were found in multiple
independently conducted studies and the incidence of
eosinophilia–myalgia syndrome in the USA fell abruptly
once tryptophan-containing products were recalled (16).
Although L-tryptophan was withdrawn in many coun-

tries, in 1994 it became available again in the UK for
combination treatment of patients with long-standing
refractory depression, on the strict condition that it should
only be prescribed by hospital specialists for patients with
long-standing resistant depression (SEDA-18, 22). It is
also still in use in Canada but not in the USA.

Organs and Systems

Respiratory

A case of interstitial pneumonitis and pulmonary vasculi-
tis was ascribed to L-tryptophan, and unintended rechal-
lenge supported a causal relation (17).
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Venlafaxine

General Information

Venlafaxine inhibits the re-uptake of both serotonin and
noradrenaline. Trials have shown efficacy comparable to
that of tricyclic antidepressants, and it may be particularly
effective in refractory depression (1)(2).
Reported adverse effects were nausea, somnolence, dry

mouth, insomnia, dizziness, constipation, weakness, ner-
vousness, and sweating. Other adverse effects include
nervousness, weight loss, and a dose-dependent increase
in blood pressure.
Because of its serotonin-potentiating effect, venlafax-

ine can cause a serotonin syndrome when combined with
monoamine oxidase (MAO) inhibitors (SEDA-20, 9)
(SEDA-21, 13).
Adverse sexual effects are reported in a frequency

similar to that of SSRIs (SEDA-20, 9).
Withdrawal reactions have been reported in several

cases after abrupt discontinuation (SEDA-21, 13) (3)(4).
Preliminary data suggest that venlafaxine is safer in

acute overdose than tricyclic antidepressants but more
dangerous than SSRIs. Seizures have been reported in
several cases of overdose (5–7).

Organs and Systems

Cardiovascular

A meta-analysis of the effect of venlafaxine on blood
pressure in patients studied in randomized placebo-con-
trolled trials of venlafaxine, imipramine, and placebo
showed that at the end of the acute phase (6 weeks) the
incidence of a sustained rise in supine diastolic blood
pressure (over 90 mmHg) was significantly higher in
both active treatment groups: venlafaxine 4.8% (135/
2817), imipramine 4.7% (15/319), and placebo 2.1% (13/
605) (8). The effect of venlafaxine in causing a rise in
diastolic blood pressure appeared to be dose related,
with an incidence of 1.7% in patients taking under
100 mg/day and 9.1% in those taking over 300 mg/day.
These data confirm that venlafaxine, particularly in

higher dosages, can significantly increase blood pressure.
At high doses, venlafaxine inhibits the re-uptake of nor-
adrenaline as well as that of serotonin, which probably
accounts for the pressor effect.
In physically healthy subjects venlafaxine has a gener-

ally benign cardiovascular profile, although hypotension
and dose-related hypertension have been reported
(SEDA-23, 20).
Venlafaxine is often used in high doses in patients with

treatment-resistant depression. If there is continuing fail-
ure to respond, electroconvulsive therapy might be used,
often in combination with venlafaxine. A 73-year-old
woman taking venlafaxine (112.5 mg/day) had sustained
hypertension for several hours after her first treatment
(9). However, electroconvulsive therapy can cause transi-
ent hypertension, and the patient had essential

hypertension controlled by bendroflumethiazide. It is
therefore possible that the reaction might have occurred
had she not been taking venlafaxine. Nevertheless, the
fact that venlafaxine can cause hypertension when used
as sole treatment suggests that blood pressure should be
monitored carefully in patients receiving electroconvul-
sive therapy and venlafaxine together, particularly if there
is a history or current evidence of hypertension.
Venlafaxine has not been studied systematically in

patients with cardiovascular disease, although there are
reports that older patients can have clinically significant
disturbances of cardiac rhythm (10).

� A 69-year-old woman with stable angina and mild
single-vessel coronary artery disease developed acute
myocardial ischemia within a week of starting venla-
faxine (75 mg/day).

Taken together with the information that the authors
cited in their review, the current data suggest that venla-
faxine should be used with caution in patients with estab-
lished cardiovascular disease.

Respiratory

There has been a previous report linking venlafaxine to
pneumonia associated with eosinophilic infiltration, and
SSRIs have been associated with drug-induced infiltrative
lung disease.

� A 21-year-old woman developed progressive dyspnea,
a non-productive cough, weight loss, and syncope (11).
She had been taking venlafaxine for depression for 2
months (75 mg/day for 1 month, then 37.5 mg/day). A
chest X-ray showed diffuse reticulonodular opacities
throughout both lung fields, and a CT scan showed
numerous diffuse, ill-defined pulmonary nodules.
Lung function tests showed a restrictive ventilatory
defect, depression of gas transfer, and resting hypoxia.
Histological examination showed a lymphocytic inter-
stitial infiltrate. Venlafaxine was withdrawn and gluco-
corticoid treatment started. Her clinical condition
improved rapidly over the next 2 weeks after which
the glucocorticoid treatment was stopped. At 3 years
she remained well.

It is difficult to be sure how far venlafaxine contributed to
this presentation, but no other cause could be established
and the patient improved quickly when venlafaxine was
withdrawn. Venlafaxine is a potent 5HT re-uptake inhi-
bitor and 5HT has been implicated in fibrotic reactions in
a variety of tissues.

Nervous system

Antidepressant drugs, such as tricyclic antidepressants
and SSRIs, suppress rapid eye movement (REM) sleep,
the period of sleep during which dreaming occurs.
Despite this, antidepressant treatment is sometimes asso-
ciated with recurrent nightmares. Venlafaxine also sup-
presses REM sleep and was associated with nightmares in
a 35-year-old woman with body image disturbance; the
nightmares remitted when the venlafaxine was withdrawn
(12). The authors speculated that indirect activation of 5-
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HT2 receptors might have played a causal role, because 5-
HT2 receptor antagonists, such as nefazodone, can be
helpful in the treatment of nightmares, for example in
patients with post-traumatic stress disorder.
The 5HT toxicity (serotonin) syndrome usually results

from the combination of two drugs with potentiating
effects on 5HT neurotransmission. However, it can occa-
sionally result from therapeutic doses of a conventional
5HT re-uptake inhibitor antidepressant.

� A 29 year old woman developed anxiety, restlessness,
shivering, diarrhea, nausea, and vomiting after taking
venlafaxine 37.5 mg/day for 3 days (13). She also had
ataxia and myoclonus. Her symptoms resolved after a
few hours and treatment with prochlorperazine and
lorazepam. Two weeks later she took fluoxetine
20 mg/day without adverse effects. This case shows
how sensitive some patients can be to even low doses
of 5HT potentiating drugs and also the rather puzzling
fact that another drug, equally potent at facilitating
5HT neurotransmission, can then be taken without
apparent adverse consequences.

Venlafaxine as monotherapy has been associated with
both the serotonin syndrome and the neuroleptic malig-
nant syndrome, which can be difficult to distinguish.

� A 40-year-old woman took venlafaxine 150 mg bd for
a severe depressive disorder and after 12 days devel-
oped a tremor, posturing, confusion, muscular rigidity,
a mask-like facies, dysphagia, hypertension, and tachy-
cardia (14). The venlafaxine was withdrawn and she
improved. The next day the venlafaxine was re-started
and the symptoms returned more severely, this time
accompanied by a pyrexia of 38�C and a dramatically
raised creatine kinase activity (2097 U/l, reference
range 0–190 U/l). A brain scan and cerebrospinal
fluid were normal. There were no myoclonic move-
ments and no sweating. Venlafaxine was again with-
drawn and she recovered over the following week. She
was then given mirtazapine without recurrence of the
abnormal neurological state and her depression
remitted within the next month

The authors described this as a case of serotonin syn-
drome rather than neuroleptic malignant syndrome,
because no dopamine receptor blocking drug was
involved. However, drugs other than antipsychotic agents
have sometimes been implicated in neuroleptic malignant
syndrome, and it is well established that drugs that
potentiate serotonin can indirectly affect dopamine path-
ways. In this case the reported symptoms, including mus-
cular rigidity, change in conscious state, hyperthermia,
autonomic instability, and increased creatine kinase activ-
ity are more consistent with neuroleptic malignant syn-
drome than the serotonin syndrome.

Sensory systems

Tricyclic antidepressants predispose to acute angle clo-
sure glaucoma, probably through an anticholinergic
action. However, acute angle closure has also been
reported with SSRIs, suggesting that all serotonin-

potentiating drugs can cause glaucoma (SEDA-21, 13)
(SEDA-23, 17).

� Acute angle closure glaucoma has been reported in a
45-year-old woman taking venlafaxine (75 mg/day)
and chlorpromazine (150 mg/day) (15). She had pre-
viously taken low-dose dosulepin (75 mg/day), chlor-
promazine, and SSRIs without ophthalmic problems.

Chlorpromazine has mild anticholinergic properties and
may have contributed to the angle closure in this case. She
also had hypermetropia which is an another risk factor for
glaucoma. However, this case supports the view that
potent blockade of serotonin re-uptake can cause glau-
coma in predisposed subjects.

Psychological, psychiatric

The use of antidepressants in patients with documented
bipolar illness is often associated with a risk of manic
illness (16).

� A 63-year-old man with a long history of bipolar illness
and alcohol dependence took nefazodone 400 mg/day
for 8 months, with no relief of a depressive episode. He
was also taking valproate 1500 mg/day as a mood sta-
bilizer, aspirin 81 mg/day, ranitidine 300 mg/day, and
docusate calcium 240 mg/day. Nefazodone was
tapered over 4 days and venlafaxine begun in a dosage
of 37.5 mg/day and gradually increased to 150 mg/day
over 3 weeks. Venlafaxine led to improvement in
depressive symptoms, but 6 days after the dose reached
150 mg/day he became agitated, verbally and physi-
cally threatening, grandiose, and sexually disinhibited.
He also had paranoid thinking and appeared to be
hallucinating. The venlafaxine was withdrawn but the
manic symptoms persisted and eventually required
increases in the dosages of valproate and antipsychotic
drugs.

This report illustrates the difficulty of treating depression
in bipolar disorder with antidepressants. The presence of
a mood stabilizer did not prevent the manic episode that
emerged during venlafaxine treatment, and it is in any
case difficult to know whether the mania was in fact due
to the venlafaxine or instead represented a spontaneous
mood swing.
Delusions of love (erotomania or De Clérambault’s

syndrome) is a rare but striking disorder.

� A 39-year-old woman with a history of treatment-resis-
tant depression developed delusions that her medical
attendants were in love with her on two separate occa-
sions when taking venlafaxine in doses of 225 mg and
more (17). There was no evidence of mania and no
other psychotic symptoms. On both occasions the delu-
sional beliefs subsided when venlafaxine was with-
drawn. She was subsequently treated with another
antidepressant and made a good recovery.

The absence of a history of psychosis and the re-emer-
gence of delusional thinking when venlafaxine was pre-
scribed again suggest that venlafaxine played a role in
producing this psychotic state. At high doses venlafaxine
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potentiates dopamine activity, which could lead to psy-
chotic reactions in predisposed individuals.

Endocrine

SSRIs can facilitate prolactin release and have been asso-
ciated with galactorrhea (SEDA-26, 13). A similar effect
would be expected with venlafaxine.

� A 38-year-old woman developed galactorrhea on two
separate occasions while taking venlafaxine 225 mg/
day and 75 mg/day (18). On the first occasion prolactin
concentrations were modestly raised but on the second
they were not.

This report confirms that, like SSRIs, venlafaxine can
cause galactorrhea and also suggests, as has been
observed with other drugs, that the symptom of lactation
is not necessarily closely linked to plasma prolactin con-
centrations. This suggests that other mechanisms could be
involved in the production of drug-induced galactorrhea.

Electrolyte balance

It is well established that SSRIs can cause hyponatremia.
Similar cases have now been reported with venlafaxine.

� A 90-year-old woman had a depressive disorder in
addition to other medical problems, including conges-
tive cardiac failure, seizures, dementia, and osteoporo-
sis (19). She was also taking phenobarbital 120 mg/day,
enalapril 40 mg/day, furosemide 80 mg/day, calcium
carbonate 1300 mg/day, and nortriptyline 50 mg at
night. She was given additional paroxetine 20 mg/day,
but there was no clinical response and she was changed
to venlafaxine, increasing to 75 mg/day. Two months
later her sodium concentration had fallen to 130 mmol/
l and the furosemide was withdrawn. However, 4
months later the sodium concentration had fallen to
124 mmol/l. The venlafaxine was then withdrawn and
the sodium normalized within a week and remained
within the reference range for the following year.

This was a complex case, because of the multiple medical
problems and treatments. However, it has been reported
that since the launch of venlafaxine in Australia in 1996,
the Adverse Drug Reactions Advisory Committee there
has received 15 reports of hyponatremia, suggesting that
the association is real (20).

Liver

Raised liver enzymes have been rarely found in patients
taking venlafaxine, and it appears that hepatitis may also
be rare adverse effect (21).

� A 44-year-old woman developed weakness with abnor-
mal liver function tests (aspartate transaminase 661
IU/l) about 6 months after starting to take venlafaxine
150 mg/day. Biopsy showed confluent necrosis in zone
3, with unaffected portal tracts. No other cause for the
hepatitis could be found. The clinical and biochemical
features resolved within 12 weeks of withdrawal of
venlafaxine.

Hair

SSRIs can cause occasional, idiosyncratic hair loss in
some patients (SEDA-19, 10), and this has also been
attributed to venlafaxine (22).

� A 50-year-old woman took venlafaxine 75 mg/day for
depression, and the dosage was increased to 150 mg/
day after 2 weeks. After 4 weeks she noted increased
hair loss when brushing or washing her hair. After 3
months she stopped taking venlafaxine and 1 month
later her hair loss stopped completely. However, 10
months later she had another depressive episode and
was again successfully treated with venlafaxine. Once
again she noted excessive hair loss. She was subse-
quently treated with sertraline 50 mg/day, which
helped her depression without causing hair loss.

The fact that sertraline did not cause hair loss in this
patient suggests that the mechanism was not related to
blockade of serotonin re-uptake.

Sexual function

Antidepressant drugs can rarely cause priapism. The
agent most often implicated has been trazodone, perhaps
because of its a1-adrenoceptor antagonist properties. In
general venlafaxine has an inhibitory effect on sexual
function, but perhaps, like SSRIs, it can rarely cause
priapism (23).

� A 16-year-old youth taking venlafaxine (150 mg/day)
had several episodes of prolonged erections, which
persisted for several hours after intercourse. The
episodes remitted after the venlafaxine was with-
drawn.

Pain on ejaculation is also a rare adverse effect of tricyclic
antidepressants and SSRIs and has been reported with
venlafaxine (24).

� Painful ejaculation occurred in a 59-year-old man tak-
ing venlafaxine 150 mg/day. It remitted when the ven-
lafaxine was withdrawn and did not recur when
citalopram 40 mg/day was used instead.

Drugs that potentiate serotonin function can cause ejacu-
latory delay in men, and this has led to the use of SSRIs to
treat premature ejaculation (SEDA-26, 13). Venlafaxine
is also reported to cause problems with ejaculation during
routine use and its efficacy has been studied in a placebo-
controlled, crossover study in 31 men with ejaculation
latencies of less than 2 minutes (25). Both placebo and
venlafaxine (75 mg/day of the XL formulation) signifi-
cantly increased latency to ejaculation over baseline, pla-
cebo by 2 minutes and venlafaxine by 3 minutes; there
was no difference between the two treatments. The
authors concluded that venlafaxine is not effective for
the management of premature ejaculation. However, the
small number of subjects studied and the large placebo
effect makes this conclusion tentative. It does appear,
however, that the effect of venlafaxine on ejaculation
delay is probably less striking than, for example, that of
paroxetine.
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Long-Term Effects

Drug abuse

Misuse of antidepressants is unusual.

� A 38-year-old man without a previous history of sub-
stance misuse took up to 3600 mg of venlafaxine daily
(about 10 times the maximum therapeutic dose)
because it caused a subjective ‘‘high’’ (26). He main-
tained his high doses by obtaining illicit supplies of
venlafaxine until a dose of 4050 mg produced acute
central chest pain. He was then admitted to be treated
for depression and substance misuse.

This patient developed features of drug dependence. Such
reactions are unusual but might be related to the ability of
venlafaxine to potentiate dopamine function at high
doses. This pharmacological property characterizes
many drugs that are misused for their euphoriant
properties.

Drug withdrawal

Both SSRIs and venlafaxine can cause troublesome with-
drawal symptoms (SEDA-22, 12) (SEDA-22, 17).
Because venlafaxine blocks the re-uptake of both seroto-
nin and noradrenaline the mechanism of venlafaxine-
induced abstinence symptoms is not clear.

� A 72-year-old woman taking venlafaxine 150 mg/day
for depression was abruptly switched to the noradrena-
line re-uptake inhibitor maprotiline 75 mg/day; 1 day
later she developed agitation, sweating, nausea, vomit-
ing, tinnitus, and insomnia (27). These symptoms con-
tinued for another week, but disappeared on the
second day of sertraline treatment 50 mg/day.

The symptoms experienced by this patient were typical
of venlafaxine and SSRI withdrawal (although they
could also be experienced after sudden withdrawal of
tricyclic antidepressants). The fact that they were
relieved by a serotonin but not a noradrenaline re-
uptake inhibitor suggests that venlafaxine-induced with-
drawal symptoms are mediated by serotonergic mechan-
isms.

Drug Administration

Drug overdose

Venlafaxine is generally regarded as being reasonably
safe in overdose relative to conventional tricyclic antide-
pressants, but may be more toxic in overdose than SSRIs.
In a survey of Coroners in England and Wales of anti-
depressant-related deaths between 1998 and 2000, the
numbers of expected and observed deaths were computed
for each antidepressant using prescription frequency data
to yield a standardized mortality ratio (28). The highest
mortality ratios, as expected, were found with the con-
ventional tricyclic antidepressants, amitriptyline and
dosulepin (1.8 and 1.7 respectively). The corresponding
ratios for SSRIs were substantially lower (between 0.1
and 0.3). However, the value for venlafaxine was 1.6,

very similar to that of tricyclics. This study supports pre-
vious findings that suggested that venlafaxine may be
significantly more toxic in overdose than SSRIs.
However, these data need to be interpreted cautiously.
Venlafaxine tends to be prescribed for patients with treat-
ment-resistant depression. Such patients may be more
likely to make suicide attempts and also to take their
antidepressant medication in combination with other psy-
chotropic drugs (for example, antipsychotic drugs), which
may themselves be toxic in overdose. Further epidemio-
logical data will be needed to resolve these uncertainties.
In the meantime, the UK Committee on Safety of
Medicines has restricted the prescription of venlafaxine
to patients who have failed to respond to at least two
other antidepressant agents and has required that a base-
line electrocardiogram be carried out before treatment is
begun. In addition, venlafaxine is now contraindicated in
patients with evidence of cardiovascular disease or elec-
trolyte imbalance (29), although the matter is still under
review.
Venlafaxine has been associated with occasional

reports of cardiac conduction disturbances at both ther-
apeutic doses and in overdose (SEDA-24, 19).
Deaths have been described after venlafaxine over-

dose, but in combination with other agents and alcohol.
However, there have been two fatal cases of overdosage
in which venlafaxine was the only agent detected post-
mortem (30). It therefore appears that venlafaxine can
occasionally prove fatal in overdosage, probably through
cardiac conduction abnormalities and seizures (30,31). It
is possible that poor metabolizers may be especially liable
to develop toxic effects.

� A 44-year-old woman took an overdose of venlafaxine
3 g. An electrocardiogram showed sinus rhythm and
incomplete right bundle branch block (32). She was
monitored in an intensive care unit and 10 hours later
a further electrocardiogram showed atrial fibrillation
with a wide QRS complex. Both of these abnormalities
resolved with sodium bicarbonate (100 ml of a 1 M
solution). No further conduction disturbances were
noted over the following days.

The authors suggested that the effect of venlafaxine on
cardiac conduction is mediated by its ability to block the
fast inward sodium current in cardiac myocytes. This
might promote membrane stabilizing effects in a similar
way to tricyclic antidepressants. They recommended that
the management of venlafaxine overdose should include
cardiac monitoring.

Drug–Drug Interactions

Alprazolam

The effects of venlafaxine on the pharmacokinetics of
alprazolam have been investigated in 16 healthy volun-
teers. Steady-state venlafaxine 75 mg bd did not inhibit
CYP3A4 metabolism of a single dose of alprazolam 2 mg
(33).
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Caffeine

Venlafaxine 150 mg/day did not alter the disposition of
caffeine, a probe of CYP1A2 activity (34). This suggests
that at therapeutic doses venlafaxine, in contrast to flu-
voxamine (SEDA-22, 13), does not inhibit CYP1A2.

Clozapine

The effect of venlafaxine on clozapine concentrations has
been studied in 11 in-patients with chronic schizophrenia
(35). Clozapine concentrations were not altered by venla-
faxine. This is consistent with relative of lack inhibition of
CYP enzymes by venlafaxine; however the doses of ven-
lafaxine were modest (maximum 150 mg/day) and it is
possible that higher doses might alter clozapine concen-
trations.

Dexamfetamine

Psychostimulants, such as dexamfetamine, are being
increasingly prescribed for patients who meet the criteria
for adult attention deficit disorder. Many such patients
also have co-morbid major depression.

� A 32-year-old man taking dexamfetamine 15 mg/day
developed the serotonin syndrome, with shivering,
sweating, myoclonus, and pyrexia, following the addi-
tion of venlafaxine 150 mg/day (36). Venlafaxine and
dexamfetamine were withdrawn, and he was given the
serotonin receptor antagonist, cyproheptadine (32 mg
over 3 hours). His symptoms remitted a few hours later
and he subsequently restarted dexamfetamine without
incident. A later trial of citalopram, while he was still
taking dexamfetamine, also led to symptoms of sero-
tonin toxicity.

The combination of stimulants and SSRIs is not uncom-
mon in clinical practice, but reports of serotonin toxicity
are unusual, perhaps because drugs such as dexamfeta-
mine and methylphenidate predominantly release dopa-
mine and noradrenaline rather than serotonin. However,
psychostimulants do cause some degree of serotonin
release, which might have been sufficient to cause seroto-
nin toxicity in this case.

Fluoxetine

Four depressed patients (age range 21–73 years) had
anticholinergic adverse effects when venlafaxine
37.5 mg/day was added to fluoxetine 20 mg/day (37).
Venlafaxine does not have direct anticholinergic effects,
but could cause them indirectly as a result of its ability to
increase noradrenergic neurotransmission. This effect
would be expected only at much higher doses of venlafax-
ine than those used here, which led the author to suggest
that in the presence of CYP2D6 inhibition by fluoxetine,
venlafaxine concentrations could have been substantially
higher than expected.

Imipramine

In six healthy men, venlafaxine (150 mg/day for 10 days)
produced an increase of 28% in the systemic availability

of a single dose of imipramine (100 mg); the availability
of the active metabolite of imipramine, desipramine, was
also increased (38). These data suggest that venlafaxine
inhibits CYP2D6; the effects appear to be modest relative
to those of fluoxetine and are similar to those produced
by sertraline.

Indinavir

Venlafaxine 50 mg 8-hourly reduced the AUC of a single
dose of indinavir 800 mg by 28% in nine healthy subjects
(39).

Moclobemide

Interactions of moclobemide with venlafaxine, a potent
serotonin re-uptake inhibitor, have been reported (40,41).

� A 34-year-old man took 2.625 g of venlafaxine (ther-
apeutic dose 75–375 mg/day) and 3 g of moclobemide,
plus an unknown amount of alcohol 1 hour before
being admitted to hospital. Within 20 minutes of arri-
val his conscious level deteriorated and he had
increased muscle tone, with clonus in all limbs. He
was treated with intubation, paralysis, and ventilation,
and sedated with midazolam and morphine. He
regained consciousness after 2 days.

This case report confirms the serious consequences of
combined overdosage of moclobemide with drugs that
potentiate brain serotonin function (see also the mono-
graph on SSRIs).

Monoamine oxidase inhibitors

There have been previous reports of serotonin toxicity
when venlafaxine was combined with therapeutic doses
of conventional MAO inhibitors (SEDA 20, 21). The
serotonin syndrome has been reported in four patients
who were switched from the MAO inhibitor phenelzine
to venlafaxine (42). In two of the subjects, the 14-day
washout period recommended when switching from phe-
nelzine to other antidepressant drugs had elapsed.

� A 25-year-old woman had been taking phenelzine
45 mg/day for refractory migraine and tension head-
ache, but suffered intolerable adverse effects (weight
gain, edema, and insomnia). Phenelzine was withdrawn
and 15 days elapsed before she took a single dose of
venlafaxine 37.5 mg. Within 1 hour she developed agi-
tation, twitching, shakiness, sweating, and generalized
erythema with hyperthermia (38�C). Her symptoms
resolved within 3 hours with no sequelae.

These cases suggest that even after the recommended 2-
week washout from MAO inhibitors, venlafaxine can
provoke serotonin toxicity in some patients. In principle
it should be possible to switch from one conventional
MAO inhibitor to another without a washout period.
However, there have been reports that patients who
switched from phenelzine to tranylcypromine had hyper-
tensive reactions, with disastrous consequences (43).
Whenever possible, a 2-week washout period when
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switching MAO inhibitors or when introducing serotonin
re-uptake inhibitors seems advisable.

Phenelzine

There have been reports of serotonin toxicity when ven-
lafaxine was combined with therapeutic doses of conven-
tional MAO inhibitors (SEDA-20, 21). The serotonin
syndrome has been reported in four patients who were
switched from the MAO inhibitor phenelzine to venlafax-
ine (44). In two of them, the 14-day washout period
recommended when switching from phenelzine to other
antidepressant drugs had elapsed.

� A 25-year-old woman, who had taken phenelzine
(45 mg/day) for refractory migraine and tension head-
ache, suffered intolerable adverse effects (weight gain,
edema, and insomnia). Phenelzine was withdrawn and
15 days elapsed before she took a single dose of
37.5 mg of venlafaxine. Within 1 hour she developed
agitation, twitching, shakiness, sweating, and general-
ized erythema with hyperthermia (38�C). Her symp-
toms resolved within 3 hours with no sequelae.

This suggests that even after the recommended 2-week
washout from MAO inhibitors, venlafaxine can provoke
serotonin toxicity in some patients.

Quinidine

Venlafaxine is metabolized by CYP2D6. In healthy
volunteers the oral clearance of venlafaxine (37.5 mg/
day for 2 days) was fourfold less in poor metabolizers
(n = 6) than extensive metabolizers (n = 8) (45).
Administration of the CYP2D6 inhibitor quinidine,
200 mg/day for 2 days, to the extensive metabolizers
reduced the oral clearance of venlafaxine to the level
seen in poor metabolizers. Quinidine had no effect on
venlafaxine clearance in subjects who were poor metabo-
lizers before treatment. The authors suggested that poor
metabolizers may be at particular risk of venlafaxine
toxicity, as could subjects who take inhibitors of CYP2D6.

Risperidone

Unlike SSRIs, venlafaxine only weakly inhibits CYP2D6.
Venlafaxine (up to 150 mg/day for 10 days) modestly but
significantly increased the plasma AUC of a single dose of
risperidone (1 mg) in 38 healthy volunteers in an open
longitudinal design, but did not affect its active metabo-
lite, 9-hydroxyrisperidone (46). The authors suggested
that their study had shown a small potentiating effect of
venlafaxine on risperidone availability, probably through
weak inhibition by venlafaxine of CYP2D6. Venlafaxine
is therefore less likely to increase risperidone concentra-
tions than are fluoxetine and paroxetine.
In eight patients with major depressive disorder with-

out psychotic features, who did not respond to serotonin
re-uptake inhibitors therapy when risperidone was added,
all improved within 1 week. Furthermore, risperidone
also seemed to have beneficial effects on sleep distur-
bance and sexual dysfunction (47). In an open study in
30 healthy subjects who took risperidone 1 mg orally

before and after venlafaxine dosing to steady state, the
oral clearance of risperidone fell by 38% and the volume
of distribution by 17%, resulting in a 32% increase in
AUC; renal clearance of 9-hydroxyrisperidone also fell
by 20% (48). The authors concluded that these small
effects were consistent with the fact that venlafaxine is
unlikely to alter the clearance of risperidone, which is
mainly by CYP2D6.

Tramadol

The analgesic drug tramadol can cause 5HT toxicity in
association with SSRIs. Venlafaxine is also a potent re-
uptake inhibitor, and perhaps not surprisingly has been
reported to cause features of the 5HT syndrome in a
patient taking tramadol (49).

� A 47-year-old man with a long history of depression
had been stable on a combination of venlafaxine
300 mg/day and mirtazapine 30 mg/day for 3 months.
He started to take tramadol for a chronic pain syn-
drome and the dose was titrated up to 300 mg/day over
the next 4 weeks. The dose was then increased to
400 mg/day, and 8 days later he developed shivering,
sweating, myoclonus, hyper-reflexia, and mydriasis.
His medications were withdrawn, but over the next 4
hours he developed a fever (39.2�C) and a tachycardia.
He was given intravenous hydration and closely mon-
itored, and the symptoms resolved over the next 36
hours. Venlafaxine and mirtazapine were restarted
and he remained symptom free.

In this case the 5HT toxicity produced by tramadol may
have been dose-related within the therapeutic range,
because it did not become apparent until the dose had
reached 400 mg/day. It is of interest that the 5HT syn-
drome developed despite the fact that the patient was
taking mirtazapine, which is a potent 5HT2 receptor
antagonist. 5HT2 receptor antagonists have been sug-
gested for the treatment of drug-induced 5HT toxicity.
However, activation of postsynaptic 5HT1A receptors has
also been implicated in the development of the 5HT
syndrome, which presumably may have been the mechan-
ism here.
The death of a 36-year-old patient with a history of

alcohol dependence who was taking tramadol, venlafax-
ine, trazodone, and quetiapine has highlighted the
increased risk of seizures with concomitant use of trama-
dol and selective serotonin re-uptake inhibitors (50).

Trifluoperazine

Drugs that potentiate the function of serotonin, such as
venlafaxine, can produce pharmacodynamic interactions
with dopamine receptor antagonists, perhaps because ser-
otonin pathways can inhibit dopamine neurotransmission.

� A 44-year-old man with major depression had been
taking the antipsychotic drug trifluoperazine (3 mg/
day) for anxiety for several years (51). He was given
venlafaxine 75 mg/day, and 12 hours after the first dose
developed anxiety and malaise. He was sweating and
had tremor and rigidity. His blood pressure fluctuated
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and his creatine phosphokinase activity was raised at
11 320 IU/l. A diagnosis of neuroleptic malignant syn-
drome was made and he was given dantrolene and
bromocriptine. His symptoms settled within 24 hours
and trifluoperazine was reintroduced uneventfully.

This case suggests that venlafaxine can rarely increase the
risk of neuroleptic malignant syndrome in patients taking
a dopamine receptor antagonist. However, this combina-
tion of drugs is often used, and it is not clear why only
very few patients appear to be susceptible to this reaction,
and then only on some occasions.
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Viloxazine

General Information

Viloxazine, a bicyclic compound, is related structurally
(but not pharmacologically) to the beta-adrenoceptor
antagonists. In animal tests, its profile shows properties
of both the imipramine-like compounds (reversal of reser-
pine-induced hypothermia) and amphetamine (stimula-
tion of the electroencephalogram). A review of animal
and clinical data confirmed the impression that viloxazine
has efficacy comparable to that of imipramine but with a
different adverse effects profile (1). There is a reduced
frequency of anticholinergic and sedative effects and a
tendency to lose rather than to gain weight. However,

viloxazine has some limiting adverse effects of its own.
These include nausea, vomiting, and gastrointestinal dis-
tress, which may be reduced by the use of an enteric-
coated formulation (2,3). Viloxazine has also been impli-
cated in migraine, even in patients with no previous his-
tory (4).

Organs and Systems

Cardiovascular

Although hypotension and tachycardia can occur, an
extensive review of its animal and clinical pharmacology
suggested that viloxazine is relatively free of direct cardi-
otoxic effects (1). In a controlled comparison of doxepin
and viloxazine (150–450 mg/day), one patient taking
viloxazine developed chest pain after 26 days; an electro-
cardiogram confirmed changes compatible with ischemia
but there were no progressive electrocardiographic or
enzyme changes, and the patient recovered fully after
being dropped from the study (5).

Nervous system

Viloxazine has previously been reported to lack epi-
leptogenic properties (SEDA-10, 52). In a review of
eight patients (six reported to the UK Committee on
Safety of Medicines and two in Japan) it was con-
cluded that there was a possible causal connection
with seizures in only two cases, and that such an asso-
ciation was inconsistent with the results of animal stu-
dies and with a worldwide review of clinical trials (6).
The reviewers concluded that if there is a risk of
inducing epilepsy with viloxazine, it is probably only
one-tenth that of tricyclic compounds.

Drug Administration

Drug overdose

It has been claimed that viloxazine is relatively free of
cardiotoxic effects and therefore safe in patients who take
an overdose. Indeed, 12 cases of overdose have been
reported, with complete recovery and no electrocardio-
graphic changes (SEDA-1, 9). In an authoritative review
it was concluded that although coma, hypotension, and
loss of tendon reflexes have been reported, serious com-
plications do not develop in most cases (7).

Drug–Drug Interactions

Carbamazepine

In seven patients with epilepsy taking carbamazepine the
addition of viloxazine 300 mg/day resulted in a pro-
nounced increase in plasma carbamazepine concentra-
tions (8.1–12.1 ng/ml), with symptoms of intoxication
(dizziness, fatigue, ataxia, and drowsiness), resolving on
withdrawal of viloxazine (8). The mechanism was unclear,
but serum concentrations of phenytoin in two patients
were unchanged.
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LITHIUM

General Information

Lithium is an alkaline earth element that is used medicin-
ally in the form of salts such as lithium chloride and
lithium carbonate. Its main use is in the prevention or
attenuation of recurrent episodes of mania and depres-
sion in individuals with bipolar mood disorder (manic
depression). Lithium also has clearly established antima-
nic activity, although its relatively slow onset of action
often necessitates the use of ancillary drugs, such as anti-
psychotic drugs and/or benzodiazepines, at the start of
therapy. If lithium alone is ineffective for recurrent bipo-
lar mood disorder, combining it or replacing it with car-
bamazepine or valproate may be of value; reports with
lamotrigine and olanzapine are also encouraging.
Lithium also has antidepressant activity in bipolar dis-

order, has prophylactic value in recurrent major depres-
sion, and is a useful augmenting agent for antidepressant-
resistant depression. Other uses in psychiatry include
schizoaffective disorder, emotional instability, and patho-
logical aggression. The point prevalence of lithium use
has been estimated to be as high as 1 in 1000 people in
populations in industrial countries. The complex relation
between sub-syndromal manifestations of bipolar disor-
der, particularly cognitive dysfunction, and the role that
lithium might play in alleviating or aggravating this pro-
blem have been discussed in a thoughtful review (1).
The well-established effectiveness of long-term lithium

in reducing manic-depressive morbidity includes a
reduced risk of suicide and suicidal behavior. For exam-
ple, in one study, suicidal acts per 1000 patient-years were
23 before lithium, 3.6 during lithium, 71 in the first year
after withdrawal, and 23 in subsequent years (2). In
another study, suicide rates during treatment with lithium
were 31 per 1000 person-years (emergency department
suicide attempts), 11 per 1000 person-years (suicide
attempts resulting in hospitalization), and 1.7 per 1000
person-years (suicide deaths); the risk of suicide death
was 2.7 times higher during treatment with divalproex
than during treatment with lithium (3). A retrospective
study divided high-risk patients into excellent, moderate,
and poor responders to lithium and showed that no
further suicide attempts occurred in 93%, 83%, and
49% respectively (4). The substantial reduction in suicidal
tendency in the poor responder group suggested an anti-
suicidal effect of lithium beyond its mood-stabilizing
properties, although the psychosocial benefits of lithium
clinic treatment could have been contributing factors.
Since bipolar disorder is a condition for which long-

term treatment is usually necessary, both acute and
long-term adverse effects are important, especially since
patients in remission are often less likely to tolerate them
(5). With this in mind, one might consider some specula-
tively positive findings involving the neurotropic and neu-
roprotective effects of lithium (6). The concentration of
bcl-2, a cytoprotective protein, was upregulated by

lithium in both rodent brains and human neuronal cells,
as was the concentration of N-acetylaspartate, a marker
of neuronal viability and function, in human gray matter
(7). In addition, a 3-dimensional magnetic resonance ima-
ging study with quantitative brain-tissue segmentation
showed that treatment with lithium for 4 weeks increased
the total volume of gray matter by about 3% in eight of 10
patients in the depressed phase of bipolar I disorder.
Guidelines for treating bipolar disorder, developed in a

consensus meeting of experts, have been published by the
British Association of Psychopharmacology (8). Lithium
was recommended for many of the phases of bipolar
disorder, often in combination with other treatments.
Although the efficacy of lithium salts in the treatment of
bipolar disorders, particularly in the prevention of recur-
rence of manic, hypomanic, mixed, and depressive epi-
sodes is well established, recent data suggest that it also
has a prominent role in reducing the rate of suicide among
patients with bipolar mood disorders.
The molecular effects of lithium have been reviewed

(9). Its direct targets include inositol monophosphatase,
inositol polyphosphate 1-phosphatase, biophosphate
nucleotidase, fructose 1, 6)biophosphatase, phosphoglu-
comutase, and glycogen synthase kinase-3. These
enzymes are largely phosphomonoesterases, which are
magnesium-dependent. Lithium also has effects on ade-
nylate cyclase, arachidonic acid, and myristoylated ala-
nine-rich C kinase substrate (MARCKS). MARCKS is a
presynaptic and postsynaptic protein that affects cellular
signalling and cytoskeletal plasticity, and its expression is
regulated by lithium (10).
During 2004 a number of clinical trials were reported

involving acute and maintenance studies of lithium,
mostly either comparing new atypical antipsychotic
drugs with lithium in bipolar disorder or in combined
treatment studies. Of the relatively few studies of the
adverse effects of lithium, most clustered in the areas of
cardiovascular effects and issues regarding lithium toxi-
city.

Efficacy of lithium

Bipolar illness appears to be a changing illness. A com-
parison of psychiatric services in North-West Wales in the
1890s and the 1990s has shown that the rate of admissions
increased from 4.0 every 10 years to 6.3 every 10 years
(11). Similarly, the daily hospital occupancy rate for
patients with bipolar affective disorder rose from 16 per
million to 24 per million. While acknowledging that there
have been many social changes that may have contributed
to these differences, the authors suggested that current
treatments leave much to be desired. Reviews of lithium
treatment have reached similar conclusions, particularly
regarding the effect of lithium in acute episodes (12).
A review of treatment guidelines has shown that there

is great variability in the various recommendations,
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despite the claim that they are all evidence-based (13).
Nevertheless, there are foundational recommendations
that seem to be consistent, which include the use of
lithium and valproate for most patients with bipolar affec-
tive disorder.
There are several reasons for the perception that

lithium may not be as effective as initially believed.
Among these are questions about study design and diag-
nostic drift (i.e. changes in how bipolar illness is diag-
nosed over time) (14). Many maintenance studies
involve enrichment of the sample for alternative agents,
which reduces the apparent effect of lithium. In addition,
many factors are associated with a good response to
lithium. These include a family history of a response to
lithium (15), higher social status, social support, and com-
pliance with medication (16). Predictors of a poor
response to lithium include stress, high expressed emo-
tion, neurotic personality traits, unemployment, and a
high number of previous episodes (Harris 423). It is likely
that most of these factors are simply predictors of a good
prognosis rather than lithium-specific factors.

Beneficial non-psychiatric uses of lithium

Some collateral drug effects that are not related to the
intended therapeutic effect are potentially beneficial.
Several beneficial effects of lithium, besides its action in
bipolar disorder, have been described.

Nervous system

There has been a spate of publications describing the
neuroprotective effects of lithium. By inhibiting glycogen
synthase kinase-3, lithium inhibits tau hyperphosphoryla-
tion and protects against b-amyloid-induced cell death,
suggesting a possible role in the treatment of
Alzheimer’s disease (17,18). Studies in mice and cell
lines show that lithium reduces gp120-associated neuro-
toxicity, suggesting that it may be useful in preventing
progression of HIV-associated cognitive deterioration
(19). Low-dose lithium reduced infarct volume and neu-
rological deficits in a rat model of transient focal cerebral
ischemia (20).
Overall, the evidence that lithium has neuroprotective

and neurotropic effects through a variety of mechanisms
is striking (21), although whether those findings will
evolve into therapies of practical clinical value remains
to be seen.
Chronic cluster headache has responded to lithium

(22).

Sensory systems

In cultured mouse retinal ganglion cells, lithium sup-
ported the survival and regeneration of axons (23). This
led the authors to the very speculative suggestion that
lithium might be useful in treating conditions such as
glaucoma, optic neuritis, and other neuron loss disorders.

Endocrine

Lithium blocks the release of iodine and thyroid hor-
mones from the thyroid and has been used to treat
hyperthyroidism, as an adjunct to radioiodine therapy

(24–27) and in metastatic thyroid carcinoma (28).
However, it can also cause hyperthyroidism. Lithium
enhanced the efficacy of radioiodine in 23 patients (29),
but was ineffective in a larger comparison of lithium
(n = 175) or radioiodine alone (n = 175) (30). In 24
patients with Graves’ disease, lithium attenuated or pre-
vented increases in thyroid hormone concentration after
methimazole withdrawal and radioiodine treatment
(24,31).
In a case of amiodarone-induced thyrotoxicosis that did

not respond to antithyroid drugs and glucocorticoids, low-
dose lithium normalized thyroid function (32).
Lithium has been used, with several other drugs, to

treat four patients with amiodarone-associated thyrotox-
icosis, but the drugs were ineffective in two patients, who
required thyroidectomy (33). One hopes that the authors
actually used milligram amounts of lithium carbonate
rather than the microgram amounts listed in the article.

Metabolism

Lithium therapy in a 17-year-old man with Kleine–Levin
syndrome led to remission of the characteristic manifesta-
tions, including hyperphagia (34).

Hematologic

Lithium has beneficial granulocytopoietic effects (35–37).
For example, lithium carbonate (800–900 mg/day) effec-
tively corrected neutropenia due to chemotherapy or
radiotherapy in over 85% of 100 cancer patients (38).
The potential benefit and possible risks of using lithium
to treat clozapine-induced neutropenia/agranulocytosis
have been reviewed (39).

� A 29-year-old man with agranulocytosis, who could not
tolerate granulocyte-colony stimulating factor, had
normalization of peripheral granulocyte counts when
he took lithium carbonate 800 mg/day (40).� A 16-year-old with severe aplastic anemia failed to
respond to treatment with corticosteroids plus an
androgen and to antilymphocyte globulin, but had a
strikingly positive response to the combination of
lithium and an androgen derivative (41). Leukopenia
and thrombocytopenia recurred 2 months after lithium
was withdrawn and responded to reintroduction of the
drug.

The potential of lithium to prevent or treat clozapine-
induced granulocytopenia has been reviewed (39). In a
study of 38 patients on clozapine for schizophrenia or
schizoaffective disorder, the addition of lithium increased
the leukocyte count (42). A 20-year-old man with olanza-
pine-induced neutropenia 5 mg/day was able to tolerate
20 mg/day while taking lithium (43).

Skin

Lithium succinate is used topically to treat seborrheic
dermatitis (44). A topical 8% lithium gluconate ointment
was more effective than a placebo ointment in treating
129 patients with facial seborrheic dermatitis (complete
remission in 29 versus 3.8%) (45).
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Immunologic and infections

Comments on the generally favorable effects of lithium on
immune function have been summarized (46). The antiviral
and neuroprotective properties of lithiumwere mentioned in
a review of the immune system and bipolar disorder (47).
The potential benefit of lithium in treating AIDS andAIDS-
related dementia, owing in part to its cytokine-regulating and
neuroprotective effects, has been reviewed (48). Genital
Herpes simplex infection has responded to lithium (49).

� Lithium had an antiviral effect in a 44-year-old woman
whose psychiatric symptoms did not improve but who
had complete suppression ofHerpes labialis for 2 years
(after a 30-year history of at least twice-yearly epi-
sodes) followed by a recurrence, only 5 days after
stopping the drug (50).

Cancers

In one study, there was a lower risk of cancer in both 609
lithium patients and 2396 psychiatric controls compared
with the general population, and in the lithium group,
there was a nonsignificant trend toward an even lower
risk of nonepithelial tumors (51).
Lithium gamolenate, a compound with in vitro antitu-

mor activity, given intravenously or orally, was ineffective
in treating advanced pancreatic adenocarcinoma
(n = 278) (52). Adverse effects attributed to lithium
(type unspecified) were reported in two of 93 in the oral
group (mean serum lithium 0.15 mmol/l), five of 90 with
low-dose intravenous administration (mean serum lithium
0.4 mmol/l), and seven of 95 with the high-dose intrave-
nous administration (mean serum lithium 0.8 mmol/l).

Pharmacokinetics

Ionized lithium is readily absorbed from the gastrointest-
inal tract and is excreted almost entirely by the kidney,
which ordinarily clears it at a rate of about one-quarter to
that of creatinine clearance (53).
A reduction in glomerular filtration rate (GFR) will

reduce lithium clearance, as will a negative sodium bal-
ance. Lithium is not metabolized and is not bound to
plasma proteins.
Lithium is easily, inexpensively, and accurately measur-

able in the serum, and serum concentration determination
is a useful adjunct to monitoring its therapeutic efficacy
and avoiding toxicity (54).
Both immediate-release and modified-release formula-

tions of lithium carbonate are available. Peak blood con-
centrations are lower and occur more slowly with
modified-release formulations than with immediate-
release formulations, but all formulations are supposed
to deliver equivalent amounts of lithium per millimole.
The effectiveness of lithium should not be altered by the
formulation used or the number of daily doses (assuming
full adherence to therapy), but if it is given once a day the
12-hours serum lithium concentration will be somewhat
higher than if the same amount is given in divided doses.
Standardizing the timing of blood sampling to about 12

hours after the last dose (which is preferably taken in the
morning) will do much to avoid the vagaries of absorption

and should provide a consistency that will allow accurate
comparisons across samples (54). Blood concentrations
are most useful if a steady state has been reached before
sampling (4–5 days after starting treatment or after a
dosage change).
Recommended serum lithium concentrations for the

treatment of mania and for maintenance treatment are
not uniformly agreed on, although differences of opinion
are not large. For example, a concentration of 0.5–
0.8 mmol/l has been advised for patients starting treatment,
with the recognition that both lower and higher concentra-
tions may be necessary. In US product monographs, con-
centration ranges for acute mania (1.0–1.5 mmol/l) and
long-term treatment (0.6–1.2 mmol/l) tend to be higher
than currently practiced (mania 0.8–1.2 mmol/l; long-term
0.6–1.0 mmol/l) and considerably higher than concentra-
tions recommended in Europe. While there is uniform
agreement that the serum concentration should be kept as
low as is compatible with therapeutic efficacy, there is as yet
no accurate way to predict this concentration in an indivi-
dual. Within the target range, one can generally expect
efficacy to increase with blood concentration, but at a
price—adverse effects are likely to increase. Elderly people
will require a lower dosage of lithium to achieve a given
serum concentration, and they tend to be more sensitive to
adverse effects than younger individuals, but whether they
respond better to lower concentrations is unclear.
The frequency with which blood concentrations should

be measured varies with the stage of the illness and with a
number of patient factors (including age, associated ill-
nesses, concomitant medications, and diet). Generally,
concentrations are measured every 5–7 days during the
start of therapy, and then less and less often as stability
occurs and persists. In reliable patients taking long-term
treatment, concentrations may be measured every 3–4 or
even 6 months.

Pharmacogenetics

Individuals with the short form of the serotonin transpor-
ter have a poorer response to lithium (55). The short form
of the serotonin transporter is a genetic polymorphism
that increases the risk of depression in the setting of
adversity (56,57,58) and reduces the likelihood of a
response to antidepressant treatment, and is therefore
associated with a poorer outcome (59,60,61,62).
Similarly, a single nucleotide polymorphism (SNP) in
the gene that encodes brain-derived neurotrophic factor
(the val66met SNP of BDNF) has been associated with a
poor response to lithium (63). This SNP is over-repre-
sented among patients with rapid cycling (64), who are
less likely to respond well to lithium.
Clinicians have some control of a few factors that are

associated with a poor response to lithium. For example, a
psychoeducational program can have a dramatic effect on
compliance with lithium, reflected in more stable lithium
concentrations (65).

Instruction and information

The safe and effective use of lithium is best ensured by
close collaboration among patients, physicians, and
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significant others, all of whom must remain well-informed
and up to date about treatment guidelines, benefits,
adverse effects, risks, and precautions. While verbal com-
munication and education is invaluable, it should be con-
structively supplemented with written information
(66,67).
Observational studies Beneficial effects have been

reported in patients with schizophrenia (n ¼ 10) and
schizoaffective disorder (n ¼ 10) who were treated with
a combination of clozapine and lithium (68). When
lithium (serum lithium concentration titrated to at least
0.5 mmol/l) was added to clozapine 100�800 mg/day
there was a positive effect in the patients with treat-
ment-resistant schizoaffective disorder, but not in the
patients with schizophrenia.
In a retrospective chart analysis of patients with depres-

sion, 23 took added lithium (69). There was improvement
in 13 and 11 improved over 4 weeks. Patients who con-
tinued to take lithium continued to improve, compared
with patients who stopped taking lithium.
In five adolescents with somnolence from Kleine–Levin

syndrome lithium (serum concentrations 0.6–0.9 mmol/l)
reduced the frequency and severity of the somnolence,
without severe adverse effects (70).
The addition of lithium in treating major depressive

disorder in patients unresponsive to antidepressant drugs
has been discussed, and it has been noted that about 50%
of patients respond to lithium augmentation in 2–4 weeks
(71), while others have pointed to the absence of con-
trolled data for this treatment in bipolar depression, while
nevertheless recommending its use (72). In summary,
there are data that support the use of lithium augmenta-
tion for treatment-resistant unipolar major depression.
However, the data are not robust and are based on only
a few hundred patients. Placebo-controlled studies of
lithium augmentation for treatment-resistant bipolar
depression are lacking (73).
The diagnosis of bipolar affective disorder, including

the bipolar spectrum, co-morbidity of bipolar disorder,
issues of bipolar disorder in children and adolescence,
and the pathophysiology of bipolar disorder have been
reviewed in relation to neuroimaging studies (74). These
imaging studies include Positron Emission Tomography
(PET) studies, functional MRI, Single Photon Emission
Computed Tomography (SPECT), and Magnetic
Resonance Spectroscopy (MRS). They point to abnorm-
alities in the brains of patients with bipolar disorder. The
reviewer noted the effects of mood stabilizers, including
lithium, and hypothesized that the lines of evidence
regarding efficacy of lithium and other mood stabilizers,
along with biological evidence, point to defects in the cell
related to memory dysfunction. Various ‘‘alternative’’
treatments and their possible effects on stabilization of
bipolar disorder were also reviewed.

Comparative studies

The availability of anticonvulsant mood stabilizers has
led to comparative studies with lithium. A review of
the comparative efficacy and tolerability of drug treat-
ments for bipolar disorder included tolerability

comparisons of lithium versus carbamazepine, lithium
versus valproate semisodium, and lithium versus other
medications (75).
In a 4-week, placebo-controlled study of lithium in 40

hospitalized children and adolescents (mean age 12.5
years) with aggression related to conduct disorder,
lithium was ‘‘statistically and clinically superior to pla-
cebo’’ (76). Although there were no dropouts related to
adverse events, nausea, vomiting, and increased urinary
frequency occurred significantly more often in the lithium
group. The 55% incidence of vomiting with lithium (ver-
sus 20% with placebo) may have been related to the
relatively high mean serum lithium concentration of
1.07 mmol/l (range 0.78–1.55 mmol/l).
While the efficacy of lithium alone or in combination

continues to be reconfirmed, drawbacks related to adher-
ence to therapy or genetic links to poorer outcomes have
also been highlighted. For those reasons, alternatives to
lithium, such as anticonvulsants and antipsychotic drugs,
have often been discussed (77). However, several studies
have reconfirmed the efficacy of lithium in acute mania
and its equivalence to some of the newer options.

Lithium versus carbamazepine

In a 2-year, double-blind study, lithium was superior to
carbamazepine in prophylactic efficacy, although it
caused more adverse effects (Table 1) (78).

Lithium versus divalproex

In a randomized, placebo-controlled, 12-month mainte-
nance comparison of lithium and divalproex in 372 bipo-
lar I outpatients, neither active drug was more effective
than placebo on the primary outcome measure—the time
to recurrence of any mood episode (79). While a history
of intolerance to either lithium or divalproex was an
exclusion criterion, it was not stated whether or not
prior nonresponders were entered and, if so, how many.
The following adverse effects were significantly more
frequent:

(a) with lithium than with placebo: nausea, diarrhea, and
tremor;

(b) with divalproex than with placebo: tremor, weight
gain, and alopecia;

(c) with lithium than with divalproex: polyuria, thirst,
tachycardia, akathisia, and dry eyes;

Table 1 Adverse effects of lithium and carbamazepine in a

double-blind trial (in %)

Adverse effect

Lithium

(n = 42)

Carbamazepine

(n = 46)

Difficulty concentrating 45 33

Thirst 41 22

Hand tremor 31 4

Blurred vision 26 11

Reduced appetite 21 9

Increased appetite 17 33

Weakness 14 4

128 Lithium

ª 2009 Elsevier B.V. All rights reserved.



(d) with divalproex than with lithium: sedation, infection,
and tinnitus.

Unfortunately, all dropouts were pooled, whether due
to adverse events or noncompliance, making overall tol-
erability comparisons impossible.
In an open study of 37 patients aged 5–18 years with a

current manic or mixed episode, who were treated for 6
months with either divalproex sodium plus risperidone or
lithium plus risperidone, lithium was given in a dose of
10–30 mg/kg/day, beginning with a single dose of 150 mg
or 300 mg, and gradually increasing the dose to produce a
plasma concentration in the usual target range (80).
About 80% of patients responded in each group and
over 60% of patients ‘‘remitted.’’ Adverse effects were
similar in the two groups over the 6-month treatment
period, and included weight gain, sedation, nausea,
increased appetite, stomach pain, tremor, and cognitive
dulling. Three of 17 patients taking lithium plus risperi-
done developed polyuria compared with none of those
taking divalproex sodium plus risperidone. Two of 20
patients taking divalproex sodium plus risperidone devel-
oped galactorrhea compared with none of those taking
lithium plus risperidone.

Lithium versus lamotrigine

The role of lamotrigine in the treatment of bipolar dis-
order has been reviewed, and combination therapy with
lamotrigine plus other mood stabilizers, including lithium,
has been particularly discussed (81). Lamotrigine has a
favorable tolerability profile compared with lithium, but
lithium has better antimanic effects than lamotrigine,
which exerts its antidepressant effects sooner than
lithium.
In a subanalysis of two 18-month maintenance studies

of the use of lithium, lamotrigine, or placebo in delaying
relapse in subjects with type I bipolar illness, 98 subjects
55 years of age or older were identified (82). Lithium
delayed the time to mania compared with placebo, but
lamotrigine also delayed the time to either mania or
depression compared with placebo.

Lithium versus olanzapine

In a 12-month relapse prevention comparison of olanza-
pine and lithium in subjects initially stabilized on the
combination, each was efficacious in preventing relapse
into either mania or depression (83C). Olanzapine was
significantly better than lithium in preventing relapse
into mania or mixed mania, but lithium was better than
olanzapine in preventing relapse into depression.

Lithium versus quetiapine

Quetiapine has been approved by the FDA as monother-
apy for the treatment of acute mania. Quetiapine has
been evaluated in combination with lithium or divalproex
in 191 patients who had been recently manic (84). After
treatment with quetiapine plus lithium or divalproex for
7–28 days, the patients were randomized to either addi-
tional quetiapine or placebo and followed for 3 weeks
more. Early discontinuation was more frequent in the
placebo group than in the quetiapine group. The

intention-to-treat population included 81 taking quetia-
pine and 89 taking placebo. The mean dose during the last
week in patients taking quetiapine was 504 mg/day.
Patients taking quetiapine had a greater improvement in
their Young Mania Rating Scale score (YMRS) than
patients taking placebo. The response rate (50% or
greater improvement from baseline using the YMRS)
was significantly higher in the group with added quetia-
pine than added placebo. Common adverse events
included somnolence, dry mouth, weakness, and postural
hypotension. The authors concluded that quetiapine was a
useful adjunct to treat mania in combination with stan-
dard measures and that it was well tolerated.
In acute non-mixed mania, lithium was significantly

more effective than placebo and equivalent to quetiapine
in reducing manic symptoms, as measured by the Young
Mania Rating Scale (85). In addition, a larger fraction of
subjects taking lithium or quetiapine remained in the
study compared with those taking placebo. The effect
was evident in the first week of treatment and was main-
tained throughout the 3 months of the study.

Lithium versus valproate

In 29 patients, the burden of taking lithium (n = 17) was
compared with that of valproate (n = 12) using a visual
analogue scale. Adverse effects were common but not
significantly different between drugs (86), a finding that
contrasts with the common impression that valproate is
better tolerated. Indeed, a telephone interview of 11
adolescents taking lithium and 32 taking valproate
found more adverse effects, poorer compliance, and
greater perceived burden in the lithium group. There
was a nonsignificant trend toward more weight gain
with valproate (mean 12 kg) than with lithium (mean
9 kg) (87).

Lithium versus valproate and divalproex

Lithium plus risperidone (n ¼ 33) has been compared
with valproate plus risperidone (n ¼ 46) in the acute and
continuation treatment of mania (88). Both groups were
initially studied during a bout of mania, and both groups
improved without a significant difference in response rate
between the two groups. At week 12, 88% of the patients
taking lithium plus risperidone and 80% of those taking
valproate plus risperidone were in remission. There were
no differences in adverse effects. The major findings of
this study suggested that risperidone could be combined
with either lithium or valproate and that efficacy was
similar, independent of which mood stabilizer was used.
The dose of risperidone was 0.5–6.0 mg/day, with a mean
of 1.7 mg/day in the lithium group and 2.2 mg/day in the
valproate group.
The Bipolar Affective Disorder: Lithium/

Anticonvulsant Evaluation (BALANCE) Study is now
under way. It involves combination therapy with either
lithium 400 mg/day plus valproate 500 mg/day or double
those doses and then randomization to double-blind treat-
ment with lithium plus valproate placebo, lithium plus
valproate, or valproate plus lithium placebo. The study
involves patients with bipolar I affective disorder who
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require maintenance treatment, and the randomization
phase is scheduled to last 2 years, with the initial intention
of randomizing 3000 patients. The start-up phase, which
was designed to refine the trial design and procedures, has
been reported as a pilot study in 30 patients (89). The
main findings were that the combination of lithium plus
valproate was tolerable and the results suggested that an
initial open design would enhance patient flow. Also, the
targeted sample size was revised to about 1068 patients
based on the data from the pilot study.
In relapse prevention studies, valproate was superior to

lithium in the prevention of recurrences over 1 year in
subjects who initially presented with a dysphoric manic
episode (90).
However, lithium was equivalent to divalproex in the

prevention of relapse in rapid cycling subjects over 20
months (91). It was also equivalent to divalproex in
youths aged 5–17 years with type I or II bipolar illness,
randomly assigned to either agent and followed for 76
weeks (92).

Lithium versus psychotherapy

Psychodynamic supportive psychotherapy (n ¼ 107) has
been compared with psychotherapy plus medication (n ¼
101) in patients with major depressive disorder (93). The
medications included venlafaxine, selective serotonin
reuptake inhibitors, nortriptyline, and nortriptyline plus
lithium. Lithium was used as an augmentation strategy in
the patients who took lithium and nortriptyline (number
not given). There were no differences in outcomes
between the two treatment groups. No adverse effects
specific to lithium were reported.

Placebo-controlled studies

In a double-blind, placebo-controlled study, 175 manic or
recently manic patients were stabilized over 8–16 weeks
with lamotrigine 100–400 mg/day (n ¼ 59), lithium in a
dose sufficient to produce a serum concentration of 0.8–
1.1 mmol/l (n ¼ 46), or placebo and were then rando-
mized to continued treatment (94). Both lamotrigine
and lithium were superior to placebo in prolonging the
time to the next episode of any mood disturbance.
Lamotrigine, but not lithium, was superior to placebo in
prolonging the time to a depressive episode. Lithium, but
not lamotrigine, was superior to placebo in prolonging the
time to a manic, hypomanic, or mixed episode.
A similarly designed study in 463 bipolar I patients

whose most recent episode was depression gave similar
results (95).
A combined analysis of the data from these two studies,

involving over 1300 bipolar I patients, showed that in the
638 randomized patients lamotrigine and lithium were
superior to placebo regarding time to intervention to the
next mood episode (96).
The addition of lithium to other drug therapy has been

studied in 92 patients with treatment-resistant major
depression taking nortriptyline (97). Non-responders to
nortriptyline (n ¼ 35) were randomized to added lithium
or placebo; there was no significant difference.

In a review of five randomized controlled trials of pre-
vention of relapse in 770 patients with bipolar affective
disorder, lithium has been compared with placebo (98).
Lithium was more effective than placebo in preventing all
relapses and manic relapses, but the effect on depressive
relapses was not as impressive and was termed ‘‘equivo-
cal’’ by the authors. This is not particularly new informa-
tion, although several of the studies that were included in
this meta-analysis were more recent and the analysis was
presented as odds ratios rather than episode frequency.
A systematic review of controlled trials has shown that

lithium þ haloperidol is superior to placebo in the control
of manic symptoms (99).
Lithium is also effective in individuals with co-morbid

pathological gambling and a mood disturbance. In a ran-
domized, 10-week, placebo-controlled study in 40 subjects
randomly assigned to modified-release lithium or pla-
cebo, 83% of those who took lithium responded com-
pared with only 29% of those who took placebo (100).

Systematic reviews

A meta-analysis showed a considerable reduction in the
suicide rate in bipolar patients taking lithium carbonate
compared with patients who were not taking lithium or
patients who had stopped taking lithium (101), and this
finding has been confirmed in an evaluation of patients
who were being treated in two large health maintenance
organizations between 1994 and 2001 (102). The subjects
were patients with bipolar disorders taking maintenance
lithium, divalproex, or carbamazepine. There was a sig-
nificant reduction in the rate of suicidal behaviors among
those taking lithium compared with those taking dival-
proex or carbamazepine. The suicide attempt rate result-
ing in hospitalization (events per 1000 patient years) was
4.2 with lithium, 10.5 with divalproex, and 15.5 with car-
bamazepine. The rate of suicide deaths per 1000 patient
years was 0.7 with lithium, 1.7 with divalproex, and 1.0
with carbamazepine.

General adverse effects

The adverse effects and interactions of lithium have been
reviewed (5,103–105, 106). One review focused on lithium
toxicity in elderly people (107). The adverse effects of
lithium range widely in intensity and can be a major
cause of nonadherence to therapy. However, with proper
attention to the prevention and management of adverse
effects, most patients can be treated effectively and safely.
Withdrawal of lithium is almost always followed by reso-
lution of adverse effects, although certain problems can
sometimes persist (for example renal).
Adverse effects that can occur at concentrations in the

target range, especially in the upper part of the range,
include mild cognitive complaints, postural tremor,
hypothyroidism, weight gain, leukocytosis, hypercalce-
mia, loss of appetite, nausea, loose stools, acne, and psor-
iasis. Renal adverse effects include impaired
concentrating ability and polyuria with secondary poly-
dipsia. Cardiac adverse effects are rarely symptomatic
and are usually reversible. Lithium does not cause phy-
siological dependence, although there may be an
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increased risk of early recurrence if it is withdrawn
rapidly.
When 60 patients (22 men, 38 women) who had taken

lithium for 1 year or more (mean 6.9 years; mean serum
concentration 0.74 mmol/l) were interviewed about
adverse effects, 60% complained of polyuria–polydipsia
syndrome (serum creatinine concentrations were normal)
and 27% had hypothyroidism requiring treatment (108).
Weight gain was more common in women (47 versus
18%) as were hypothyroidism (37 versus 9%) and skin
problems (16 versus 9%), while tremor was more com-
mon in men (54 versus 26%). Weight gain of over 5 kg in
the first year of treatment was the only independent vari-
able predictive of hypothyroidism.
The severity of lithium toxicity depends on the magni-

tude and duration of exposure and idiosyncratic factors.
Manifestations of acute toxicity range in intensity from
mild (tremor, unsteadiness, ataxia, dysarthria) to severe
(impaired consciousness, neuromuscular irritability, sei-
zures, heart block, and renal insufficiency), and the
sequels of toxicity range from none at all to permanent
neurological damage (often cerebellar) to death. Causes
of raised serum lithium concentrations include increased
intake and reduced excretion (due to kidney disease, low
sodium intake, drug interactions). Whether long-term
lithium use carries a risk of progressive renal insufficiency
in a few patients continues to be debated. Reviews have
addressed lithium toxicity in the elderly (109) and lithium
intoxication with an emphasis on the kidney (110).

Dose- and time-related adverse effects

During initiation and stabilization of treatment, adverse
effects, such as gastrointestinal upset, tremor, dysphoria,
fatigue, muscle weakness, unsteadiness, thirst, and exces-
sive urination, are not uncommon, but they usually abate
with time. Such adverse effects are more likely to occur at
higher dosages or higher serum concentrations and can
usually be avoided or attenuated by proper attention to
dosage, clinical and laboratory monitoring, and, if neces-
sary, the use of adjunctive medication.
Long-term use of lithium is sometimes associated

with weight gain, polyuria and polydipsia, and thyroid
dysfunction (see below), but many patients have been
treated successfully for several decades without devel-
oping treatment-limiting adverse effects. However,
long-term success should not breed complacency, since
there is an ever-present risk of recurrence (if concen-
trations are too low) and toxicity (if concentrations are
too high).

Treatment of toxicity

Two patients with lithium toxicity (serum concentrations
3.5 and 4.2 mmol/l) had the well-recognized rebound
increase in serum concentrations after the end of hemo-
dialysis. Both died during hospitalization from what was
cryptically described as ‘‘unrelated events’’ (111).

� A 49-year-old with severe lithium toxicity was treated
successfully with continuous veno-venous hemodiafil-
tration; the serum lithium concentration fell from 3.0

to 0.93 mmol/l after 7 hours and there was no rebound
increase after the end of the procedure (112). The
maximum lithium clearance was 28 ml/minute which
is considerably lower than usually attained with hemo-
dialysis.

An all too common treatment error in the face of
severe toxicity is ‘‘watchful waiting,’’ during which the
patient’s condition is more likely to worsen than improve.

Organs and Systems

Cardiovascular

Cardiovascular disease is not a contraindication to
lithium, but the risks may be greater, in view of factors
such as fluid and electrolyte imbalance and the use of
concomitant medications. Close clinical and laboratory
monitoring is necessary, and an alternative mood stabili-
zer may be preferred. While long-term tricyclic antide-
pressant therapy may be more cardiotoxic than lithium,
the newer antidepressants (SSRIs and others) seem to be
safe.
In two studies of 277 and 133 patients taking long-term

lithium, there was no evidence of increased cardiovascu-
lar mortality compared with the general population
(113,114). While the latter study reported on 16-year
mortality, it did not provide information about which
patients continued to take lithium after the first 2 years.

Blood pressure

There is a higher mortality from cardiovascular diseases
among patients with bipolar affective disorder than in the
general population. In a study of 81 patients taking
lithium monotherapy, 40 were studied in detail; one had
hypothyroidism and six had hypertension (115). Of the 81
patients 13 were taking antihypertensive drugs, suggesting
a high prevalence of hypertension. One of the points of
the study was to assess if lithium was a factor in cardio-
vascular risk in these patients, but there was no correla-
tion between the duration of lithium treatment or the
duration of bipolar disorder and the presence of hyper-
tension.
Two patients who were taking lithium carbonate for

mood disorders and who underwent coronary artery
bypass grafting developed refractory hypotension during
cardiac surgery, which responded to methylthioninium
chloride (116). The authors suspected that chronic
lithium therapy had caused cardiac embarrassment and
recommended that lithium be withdrawn before cardiac
surgery.

Cardiac dysrhythmias

In 30 patients there were only minimal electrocardio-
graphic changes during long-term treatment with lithium
using the method of body surface electrocardiographic
mapping (117). In contrast, a tricyclic antidepressant
showed dose-related effects. Nonspecific, benign ST-T
wave electrocardiographic changes are the most common
cardiovascular effects of lithium.
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� A 13-year-old boy taking lithium developed a ‘‘pseudo-
myocardial infarct pattern’’ on the electrocardiogram;
this may have been an overinterpretation of nonspeci-
fic T-wave changes (118).

A very uncommon adverse effect involves sinus node
dysfunction (extreme bradycardia, sinus arrest, sinoatrial
block), which can be associated with syncopal episodes,
perhaps due to hypothyroidism (119,120). In such cases,
lithium must either be withdrawn or continued in the
presence of a pacemaker. At therapeutic concentrations,
other cardiac conduction disturbances have been
reported, sometimes in conjunction with hypercalcemia
(121), but are uncommon.
Two reviews of the cardiac effects of psychotropic drugs

briefly mentioned lithium and dysrhythmias, with a focus on
sinus node dysfunction (122,123), reports of which, as man-
ifested by bradycardia, sinoatrial block, and sinus arrest,
continue to accumulate in association with both toxic (124)
and therapeutic (125,126) serum lithium concentrations. The
rhythm disturbance normalized in some cases when lithium
was stopped (124,126), persisted despite discontinuation
(125), or was treated with a permanent cardiac pacemaker
(126). Of historical interest is the observation that the first
patient treated with lithium by Cade developed manifesta-
tions of toxicity in 1950, including bradycardia (127).
There have been several reports of bradycardia and

sinus node dysfunction.

� During an episode of lithium toxicity (serum concen-
tration 3.86 mmol/l), a 42-year-old woman developed
sinus bradycardia that required a temporary pace-
maker (124). There was marked prolongation of sinus
node recovery time. Lithium was withdrawn and the
patient underwent hemodialysis once daily for 3 days;
sinus node recovery time normalized. The presence of
nontoxic concentrations of carbamazepine may have
contributed to the condition.� A 65-year-old man taking lithium for 2 years, with
therapeutic concentrations, developed sinus bradycar-
dia (30 beats/minute), which remitted when the drug
was stopped and recurred when it was restarted (128).
Implantation of a permanent pacemaker allowed
lithium to be continued.� Asymptomatic bradycardia occurred in three of 15
patients treated for mania with a 20 mg/kg oral loading
dose of slow-release lithium carbonate (129).� A 9-year-old boy whose serum lithium concentration
was 1.29 mmol/l had a sinus bradycardia with a junc-
tional escape rhythm (40 beats/minute), which normal-
ized at a lower lithium concentration (130).� A 58-year-old woman with lithium toxicity developed
an irregular bradycardia (as low as 20 beats/minute),
which resolved during hemodialysis; persistent sinoa-
trial conduction delay suggested that she was predis-
posed to the bradydysrhythmia (131).� A 52-year-old man took an overdose of lithium (serum
concentration 4.58 mmol/l) and developed asympto-
matic sinus bradycardia with sinus node dysfunction
and multiple atrial extra beats, which resolved after
hemodialysis (132).

� A 66-year-old woman with pre-existing first-degree
AV block, developed sinus bradycardia, a junctional
rhythm, a prolonged QT interval, and syncopal epi-
sodes (serum lithium concentration 1.4 mmol/l in a
40-hours sample) about 2 weeks after beginning
lithium therapy. She was treated successfully with a
pacemaker and a lower dose of lithium (133).� A 36-year-old man became hypomanic after lithium
was withdrawn because of symptomatic first-degree
atrioventricular block (although, how first-degree
block could have caused symptoms is unclear) (134).� A 44-year-old woman developed atropine-resistant but
isoprenaline-sensitive bradycardia (36 beats/minute),
thought to be due to sinus node dysfunction related
to lithium, fentanyl, and propofol (120).� A 52-year-old man with a serum lithium concentration
of 4.58 mmol/l had sinus node dysfunction with multi-
ple atrial extra beats and an intraventricular conduc-
tion delay, which normalized following hemodialysis
(132). Two patients, a 58-year-old woman and a 74-
year-old woman, developed sick sinus syndrome while
taking lithium but were able to continue taking it after
pacemaker implantation (135,136).� A 59-year-old woman with syncope and sick sinus
syndrome, which remitted when lithium was with-
drawn, recurred when lithium was restarted, and then
persisted despite lithium withdrawal; after a pace-
maker was implanted she was treated successfully
with lithium for 7 years (135).

Lithium can also occasionally cause tachycardia.

� A 59-year-old man was noted to have tachycardia, a
shortened QT interval, and nonspecific ST-T changes,
while hospitalized with lithium-associated hypercalce-
mia (137).

An extension of a previously published study (121)
added a third comparator group of 18 hypercalcemic non-
lithium treated patients and compared them with 12
hypercalcemic lithium patients, 40 normocalcemic lithium
patients, and 20 normocalcemic bipolar patients taking
anticonvulsant mood stabilizers (138). Both hypercalce-
mic groups had more conduction abnormalities than the
other two groups, but did not differ from each other in
this regard. While the authors concluded that both lithium
and calcium played important roles in the dysrhythmias,
their data suggested that hypercalcemia alone was the
critical factor.
Cardiac dysrhythmias associated with lithium intoxica-

tion in the elderly included sinus node dysfunction and
junctional bradycardia (109). A retrospective chart review
of patients on lithium who had mild but persistent hyper-
calcemia (n = 12) showed a greater frequency of cardio-
graphic conduction disturbances compared with
normocalcemic patients taking lithium (n = 40) and nor-
mocalcemic bipolar patients taking anticonvulsant mood
stabilizers (n = 20), although the overall frequency of
cardiographic abnormalities did not differ significantly
among the groups (121). When 21 patients without cardi-
ovascular disease (mean serum lithium 0.66 mmol/l) were
compared with healthy controls using standard
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electrocardiography, vector cardiography, and electrocar-
diographic body surface potential mapping, the only
abnormality was a reduction in the initial phase of depo-
larization, a finding of questionable clinical significance
(139).
Abnormalities of the QTc interval have been explored

in 495 psychiatric patients (87 taking lithium, but many of
them also taking other drugs) and 101 healthy controls
(140). There was no association of lithium with QTc pro-
longation but it was associated with nonspecific T-wave
abnormalities (odds ratio 1.9) and increased QT disper-
sion (odds ratio 2.9). Caution was suggested if lithium is
used with drugs associated with QTc prolongation, such as
tricyclic antidepressants, droperidol, and thioridazine.
Sudden death has been reported in 14 psychiatric

patients and the literature has been reviewed regarding
occult cardiac problems, psychotropic drugs, and sudden
death (141).

� A 57-year-old man with bipolar disorder taking olan-
zapine, lithium, and other drugs had underlying mitral
valve prolapse, left ventricular hypertrophy, and His
bundle anomalies; he died suddenly, probably because
of a cardiac dysrhythmia.

The authors suggested that cardiac pathology should be
systematically evaluated in patients who take psychotro-
pic drugs.
Cases of lithium toxicity, its cardiac effects, and issues

of cardiac dysfunction in children have been reviewed in
the light of a cardiac dysrhythmia in a child.

� A 10-year-old boy developed abdominal pain, diar-
rhea, and vomiting over 2 days (142). He had a history
of bipolar disorder, with psychotic features, a schizoaf-
fective disorder, an intermittent explosive disorder,
and attention deficit hyperactivity disorder. He had
several other medical problems, including hypothyr-
oidism, asthma, and seizures. He was taking many
drugs, including methylphenidate, escitalopram, oxcar-
bazepine, clonidine, Depakote, thyroid hormone, and
lithium. The serum lithium concentration was
3.1 mmol/l. Electrocardiography showed a broad-com-
plex tachydysrhythmia, which persisted despite treat-
ment with intravenous adenosine and lidocaine. The
cardiac rhythm was interpreted as a ventricular tachy-
cardia. He was given intravenous procainamide, result-
ing in temporary slowing of his cardiac rhythm, and a
continuous procainamide infusion produced stable
sinus rhythm. Over the next 36 hours, he continued to
have treatment for his lithium toxicity and procaina-
mide for his ventricular dysrhythymia, and improved.
At follow-up a 24-hour Holter monitor showed first-
degree atrioventricular block.

I wonder if the diagnosis in this patient was correct. He
obviously had a severe behavioral disturbance, which
required treatment; however, it is not clear if his poly-
pharmacy was appropriate for his condition.
In two studies lithium treatment was associated with

prolongation of the corrected QT interval (QTc). A retro-
spective analysis of the records of 76 patients taking

lithium showed that intervals of over 440 msec were sig-
nificantly more common in subjects with lithium concen-
trations over 1.2 mmol/l than in those with concentrations
in the usual target range (55% versus 8%); T wave inver-
sion was also more common in subjects with high lithium
concentrations (73% versus 17%) (143).
Similar results have been reported in 39 in-patients with

either bipolar illness or schizophrenia; the duration of the
QTc interval correlated significantly with lithium concen-
trations and those with the longest QTc intervals had the
highest lithium concentrations (144).

Cardiomyopathies

A study of cardiomyopathies found a specific cause in 614
of 1230 patients (the remainder were diagnosed as idio-
pathic). One was attributed to lithium but no details were
provided (145).
In a study of 1230 patients with initially unexplained

cardiomyopathies, lithium was implicated in one case
(114). Using a data-based mining Bayesian statistical
approach to the WHO database of adverse reactions to
examine antipsychotic drugs and heart muscle disorders, a
significant association was found between lithium and
cardiomyopathy, but not myocarditis (146). The authors
acknowledged that further study is needed to determine if
the association is causal.

� A 78-year-old woman developed a cardiomyopathy
while taking lithium, imipramine, amineptine, levome-
promazine, and lorazepam; it resolved when the med-
ications were withdrawn (147). Whether lithium was
causally involved is not known.

Respiratory

A 60-year-old woman with bipolar disorder since the age
of 29 developed idiopathic pulmonary fibrosis (crypto-
genic fibrosing alveolitis) after having taken lithium for
9 years (148). Whether lithium played a causal role is at
best highly speculative.

Ear, nose, throat

In two patients, profuse paroxysmal rhinorrhea improved
when lithium was withdrawn (149). The rhinorrhea was
thought to be a manifestation of mesotemporal lobe epi-
lepsy that had been worsened by lithium.

Nervous system

Reports of overdose-related neurological symptoms
abound (150–160). Among these reports, are cases of
neurotoxicity at therapeutic serum lithium concentrations
(150,158,160) and neurotoxicity associated with noncon-
vulsive status epilepticus (154,156).
There have been scattered reports of lithium-associated

myasthenia gravis, paresthesia, somnambulism (161), sei-
zures and electroencephalographic abnormalities, confu-
sional states, and a reversible Creutzfeldt–Jakob-like
syndrome (162). One report rather inconclusively sug-
gested that lithium caused periodic alternating nystagmus
in a 61-year-old man (163).
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Electroneurographic studies in 34 lithium maintenance
patients and controls (both healthy subjects and mood-
disorder patients never on lithium) showed statistically
significant reductions in sensory and motor conduction
in the lithium group (164). None of the decrements was
severe enough to be abnormal, and whether these findings
have clinical implications is unknown.
Non-reversible lithium neurotoxicity continues to be

reported (165,166), including a case of lithium overdose
(serum lithium concentration 3.9 mmol/l) with persistent
severe ataxia for 9 months that improved markedly when
inadvertently treated with high-dose buspirone (120–
160 mg/day) (167).

� An 85-year-old woman became gradually toxic (serum
lithium 2.9 mmol/l) in a nursing home (168). Despite
only conservative management, there was slow but
complete resolution of severe neurological symptoms,
including coma, fixed pupils, and Cheyne–Stokes
respiration.

Twelve patients with mood disorder had electroence-
phalography before and after taking lithium for an aver-
age of 4.4 months (169). Lithium-related changes
included:

(a) increased relative power in the delta- and theta-band
frequencies;

(b) decreased relative alpha power;
(c) decreased dominant alpha frequency.

The clinical implications of these observations, if any,
are unclear.

� A 73-year-old patient had toxic symptoms and moder-
ately severe, generalized slowing on the electroence-
phalogram at a therapeutic serum concentration (170).

There has been a report of ataxia and dysarthria/chor-
eoathetosis in a patient taking lithium.

� Ataxia and dysarthria/choreoathetosis occurred in a
76-year-old woman who was taking lithium and had a
serum lithium concentration of 2.43 mmol/l (171). She
underwent hemodialysis and the choreoathetotic
movements disappeared. She also had repeated epi-
sodes of a tachydysrhythmia and atrial fibrillation,
but returned to sinus rhythm after the lithium toxicity
had resolved.

In a Canadian study of 200 000 automobile drivers,
aged 67–84, who were followed from 1990 until they
reached age 85, or until they emigrated from Quebec, or
until 31 May 1993, those who had been involved in an
automobile accident in which one person sustained a
physical injury were assessed; the controls were a 6%
random sample of the others (172). Of 5579 patients 20
had been taking lithium within the year before the index
date, 19 of whom had been taking it within 16 days before
the accident. This compared with 27 of 13 300 patients in
the control group (OR ¼ 1.8); for current lithium use, the
odds ratio was 2.08. The data on carbamazepine did not
show a raised odds ratio. The authors concluded that
elderly patients taking lithium have a two-fold increase

in the risk of an injurious motor vehicle accident while
driving. Whether this was due to lithium, other medica-
tions, or the severity of illness factors could not be deter-
mined.
Of 44 patients who used a combination of lithium plus

clozapine for a mean of 23.5 months, 37 were rated as
having responded (173). Most had schizophrenia or schi-
zoaffective disorder, and only two had bipolar I disorder.
There were adverse events, mostly benign and transient,
in 28; however, eight patients developed transient new
neurological adverse events, including two episodes of
myoclonus and one generalized tonic-clonic seizure. In
23 patients who agreed to a reassessment there were no
neurological or neurotoxic events. During treatment
there were three neurological adverse events that had
not been present before treatment; these included three
instances of myoclonus and one generalized tonic-clonic
seizure. The authors concluded that the combination of
lithium plus clozapine does not result in an increased risk
of neurological adverse effects compared with either drug
alone. Furthermore, the combination produced improved
efficacy over clozapine alone. These data contrast with
data from previous studies, which suggested that the com-
bination of lithium plus clozapine produced an increased
risk of adverse neurological events due to a serotonergic
interaction. However, the authors noted that some of the
neurological events occurred during co-treatment with
serotonergic compounds, such as paroxetine or trimipra-
mine, and also that paroxetine could increase clozapine
plasma concentrations and therefore increase the likeli-
hood of a neurological adverse event. They suggested that
if lithium and clozapine are combined, co-medication with
serotonergic antidepressant drugs or drugs that interfere
with clozapine metabolism or renal clearance should be
avoided.

� A 70-year-old man developed lithium intoxication
after a transient ischemic attack (174). He had a bra-
dycardia (35–40/minute) and episodes of sinoatrial
block. The clinical presentation was suggestive of a
stroke.

The authors discussed the difficulty of the differential
diagnosis between lithium intoxication and other neuro-
logical disorders, such as strokes. What they did not dis-
cuss was the possibility that the presentation was caused
by sinus node dysfunction, which has been reported as a
complication of lithium treatment.

Cerebellar syndromes

Chronic neurological sequelae of intoxication included
two patients with a persistent cerebellar syndrome and
severe cerebellar atrophy (175), one with subcortical
dementia (176), and one with a diffuse sensorimotor per-
ipheral neuropathy (177).

� An 86-year-old man with a serum lithium concentra-
tion of 0.7 mmol/l presented with a several month
history of asterixis which resolved fully within 2
weeks of stopping lithium (178).
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� Symptoms suggestive of toxicity at therapeutic serum
concentrations also occurred in a 49-year-old man tak-
ing lithium (0.7 mmol/l), carbamazepine, and trifluper-
idol, who developed persistent cerebellar deterioration
during a febrile episode of lobar pneumonia (179).� Another patient who developed cerebellar symptoms
consistent with lithium neurotoxicity despite a low
therapeutic serum concentration (0.5 mmol/l) was
more fortunate, as the symptoms resolved promptly
when lithium was withdrawn (180).� Permanent cerebellar sequelae occurred in a 36-year-
old man after intoxication at therapeutic lithium con-
centrations (181).

A literature review of permanent neurological compli-
cations of acute lithium toxicity noted that a cerebellar
syndrome is quite common and that neuroleptic drugs can
worsen toxicity, as might rapid reduction of raised serum
lithium concentrations (182). However, the latter point is
speculative at best; hemodialysis remains the treatment of
choice for severe lithium poisoning.
In a review of published cases of the syndrome of

irreversible lithium-induced neurotoxicity (SILENT), cer-
ebellar dysfunction was the most commonly reported
long-lived outcome (183).

Convulsions

A proconvulsive effect of lithium was also suggested in
two patients purported to have temporal lobe epilepsy,
who improved when carbamazepine replaced lithium
(149). Twelve cases of status dystonicus of varying causes
included a woman with post-traumatic dystonia, who was
treated unsuccessfully with lithium. Despite the lack of
response, her muscular spasms worsened when lithium
was stopped (184).
Five patients taking lithium for unspecified durations

developed multifocal action myoclonus without reflex
activation, which resolved fully when the drug was with-
drawn (185).

� A patient presented with nonconvulsive status epilep-
ticus and a serum lithium concentration of 1.9 mmol/l
(186).� A prolonged seizure occurred after electroconvulsive
therapy (ECT) in a 45-year-old man taking lithium,
amfebutamone, and venlafaxine (187).

Creutzfeldt–Jakob-like syndrome

A reversible Creutzfeldt–Jakob-like syndrome has been
described in patients taking lithium.

� A 65-year-old woman taking lithium, levomeproma-
zine, and phenobarbital developed a Creutzfeldt–
Jakob-like syndrome after she had mistakenly
increased her lithium dosage (162).� A 66-year-old man presented comatose with an EEG
suggestive of Creutzfeldt–Jakob encephalopathy after
an 11-month history of progressive dementia and par-
kinsonism (188). Lithium (serum concentration
1.3 mmol/l), which he had been taking for 13 years,

was withdrawn, and by day 78, clinical examination
showed only mild neurological impairment.

Extrapyramidal effects

Parkinsonism
Occasionally, long-term use of lithium is associated with
cogwheel rigidity and a parkinsonian tremor (189). More
often than not, concurrent or past treatment with an anti-
psychotic drug is involved. In a review of SSRI-induced
extrapyramidal adverse effects, lithium was listed, but not
discussed, as a possible risk factor (190). A review of
drug-induced parkinsonism provided references to case
reports of lithium’s ‘‘occasionally inducing or exacerbat-
ing parkinsonism’’ (191).
Two patients developed parkinsonism after taking

lithium for many years, but did not improve when the
drug was withdrawn and a causal relation could not be
established (136).

� An 86-year-old man taking lithium monotherapy
(serum concentration 0.7 mmol/l) had asterixis for sev-
eral months; it resolved fully within 2 weeks of stop-
ping lithium (178).� A 65-year-old woman, after a brief exposure to
lithium, developed severe akathisia and disabling par-
kinsonism; within 4 days of stopping lithium, the symp-
toms improved, but orofacial dyskinesia appeared; 10
months later both the parkinsonism and the dyskinesia
had improved, but were still present (189).

Dystonias
Reversible tardive dystonia has been attributed to lithium
(192).

Neuroleptic malignant syndrome
There have been reports of neuroleptic malignant syn-
drome in patients taking lithium and a neuroleptic drug
(193–195). However, while previous reports have sug-
gested an association between lithium and neuroleptic
malignant syndrome (196), a case-control study (n = 12
with the syndrome, n = 24 controls) found no such asso-
ciation (197). Since none of the patients with neuroleptic
malignant syndrome was taking lithium, little can be con-
cluded from such a finding.
However, lithium can be associated with the neurolep-

tic malignant syndrome in patients who are taking neuro-
leptic drugs, as in the following cases:

� A 63-year-old man taking lithium and amoxapine
(193).� A 23-year-old woman taking lithium, olanzapine, and
fluoxetine (194).� A 39-year-old woman who had overdosed with lithium
and who took a single dose of haloperidol (195).

Whether lithium alone can cause neuroleptic malignant
syndrome is controversial (SEDA-23, 24).

� A 45-year-old man took an intentional overdose of
lithium (198). He was dialysed and stabilized, but on
day 10 developed neuroleptic malignant syndrome. He
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died after developing acute renal insufficiency and
acute respiratory distress syndrome.

The authors concluded that lithium alone can cause
neuroleptic malignant syndrome, since no neuroleptic
drugs had been co-administered in this case.

Headache� A 64-year-old woman had a 2-week history of daily
bilateral holocranial headache as the presenting com-
plaint of lithium toxicity (serum concentration
2.5 mmol/l); dosage reduction resolved the headache
and the extrapyramidal and cerebellar effects (199).

Myasthenia� A 51-year-old man developed a myasthenic syndrome
which resolved when lithium was withdrawn (200). The
authors referred to three other previously reported
cases of lithium-induced myasthenia.

Pseudotumor cerebri

Pseudotumor cerebri (benign intracranial hypertension) has
been linked to lithium in over 30 cases, with headache,
papilledema, increased intracranial pressure, reduced vision,
and a risk of blindness (201). The condition tends to improve
on withdrawal, but surgical intervention may sometimes be
necessary. A review of pseudotumor cerebri devoted one
paragraph to induction of this condition by lithium and
provided six references but no new information (202).

� A 17-year-old woman developed pseudotumor cerebri
with headache after she had taken lithium for 6.5
weeks (203). Papilledema and increased intracranial
pressure resolved fully when lithium was withdrawn,
and she was given acetazolamide.

Serotonin syndrome

Serotonin syndrome has been reviewed twice, but men-
tion of lithium as a possible contributing factor was scanty
(204,205).

Somnambulism

After almost a two-decade nap, interest in lithium-
induced somnambulism was reawakened by a question-
naire survey of 389 clinic patients that found sleepwalking
in 6.9% of those taking lithium alone or with other drugs
compared with a 2.5% prevalence in the general popula-
tion (161).

� A 52-year-old man had a 5-year history of sleepwalk-
ing 2–3 times a week beginning 3 months after starting
lithium (206). On one occasion, he was injured in a fall
when sleepwalking through a second-story window.
When lithium was stopped for 3 months, the problem
resolved only to recur when it was restarted.

Stuttering

Stuttering worsened in a 48-year-old man while he was
taking lithium, with improvement when he was switched
to valproate (207).

Tremor

Lithium commonly causes a benign postural tremor, espe-
cially early in the course of treatment (208,209) and can
enhance physiological tremor (209). Risk factors include
higher serum lithium concentrations, a family history of
tremor, high caffeine intake, and the use of other drugs
that cause tremor (for example antidepressants, valpro-
ate). The tremor is often well tolerated, but in some cases,
it can be socially or occupationally problematic. In such
cases, treatment possibilities include reducing the dose of
lithium, the use of a modified-release formulation, redu-
cing caffeine intake, or the addition of a tremor-reducing
drug, such as a beta-blocker (210), primidone (211), or
possibly gabapentin (212).
Tremor was reported as an adverse effect of lithium in

12 of 22 men and 10 of 38 women who had taken it for at
least 1 year (108). In an open study, there was full remis-
sion of lithium tremor in four of five patients treated with
vitamin B6 (213).
A double-blind study in which 31 patients with break-

through depression taking lithium received augmentation
with either paroxetine or amitriptyline and showed a quan-
titative increase in tremor activity with combined therapy,
but no significant change in tremor frequency (214).

� Severe essential tremor, which was at first mistaken for
tardive dyskinesia, occurred in an 80-year-old woman
taking lithium; it resolved almost completely when
lithium was withdrawn (215).

Neuromuscular function

Lithium has been implicated in impaired athletic prowess
in two cases (216).

� A 21-year-old man had muscular incoordination while
fast bowling (cricket), which improved when he
switched to valproate.� A 71-year-old woman was unable to serve properly at
tennis until she stopped taking lithium.

Sensory systems

Eyes

Lithium can alter retinal sensitivity to light, and concern
has been expressed that bright light therapy for seasonal
mood disorder can increase the risk of photoreceptor cell
damage, although such concerns have not been confirmed
clinically (217,218).
Other effects on the visual system attributed to lithium

include reduced accommodation, exophthalmos, extraocu-
lar muscle abnormalities, nystagmus (most characteristically
downbeat), oscillopsia, photophobia, and papilledema with
visual impairment (pseudotumor cerebri) (201).

� A 21-year-old woman developed temporary blindness
possibly related to lithium toxicity (159).

Ears

The finding of reversible lithium-induced moderate hear-
ing loss (especially low frequency) in guinea pigs has led
to speculation that similar findings could occur in humans
(219).

136 Lithium

ª 2009 Elsevier B.V. All rights reserved.



Psychological, psychiatric

Neuropsychological testing in a 51-year-old woman with a
serum lithium concentration of 2.4 mmol/l showed strik-
ing cortical and subcortical deficits, which had only par-
tially resolved when she was retested 4 and 14 weeks later
(157).

Cognitive effects

Most people taking lithium have no complaints about its
effects on mental processes; they feel normal and function
normally. Mild cognitive effects can occur, although it is
sometimes difficult to determine whether they are due to
the lithium, the resolution of manic euphoria, the pre-
sence of mild depression or hypothyroidism, or the effects
of other medications. Complaints can include reduced
reactivity, lack of spontaneity, loss of emotional tone,
and patchy memory impairment. Lithium reportedly has
adverse effects on memory, speed of information proces-
sing, and reaction time (220,221). It has been suggested
that the risk of driving accidents may be increased in
patients taking lithium, but there is no evidence that this
is so. As with any psychotropic drug, patients should be
cautious about driving or operating dangerous machinery
until they know how they will react to lithium. These mild
cognitive adverse effects can be underappreciated by clin-
icians, yet be a cause of nonadherence to therapy. The
action of lithium on the hypothalamic–pituitary–thyroid
axis has been discussed in relation to its cognitive effects
(222). Although, the English abstract of a Polish review
concluded that there is no evidence of significant cogni-
tive deficits caused by lithium (223), others dispute this
conclusion (221).
Assessment of cognitive performance in 43 patients

with bipolar I disorder showed no correlation between
the use of lithium, carbamazepine, or valproate, and
full-scale IQ or general and working memory (all of
which were impaired by antipsychotic drugs) (224).
While a deficit in sustained attention was noted in 19
euthymic patients with bipolar disorder (17 taking medi-
cations, 11 taking lithium alone or in combination), there
was no difference between those taking and those not
taking lithium (225).
In a 3-week, double-blind study of the cognitive effects

of lithium (serum concentration about 0.8 mmol/l; n = 15)
versus placebo (n = 15) in healthy subjects, lithium did
not impair implicit recall, ability to process two tasks
concurrently and simultaneously, short-term memory, or
selective attention, but caused impaired learning during
repeated administration of memory tests (226). Since
neuropsychological testing could not distinguish lithium
treatment from pre- and post-treatment in the lithium
group, any lithium effects must be considered subtle at
best.
It has been suggested that thyroid hormone may mini-

mize the cognitive effects of lithium (227) and a review of
this suggested benefit in those patients taking lithium who
had subclinical hypothyroidism (222).
Lithium has diverse effects on creativity. While creativ-

ity can suffer from the absence of mania or from lithium-
induced adverse effects, it can also be improved by the

mood stabilization that lithium produces, or may be unaf-
fected by treatment (227).
Four of seventeen studies of the cognitive effects of

lithium were deemed to have acceptable methods.
Reported adverse effects included effects on memory,
speed of information processing, and reaction time
(often in the absence of subjective complaints), suggesting
that the risk of driving accidents might be increased when
patients are taking lithium (220,221). Interventions for
lithium-induced cognitive impairment include dosage
reduction, use of a modified-release formulation, treat-
ment of thyroid dysfunction, and assessing the role of
concomitant illness and medication. When 67 patients
who complained of cognitive deterioration while taking
lithium were treated with aniracetam, 97% reported sub-
jective improvement (228).

Delirium and demention

In a case-control study, lithium was found to be one of
several risk factors for delirium in 91 psychiatric in-
patients (odds ratio 2.23), although the authors concluded
that this observation may have been confounded by an
association with manic episodes (229).

� A 38-year-old woman who had tolerated lithium for 20
years developed delirium following a manic episode,
despite therapeutic concentrations of lithium (0.7–
1.0 mmol/l); the episode remitted fully after lithium
was withdrawn (230).� A 36-year-old developed a febrile confusional state in
the absence of infection while taking lithium (serum
concentrations 0.37 and 0.58 mmol/l) and cyamema-
zine, resulting in a persistent cerebellar syndrome
(231).� A 62-year-old woman became delirious when lithium
at therapeutic concentrations was added to valproate,
haloperidol, and biperiden (232). The delirium
resolved after all drugs were withdrawn, but 6 months
later she still had choreoathetoid movements.

The incidence of delirium in elderly subjects (over 65
years old) taking lithium does not appear to be higher
than in those who are taking valproate (233). Among 5360
subjects with a mood disorder who had taken lithium or
valproate in the previous year, the incidence of delirium
with valproate was very similar to that of lithium (4.1
versus 2.8 cases/100 person years; HR ¼ 1.36; 95% CI ¼
0.94, 1.97). Both of these rates were significantly lower
than the rates observed with the anticholinergic drug
benzatropine.
Actually, lithium has been associated with many effects

that are believed to be neuroprotective (234). Most
importantly, it reduces the activity of glycogen synthase
kinase-3 (GSK-3), which leads to reduced production of
the tau protein (235,236). However, lithium may actually
increase the production of amyloid beta (237), although
previous reports have suggested that lithium reduces amy-
loid beta and its consequent toxicity (238,239).
Clinically, lithium may protect patients against demen-

tia, although it has been reported that patients who take
lithium are actually at a higher risk of developing
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dementia (240). However, in truth, patients with bipolar
affective disorder are at a higher risk of dementia, and
lithium treatment reduces the relative risk nearly to that
of the general population (241).

Suicide

In a systematic review of 32 randomized trials in which
1389 patients took lithium and 2069 took another agent
(carbamazepine, divalproex, lamotrigine, or the antide-
pressants amitriptyline, fluvoxamine, mianserin, and
maprotiline), among the seven studies that reported sui-
cides, lithium-treated patients had significantly fewer
completed events (242). These included two suicides on
lithium (out of 503, 0.4%) and 11 suicides on other agents
(two placebo, two amitriptyline, six carbamazepine, and
one lamotrigine, out of a total of 601, 1.8%) (OR ¼ 0.26;
95% CI ¼ 0.09, 0.77).
The lower rate of completed suicides in those taking

lithium is of particular note, since suicidal ideation may
actually be more common in lithium-treated patients. In
128 patients followed prospectively for an average of 13
years suicidal ideation was non-significantly higher in
lithium-treated patients than in those taking valproate or
carbamazepine (243). This may be related to clinician
preference, since among patients with bipolar affective
disorder and suicidal ideation in the Systematic
Treatment Enhancement Program for Bipolar Disorder
(STEP-BD) clinicians were more likely to prescribe anti-
depressants and second-generation antipsychotic drugs,
while they reserved lithium for more severely ill indivi-
duals (244).
There was a similar pattern in an observational study of

all lithium prescriptions and recorded suicides in Demark
from 1995 to1999 inclusive (245). Purchasing lithium was
associated with a higher rate of suicide, but purchasing
lithium at least twice was associated with a significantly
lower risk (0.44; 95% CI ¼ 0.28, 0.70). In other words,
lithium is prescribed for patients who are at high risk of
suicide, but continuing to take lithium appears to be
protective. These studies have laid the foundations for a
current adequately powered, prospective study of the
purported anti-suicide effect of lithium (246).

Endocrine

Corticotropin (ACTH)

Calcium infusion in lithium patients (n = 7) and controls
(n = 7) caused similar increases in ACTH concentrations
across a physiological range of calcium (247).

Prolactin

Serum prolactin concentrations in patients taking long-
term (n = 15) or short-term (n = 15) lithium did not differ
from controls (248). In another study, when compared
with 17 healthy controls, 20 euthymic bipolar patients
who had taken lithium for more than 6 months had sig-
nificantly lower serum prolactin concentrations (9.72 ng/
ml versus 15.56 ng/ml), but prolactin concentrations in
short-term lithium users (n = 15) did not differ from con-
trols (249). Antipsychotic drugs were not involved.

Diabetes insipidus

Two of ten patients taking long-term lithium therapy were
thought to have hypothalamic diabetes insipidus, because
of a positive response to desmopressin (250).
For nephrogenic diabetes insipidus, see under Urinary

tract below.

Hypothalamic–pituitary–adrenal axis

Hypothalamic–pituitary–adrenal axis function in bipolar
disorder has been reviewed, but lithium was mentioned
only in passing (251). Two studies (n = 25, n = 24), possi-
bly reporting many of the same patients, showed that
lithium augmentation of antidepressant-resistant unipolar
depression increased hypothalamic–pituitary–adrenal
axis activity, measured by the dexamethasone suppression
test, either alone or combined with the corticotropin
releasing hormone test (252,253). However, the tests did
not distinguish between lithium responders and nonre-
sponders.

Thyroid

The many effects of lithium on thyroid physiology and on
the hypothalamic–pituitary axis and their clinical impact
(goiter, hypothyroidism, and hyperthyroidism) have been
reviewed (254). Lithium has a variety of effects on the
hypothalamic–pituitary–thyroid axis, but it predomi-
nantly inhibits the release of thyroid hormone. It can
also block the action of thyroid stimulating hormone
(TSH) and enhance the peripheral degradation of thyrox-
ine (254). Most patients have enough thyroid reserve to
remain euthyroid during treatment, although some initi-
ally have modest rises in serum TSH that normalize over
time.
Both goiter and hypothyroidism continue to be

reported as complications of lithium therapy
(136,255,256).
In a cross-sectional study of 121 patients taking lithium,

there was no difference in thyroid function tests among
those taking treatment for 0.7–6 months, 7–10 months, or
61–240 months. However, when compared with healthy
volunteers (n = 24) and prelithium controls (n = 11),
there was a significant increase in radioiodine uptake in
all lithium groups. Serum TSH concentrations were
higher in prelithium patients than controls and highest
in those taking lithium. Being from an iodine-deficient
area appeared to predispose lithium patients to abnor-
mally high TSH values and clinical hypothyroidism (257).
In 1989, in 150 patients at different stages of lithium

therapy, thyroid function was assessed and subsequently
118 were reassessed at least once and 54 completed a 10-
year follow-up (258). The annual rates of new cases of
thyroid dysfunction were subclinical hypothyroidism
1.7%, goiter 2.1%, and autoimmunity 1.4%. While these
figures were little different from those found in the gen-
eral population, the authors acknowledged that lithium
was a potential cause of thyroid dysfunction.
Of 42 bipolar patients who had taken lithium for 4–156

months, three had subclinical hypothyroidism, three had
subclinical hyperthyroidism, and one was overtly
hyperthyroid (256). Ultrasonography showed that goiter
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was present in 38% and mild thyroid dysfunction was
suggested in 48% because of an apparent increased con-
version of free T4 to free T3. There was no correlation
between the duration of lithium therapy and thyroid
abnormalities.
In a controlled, cross-sectional comparison of 100

patients with mood disturbance who had taken lithium
for at least 6 months and 100 psychiatrically normal con-
trols, lithium did not increase the prevalence of thyroid
autoimmunity; a minimally larger number of control sub-
jects had antithyroid peroxidase antibodies (11 controls
versus 7 patients with mood disorders) and anti-thyroglo-
bulin antibodies (15 versus 8) (259).

Hypothyroidism
Lithium-induced hypothyroidism has been briefly
reviewed (260). Some patients develop more persistent
subclinical hypothyroidism (TSH over 5 mU/l, free thyr-
oxine normal) and others overt hypothyroidism (higher
risk in women, in those with pre-existing thyroid dysfunc-
tion, and those with a family history of hypothyroidism).
Since subclinical hypothyroidism is not necessarily
asymptomatic, treatment with thyroxine may be neces-
sary in this group (261), as well as in those with more
obvious hypothyroidism (262).
The prevalence of thyroperoxidase antibodies was

higher in 226 bipolar patients (28%) than in population-
and psychiatric-control groups (3–18%). While there was
no association with lithium exposure, the presence of
antibodies increased the risk of lithium-induced hypothyr-
oidism (263).
In 1705 patients, aged 65 years or over, who had

recently started to take lithium, identified from the 1.3
million adults in Ontario receiving universal health care
coverage, the rate of treatment with thyroxine was 5.65
per 100 person-years, significantly higher that the rate of
2.70/100 person-years found in 2406 new users of valpro-
ate (264). Of 46 adults taking lithium in a psychiatric
clinic, 17% developed overt hypothyroidism while 35%
had subclinical hypothyroidism (raised concentrations of
thyroid stimulating hormone, TSH) (265).
Thyroid function tests in 101 lithium maintenance

patients were compared with their baseline values and
with results in 82 controls without psychiatric or endo-
crine diagnoses. With hypothyroidism defined as a
serum TSH above the reference range, 8 patients were
hypothyroid at baseline, and another 40 became so
during treatment. Women over 60 years of age were at
slightly higher risk and had higher TSH values. Patients
with a positive family history of hypothyroidism had
raised TSH concentrations sooner after starting lithium
(3.7 versus 8.7 years). Whether any patients became
clinically hypothyroid was not noted (it was stated that
those with grade II hypothyroidism were almost free of
symptoms) (266).
Serum TSH concentrations were raised (10 mU/l or

more) in 13 of 61 children aged 5–17 years taking lithium
and valproate for up to 20 weeks (267).
In a review of lithium-induced subclinical hypothyr-

oidism (TSH over 5 mU/l, free thyroxine normal), a

prevalence of up to 23% in lithium patients was con-
trasted with up to 10% in the general population. It was
stressed that subclinical hypothyroidism from any cause
can be associated with subtle neuropsychiatric symp-
toms, such as depression, impaired memory and concen-
tration, and mental slowing and lethargy, as well as with
other somatic symptoms. Management guidelines were
discussed (261).
An abstract reported that 23% of 61 children and ado-

lescents taking lithium and divalproex sodium for up to 20
weeks had a TSH concentration over 10 mU/l (reference
range 0.2–6.0); however, no clinical information was pro-
vided (268). Another abstract reported that the preva-
lence of thyroperoxidase antibodies was higher in
bipolar outpatients (28% of 226) than in psychiatric inpa-
tients with any diagnosis (10% of 2782) or healthy con-
trols (14% of 225), but this was not related to lithium
exposure; on the other hand, hypothyroidism was asso-
ciated with lithium exposure, especially in the presence of
antithyroid antibodies (269).
When 22 men and 38 women who had taken lithium for

at least a year (mean 6.9 years) for bipolar disorder were
evaluated for adverse effects, hypothyroidism requiring
thyroid supplementation was found in 16 (14 women and
2 men); 9 had a goiter (108). The area from which some of
the patients came was known to have a high background
incidence of thyroid dysfunction.
The observation that Canada, with ample nutritional

iodine, has a relatively high rate of lithium-related
hypothyroidism compared with relatively low rates in
iodine-deficient countries such as Italy, Spain, and
Germany led to the suggestion that ambient iodine may
play a role in the genesis of this condition (270). This is
reminiscent of the association of amiodarone with
hypothyroidism or hyperthyroidism in iodine-replete and
iodine-deficient areas respectively (SEDA-10, 148).
Case reports of adverse thyroid effects of lithium have

included the following:

� A 56-year-old man taking lithium whose TSH concen-
tration was abnormally high (50 mU/l) (271).� A 44-year-old woman who had taken lithium for 10
years and who developed swelling of the right lobe of
the thyroid and hypothyroidism (120).� A 63-year-old woman taking long-term lithium who
developed subclinical hypothyroidism and primary
hyperparathyroidism (272).

Hyperthyroidism
Despite the predominantly antithyroid effects of lithium,
thyrotoxicosis continues to be described during treatment
and after withdrawal (273–275). In a retrospective review
of 201 patients taking lithium (mean duration 6.4 years),
hypothyroidism requiring supplemental thyroxine devel-
oped in 10% (3.4% of men, 15% of women) after a mean
duration of 56 months. Women over 50 years of age
tended to have an earlier onset. Two patients developed
goiter requiring surgery and two others developed thyr-
otoxicosis (262).
Reports of hyperthyroidism associated with lithium

include one in a woman who was also hypercalcemic with a
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normal parathyroid hormone (PTH) concentration (276)
and two discovered while treating lithium toxicity (277).

� A 27-year-old man developed thyrotoxicosis while tak-
ing lithium (275).� A 52-year-old woman became thyrotoxic 2 months
after stopping long-term lithium therapy; the authors
briefly reviewed 10 previous reports (278).� A woman with lithium-associated hyperthyroidism lost
2 kg over 3 months, suggesting that lithium may have
indirectly caused the weight loss (279).

Thyroiditis
A retrospective record review of 300 patients with
Graves’ disease and 100 with silent thyroiditis who had
undergone thyroid scans showed that the likelihood of
lithium exposure was 4.7 times higher in the latter, sug-
gesting a link between lithium and thyrotoxicosis caused
by silent thyroiditis (280).

� A 30-year-old man, who had taken lithium for 16 years
for bipolar disorder and long-term ciclosporin and pre-
dnisolone after a bone-marrow transplant, developed
subacute thyroiditis associated with a diffusely
enlarged gland that showed heterogeneous echogeni-
city, but without a clear relation to lithium (281).

Goiter
Euthyroid or hypothyroid goiter can also complicate
lithium therapy, although the goiter is seldom of clinical
importance and tends to resolve on withdrawal or with
thyroxine treatment. In one ultrasound study, there was a
44% incidence of goiter in patients who had taken lithium
for 1–5 years compared with 16% in a control group;
cigarette smoking was associated with a greater size and
frequency of goiter in both groups (282).
Hyperthyroidism has also been associated with lithium use

and withdrawal, although a cause-and-effect relation has
been more difficult to establish. In fact, lithium has been
used with some success to treat hyperthyroidism, particularly
in conjunction with propylthiouracil (283) and 131I (25).

Parathyroid and calcium

Lithium toxicity has been reported in a patient with
hypercalcemia (284).

� A 54-year-old man, who had taken lithium for 15 years
without problems, suddenly developed food and water
aversion, hypercalcemia (2.75 mmol/l), and lithium
toxicity, with a serum lithium concentration of
4.3 mmol/l. He was confused, delirious, and irritable.
Hemodialysis produced a marked improvement in
laboratory tests, which became normal after 9 days.

The authors concluded that the hypercalcemia was due
to long-term lithium treatment. The patient’s chief com-
plaint included nausea when he was exposed to food and
water, and he therefore refused food and water for 2–3
days before admission. He also had acute renal insuffi-
ciency, which was thought to be due to the hypercalcemia,
water aversion, and perhaps ‘‘idiosyncratic reasons.’’ The

renal insufficiency and water aversion resulted in lithium
toxicity. The studies cited in this paper showned that
hyperparathyroidism occurs in 5–40% of patients taking
long-term lithium, compared with a population frequency
of less than 4%, and in areview, 27 reports of parathyroid
adenoma and 11 of hyperplasia were mentioned (285).
The hypercalcemia and raised PTH concentrations are
often reversible on withdrawal, but surgical intervention
may be necessary. So far, long-term lithium therapy has
not emerged as a risk factor for reduced bone mineral
density or osteoporosis (286). In one study, there was a
greater frequency of electrocardiographic conduction
defects in hypercalcemic patients taking lithium than in
normocalcemic patients taking lithium (121).
Of 15 patients who had taken long-term lithium and

who had also had surgery for primary hyperparathyroid-
ism, one had recurrent hyperparathyroidism 2 years after
the first operation (287). The authors noted that in their
experience hyperparathyroidism during lithium treatment
was associated with a high incidence of parathyroid ade-
nomas rather than parathyroid gland hyperplasia, and
they suggested that lithium might selectively stimulate
the growth of parathyroid adenomas in individuals who
are susceptible to developing parathyroid adenomas.
Furthermore, such adenomas were best treated by exci-
sion rather than subtotal parathyroidectomy.
Of 12 patients who underwent parathyroid gland resec-

tion while maintaining their intake of lithium, only eight
remained normocalcemic (288). Nevertheless, the authors
recommended that surgery should be considered if there
is hyperparathyroidism.
Of 537 patients who had parathyroid glands excised for

hyperparathyroidism, 12 (2.2%) had been taking lithium
and 11 (2.0%) had been taking it long-term (mean 15.3
years, range 2–30). Manifestations included fatigue, bone
pain and fracture, and abdominal pain and constipation.
Six had a single adenoma and five had multigland hyper-
plasia. All resumed lithium, but one had a recurrence
after 3 years and one had increased PTH concentrations,
but a normal serum calcium. A literature review detected
27 prior reports of parathyroid adenoma and 11 of hyper-
plasia associated with lithium (285).
When 15 euthymic bipolar patients who had taken

lithium for a mean of 49 months were compared with 10
nonlithium euthymic bipolar controls, the former had
significantly higher total serum calcium concentrations
and intact PTH (iPTH) concentrations (289). The authors
advised baseline and periodic serum calcium and iPTH
concentrations and bone density measurements in all
lithium patients, although whether the benefit outweighs
cost is open to question.
Ten patients who had taken lithium for less than 1 year

and 13 who had taken it for more than 3 years were assessed
for alterations in bone metabolism and parathyroid function
(286). There were no differences in bone mineral density,
serum calcium concentration, or PTH concentration, but
both groups had increased bone turnover and the long-
term group had nonsignificantly higher calcium and PTH
concentrations (including one hyperparathyroid patient who
had an adenoma excised). The authors’ conclusion that
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lithium therapy is not a risk factor for osteoporosis needs to
be tempered by the small sample size, the case of adenoma,
and the blood concentration trends.
Total serum calcium and iPTH concentrations were

measured in 15 patients taking long-term lithium and 10
lithium-naı̈ve patients; both were significantly higher in
the lithium group (290). While the number of lithium
patients with abnormally high concentrations was not
stated, mean iPTH concentrations were almost twice the
upper limit of the reference range (102 versus 55 pg/ml).
Parathyroid tumors from nine patients with lithium-

associated hyperparathyroidism (six multiglandular,
three uniglandular) were compared with 13 nonlithium-
associated sporadic parathyroid tumors with regard to
gross genomic alterations (291). Gross chromosomal
alterations were absent in most of the lithium group and
were more common in the sporadic group.
In 53 patients studied prospectively at 1, 6, 12, and 24

months, lithium increased serum PTH concentrations
(apparent by 6 months) and increased renal reabsorption
of calcium in the absence of a significant change in serum
calcium (292). A prospective study of 101 lithium main-
tenance patients and 82 healthy controls showed higher
serum calcium concentrations during lithium treatment
than at baseline or in the controls, and higher calcium
serum concentrations in those lithium patients over 60
years of age (266).
When compared with 12 healthy matched controls, 13

women who had taken lithium for a mean of 8 (range 3–
16) years had higher mean ionized and total calcium con-
centrations, but mean plasma parathormone concentra-
tions did not differ. In eight of the women taking lithium,
the calcium concentration was above the upper end of the
reference range, and in one the parathormone concentra-
tion was abnormally high (293).
Of 15 patients taking long-term lithium who had sur-

gery for primary hyperparathyroidism, 14 had adenomas
(11 single, 3 double) and one had four-gland hyperplasia.
All restarted lithium successfully after surgery, except one
who again developed hyperparathyroidism, resulting in
removal of another adenoma (294).
Hyperparathyroidism was considered a possible cause

of treatment-resistant manic psychosis in a patient taking
lithium (295).

� Hypercalcemia and raised PTH concentrations
improved in a woman who had taken lithium for over
20 years after she was switched to divalproex (296).� A 64-year-old woman who had taken lithium for over
10 years was admitted with altered consciousness, agi-
tation, and disorientation. The serum calcium was
3.35 mmol/l (reference range 2.1–2.6 mmol/l) and the
PTH concentration was raised. With hydration and
conversion from lithium to valproate, the serum cal-
cium concentration normalized, but 2 years later dis-
orientation and hypercalcemia recurred and a 150 mg
parathyroid adenoma was removed surgically (297).� A 53-year-old woman who had taken lithium for 9
years and carbamazepine for 3 years and had a 3-
month history of lethargy was found to be hypercalce-
mic with a raised concentration of iPTH. She was

saved from parathyroid surgery when withdrawal of
lithium resolved the hypercalcemia (298).� A 51-year-old man who had taken lithium for over 10
years presented with nausea, vomiting, anorexia, hyper-
calcemia (3.1 mmol/l), and increased PTH concentration
(iPTH 110 ng/l). Abnormalities resolved after an oxyphi-
lic parathyroid adenoma was excised (299).

Other reports of hyperparathyroidism in patients tak-
ing lithium have included the following:

� Three cases among 26 cases of chronic lithium poison-
ing (300).� A 78-year-old man who had taken lithium for 30 years
who presented with dehydration, azotemia, hyperna-
tremia, hypercalcemia, and increased PTH concentra-
tions (301).� A 63-year-old woman taking long-term lithium therapy
(272).� A woman who had taken lithium for 15 years who
became hypercalcemic and stopped taking lithium,
but 2 years later had two parathyroid adenomas
removed surgically (302).� A 42-year-old man who had taken lithium for 17 years
and who had raised serum calcium and PTH concen-
trations which normalized after removal of a parathyr-
oid adenoma (303).� A 59-year-old man with hypercalcemia and increased
PTH concentrations 3 months after starting lithium,
which normalized after lithium was withdrawn (137).� Three cases from Denmark (304) and one from Spain
(305);� A 78-year-old woman who had taken lithium for 25
years (306).� A 74-year-old man who had an adenoma resected
(136).� Two 77-year-old women who developed hyperpar-
athyroidism which was managed medically (136).� A 39-year-old (sex unspecified) whose adenoma was
resected after taking lithium for 10 years (294).� A 59-year-old woman with hyperparathyroidism (307).

A lithium chloride solution caused changes in gravicurva-
ture, statocyte ultrastructure, and calcium balance in pea
root, believed to be due to effects of lithium on the phos-
phoinositide second messenger system (308). The implica-
tions with regard to human parathyroid function are obscure.

Metabolism

Diabetes mellitus

It has been reported that diabetes mellitus is three times
more common in bipolar patients than in the general
population (309). However, lithium does not appear to
increase the risk of diabetes mellitus, and its use in
patients with pre-existing diabetes is generally safe,
assuming that the diabetes is well controlled.
When lithium toxicity has been reported in patients

with diabetes mellitus, it has been attributed to impaired
glucose intolerance (310).

� An increased lithium dosage requirement in a hyper-
glycemic 40-year-old woman was attributed to the
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osmotic diuretic effect of glycosuria, increasing lithium
excretion (311).� Two patients with diabetes mellitus developed lithium
toxicity (serum concentrations 3.3 and 3.0 mmol/l) in
association with impaired consciousness, and hypergly-
cemia that resolved after intravenous insulin and fluids
(312).

While the authors of the second report concluded that
impaired glucose tolerance had predisposed to lithium
intoxication, the opposite is also possible.
When a 45-year-old man with severe lithium-

induced diabetes insipidus developed hyperosmolar,
nonketotic hyperglycemia, it was suggested that poorly
controlled diabetes mellitus may have contributed to
the polyuria (313). Prior contact with a female patient
who had developed hyperosmolar coma secondary to
lithium-induced diabetes insipidus (314) allowed phy-
sicians 4 years later to treat her safely after a drug
overdose and a surgical procedure, by avoiding intra-
venous replacement fluids with a high dextrose con-
tent (despite stopping lithium several years earlier, the
patient continued to put out 10 liters of urine daily)
(315).
Difficulty in attaining a therapeutic serum concentra-

tion of lithium despite increased doses was attributed to
increased renal clearance due to the osmotic effect of
glycosuria in a 44-year-old man with poorly controlled
diabetes mellitus (311).

Weight gain

Weight gain, a well-recognized adverse effect of lithium,
occurs in one-third to two-thirds of patients (316). It is
more common in those with prior weight problems and at
higher dosages of lithium. Possible mechanisms include
complex effects on carbohydrate and lipid metabolism,
mood stabilization itself, lithium-induced hypothyroidism,
the use of high-calorie beverages to treat lithium-induced
polydipsia, and the concomitant use of other weight-gaining
drugs (for example valproate, olanzapine, mirtazapine).
Recognizing and managing weight gain early in the course
of treatment can do much to ensure continued adherence to
lithium regimens. Two reviews of weight gain with psycho-
tropic drugs mentioned lithium (317,318).

Risk and magnitude
In a review of psychotropic drug-induced weight gain, the
prevalence and magnitude of the problem with lithium
was discussed together with risk factors, mechanisms, and
management (316). Adolescent inpatients treated with
risperidone (n = 18) or conventional antipsychotic drugs
(n = 19) over 6 months gained more weight than a control
group but concomitant treatment with lithium was not a
contributing factor (319).
A review of psychotropic drugs and weight gain

included a brief summary of lithium-related weight gain
(320). A retrospective evaluation of 176 patients taking
long-term lithium showed that weight gain was an adverse
effect in 18%. While 34% of the total did not adhere to
treatment because of somatic adverse effects, no specific

adverse effect (including weight gain) was associated with
nonadherence (321).
The prevalence of overweight (BMI 25–29) and obe-

sity (BMI 30 or more) was determined in 89 euthyroid
bipolar patients and 445 reference subjects. The rate of
obesity in patients taking only lithium was 1.5 times
greater than in the reference population (a nonsignifi-
cant difference), compared with a statistically signifi-
cant 2.5 times greater rate associated with
antipsychotic drugs (322).
The prevalence of overweight (BMI 20 or more) and

obesity (BMI 30 or more) has been evaluated in 89 euthy-
mic bipolar patients and 445 age- and sex-matched con-
trols (322). The bipolar women were more overweight and
more obese than the controls and the bipolar men were
more obese but not more overweight. Obesity was clearly
related to antipsychotic drug use and less so to lithium and
anticonvulsants (but patients taking lithium alone had an
obesity rate 1.5 times that of the general population).
A review of the effects of mood stabilizers on weight

included a section on lithium in which the authors con-
cluded that lithium-related weight gain occurs in one-
third to two-thirds of patients, with a mean increase of
4–7 kg; possible mechanisms were discussed (323).
An open chart review of 74 hospitalized patients

showed a mean weight gain of 6.3 kg and an increase in
BMI of 2.1 kg/m2 after they had taken lithium for a mean
of 89 days (324). Of 47 lithium-treated patients, 14 gained
at least 5% of their baseline BMI, 6 gained over 10%,
and 2 gained over 15% during an acute treatment phase of
unspecified duration, while during the 1-year maintenance
phase 11 gained over 5% and 2 gained over 10% (325).

Comparative studies
In a 1-year, placebo-controlled study of bipolar I prophy-
laxis (n = 372), weight gain with divalproex, but not with
lithium, was significantly more common than with pla-
cebo (81). A patient who gained 18 kg over 18 months
while taking lithium and perphenazine lost 16 kg when
the latter was changed to loxapine (she also participated
in a weight loss program) (326). Whether lithium played a
role in the weight gain was unclear.
In a 12-month maintenance study, weight gain was an

adverse event in 21% of patients taking divalproex, 13%
of those taking lithium, and 7% of those taking placebo
(81). The divalproex/placebo difference was statistically
significant, but the lithium/placebo difference was not.

Mechanism
In 15 consecutive patients, serum leptin concentrations
were measured at baseline and after 8 weeks of lithium
treatment. There was a significant mean increase of
3.5 ng/ml and serum leptin correlated positively with
weight gain (5.9 kg), increased BMI (24–27), and clinical
efficacy (327). The authors suggested that leptin might
play a role in lithium-induced weight gain.

Management
The Expert Consensus Guideline Series, Medication
Treatment of Bipolar Disorder 2000, has recommended
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to ‘‘continue present medication, focus on diet and exer-
cise’’ as the preferred first-line treatment for managing
weight gain in patients taking lithium or divalproex. The
next approach was to continue medication and add topir-
amate. Second-line treatments included switching from
divalproex to lithium or vice versa, reducing the dosage,
and switching to another drug. The addition of an appe-
tite suppressant was a lower second-line recommendation
(328).

Nutrition

In a review of naturally occurring dietary lithium (food
and water sources), the author acknowledged that human
lithium deficiency states have not been identified, but
concluded that lithium should be considered an essential
element, a conclusion reached on rather shaky grounds
(329).

Electrolyte balance

Potassium

Episodes of acute hypokalemic paralysis have been asso-
ciated with long-term lithium therapy (330).

� A 25-year-old man, who had taken lithium for 5 years,
awakened from sleep unable to move his limbs and had
a generalized flaccid paralysis with a serum potassium
concentration of 2.1 mmol/l (330). Lithium was with-
drawn and he responded to treatment with intravenous
potassium chloride.

The diagnosis of acute hypokalemic paralysis was attrib-
uted to lithium but without confirmation by rechallenge it
was unclear whether this was causal or coincidental.

Sodium

Hypernatremia can occur secondary to dehydration in
patients taking lithium and is not uncommon in associa-
tion with lithium poisoning. Lithium-induced diabetes
insipidus is often a contributing factor.

Mineral balance

Fluid and sodium balance are important to the safe use of
lithium. Both dehydration and a negative sodium balance
(for example a low salt intake, diuretic-induced sodium
loss) will reduce renal lithium clearance and predispose to
toxicity (331). Hyponatremia (for example, secondary to
polydipsia or SIADH) may also increase the risk of
lithium toxicity (332).
When nine trace elements were measured in whole

blood (oven dried, moisture-free) from controls, pre-
lithium, and lithium patients, there were many changes
related to lithium, but none appeared to be clinically
important (333).

Fluid balance

Edema associated with lithium is uncommon (334,335). It
is usually restricted to the legs, and is usually transient or
intermittent. If treatment is necessary, the intermittent

and cautious use of a loop diuretic may be helpful (but
see drug–drug interactions).
Dehydration, secondary to lithium-induced nephro-

genic diabetes insipidus, was thought to be the cause of
a superior sagittal sinus thrombosis in a 30-year-old
woman who presented with confusion, papilledema, and
a left hemiparesis (336).

Hematologic

The most common hematological effect of lithium is a
benign leukocytosis (337), consisting primarily of mature
granulocytes, which is reversible on withdrawal. An
increase in platelet count is a much less consistent finding
(338), and there are no clinically important effects on
erythrocytes. Despite anecdotal reports to the contrary,
epidemiological studies have shown no increased risk of
leukemia with lithium (339). The leukocyte-inducing
effects of lithium have been used with some success to
treat granulocytopenia (35,36).
The effects of lithium on hemopoiesis have been stu-

died in 100 patients who had developed chronic granulo-
cytopenia after cancer chemotherapy or radiotherapy
(240). The mean leukocyte count rose by 46%, but there
were no changes in platelet or erythrocyte counts.
However, there was a significant increase in platelet
count in those whose baseline values were below
150 � 109/l. Lithium was well tolerated (mean serum con-
centration 0.59 mmol/l).
Granulocyte counts and granulocyte colony-stimulating

factor (G-CSF) concentrations were measured in 18
patients before and after 1 and 4 weeks of lithium treat-
ment, and compared with values in 20 patients taking
long-term lithium (241). At week 4, the granulocyte
count was significantly higher than at baseline or at
week 1, or in the long-term group. There was only a
nonsignificant increase in G-CSF concentration at weeks
1 and 4. The granulocyte count in those taking long-term
lithium did not differ significantly from the baseline
values in the other group.
A retrospective review of inpatients showed higher

leukocyte and granulocyte counts in those taking lithium
alone (n = 38) compared with those taking antipsychotic
drugs alone (n = 207); lymphocyte counts were not
affected. Rises in leukocyte counts above normal
occurred in 18% of those taking lithium and 6% of
those taking antipsychotic drugs (337). The neutrophil-
stimulating effect of lithium was used to advantage to
successfully re-treat a patient with clozapine several
years after stopping it because of neutropenia (342).
Likewise, lithium was used to successfully stimulate neu-
trophil production in a patient with clozapine-induced
neutropenia and in another with clozapine-induced agra-
nulocytosis (recovery was as fast as seen with colony-
stimulating factor and twice as rapid as expected sponta-
neously) (35).
In eight patients with bipolar disorder, lithium for 3–4

weeks increased neutrophil count by 88% and also caused
a significant increase in CD34+ cells (although three
patients had no increase in either) (343).
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� A lithium-treated bipolar patient with acute myeloid
leukemia had an unusually great increase in CD34+
cells following administration of G-CSF, suggesting a
boosting effect from lithium (344).� After he had failed to respond to combined treatment
with corticosteroids and androgens and to antilympho-
cyte globulin, a 16-year-old with aplastic anemia
responded to lithium combined with an androgen deri-
vative, relapsed when lithium was stopped, and
responded again when it was restarted (41).

Of 39 patients taking lithium, 18% had neutrophilia
and 15% had raised activity of polymorphonuclear elas-
tase (a marker of granulocyte activation) (345). In keep-
ing with these observations, a chart review of 38 patients
taking clozapine showed an increase in leukocyte count
when lithium was added (42). A man with olanzapine-
induced neutropenia (with a prior history of risperidone-
induced neutropenia), which normalized with drug with-
drawal, had no difficulty when the drug was reintroduced
after the patient had been treated with lithium (43).
When 50 bipolar lithium patients were compared with

30 healthy controls, platelet counts were similar, but the
lithium group had higher concentrations of plasma beta-
thromboglobulin and platelet factor 4, suggesting lithium-
induced platelet activation (338).
A cross-sectional study showed a 20% lower serum

vitamin B12 concentration in patients taking lithium
(n = 81) than in controls (n = 14) (serum and erythrocyte
folate concentrations were normal) (346).

Mouth and teeth

A comprehensive review of psychoactive drug-induced
hyposalivation and hypersalivation included a discussion
of lithium-induced dry mouth (common) and sialorrhea
(347). A review of dental findings and their management
in patients with bipolar disorder briefly mentioned that
xerostomia, sialadenitis, dysgeusia, and stomatitis have
been attributed to lithium (348). Dry mouth is common
and can be due to lithium-induced polyuria, a direct effect
on thirst, salivary gland hypofunction, or other drugs
(347). Hypersalivation attributable to lithium is rare
(349).
A review of drug-induced oral ulceration mentioned

lithium as a possible cause, based on two older references
(350,351).

� An 8-year-old taking lithium citrate for 6 months
developed waxing and waning areas of denuded papil-
lae on her tongue, diagnosed as benign migratory glos-
sitis (geographic tongue) and attributed to lithium
(352).

The issue has been raised of whether oral lithium ther-
apy was responsible for failure of titanium dental implants
in a 62-year-old man (353).

Gastrointestinal

Lithium can cause loss of appetite, nausea, and at times
vomiting and loose stools, especially early in therapy, but
these can be minimized by the passage of time and by

making dosage increases gradually (81). Gastrointestinal
symptoms can also be an early warning sign of lithium
intoxication.
In a 12-month maintenance study, lithium (n = 94) was

not unexpectedly associated with more nausea (45 versus
31%) and diarrhea (46 versus 30%) than placebo (n = 94)
(81).

� A 72-year-old man who had recently started to take
lithium developed severe nausea, vomiting, and oligu-
ric renal insufficiency which was initially attributed to
lithium toxicity, until a serum lithium concentration of
only 0.35 mmol/l directed evaluation to the correct
diagnosis of acute gastric volvulus (354).� An 80-year-old woman taking lithium developed con-
stipation, nausea, vomiting, and abdominal pain after
starting to take amfebutamone. A diagnosis of acute
paralytic ileus was made and attributed to amfebuta-
mone, although an amfebutamone–lithium interaction
could not be excluded (355).� In an 80-year-old woman a 2-month history of diar-
rhea, nausea, and abdominal distress attributed to irri-
table bowel syndrome was ultimately determined to be
due to early lithium intoxication (356). Her lithium
concentration when she was hospitalized was
1.2 mmol/l, although she had taken no lithium for the
previous 10 days. Treatment with a thiazide diuretic
contributed to the toxicity.

Pancreas

Of 47 cases of drug-induced pancreatitis reported to the
Danish Committee on Adverse Drug Reactions between
1968 and 1999, one involved lithium (plus a neuroleptic
drug) (357). Whether lithium was causally involved is not
known.

� A 78-year-old woman taking lithium had hyperamyla-
semia and hyperlipasemia in the absence of gastroin-
testinal symptoms. Ultrasound examination showed
the pancreas and liver to be normal. She also had
hyperparathyroidism and renal dysfunction (306).

Urinary tract

There have been several reviews of the effects of lithium
on the kidney (358–361).
In a retrospective study, 114 patients who had taken

lithium for 4–30 years were compared with 94 unmedi-
cated age- and sex-matched controls with regard to
changes in creatinine concentrations (362). Of the
patients taking lithium, 21% had blood creatinine concen-
trations that had increased gradually and were now over
the top of the reference range. This finding was associated
with episodes of lithium intoxication and with diseases
and other medications that could also affect glomerular
function. Sex, psychiatric diagnosis, duration of treat-
ment, cumulative dose, and serum lithium concentrations
did not predict an abnormal creatinine concentration.
Renal function was assessed in 10 patients taking long-

term lithium (over 3 years, mean 80 months), 10 taking
short-term lithium (3 years or less, mean 16 months), and
10 lithium-naı̈ve patients (250). Blood urea nitrogen and
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serum creatinine concentrations were within the refer-
ence ranges and did not differ among the groups, but 24-
hour creatinine clearance was significantly lower in those
taking long-term lithium (73 versus 125 and 150 ml/min-
ute). There were no significant differences among the
groups in urine osmolality after 8-hour water deprivation
and desmopressin, but partial nephrogenic diabetes insi-
pidus was diagnosed in four long-term and two short-term
patients and hypothalamic diabetes insipidus in two long-
term patients. The authors concluded that long-term
lithium therapy is a risk factor for renal impairment.
In a retrospective review of lithium concentrations in

2210 psychiatric hospital patients, 151 (6.8%) had serum
lithium concentrations of 1.5 mmol/l or more. Of those
with high serum concentrations, 10 (6.6%) had a raised
blood urea nitrogen or serum creatinine concentration
(363). In a retrospective study of 114 patients who had
taken lithium for 4–30 years and 94 matched unmedicated
subjects, 21% of those taking lithium had blood creatinine
concentrations greater than 1.5 mg/ml [sic]; comparative
figures were not given for the controls (362). Raised
creatinine concentrations tended to be associated with
episodes of lithium toxicity and drugs or diseases that
could alter glomerular function.
Renal disease is not a contraindication to lithium, but it

does complicate its use, and alternative mood stabilizers
should be considered. Despite the diverse effects of
lithium on the kidney, most patients find it to be generally
well tolerated; nevertheless, monitoring should include
periodic testing of renal function. In one case, a psychia-
trist and family physician were sued for failing to monitor
renal function in a patient who developed renal insuffi-
ciency (364). The distribution of monitoring guidelines in
the area of Aberdeen, Scotland, led to an increase in the
number of lithium patients who had at least once-yearly
serum creatinine concentration measurements from 71%
to 78%, still leaving 22% without adequate renal function
monitoring (365).
To what extent long-term treatment with lithium impairs

GFR is a matter of continued study (360). Lithium does not
appear to impair GFR consistently, especially if correction is
made for age-related changes in kidney function, although in
one study there was an age-related reduction in 21% of 142
patients who had taken lithium for at least 15 years (366).
There have been a few case reports of progressive renal
insufficiency attributed to lithium, but it has not been possi-
ble to establish a cause-and-effect relation with absolute
certainty.
In a review of the renal and metabolic complications of

lithium, the example of a 78-year-old woman taking long-
term lithium who had urinary incontinence, moderate
renal insufficiency, a 5–7 litres 24-hour urine volume,
and thyroid and parathyroid abnormalities was used to
set the scene (306).
In a historical cohort study, changes in renal function in

86 patients taking lithium were evaluated first after a
median treatment duration of 5.8 years and again after
16 years (367). Maximum plasma osmolality was reduced
in nine of 63 patients in the initial study and in 24 of 63 at
follow-up. Other findings included increased serum

creatinine (in one of 76 patients initially and eight of 76
at follow-up) and reduced GFR (in three of 29 patients
initially and six of 29 at follow-up); only the latter of these
changes was not significant. The authors noted that this
progressive impairment in renal dysfunction was greater
than expected for age and advised strict surveillance of
renal function in patients taking long-term lithium.
In a retrospective review of 6514 renal biopsies, there

were 24 patients with renal insufficiency who had taken
lithium for a mean duration of 13.6 years (range 2–25
years); the histological changes included chronic tubuloin-
terstitial nephropathy (100%), cortical and medullary
tubular cysts (63%) or tubular dilatation (33%), global
glomerulosclerosis (100%), and focal segmental glomer-
ulosclerosis (50%) (368). Only two had a history of acute
lithium toxicity. Clinical findings included proteinuria
(42%), nephrotic syndrome (25%), nephrogenic diabetes
insipidus (87%), and hypertension (33%). Despite lithium
withdrawal, either seven (abstract) or eight (text) of nine
patients with an initial serum creatinine of over 221 mmol/
l (2.5 mg/dl) progressed to end-stage renal insufficiency,
whereas this occurred in only one of ten with lower crea-
tinine concentrations. The study design was such that the
risk of renal insufficiency with long-term lithium therapy
could not be established and the possibility of alternative
causes could not be excluded.
Two studies in rats have potential implications for

humans. In rats with mild to severe lithium-induced
nephropathy, urine N-acetyl-b-D-glucosaminidase was an
early indicator of renal insufficiency (369). Both 6Li and
7Li caused reduced urine concentrating ability and
increased urine volume and renal tubular lesions, but 6Li
was more nephrotoxic (370). The authors suggested that
eliminating 6Li from pharmaceutical products might
reduce nephrotoxicity (although 6Li accounts for only
about 7% of the lithium in such products).

Concentrating ability

Lithium often impairs renal concentrating ability, an
effect that is related in part to both dosage and duration
of treatment (358,360). While it is initially reversible on
withdrawal, it may eventually become irreversible and
indicative of structural tubular damage. Impaired concen-
tration is of no clinical consequence in itself, but it may go
hand in hand with polyuria (lithium-induced nephrogenic
diabetes insipidus), which can sometimes be a social and
occupational nuisance and can increase the risk of toxicity
secondary to dehydration. These problems can be mini-
mized if the maintenance serum concentration is low, but
whether single daily dosing is kinder to the kidney has yet
to be resolved. Since the defect is at the level of the
kidney (both before and after the site of cyclic AMP
generation and probably involving the water channel pro-
tein aquaporin-2, a vasopressin-regulated water channel
protein (371)), vasopressin (ADH) is unlikely to be effec-
tive. A thiazide and/or potassium-sparing diuretic (espe-
cially amiloride) can reduce the urine volume, although
serum lithium concentrations can rise at the same time.
Avoiding hypokalemia is essential, but whether dietary

Lithium 145

ª 2009 Elsevier B.V. All rights reserved.



potassium supplementation can also be helpful is not
known. Inositol is no longer considered promising.
In a comparison of patients taking long-term lithium

(n = 10) or short-term lithium (n = 9) and bipolar
patients not taking lithium (n = 10), there was signifi-
cantly lower creatinine clearance and renal concentrating
ability in the long-term group (372).

Acute and chronic renal insufficiency

Renal insufficiency was attributed to lithium in a 40-year-
old who had had nontoxic concentrations for 15 years
(interstitial nephropathy on biopsy) (373) and in a 55-
year-old woman who had taken lithium for 6 years
(serum creatinine 141 mmol/l (374). A few patients
develop progressive renal insufficiency that can best be
attributed to lithium (360).
Chronic renal insufficiency (creatinine clearance under

80 ml/minute), for which there was no apparent alternative
explanation, developed in 53 patients taking long-term
lithium (mean 17.7 years); 7 required periodic dialysis (375).
After Taking lithim for 6 years, a 55-year-old woman

development mild rental insuffiency (serum creatinine 1.6
mg/dl) and lithium was withdrawn (298)
In a follow-up study of 54 patients with lithium-induced

renal insufficiency and 20 patients who had been referred for
renal biopsy, the authors concluded that lithium-induced
chronic renal disease is slowly progressive (376). The rate
of progression was related to the duration of lithium treat-
ment, and lithium-related end-stage renal disease accounted
for a small percentage (0.22%) of all cases of end-stage renal
disease in France. The authors strongly suggested that reg-
ular monitoring of creatinine clearance is important during
long-term lithium management.
Renal size and structure have been evaluated by MRI

in 16 patients with renal insufficiency and nephropathy
thought to be secondary to lithium (377). There were
renal microcysts in all patients. All the patients had
nephrogenic diabetes insipidus, in which antidiuretic hor-
mone concentrations are raised, and there is evidence that
antidiuretic hormone can stimulate the production of
renal cysts, by an action mediated via cyclic AMP (378).

Interstitial nephritis

Lithium-associated changes in kidney morphology
include an acute, reversible, and possibly lithium-specific
distal tubular lesion and a chronic, nonspecific, and tubu-
lointerstitial nephritis (379). The differential diagnosis of
the latter is extensive, and it is not clear if lithium is
causative. Lithium received a brief mention in a review
of tubulointerstitial nephritis (379).

� A 48-year-old man taking lithium and chlorprothixene
had a creatinine clearance of 60 ml/minute and a renal
biopsy showing chronic interstitial nephritis (380).� Lithium-induced interstitial nephritis (serum creati-
nine 2.3 mg/dl) occurred in an 89-year-old woman
who had taken lithium for 29 years (136).

Nephrogenic diabetes insipidus

There have been several case reports of lithium-related
nephrogenic diabetes insipidus, sometimes associated

with dehydration and lithium intoxication (301,381–384,
385,386). This effect is clearly distinct from bipolar illness,
as non-psychiatric subjects taking lithium develop a
reduced response to desmopressin and a reduced ability
to concentrate their urine during water deprivation (387).
Lithium is a competitive inhibitor of the action of anti-
diuretic hormone and diabetes insipidus in lithium-trea-
ted subjects appears to be mediated by second messengers
(386) with consequent effects on cytoplasmic aquaporin 2
(386,388) or cyclo-oxygenases 1 and 2 (COX-1, COX-2)
(389,390).
Nephrogenic diabetes insipidus has been specifically

reviewed in the context of a case in which resolution did
not occur despite withdrawal of lithium (391).
Nephrogenic diabetes insipidus secondary to lithium led

to severe dehydration in two patients who required intra-
venous rehydration followed by a thiazide diuretic to
reduce urine volume (382). One patient had persistent
polyuria (6.7 l/day) 57 months after stopping lithium
(296).

� A 77-year-old woman who had taken lithium for 10
years developed delirium, hypernatremia, prerenal azo-
temia, and a serum lithium concentration of 1.4 mmol/l;
her condition was attributed to dehydration related to
partial nephrogenic diabetes insipidus (381).� Eight years after stopping lithium because of polydip-
sia and polyuria, a 55-year-old woman was hospitalized
with lethargy, coma, and hypernatremia (sodium con-
centration 156 mmol/l) after her fluid intake had been
restricted (391).� A 30-year-old woman who became dehydrated second-
ary to lithium-induced nephrogenic diabetes insipidus
developed a superior sagittal sinus thrombosis (336).� A 78-year-old woman who had taken lithium for 25
years had hypotonic polyuria (4.7 l/day), mild renal
insufficiency, and hyperparathyroidism attributed to
lithium (306).� Nephrogenic diabetes insipidus resulted in dehydra-
tion and hypernatremia in a 78-year-old man who had
taken lithium for 30 years (301).� Nephrogenic diabetes insipidus in a 63-year-old
woman was treated successfully with lithium withdra-
wal and amiloride (395).� A 33-year-old man who had taken multiple medications,
including valproic acid and lithium carbonate, started to
take olanzapine instead of haloperidol (393). Five days
later he reported malaise, polyuria, and polydipsia. He
had a raised blood glucose, an increased serum osmolal-
ity, ketonemia, and glycosuria.

The authors of the last case suggested that the patient had
insulin resistance (probably due to olanzapine), which
was exacerbated by valproic acid and lithium.

� A 47-year-old woman, who was taking lithium (serum
concentration 0.7 mmol/l) for bipolar I disorder, devel-
oped an acute abdominal syndrome (394). She had a
recent history of drinking about 4 l of fluid a day. After
surgery, she developed nephrogenic diabetes insipidus,
with 19 l/day intake and 15 l/day output. The diuresis
fell to 8 l/day over the next 10 days.

146 Lithium

ª 2009 Elsevier B.V. All rights reserved.



The authors wondered whether physiological stress could
trigger diabetes insipidus and cited other articles showing
that diabetes insipidus due to lithium occurred after sur-
gery or brain injury, during pregnancy, or while fasting.
They also suggested that patients who have been stable
for a long time might have their lithium withdrawn.
Withdrawal of lithium is thought to reverse lithium-
induced nephrogenic diabetes insipidus, but the authors
reviewed the literature and cited cases of nephrogenic
diabetes insipidus that did not reverse after withdrawal
of lithium.

� A 76-year-old man developed severe intractable dia-
betes insipidus which was attributed to lithium (395).
He was hospitalized for over 2 weeks and eventually
died from intestinal hemorrhage. Vigorous efforts were
made to treat his polyuria, electrolyte disturbances,
hypernatremia, and dehydration. He had been taking
chlorpromazine, lithium, and furosemide, along with
other medications, and the diagnosis of lithium-induced
nephrogenic diabetes insipidus was considered because
of a lack of alternative explanations.

The authors reviewed the causes and pathophysiological
mechanisms of nephrogenic diabetes insipidus. They also
discussed the metabolic effects of lithium, including renal
and thyroid effects, hypercalcemia, leukocytosis, and
weight gain.

� A 63-year-old man taking long-term lithium for a schi-
zoaffective disorder developed a dural sinus thrombo-
sis and severe hypernatremia and died (396).

The authors suggested that the sequence of events was
lithium-induced nephrogenic diabetes insipidus resulting
in hypernatremia followed by the dural sinus thrombosis.

Nephrotic syndrome

Nephrotic syndrome (proteinuria, edema, hypoalbumine-
mia, hyperlipidemia) is a rare and idiosyncratic complica-
tion of lithium therapy; it usually resolves on withdrawal,
and can recur on rechallenge (397,398). Lithium-associated
nephrotic syndrome occurred in a 59-year-old woman with
lithium toxicity (serum concentration 1.9 mmol/l) whose
renal biopsy showed focal segmental glomerulosclerosis.
Lithium withdrawal led to resolution of edema and marked
improvement in proteinuria and albuminemia (398).

� An 83-year-old man developed nephrotic syndrome
while taking lithium (399).� An 11-year-old boy who had taken lithium for an
unstated duration developed nephrotic syndrome
with focal glomerulosclerosis which remitted fully
after lithium was withdrawn (397).� A 59-year-old woman with lithium-associated nephro-
tic syndrome (focal segmental glomerulosclerosis on
biopsy) had resolution of edema and pleural effusions
and marked improvement in albuminemia and protei-
nuria after withdrawal of lithium (398).

Renal tubular acidosis

Incomplete distal renal tubular acidosis has been attributed
to lithium, but appears to be of no clinical significance (400).

Skin

The cutaneous adverse effects of lithium have been
reviewed (401,402). Lithium can cause aggravation of
psoriasis. Other dermatological problems related to
lithium treatment include acne, folliculitis, and maculo-
papular eruptions. The prevalence of dermatological dif-
ficulties is up to 45%, although many have reported a
much lower rate, less than 4%. Men are more susceptible
to than women. Most patients can be managed without
withdrawing lithium, but aggravation of psoriasis may
make it necessary.

� A 19-year-old patient taking lithium therapy for bipo-
lar I disorder developed a pityriasis rosea-like derma-
titis, which resolved when valproic acid was substituted
for lithium (403). The rash was defined as ‘‘erythema-
tous, sharply bordered oval and finely scaling lesions
along skin cleavages on the trunk and proximal parts of
the extremities.’’ There was no evidence of a herald
patch.

In a review of acute skin reactions to psychotropic
drugs, alopecia, psoriasiform, acneiform, and liche-
noid eruptions, and drug-induced lupus were attribu-
ted to lithium, but critical comment was not provided
(404).
There have been anecdotal reports of papular and non-

papular rashes, pityriasis versicolor, hidradenitis suppur-
ativa, and nail dystrophy (405,406), although causal
relations are difficult to establish.
In a review of lichenoid drug eruptions, lithium was

implicated in one patient with ulcerative oral lesions and
in another with ulcerative genital lesions (407).

� A 60-year-old man developed systemic swelling, red-
ness, and pruritus 1 month after starting to take
lithium; it was attributed to the drug based on positive
patch and challenge tests (408).� A 55-year-old man who had taken lithium and halo-
peridol for 11 years developed hyperkeratotic folli-
cular papules on his scalp, extremities, and trunk,
which on biopsy were suggestive of follicular
mycoses fungoides (409). He also had a 1-year his-
tory of scalp, axillary, and pubic hair loss. Following
replacement of lithium with valproate, his hair
regrew and the papules cleared almost completely
in 3 months.

A man and a woman developed vegetating plaques with
peripheral pustules (halogenoderma) after taking lithium
for 6 and 8 years respectively (410). No follow-up infor-
mation was provided and it could not be established
whether the lesions were caused by, worsened by, or
unrelated to lithium.

Acne

Acne can occur or worsen during lithium treatment (411).
In a comparison of 51 patients taking lithium with 57
patients taking other psychotropic drugs, there were sec-
ondary skin reactions in 45% of the former and 25 of the
latter; while acne (33 versus 9%) and psoriasis (6 versus 0%)
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were more common in the lithium group, the only statisti-
cally significant association was acne in males (412).

� Six months after beginning lithium, a man in his late
twenties developed severe truncal acne which wor-
sened over 5 years, at which time lithium was with-
drawn (413). Nevertheless, the lesions were still
present 4 years later, leading to the conclusion that
lithium had caused irreversible acne.

In this case, the association could have been
coincidental.

Alopecia

Hair loss in psychopharmacology has been reviewed
(414). It appears to be an uncommon and unpredictable
adverse effect of lithium. Hypothyroidism is occasionally
involved. Hair texture can also be altered (415).

� A 36-year-old woman had taken lithium for 4 months
when her scalp hair became thinner and stopped grow-
ing. She continued to take lithium, and 2 months later
was diagnosed and treated for hypothyroidism, after
which her hair became curlier but did not grow longer
or fuller.

Darier’s disease

Darier’s disease (follicular keratosis) can be exacerbated
by lithium (416,417).

� In a woman who had had keratosis follicularis
(Darier’s disease) since she was 16, the condition wor-
sened when she was given lithium at age 50 (and
improved when she switched to valproate) (417).

However, despite reports that Darier’s disease is wor-
sened by lithium, a 52-year-old man noted no exacerba-
tion despite taking lithium for many years (418).

Psoriasis

Psoriasis can occur or worsen during lithium treatment
(411). Before psoriasis can be treated effectively, lithium
may have to be withdrawn. In a comparison of 51 patients
taking lithium with 57 patients taking other psychotropic
drugs, there were secondary skin reactions in 45% of the
former and 25% of the latter; while acne (33 versus 9%)
and psoriasis (6 versus 0%) were more common in the
lithium group, the only statistically significant association
was acne in males (412).

� A 42-year-old woman taking lithium developed psor-
iasis which resolved when the drug was withdrawn
(419). Brief mention was made of two patients (age
and sex unstated) taking lithium whose psoriasis
improved with oral omega-3 fatty acids (420).� Lithium worsened psoriasis in a 54-year-old woman;
improvement followed withdrawal (421).

Hair

Hair loss in psychopharmacology has been reviewed
(414). It appears to be an uncommon and unpredictable

adverse effect of lithium. Hypothyroidism is occasionally
involved. Hair texture can also be altered (415).

� A 36-year-old woman had taken lithium for 4 months
when her scalp hair became thinner and stopped grow-
ing. She continued to take lithium, and 2 months later
was diagnosed and treated for hypothyroidism, after
which her hair became curlier but did not grow longer
or fuller.

Musculoskeletal

Despite lithium-induced increases in serum calcium and
PTH concentrations, most recent studies have not shown
a reduction in bone mineral density or increased risks of
osteoporosis or bone fractures (422). In 26 patients who
had taken lithium for at least 10 years, bone mineral
density did not differ from controls (423).
Indeed, in a case-control study of 124 655 individuals

who suffered a bone fracture matched with 373 962 sub-
jects who had not had any bone injury, the relative risk of
a bone fracture was significantly lower in those who took
lithium, both before and after correction for psychotropic
drug use (OR ¼ 0.67; 95% CI ¼ 0.55, 0.81) (424).
A patient with a diffuse sensorimotor peripheral neuro-

pathy also developed rhabdomyolysis during the acute
episode in association with a serum lithium concentration
of 3.1 mmol/l and a serum sodium of 163 mmol/l (177).

Sexual function

Despite occasional reports of reduced libido and erectile
dysfunction, lithium causes little in the way of sexual
dysfunction in men or women (425). In a brief review of
the sexual adverse effects of psychotropic drugs, reduced
libido and arousal with lithium were mentioned in pas-
sing, particularly when it was combined with other drugs
(which, of course, makes it difficult to implicate lithium)
(426).

Reproductive system

In a cross-sectional pilot study of 22 bipolar women taking
lithium (n = 10), divalproex (n = 10), or both (n = 10),
there was an increased number of ovarian follicles in
one woman taking lithium, but no evidence of hormonal
changes suggestive of polycystic ovary syndrome in any
patient (427). The small sample size was a limiting factor.
When 22 women with bipolar disorder (10 taking

lithium alone, 10 taking divalproex alone, and 2 taking
both) were evaluated for polycystic ovary syndrome, none
had typical hormonal screening abnormalities (427).
Some type of menstrual dysfunction was present in all
ten women taking lithium alone, but it predated use of
the drug in all but one.
Compared with 13 women taking placebo, 10 women

taking lithium carbonate 900 mg/day for one menstrual
cycle had no significant alterations in reproductive hor-
mone concentrations (428).
In an in vitro study, LY294002, a phosphatidylinositol-

3-kinase inhibitor, overcame impaired human sperm
motility induced by lithium chloride (429).
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At blood concentrations within the human target range,
oral lithium caused degenerative changes in testicular
morphology in spotted munia (Lonchura punctulata), a
seasonally breeding subtropical finch (430). Lithium at a
serum concentration of about 0.6 mmol/l reduced sperm
motility, number, and viability, and markedly altered tes-
ticular histopathology in Viscacha, a nocturnal rodent
from the pampas of Argentina (431). How these findings
might relate to effects in men is open to question.

Immunologic

Lithium is not an allergen. Allergic reactions that have
been reported in patients taking lithium have been attrib-
uted to excipients in the formulation (432), as in a case of
leukocytoclastic vasculitis (433).
In a brief report, evidence has been presented that

short-term exposure to lithium (less than 2 months)
caused alterations in the expression of histocompatibility
antigens (434).
In 10 healthy volunteers, lithium caused increases in

interleukin-4 and interleukin-10 concentrations and falls
in interleukin-2 and interferon concentrations (435). In in
vitro studies of monocytes from women with breast can-
cer, lithium chloride suppressed production of interleu-
kin-8 and induced production of interleukin-15 (436,437).
The clinical implications of these findings are unclear.
The immunomodulatory effects of lithium have been

reviewed (438,439). Lithium

(a) stimulated the production of pro-inflammatory cyto-
kines and negative immunoregulatory cytokines or
proteins in nine healthy subjects (440);

(b) altered the expression of human leukocyte antigens
(HLA) in 11 of 15 subjects (434);

(c) normalized manifestations of mild immune activation
in 17 rapid cycling bipolar patients (441).

The clinical implications of these findings are unclear.
The very complex antiviral and immunomodulatory

effects of lithium have been reviewed (442). In 15 inpa-
tients, lithium produced changes in a number of histocom-
patibility antigens, but whether these have any clinical
implications is unknown (443).

Death

The 1997 Annual Report of the American Association of
Poison Control Centers Toxic Exposure Surveillance
System listed nine lithium-associated deaths and provided
some clinical details in seven cases, including serum con-
centrations of 2.4–7.8 mmol/l (444).
However, in a systematic review there were signifi-

cantly fewer deaths from all causes in lithium-treated
patients (9 out of 696, 1.3%) compared with those who
took other agents (22 out of 788, 2.8%; OR ¼ 0.42; 95%
CI ¼ 0.21, 0.87) (241). Individuals with bipolar illness
have a doubled standardized mortality ratio compared
with the general population (445). This difference appears
to be due to factors such as frequent depressive episodes,
co-morbidity with substance abuse, and lifestyle pro-
blems, such as reduced exercise, poor diet, and a lower

quality of medical care. The use of lithium may reduce
overall mortality.

Long-Term Effects

Drug abuse

Lithium is not a drug of abuse or dependence, although
when one bipolar alcohol abuser was prevented from
drinking, he tried to get a ‘‘buzz’’ by increasing his lithium
dose to the point of toxicity (serum concentration
3.0 mmol/l) (446). The only other suggestion of abuse
appeared in 1977 when passing mention to the ‘‘fairly
recent (over the past 2 years or so) abuse of lithium’’ by
poly-drug abusers (447).

Drug tolerance

In a review of whether the prophylactic efficacy of lithium
was transient or persistent, the authors concluded that
‘‘the balance of evidence does not indicate a general loss
of lithium efficacy’’ (448). A similar conclusion was
reached in a study of 22 patients who had taken lithium
for at least 20 years (449). There was no change in affec-
tive morbidity over the second 10 years compared with
the first 10 years. However, individual exceptions could
not be excluded.

Drug withdrawal

Three issues have been addressed:

(a) does rapid withdrawal increase recurrence risk?
(b) how common is post-withdrawal refractoriness to the

reinstitution of lithium?
(c) does withdrawal increase the risk of thyrotoxicosis?

Recurrence risk

Abrupt or rapid withdrawal of lithium is not associated
with a physical withdrawal reaction, but there does
appear to be an increased risk of early recurrence of
mania and depression compared with more gradual with-
drawal (450,451), although this conclusion has been ques-
tioned (452). Data from Italy have suggested that gradual
withdrawal of lithium (over 15–30 days) was associated
with a markedly reduced risk of early recurrence of mania
and depression and a much greater likelihood of pro-
longed stability compared with rapid discontinuation
(over 1–14 days) (450). There was a marked increase in
suicidal acts during the first year after lithium withdrawal;
after that the risk returned to what it had been before the
start of lithium treatment. The increased risk in the first
year exceeded that expected from increased affective
morbidity alone. There was a 1.95-fold greater risk, dur-
ing this first year in those who discontinued lithium
rapidly, although this was not statistically significant
(453).
Of 30 patients with major depressive disorder who had

responded to lithium augmentation for antidepressant-
resistant depression, 15 were switched to placebo over
1–7 days (454). Two became manic, and it was suggested
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that lithium withdrawal may have uncovered latent bipo-
lar disorder (455).
When 21 elderly patients with a major depressive epi-

sode who had responded to lithium augmentation had
lithium withdrawn gradually (over 2–12 weeks), 9
relapsed but none became manic (456). Whether gradual
withdrawal protected against withdrawal mania or
whether there were no latent bipolar patients in the
study is unknown.
A retrospective study of lithium withdrawal in pregnant

and nonpregnant women showed similar rates and times
of recurrence, including a higher risk of early occurrence
with rapid withdrawal (1–14 days) versus gradual with-
drawal (15–30 days) (457). How to balance the first tri-
mester fetal risk of greater lithium exposure during
gradual withdrawal with the greater maternal risk of
potentially devastating relapse after rapid withdrawal
remains a challenge.
There is a higher risk of postpartum recurrence of

bipolar disorder in women who have discontinued
lithium; the protective effect of restarting lithium late in
pregnancy or soon after delivery has been emphasized
(457).
The observation that rapid or abrupt lithium withdra-

wal might be associated with a more immediate or higher
likelihood of recurrence has gathered further support
from a reanalysis of data from a double-blind lithium
maintenance study, in which the benefits of low serum
concentrations (0.4–0.6 mmol/l) and standard serum con-
centrations (0.8–1.0 mmol/l) were compared (458).
Recurrence rates were greater only in those whose con-
centrations were abruptly reduced from standard to low
at the start of the study. The authors suggested that rapid
dosage reduction, rather than a low maintenance concen-
tration itself, accounted for their initial conclusion that
standard concentrations were more effective than low
concentrations.
Others have concluded that withdrawal mania is ‘‘a

major and sinister complication of the everyday use of
lithium’’ (459). Withdrawal of effective lithium therapy
was associated with an increased risk of suicide and
suicidal acts, especially during the first 12 months.
Gradual withdrawal (over 15–30 days) was associated
with half the rate of suicidal acts compared with more
rapid withdrawal (strong trend toward statistical signifi-
cance) (460).

Refractoriness to retreatment

In 28 patients who had responded to lithium treatment of
mania or schizoaffective mania and who had recurrences
after withdrawal, there were equally good responses to
retreatment with lithium (461). These findings add to the
evidence that lithium discontinuation-induced refractori-
ness is the exception rather than the rule. However, the
issue of whether post-withdrawal refractoriness to rein-
troduction of lithium is a real phenomenon and, if so, how
often it occurs continues to be debated (462). Three
patients failed to respond to the reintroduction of lithium,
despite having had sustained beneficial responses before
withdrawal (463).

Risk of thyrotoxicosis

Lithium withdrawal may be associated with an outpouring
of thyroid hormone in predisposed individuals; there have
been reports of thyrotoxicosis (274) and a thyrotoxic crisis
(274) after lithium withdrawal.

� A 37-year-old man who had taken lithium and sulpir-
ide for 14 years and who was a long-time smoker with-
out respiratory symptoms or a history of asthma had
lithium withdrawn because of an asymptomatic brady-
cardia (44 beats/minute) (125). Six weeks later, he
developed symptoms of asthma, including nocturnal
cough, exertional wheezing, increased airway resis-
tance, and a low FEV1, attributed to lithium withdra-
wal.

Mutagenicity

In 18 patients taking benzodiazepines and/or neuroleptic
drugs, there were increased chromosomal aberrations and
increased sister chromatid exchange, but there were no
significant differences between this group and another
group of 18 patients taking lithium in addition to benzo-
diazepines and/or antipsychotic drugs (464).

Tumorigenicity

There is no evidence that lithium causes or promotes the
growth of tumors. Since tumors are not rare events over a
lifetime, and since lithium is taken for long periods of
time, any apparent association is likely to be coincidental.

Second-Generation Effects

Fertility

Intramuscular lithium chloride produced subtherapeutic
blood concentrations (by human standards) in male rose-
ringed parakeets, but significantly reduced testicular
weight and caused widespread degenerative changes in
the testes (465). Fertility was not assessed directly.

Pregnancy

The treatment of bipolar disorder during pregnancy and
lactation has been reviewed, with reference to lithium-
related maternal, fetal, and neonatal toxicity, morpholo-
gical and behavioral teratogenicity, carcinogenicity and
mutagenicity, and miscellaneous effects (466–478).
Elsewhere, the effects of lithium, valproic acid, and car-
bamazepine during pregnancy (479) and drug-induced
congenital defects (with only a brief mention of lithium)
(480) have been reviewed. A more specific review dealing
with the use of drugs during pregnancy in women with
renal disease mentioned the need for lithium-dosage
reduction in such cases (481).
Pregnancy in bipolar women was found to be a ‘‘risk-

neutral’’ condition, in that it neither protected against nor
increased episode risk in a comparison of 42 pregnant
with 42 nonpregnant women who stopped lithium either
rapidly (over 1–14 days) or gradually (over 15–30 days).
Stopping lithium was not ‘‘risk-neutral,’’ and the risk was
especially high in those who stopped rapidly (482) (see
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also Withdrawal effects). These observations must be
balanced against the low but real risk of teratogenesis
from first trimester lithium exposure (483).

� A 37-year-old woman with severe bipolar disorder,
who continued to take lithium throughout pregnancy,
had a normal delivery (484).

Teratogenicity

While there is an increased risk of teratogenesis (particu-
larly cardiovascular) from exposure to lithium in the first
trimester, this risk has been overstated initially because of
selection bias (482,483,485,486). Subsequently, case-con-
trol and cohort studies have substantially reduced, but not
eliminated, such concerns (487). The risk of major mal-
formations from exposure to lithium in the first trimester
appears to be lower than from exposure to carbamazepine
or valproate.
The teratogenic effects of lithium have been reviewed

in several articles (466,467,488); two reviews of drug-
related congenital malformation briefly mentioned
lithium and cardiovascular teratogenesis (480,489). The
authors concluded that while the risk of cardiovascular
malformation is lower than once believed, it is neverthe-
less increased.
The cardiovascular teratogenicity of lithium has been

summarized in a review of managing bipolar disorder
during pregnancy and postpartum (473). While the risk
of Ebstein’s anomaly is increased, likely 10–20 times more
than in the general population, the absolute risk (0.05–
0.10%) is small. Fetal ultrasonography was advised at 18–
20 weeks of gestation in cases of first trimester lithium
exposure (488).
In a review of all pregnancies in Leiden in The

Netherlands between 1994 and 2002, none of the 20 chil-
dren of mothers who had taken lithium had major pro-
blems or congenital anomalies (490).
There is no evidence that children exposed to lithium

during pregnancy who are born without malformations
develop other than normally.
Anencephaly in the child of a woman taking lithium

appears to have been coincidental (491).

Fetotoxicity

In a prospective study of 10 pregnant women who were
taking lithium before delivery lithium equilibrated com-
pletely across the placenta (ratio of umbilical cord lithium
concentration to maternal blood ¼ 1.05) across a wide
range of maternal lithium serum concentrations (0.2–
2.6 mmol/l); infant serum concentrations exceeding
0.64 mmol/l were associated with lower Apgar scores,
longer hospital stays, and higher rates of neuromuscular
complications (492).

� A 36-year-old woman with bipolar disorder who had
taken lithium for 17 years continued to take it and
other medications during pregnancy (493). At 35
weeks she developed signs of lithium toxicity, with
nausea, diarrhea, and a concentration of 1.25 mmol/l.
She delivered a lethargic infant with poor muscle tone,
who showed signs of respiratory distress and hypopnea.

The infant’s lithium concentration was 3.58 mmol/l.
The infant was treated and responded, but at day 6
the lithium concentration increased to 2.6 mmol/L
after dropping to 2.4 mmol/L on day 4.

However, the authors identified a laboratory error, in
that the blood tube for analysis for lithium contained
lithium heparin rather than sodium heparin. When the
infant’s serum lithium concentration was checked using
a proper tube on day 6 it was 0.06 mmol/l, not 2.6 mmol/l,
so the fetus may not after all have had lithium toxicity.
Hypoglycemia, requiring temporary glucagon and glu-

cose supplementation, was noted in a neonate whose
mother had taken lithium throughout pregnancy (cord
lithium concentration 1.73 mmol/l) (472).
Reports of fetal goiter and a variety of other lithium-

related adverse events in newborns have been reviewed
(488).
In 20 infants exposed to lithium during labor and

delivery, there were higher rates of perinatal complica-
tions (65%) and special care nursery admissions (45%)
than in nonexposed infants, although most complica-
tions were transient (494). An infant who died shortly
after birth had oromandibular-limb hypogenesis
spectrum which was speculatively attributed to lithium
that the mother had taken during most of her preg-
nancy (495).
A neonate whose mother had taken lithium throughout

pregnancy developed a supraventricular tachycardia (240/
minute) which was treated successfully with adenosine
(496). Another newborn girl exposed to lithium in utero
had asymptomatic cardiomegaly that resolved by 1 month
of age (311).
Transient polyuria in two newborns was attributed to

the lithium their mothers had taken throughout preg-
nancy (472,496).
Neonates born to mothers taking lithium included a boy

with a goiter and chemical hypothyroidism who required
temporary treatment with oral thyroxine for 11 weeks
(497), a girl with respiratory distress, cardiomegaly, hyper-
bilirubinemia, nephrogenic diabetes insipidus, and hypogly-
cemia who responded to various treatments and eventually
remitted fully (472), and a preterm infant with a supraven-
tricular tachycardia and temporary polyuria associated with
20% weight loss (496). The mother of the preterm infant
developed polyhydramnios during pregnancy, which was
attributed to lithium-induced fetal polyuria.

Lactation

Lithium concentrations in breast milk are about 40% of
maternal serum concentrations, although the range is
wide (471,498,499). Because of this, breastfeeding is
often discouraged (499), although the authors of a com-
prehensive review of the use of mood stabilizers during
breastfeeding have pointed out that there is a paucity of
information to support adverse effects of lithium in
breastfeeding infants—one case of toxicity in a 2-month-
old with an intercurrent infection (serum lithium
1.4 mmol/l) and one report of lethargy and cyanosis at
days 5 and 6 (infant serum concentration 0.6 mmol/l on
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day 5) secondary to fetal and breast milk exposure.
However, there have been only two reports of lithium
toxicity attributed to breastfeeding (500,501). Others,
however, have stated that ‘‘lithium should only be used
with great caution � � �’’ (502); ‘‘[breastfeeding by women
taking lithium] has been repeatedly discouraged in the
literature’’ (503); ‘‘� � � it also seems unwise to expose
infants unnecessarily to lithium’’ (499). Lithium has also
been stated to be ‘‘an excellent example of a drug that
requires monitoring and case-by-case assessment so that
nursing mothers can be successfully treated’’ (498).
In a review of the use of psychotropic drugs during

breastfeeding, it was briefly mentioned that lithium was
not advisable, but was justified under certain circum-
stances (504). Lithium was also briefly discussed in a
review of xenobiotics and breastfeeding (505).
Breast-milk lithium concentrations were measured in

11 women taking lithium carbonate 600–1,500 mg/day
(506). Maternal serum concentrations were available in
only three and infant concentrations in two. No infants
had adverse effects that could be attributed to lithium,
and the authors calculated that infant lithium exposure
was low, leading them to challenge the general contra-
indication to breastfeeding under such circumstances.
In its 2001 Policy Statement, the American Academy of

Pediatrics Committee on Drugs modified its earlier con-
traindication to lithium during breastfeeding by listing it
with ‘‘drugs that have been associated with significant
effects on some nursing infants, and should be given to
nursing mothers with caution’’ (507).
The Motherisk Team in Toronto has recommended use

of the Exposure Index (the maternal milk/plasma ratio
times 100 divided by the infants’ clearance in ml/kg/min-
ute) to determine the advisability of breastfeeding when a
mother is taking lithium (501). However, this approach
does not seem very practical.
Given the extremely high risk of postpartum recurrence in

bipolar patients, the issue is not whether the mother should
take a mood stabilizer (she should), but whether the baby
should be breastfed. A review of mood stabilizers during
breastfeeding reaffirmed that there are only two reported
cases of infant lithium toxicity associated with breastfeeding
(one of which involved both fetal and breast milk exposure)
(500). The following recommendations were made in the
case of a mother taking lithium who chooses to breastfeed:

(a) educate her about the manifestations of toxicity;
(b) explain the risks of dehydration;
(c) consider partial or total formula supplements during

episodes of illness or dehydration;
(d) suspend breastfeeding if toxicity is suspected;
(e) check infant and maternal serum lithium concentra-

tions.

Susceptibility Factors

Age

Whether elderly patients taking lithium received proper
monitoring was questioned in a case note audit of 91

patients, over 40% of whom had deviations from practice
standards. These included absence of pretreatment
laboratory tests, infrequent monitoring of serum lithium
concentrations, lack of adequate adverse effects docu-
mentation, and the use of risky concomitant drugs (508).
In a placebo-controlled study, there was poor tolerance of
lithium augmentation of antidepressants in 76% (13/17)
of elderly (mean age 70 years) patients at a mean serum
concentration of 0.63 mmol/l, due to tremor and muscle
twitches, cognitive disturbance, tiredness and sedation,
and gastrointestinal upsets (509).
In a cross-sectional study of 12 octogenarians (average

age 84 years) who had taken lithium for an average of 54
months (mean serum concentration 0.42 mmol/l), none
became toxic and none had to stop treatment because of
adverse effects. Transient renal function abnormalities
were noted: one patient developed nephrogenic diabetes
insipidus and one became hypothyroidic (510). For
lithium therapy in very old people, the authors advised
close monitoring in a specialized setting.
The database for pharmacological treatment of mania

and bipolar depression in late life has been reviewed,
focusing on four studies from 1970–99 (511). The studies
were fairly small (n ¼ 12–81). One study included a small
number of patients with bipolar II affective disorder. Five
more recent studies (1995–9) involving divalproex in
elderly patients with mania or bipolar disorder were also
reported; sample sizes again were modest (n ¼ 13–39).
Both short-term and long-term outcomes were assessed
and the issue of lithium toxicity was also discussed. The
authors concluded that lithium remains the treatment of
choice, but clinicians should target lower serum concen-
trations (0.4–0.8 mmol/l), although occasional patients
may require higher concentrations.
The adverse effects of lithium in elderly patients

include cognitive status worsening, tremor, and hypothyr-
oidism. The authors suggested that divalproex is also use-
ful in elderly patients with mania and that concentrations
of divalproex in the elderly are similar to those useful for
the treatment of mania in younger patients. They noted
that carbamazepine should be considered a second-line
treatment for mania in the elderly. A partial response
would warrant the addition of an atypical antipsychotic
drug. For bipolar depression, they recommended lithium
in combination with an antidepressant, such as an SSRI.
They also noted that lamotrigine may be useful for bipo-
lar depression. Electroconvulsive therapy (ECT) may also
be useful, but there have been no comparisons of ECT
and pharmacotherapy in elderly patients with bipolar
depression.
The risk of hospital admission related to lithium toxi-

city has been estimated in a case-control study of 10 615
elderly patients over 9 years (512). Lithium toxicity
occurred at least once in 413 of the patients who were
taking lithium. Factors that increase the likelihood of
hospital admission included starting treatment with a
loop diuretic or ACE inhibitors during the month before
hospitalization. Although furosemide has been suggested
as the diuretic of choice for patients taking lithium, the
authors suggested that furosemide may cause lithium
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toxicity in elderly patients. Non-steroidal anti-inflamma-
tory drugs (NSAIDs) and thiazide diuretics, which are
commonly associated with raised lithium concentrations,
were not associated with lithium toxicity in this popula-
tion.
Most of 78 patients who had lithium intoxication and a

serum lithium concentration equal to or greater than
1.2 mmol/l had mild symptoms (513). The symptoms were
more severe in patients with chronic lithium intoxication
than in those with acute intoxication. None of the patients
died or had permanent neurological damage as a sequel of
lithium intoxication. The authors concluded that concomi-
tant medications, older age, and pre-existing neurological
illness could increase the susceptibility to lithium toxicity.
Of the 43 patients with acute lithium intoxication, 34 had
taken lithium in a suicide attempt and nine had taken an
accidental overdose. Thirty-five patients had chronic lithium
intoxication without any change in lithium dosing. Lithium
concentrations in this particular study were mostly clustered
in the 1.2–1.5 mmol/l range, but eight of the patients in the
acute intoxication group and two in the chronic intoxication
group had serum lithium concentrations greater than
2.5 mmol/l.

Renal disease

While there are no absolute contraindications to lithium,
patients with advanced kidney disease or unstable fluid/
electrolyte balance may be more safely treated with an
alternative mood stabilizer, such as carbamazepine,
valproate, lamotrigine, or olanzapine.

Other features of the patient

Factors that put patients at risk of lithium intoxication are
those that increase intake (deliberately or accidentally),
reduce excretion (kidney disease, dehydration, low
sodium intake, drug interactions), or reduce body water
(dehydration secondary to fluid restriction, vomiting,
diarrhea, or polyuria) (66). Patients with lithium-induced
polyuria are at a particular risk of toxicity if their ability
to replace fluids is compromised (for example by anesthe-
sia, over-sedation, CNS trauma).
Thyrotoxicosis was considered a possible contributor to

lithium toxicity in two patients, possibly by increasing
tubular lithium reabsorption through induction of the
sodium-hydrogen antiporter (227).
Two patients developed lithium intoxication (serum

concentrations 3.3 and 3.0 mmol/l) in association with
poorly controlled diabetes mellitus, suggesting that the
latter is a risk factor (312).
A review of the effects of obesity on drug pharmacoki-

netics briefly mentioned that the steady-state volume of
distribution of lithium correlated with ideal body weight
and fat-free mass but not with total body weight (514).
Lithium clearance was greater in those with obesity than
in lean controls, suggesting that obese patients may
require larger maintenance doses to maintain target
serum concentrations.

� Lithium toxicity occurred in an elderly patient who had
a Norwalk virus-like infection 6 days before

presentation (515). The serum lithium concentration
48 hours before presentation was 1.85 mmol/l. She
had hypernatremia and abnormal liver function tests.
She was hydrated and treated aggressively for lithium
toxicity and recovered fully after 9 days.

The point of this case is that lithium toxicity can occur
in a patient who has been taking a stable lithium dose
during an episode that can be associated with nausea,
vomiting, and diarrhea, which could reduce lithium excre-
tion.

Drug Administration

Drug formulations

Despite the availability of modified-release lithium for-
mulations for several decades, there continues to be a
paucity of information about their efficacy and tolerabil-
ity compared with less expensive immediate-release for-
mulations (516).
Brain lithium concentrations (measured by magnetic

resonance spectroscopy) after the use of a modified-
release formulation (Lithobid SR) or an immediate-
release formulation have been compared in a crossover
design in 12 patients with bipolar disorder (517). There
were higher brain concentrations with the modified-
release formulation, but whether this has clinical implica-
tions requires further study.
Formulations of lithium carbonate tablets with various

binding substances have been discussed (518).
A modified-release formulation (Carbolithium Once-

A-Day) produced a reduction in peak/trough lithium
ratio compared with a standard formulation (519), and
an interim analysis of an open switch to the modified-
release formulation suggested better tolerability and effi-
cacy at 4 weeks (n = 27) and 6 weeks (n = 15) (520). A
paucity of detail, however, prevents firm conclusions.
A modified-release multi-particulate lithium capsule

has been described consisting of five copolymer-coated
prolonged-release tablets and one standard tablet, each
6 mm in size (521).
Following an overdose with a sustained-release formu-

lation (8,000 mg of Teralithe 400 LP), the appearance of
clinical symptoms (vomiting and dizziness) was delayed
for 35 hours, despite a serum lithium concentration of
2.38 mmol/l at 15 hours and 3.12 mmol/l at 25 hours (522).
A woman taking conventional lithium developed

lithium toxicity after two doses of a homeopathic formu-
lation, ‘‘Lithium carb. 30’’; a paucity of detail allows no
conclusions to be drawn from this observation (523).

Drug additives

Gelatin is derived from natural pork and beef products
and is present in some lithium formulations. Since certain
religions forbid the consumption of gelatin, knowing that
it is present in Eskalith capsules and Eskalith CR and
absent in Eskalith tablets (not available in the USA)
and Lithobid SR might influence prescribing practices
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under certain circumstances (524). The same would apply
to other lithium products.

Drug dosage regimens

In an open-label pilot study of rapid administration of
slow-release lithium (20 mg/kg/day in two divided doses)
for acute mania, five of 15 patients completed 10 days of
treatment, seven improved sooner and were discharged,
two withdrew because of adverse effects (bradycardia in
one and tremor, fatigue, and diarrhea in the other; and
one patient appears not to have been accounted for) two
other patients also had asymptomatic bradycardia (129).
A review of loading strategies in acute mania included

a section on lithium (525).
A small study of brain lithium concentrations measured

by magnetic resonance spectroscopy showed higher
brain:serum lithium concentration ratios in subjects tak-
ing a single daily dose (n = 5) than in those taking a twice-
daily regimen (n = 3) (526). Even to speculate about the
possible clinical implications of this finding would be
premature.

Drug administration route

Intravenous

To determine the safety of using lithium chloride dilution
to measure cardiac output, the pharmacokinetic and toxic
effects of intravenous lithium chloride have been studied
in six conscious healthy Standardbred horses (527). The
mean peak serum concentration was 0.56 mmol/l. There
were neither toxic effects nor significant changes in
laboratory studies, electrocardiograms, or gastrointestinal
motility. Three horses had increased urine output.
A similar study was performed in patients undergoing

cardiac surgery and healthy volunteers; the highest dose
of lithium chloride was 0.6 mmol given intravenously five
times at 2-minute intervals (528). Unfortunately, no men-
tion was made of tolerability or adverse effects.
When 10 volunteers were given 500 ml of a 0.1%

lithium carbonate solution (13.5 mmol of lithium) intra-
venously over 1 hour, the peak serum concentration was
0.93 mmol/l, the elimination half-life was 7.8 hours, and
there were no adverse effects (529).

Drug overdose

There are three forms of lithium overdose:

(a) acute (abrupt overdose in a drug-naı̈ve person);
(b) chronic (gradual accumulation, reaching toxic con-

centrations);
(c) acute-on-chronic (abrupt overdose by a person

already taking lithium), which can also be due to a
drug interaction.

Thus, the term overdose (109,530,531) can be misleading,
because poisoning can develop not only as a result of over-
dosage but also by a fall in lithium clearance. Of 205 cases of
lithium poisoning reported to the Ontario Canada Regional
Poison Information Centre in 1996, 12 were acute overdoses
(someone else’s tablets), 19 were chronic poisonings, and
174 were acute-on-chronic poisonings. Over 80% had no or

minimal symptoms, two patients died, and one had persis-
tent renal sequelae (532). A retrospective study of 97 cases
of lithium poisoning treated at a regional center in Australia
over 13 years found severe neurotoxicity in 28 cases (26
were cases of chronic and two of acute-on-chronic poison-
ings) (300). Risk factors were nephrogenic diabetes insipi-
dus, older age, abnormal thyroid function, and impaired
renal function.
Early signs of intoxication include ataxia, dysarthria,

coarse tremor, weakness, and drowsiness. More advanced
toxicity can involve progressively impaired consciousness,
neuromuscular irritability (myoclonic jerks), seizures, car-
diac dysrhythmias, and renal insufficiency. A reversible
Creutzfeldt–Jakob-like syndrome has been described
(162). The severity of intoxication depends on both the
extent and duration of exposure to raised lithium concen-
trations, as well as idiosyncratic factors.
When the Marseilles Poisons Centre analysed informa-

tion on lithium overdose between 1991 and 2000, in addi-
tion to an unspecified number of suicide attempts and
accidental poisonings in children, the next most frequent
reports were prescription misinterpretation (n = 43),
dehydration in the elderly (n = 35), renal insufficiency
(n = 15), and diuretic interactions (n = 8) (533).
The 2000 Annual Report of the American Association

of Poison Control Centers Toxic Exposure Surveillance
System listed six lithium-related deaths (four cases of
intentional suicide and two of therapeutic error) and
two other deaths in which lithium was not listed as the
primary cause (534). A total of 4663 lithium-related expo-
sures were reported, in which death was the outcome in 13
and a major life-threatening event or cause of significant
disability in 267.
A chart review of psychiatric hospital admissions

between 1990 and 1996 showed that 6.8% of 2210 patients
who were given lithium had at least one serum concentra-
tion of 1.5 mmol/l or over (43% of these were increased at
admission) and of those only 28% had signs and symp-
toms of toxicity (363).
In another case, following an overdose with a modified-

release formulation, the appearance of clinical symptoms
(vomiting and dizziness) was delayed for 35 hours, despite
a serum lithium concentration of 2.38 mmol/l at 15 hours
and 3.12 mmol/l at 25 hours (522).
The distribution of clinical practice guidelines in

Northeast Scotland had no impact on whether appropri-
ate action was taken for high serum lithium concentra-
tions (80% before the guidelines, 82% after). There was
no significant difference in proper attention to high con-
centrations between those in primary care alone (77%)
and those in shared care (85%) (365).
In a retrospective study of 114 patients admitted to a

toxicological ICU with suspected lithium intoxication, 81
had definite intoxication; 78% were deliberate overdoses,
and 22% were accidental (due, for example, to renal insuf-
ficiency, dehydration, drug interactions, poor compliance,
drunkenness). Most were treated conservatively with gas-
tric lavage and forced diuresis; hemodialysis was used only
in 3–6%. Two of those who took a deliberate overdose and
one of those who took an accidental overdose died (535).
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Cases of lithium toxicity in a municipal hospital over a
10-year period involved eight women (mean age 66
years); neurological symptoms were the most common
presentations (151). Two were acute overdoses and the
rest were chronic intoxications. There was one death
(group not specified).
Convincing manifestations of toxicity have occasionally

been reported in patients with concentrations within the
preferred target range (sometimes called ‘‘therapeutic’’
concentrations) (536). While full recovery is often the
case, improvement may lag many days behind the fall in
serum lithium concentration. Unfortunately, both persis-
tent neurological damage (characteristically cerebellar)
and deaths have occurred. The risk of an adverse outcome
from toxicity can be minimized by prompt and compre-
hensive treatment (537–539), which should include gastric
lavage and ion exchange resins for acute overdose,
volume expansion to restore fluid and electrolyte balance
and improve kidney function, and in severe cases, hemo-
dialysis. Hemodiafiltration has also been used, and while
this technique eliminates rebound increases in lithium
concentration after dialysis, it is also less efficient than
hemodialysis.
The 1998 Annual Report of the American Association

of Poison Control Centers Toxic Exposure Surveillance
System listed three lithium-related fatal exposures (two
intentional and one a therapeutic error) and three other
fatalities in which lithium was not the primary cause of
death. A total of 4486 lithium-related poison exposure
cases were reported, in which the outcome was death in
five and a major life-threatening event or cause-signifi-
cant residual disability in 212 (540).
A study of drug intoxication in the south of Brazil

reported 2938 cases of drug ingestion, 25 of which
involved lithium (including 14 suicide attempts) (541).
Of 133 patients 40 who had begun treatment with

lithium died over an observation period of 16 years.
Suicide (in 11 cases) was twice as common as in the
general population, but it was more likely to occur in
lithium noncompliant patients (542). It is important to
be aware that suicidal behavior is actually reduced in
patients who are compliant with long-term lithium ther-
apy (although still somewhat higher than in the general
population).
The 2001 Annual Report of the American Association

of Poison Control Centers Toxic Exposure Surveillance
System included six fatal exposures to lithium, three of
which were intentional suicides. A total of 4607 exposures
to lithium were reported, and death was the outcome in
eight (543). A retrospective review of eight cases of
lithium poisoning included one death (151).
There has been a 10-year review of lithium overdose in

304 patients (544). The circumstances were accidental
ingestion, mistakes in the quantity of ingested tablets,
raised lithium concentrations due to diuretic therapy,
renal insufficiency or dehydration, and suicide attempts.
About half the patients required management in an inten-
sive care unit, 5% needed hemodialysis, 10% had cardiac
disturbances or neurological complications, and 2%
died. The authors concluded that modified-release

formulations when taken in large amounts present the
greatest danger.
Of 56 patients with lithium toxicity, 42 had initially

overdosed and they were compared with those who had
toxicity that was described as inadvertent and associated
with volume depletion (545). The initial lithium concen-
tration was lower in the cases of intentional overdose than
in the cases of inadvertent intoxication (2.4 mmol/l versus
3.4 mmol/l). Hemodialysis for lithium toxicity was
required in 9% of those who had taken an intentional
overdose compared with 50% of those who had inadver-
tent intoxication. These findings were in contrast to the
amount of lithium taken during the 24 hours before hos-
pitalization, which was much higher in those who had
taken an intentional overdose, because of the large inhi-
bitory effect of dehydration on lithium excretion.
Lithium toxicity due to accidental ingestion of a

lithium-containing battery has been reported.

� A five-year-old boy swallowed a button battery con-
taining lithium (546). During the 4 days after ingestion,
he developed a serum lithium concentration of
0.71 mmol/l without signs of lithium toxicity and with
normal renal function. The battery was eventually
retrieved by gastrotomy.

The authors warned that button battery ingestion can
be a source of lithium poisoning in youngsters.
Other reports include the following:

� A 71-year-old woman developed lithium toxicity
(serum concentration 2.1 mmol/l) because of increased
absorption of urinary lithium from the bowel following
urinary diversion with ileal conduits for stress incon-
tinence (547).� A 29-year-old man who overdosed on 8,000 mg of a
sustained-release lithium formulation had a serum con-
centration of 3.12 mmol/l 25 hours later, but only
became symptomatic (with vomiting and dizziness) 35
hours later; his symptoms resolved with hemodialysis
(522).� A 72-year-old woman developed an acute confusional
state, gait instability, and blepharospasm and apraxia
of eyelid opening (24 hours serum concentration
1.8 mmol/l), which resolved after withdrawal (548).� In the presence of high lithium concentrations (2.6 and
1.6 mmol/l), two patients had high amplitude of the pri-
mary complex in median nerve somatosensory evoked
potentials, which normalized as concentrations fell (549).� Two women with lithium toxicity and stormy clinical
courses were found to be hyperthyroid (277).� A 32-month-old boy developed lithium toxicity after
ingesting a relative’s tablets (550).� A 46-year-old man became toxic after an initially
unrecognized pontine hemorrhage (551).� A 39-year-old woman took an overdose of lithium
tablets, was given a single dose of haloperidol, and
developed neuroleptic malignant syndrome (195).� A 62-year-old woman developed persistent cerebellar
and extrapyramidal sequelae at a serum concentration
of 3.61 mmol/l (166).
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Management

An all too common treatment error in the face of severe
toxicity is ‘‘watchful waiting,’’ during which the patient’s
condition is more likely to worsen than improve.
Hemodialysis (383,552,553), sometimes with additional

continuous venovenous hemofiltration dialysis (554,555),
continues to be described as a successful intervention for
lithium poisoning. Peritoneal dialysis is a far less efficient
way to clear lithium from the body. One patient treated in
this way had permanent neurological abnormalities and
another died; a third toxic patient who also had diabetic
ketoacidosis died after treatment with hydration and insu-
lin (556). On the other hand, a 51-year-old woman who
took 50 slow-release lithium carbonate tablets (450 mg)
had a serum lithium concentration of 10.6 mmol/l 13
hours later, but no evidence of neurotoxicity or nephro-
toxicity. She was treated conservatively with intravenous
fluids and recovered fully (557). Acute lithium overdose is
often better tolerated than chronic intoxication.
Several reports have described severe poisoning

responding to treatment that included hemodialysis or
hemodiafiltration:

� A 57-year-old man, serum lithium concentration
3.1 mmol/l (558).� A 52-year-old woman, serum lithium concentration
3.2 mmol/l (558).� A 58-year-old woman, serum lithium concentration
4.0 mmol/l (131).� A 52-year-old man, serum lithium concentration
4.6 mmol/l (132).� A 40-year-old man, serum lithium concentration
5.4 mmol/l (559).� A 39-year-old man, serum lithium concentration
5.9 mmol/l, with renal insufficiency associated with a
polydrug overdose (560).

Some patients recovered from severe intoxication with-
out dialysis:

� A 24-year-old woman, who survived a lithium carbo-
nate overdose (5600 mg; serum concentration
4.0 mmol/l) with conservative treatment (561).� A 55-year-old woman, serum lithium concentration
4.5 mmol/l, who was left with residual slurred speech
(562).� A 52-year-old woman, serum lithium concentration
10.6 mmol/l after an acute overdose (557).

In a small number of patients for whom hemodialysis
was recommended, the outcomes were similar in those
who were actually dialysed and those who were not, lead-
ing the authors to conclude that dialysis should be
reserved for the more severe cases (563).

� Two teenagers with neurological toxicity (serum con-
centrations 5.4 mmol/l and 4.81 mmol/l) were treated
successfully with hemodialysis followed by continu-
ous venovenous hemofiltration, which prevented a
post-dialysis rebound in serum lithium concentrations
(554).� An agitated, confused, disoriented 52-year-old woman
who took an overdose of lithium recovered fully after

high-volume continuous venovenous hemofiltration
(564).

A brief review of cases of lithium toxicity has suggested
that there is no clinical evidence that gastric lavage is
useful in lithium overdose (565). However, an anecdote
is of interest, since it suggests that gastric lavage soon
after ingestion may be beneficial (566).

� A 32-year-old man took 50 modified-release tablets of
lithium carbonate and arrived at the emergency ser-
vices soon after ingestion. Gastric lavage yielded sev-
eral tablet fragments. Associated with other supportive
measures, his serum lithium concentration never
exceeded 0.75 mmol/l.

However, the more problematic cases of lithium poi-
soning are those in which the lithium concentration
increases slowly.

� A 42-year-old woman who presented with a change in
mental status and rapidly decompensated into respira-
tory failure and required ventilatory assistance for 2
months had not taken an overdose—her lithium con-
centration had increased slowly (567).

In an in vitro study, bentonite was an effective adsor-
bent of lithium; the authors suggested that it be explored
as an overdose treatment (562).
Product monographs written by pharmaceutical com-

panies and published by the Canadian Pharmacists
Association in the Compendium of Pharmaceutical
Specialties have been reviewed with regard to the ade-
quacy of lithium overdose management advice (568). All
five were rated ‘‘fair’’ for listing essential interventions for
managing overdose but ‘‘poor’’ for warning against con-
traindicated interventions, and all contained misleading
or dangerous information. All in all, a dismal showing.

Drug–Drug Interactions

General

Drug interactions with lithium have been reviewed (569–
573); another review focused on interactions in the elderly
(573). A review of drug interactions with lithium consid-
ered both pharmacokinetic interactions [for example
diuretics, nonsteroidal anti-inflammatory drugs
(NSAIDs)] and pharmacodynamic interactions (for
example antipsychotic drugs, SSRIs) and summarized
the most important ones in tabular form (569).

Alcohol

Excessive use of alcohol can interfere with adherence to
lithium therapy. Alcohol does not itself appear to alter
lithium pharmacokinetics (574).

Amiloride

Although amiloride may reduce the renal clearance of
lithium, it appears to be free of the troublesome interac-
tion with lithium that complicates the use of thiazides and
loop diuretics.
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Anesthetics

Sinus bradycardia (36/minute) developed in a 44-year-old
woman taking lithium who received fentanyl and propofol
(120).

Angiotensin converting enzyme (ACE) inhibitors

There have been scattered reports of lithium toxicity
associated with the use of ACE inhibitors and attributed
to reduced lithium excretion (573,575). This is not a pre-
dictable interaction.

� A 57-year-old man developed confusion, lethargy,
ataxia, and myoclonus in conjunction with a serum
lithium concentration of 2.6 mmol/l 4 days after start-
ing to take captopril 50 mg tds (575).

� Lithium toxicity occurred in a 46-year-old man when
his antihypertensive agent was changed from fosino-
pril to lisinopril (576).

In rats, ramipril reduced renal lithium clearance and
increased fractional lithium reabsorption in association
with decreased systolic blood pressure and decreased
sodium excretion. These effects were attenuated by icati-
bant, a specific bradykinin B2 receptor antagonist (577).

Angiotensin-2 receptor antagonists

There have been occasional reports of lithium toxicity in
patients taking angiotensin receptor blockers.

� A 58-year-old bipolar woman with previously stable
therapeutic lithium concentrations was hospitalized
with a 10-day history of confusion, disorientation, and
agitation 8 weeks after starting to take candesartan
16 mg/day. Both drugs were withdrawn, the serum
lithium concentration fell from a high of 3.25 mmol/l,
and she was again maintained on her usual therapeutic
concentration of lithium (578).� Lithium toxicity occurred in an elderly patient after the
addition of losartan (579).� A 51-year-old woman developed symptoms of lithium
toxicity (serum concentration 1.4 mmol/l) while taking
valsartan, which resolved when the valsartan was
replaced by diltiazem (serum lithium concentration
0.8 mmol/l) (580).

Antidepressants

Adverse interactions of lithium with tricyclic antidepres-
sants, SSRIs, and monoamine oxidase inhibitors have
been reviewed (581). In reviews of antidepressants and
the serotonin syndrome, a possible contributory role has
been suggested for lithium, based on case reports with
tricyclic antidepressants, SSRIs, trazodone, and venlafax-
ine (204,582).
Lithium augmentation of antidepressants is a well-

established treatment for resistant depression and is
usually well tolerated with all classes of antidepressants,
although there have been a few reports of the serotonin
syndrome with SSRIs (581). It is possible that shared
adverse effects could be magnified by combining lithium
with various antidepressants (for example tremor, weight

gain, gastrointestinal upset). Hyponatremia secondary to
the SIADH has been linked to SSRIs and tricyclic anti-
depressants, especially in elderly patients, and could pre-
dispose to lithium toxicity.
In 28 of 75 patients taking lithium, 24-hour urine

volumes were over 3 l/day, and this group had a greater
duration of lithium exposure (6.0 versus 3.9 years) (583).
There was no relation between polyuria and serum
lithium concentrations or dosing regimens, but there was
an association with the concurrent use of serotonergic
antidepressants (odds ratio 4.25).

Amfebutamone

Although data have suggested that amfebutamone has
approximately the same seizure potential as the tricyclic
compounds (SEDA-8, 30) (584), the manufacturers
reported an increased risk of seizures in patients taking
over 600 mg/day in combination with lithium or antipsy-
chotic drugs (SEDA-10, 20) (585).

� A 45-year-old man taking lithium, amfebutamone, and
venlafaxine developed a prolonged seizure after ECT,
thought to have been caused by a lowering of the
seizure threshold due to amfebutamone (although a
role of the other two drugs could not be excluded)
(187).

Mirtazapine

In a placebo-controlled, crossover study in 12 healthy
men, lithium and mirtazapine had no effect on the phar-
macokinetics of each other and there was no difference in
psychometric testing between the addition of lithium and
placebo (586).

Nefazodone

In 12 healthy volunteers, there were no clinically signifi-
cant alterations in blood concentrations of lithium or
nefazodone and its metabolites when the drugs were co-
administered (587). The addition of lithium for 6 weeks to
nefazodone in 14 treatment-resistant patients produced
no serious adverse effects and no dropouts (588).
Lithium augmentation of nefazodone in 13 treatment-
resistant depressed patients was associated with a variety
of annoying adverse effects, but none led to treatment
withdrawal (589).

SSRIs

The authors of a thorough literature review of 503
patients treated with lithium and SSRIs (590) acknowl-
edged that conclusions would be hedged with qualifica-
tions and equivocations but suggested the following:

(a) ‘‘when lithium is added to SSRIs new, nonserious,
events occur frequently’’;

(b) ‘‘serotonin syndrome is associated with combined
lithium/SSRI therapy, but is rare’’;

(c) ‘‘the evidence for the efficacy of lithium add-on to
SSRIs is at best provisional’’.

There was no systematic evidence that SSRIs alter
serum lithium concentrations.
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Fluoxetine
Lithium toxicity has also been reported during co-admin-
istration with fluoxetine (591).

� After 4 hours of mild, intermittent, hot-weather work,
a 45-year-old man taking fluoxetine and lithium
(serum concentration not mentioned) collapsed,
became comatose, convulsed, and was febrile (42�C);
consciousness returned after 6 days but cerebellar
symptoms and atrophy persisted (592). It was sug-
gested that disruption of temperature regulation had
been caused by a synergistic effect of the two drugs
(although he had taken neither drug for 36 hours
before the episode).

Fluvoxamine
Six patients taking a stable dose of fluvoxamine had a
minor increase in plasma fluvoxamine concentration
(from 67 to 76 ng/ml) 2 weeks after starting to take
unspecified doses of lithium; this is unlikely to be of
clinical significance (593).

Paroxetine
Serum lithium concentrations were unchanged when
breakthrough depression was treated double blind by
the addition of paroxetine (20–40 mg/day, n = 19) and
the combination was generally well tolerated (954).

� A 20-year-old woman taking lithium and risperidone
became catatonic 5–7 days after the addition of parox-
etine, leading to speculation that this was due to an
interaction between the three drugs (595). Of 17
patients 4 who had paroxetine added to lithium as an
adjunctive antidepressant developed symptoms sug-
gestive of emerging serotonin syndrome (for example
nausea, vomiting, diarrhea, sweating, anxiety, over-
sleeping) (596).

Tricyclic antidepressants

Amitriptyline
Serum lithium concentrations were unchanged when
breakthrough depression was treated double blind by
the addition of amitriptyline (75–150 mg/day, n = 23)
and the combination was generally well tolerated (594).

� A 34-year-old woman took amitriptyline 300 mg each
night for several years (597). Six days after starting to
take lithium 300 mg tds, she had several generalized
tonic-clonic seizures. A second episode occurred on re-
exposure to lithium.

Doxepin
An interaction of lithium with doxepin has been
described.

� A 65-year-old man who took lithium and doxepin for
13 years presented with a 6-month history of myoclonic
jerking of both arms, which resolved when both drugs
were stopped (598).

Whether this represented a drug interaction or a single
drug effect is unclear.

Six patients taking a stable dose of fluvoxamine had a
minor increase in plasma fluvoxamine concentration
(from 67 to 76 ng/ml) 2 weeks after starting to take
unspecified doses of lithium; this is unlikely to be of
clinical significance (593).

Antiepileptic drugs

The combination of lithium with an anticonvulsant mood
stabilizer can be beneficial. There have been reports of
lithium/carbamazepine neurotoxicity, but on the other
hand, lithium can benefit carbamazepine-induced leuko-
penia. There do not appear to be clinically important
pharmacokinetic interactions of lithium with gabapentin
(599), lamotrigine, valproate, or topiramate (although
one subject did have a 70% fall in lithium concentration)
(600). In a review of pharmacokinetic interactions
between antiepileptic drugs and psychotropic drugs,
there were no clinically significant interactions of lithium
with gabapentin, lamotrigine, valproate, or topiramate,
although serum lithium concentrations were reduced
slightly by topiramate (600).
Although reviews have generally been favorable

regarding the combination of lithium with anticonvulsants
(600–602), there have been occasional anecdotal reports
of possible interactions.

Carbamazepine

Lithium intoxication in a 33-year-old man was attributed
to carbamazepine-induced renal insufficiency (603).
A case report suggested an association between lithium

and carbamazepine in causing sinus node dysfunction
(124).

Lamotrigine

In an open crossover study in 20 healthy men, the serum
lithium concentration was slightly lower (0.65 versus
0.71 mmol/l) when lamotrigine 100 mg/day was added
for 6 days, but the difference was not statistically signifi-
cant (604).

Oxcarbazepine

Priapism was associated with co-administration of
lithium, oxcarbazepine, and aripiprazole in a 16 year-old
boy (605). It started soon after oxcarbazepine 300 mg bd
had been added to lithium 1200 mg/day and resolved
without recurrence after oxcarbazepine was withdrawn.

Topiramate

In a 42-year-old woman, the serum lithium concentration
rose from 0.5 to 1.4 mmol/l after she increased her topir-
amate dose from 500 to 800 mg/day (606). The authors
speculated that topiramate had interfered with lithium
excretion. On the other hand, in a crossover study in
healthy volunteers, 6 days of treatment with topiramate
did not significantly alter serum lithium concentrations;
however, the maximum topiramate dose was only 200 mg/
day and one subject did have about a 70% fall in lithium
Cmax and AUC (607).
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Lithium toxicity occurred in a patient who was taking
lithium and had topiramate added (608).

� A 26-year-old woman with bipolar I disorder took
lithium and valproate, and sometimes additional ris-
peridone and lamotrigine. Both risperidone and lamo-
trigine produced dermatological adverse effects. Her
serum lithium concentration was 0.82 mmol/l.
Topiramate 75 mg/day was added. A week later, she
continued to show a mixed state with mostly manic
features and a raised lithium concentration of
1.24 mmol/l. The lithium concentration continued to
increase over the next 4 days to 1.97 mmol/l even
though the lithium dosage was reduced from 900 to
750 mg/day. Lithium was withdrawn and the lithium
concentration fell. Lithium was then restarted at half
the admission dose to achieve a blood concentration of
0.67 mmol/l. Subsequent increases in the dose of topir-
amate resulted in further increases in the lithium con-
centration.

The authors suggested that topiramate reduced renal
lithium excretion through several mechanisms, possibly as
a carbonic anhydrase inhibitor coupled with sodium
depletion. They suggested that patients taking lithium
and topiramate be carefully monitored for lithium con-
centrations and hydration.

Valproate

In rats, lithium pretreatment reduced the plasma half-life
of valproate by 25% and increased urinary excretion of
valproate glucuronide (609).

Ziprasidone

Two patients with schizoaffective illness developed new
signs of mild lithium toxicity after intramuscular injec-
tions of ziprasidone (610).

Antimicrobial drugs

Two reviews of drug interactions with antibiotics briefly
and incompletely discussed lithium (611,612).
In a case-control study in subjects whose lithium concen-

tration exceeded 1.3 mmol/l, initiation of a concomitant
medication (OR ¼ 2.70, 95% CI ¼ 0.78, 9.31) and particu-
larly antibiotics (OR ¼ 3.14, 95% CI ¼ 1.15, 8.61) were
associated with potential toxicity (613). Parenthetically,
high temperature can precipitate lithium toxicity (614).

Quinolones� A 56-year-old man with normal renal function and ther-
apeutic lithium concentrations became toxic (serum con-
centration 2.53 mmol/l 24 hours after the last dose) with
renal impairment (serum creatinine 141 mmol/l; 1.6 mg/
dl) within days of starting levofloxacin. Both symptoms
and laboratory abnormalities resolved with withdrawal of
both lithium and levofloxacin (615).

Trimethoprim� A 40-year-old woman developed nausea, malaise,
impaired concentration, trembling, unsteadiness,

diarrhea, and muscle spasm in association with a
serum lithium concentration of 2.1 mmol/l while taking
trimethoprim 300 mg/day (616).� A 42-year-old woman developed symptoms of lithium
toxicity and a raised serum concentration (2.1 mmol/l)
while taking trimethoprim (616).

This interaction may be due to an amiloride-like diure-
tic effect of trimethoprim, causing lithium retention.

Antipsychotic drugs

In a discussion of drug interactions with antipsychotic drugs,
the literature on lithium was reviewed (617). Caution was
advised when lithium is combined with antipsychotic drugs,
especially with high dosages of high-potency drugs. In a
review of acute, life-threatening, drug-induced neurological
syndromes, the controversy of whether lithium increases the
risk of neuroleptic malignant syndrome was mentioned
briefly (618) (see also Nervous system).
While it is still not clear whether there is a unique

encephalopathic interaction of lithium with haloperidol,
there is a consensus that the judicious use of these two
drugs in combination should be safe. In general, caution is
advised if lithium is combined with antipsychotic drugs,
especially with high dosages of high-potency drugs (617).
There have been reports of neuroleptic malignant syn-
drome in patients taking lithium plus antipsychotic
drugs, but a causal relation has not been established (619).
The risk of extrapyramidal adverse effects may be

increased when lithium is combined with antipsychotic
drugs.
Erythrocyte/plasma lithium concentration ratios were

lower in patients taking phenothiazines or haloperidol
than in those taking lithium alone (620,621), and the
former group had a higher incidence of neurological and
renal adverse effects (621).

� A 59-year-old man taking lithium, haloperidol, and
carbamazepine had impaired memory, impaired atten-
tion, and an encephalopathy-like pattern on the elec-
troencephalogram that normalized when haloperidol
was withdrawn (622). Olanzapine 5 mg/day was
added, and 3 weeks later he became disoriented.
Surprisingly, the olanzapine was continued and he
remained disoriented.

Amisulpride

In a placebo-controlled, parallel-design, double-blind
study in 24 male volunteers, amisulpride 100 mg bd for 7
days did not alter lithium pharmacokinetics (623).

Amoxapine

The neuroleptic malignant syndrome occurred in a 63-
year-old man when lithium was added to amoxapine
(193).

Aripiprazole

A review of aripiprazole included a brief mention of no
apparent pharmacokinetic interaction with lithium (624).
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Chlorpromazine

The neuroleptic malignant syndrome in a 49-year-old man
was attributed to a combination of lithium and chlorpro-
mazine (625).

Clozapine

Seizures and other neurological effects have been
described in a few cases when lithium was added to clo-
zapine (626), but in other instances the combination was
beneficial in overcoming treatment resistance or attenu-
ating clozapine-induced leukopenia. Five treatment-resis-
tant patients were treated successfully with a combination
of clozapine and lithium with no clinically significant
adverse events (627). However, a 59-year-old woman
developed neurotoxic symptoms 3 days after lithium was
added to clozapine; the symptoms resolved when both
drugs were stopped and recurred with rechallenge (628).

� Multisystemorgan failureoccurred shortly after clozapine
was added to a therapeutic dose of lithium in a 23-year-old
woman (629). Improvement occurredwhen clozapinewas
stopped and the toxicity was attributed to clozapine.

Haloperidol

The neuroleptic malignant syndrome has been described
when lithium was added to haloperidol (195).

� A pharmacodynamic drug interaction could not be
excluded when a 60-year-old man developed delirium
at a serum lithium concentration of 0.97 mmol/l when
taking lithium and haloperidol (158).

Persistent dysarthria with apraxia has been reported with
a combination of lithium carbonate and haloperidol (717).

Olanzapine

The neuroleptic malignant syndrome occurred when
lithium was added to olanzapine (194).

� A 13-year-old boy with rhabdomyolysis ascribed to
olanzapine was also taking lithium, so that a drug
interaction could not be excluded (118).� A 16-year-old boy developed the neuroleptic malignant
syndrome when his olanzapine dose was increased (630).

Lithium toxicity in a 62-year-old woman, in whom
lithium concentrations peaked at 3.0 mmol/l and who
presented with delirium and extrapyramidal symptoms,
was attributed to the combination of lithium with olanza-
pine, but the course was what one would expect with
lithium toxicity alone (631).
In a double-blind study of 344 patients inadequately

responsive to lithium or valproate who were randomized
to olanzapine or lithium for 6 weeks, 21% gained weight
on lithium plus olanzapine compared with 4.9% taking
lithium and placebo (632). Whether lithium contributed
to weight gain in the olanzapine group is unclear.

Quetiapine

In an open study in 10 patients, the addition of quetiapine
250 mg tds did not significantly alter serum lithium con-
centrations (633).

Risperidone

There were no changes in lithium pharmacokinetics when
risperidone was substituted open-label for another neuro-
leptic drug in 13 patients (634). On the other hand, an 81-
year-old man had an acute dystonic reaction 4 days after
lithium was added to a regimen of risperidone, valproic
acid, and benzatropine (635).

� A 17-year-old man had taken risperidone for 2 years
without adverse effects, but 12 weeks after lithium was
added, he reported prolonged erections (lasting 1–3
hours) 2–5 times daily; risperidone was tapered and
withdrawn and the problem resolved (636).� A 30-year-old man developed neuroleptic malignant
syndrome after taking risperidone and lithium carbo-
nate for 1 week, having previously been taking olanza-
pine and divalproex (637).

Although the neuroleptic malignant syndrome has been
reported in patients taking these atypical neuroleptic
drugs, it is less common than in patients taking typical
neuroleptic drugs, and lithium may have increased the
risk in these cases. Co-administration of lithium and ris-
peridone has been associated with the rabbit syndrome
(638), but this reaction was probably caused by the risper-
idone, and the role of lithium was not clear.
In an in vitro study, there was no visible precipitate

formation when lithium citrate syrup was mixed with
risperidone solution (639).

Ziprasidone

In 34 healthy men, ziprasidone did not alter serum lithium
concentrations or renal lithium clearance (640).
In a placebo-controlled, open-label study in 25 healthy

subjects there were no changes in serum lithium concen-
tration or renal lithium clearance when ziprasidone (40–
80 mg/day) was added for 7 days (640).

Anxiolytics

There has been a well-documented case of profound
hypothermia in a patient taking lithium and diazepam; it
did not occur with either drug alone (641). Otherwise,
benzodiazepines and lithium have proven to be
compatible.

Calcitonin

Serum lithium concentration should be monitored at the
start of calcitonin therapy.
Serum lithium concentrations fell significantly within 3

days of starting calcitonin in four women (642), due to
increased renal clearance of lithium (642,643).
After they had received 100 units of salmon calcitonin

subcutaneously for 3 days, four patients had a 30% mean
reduction in serum lithium concentration, which was
attributed to reduced absorption and/or increased renal
excretion (642).

Calcium channel blockers

Lithium clearance is reduced by about 30% by nifedipine
(644).
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� A 30-year-old man required a reduction in lithium
dosage from 1500 to 900 mg/day to maintain his
serum lithium concentration in the target range shortly
after he started to take nifedipine 60 mg/day (645).

There have been reports of neurotoxicity, bradycardia,
and reduced lithium concentrations associated with ver-
apamil (646–648).

Ciclosporin

In rats, lithium chloride alone had no significant renal
toxicity, but when it was combined with ciclosporin, the
renal toxicity of the latter was worsened (649). There was
also a strong ciclosporin dose-dependent increase in
serum lithium concentrations (tenfold at the highest
dose).

Diazepam

There has been a well-documented case of profound
hypothermia in a patient taking lithium and diazepam; it
did not occur with either drug alone (710). Otherwise,
benzodiazepines and lithium are compatible.

Diuretics

The effects of lithium can be enhanced by sodium deple-
tion caused by any diuretic.
Osmotic diuretics increase lithium clearance, the

change being proportional to the increased rate of urine
flow.
Acetazolamide increases lithium renal clearance (650).
Furosemide can cause lithium toxicity by inhibiting the

tubular excretion of lithium ions (651).
Thiazide diuretics predictably reduce renal lithium

clearance and increase the risk of toxicity (652). The
same may be true of potassium-sparing diuretics,
although this is less well established.

� A 26-year-old woman had been stable on lithium
(serum concentration 1.1 mmol/l), but after taking her-
bal diuretics for 2–3 weeks developed manifestations
of lithium toxicity (serum concentration 4.5 mmol/l)
(653).

Etacrynic acid

The loop diuretics increase the renal excretion of lithium
after single-dose intravenous administration in both ani-
mals (711) and man (712). Furosemide has been used to
treat lithium intoxication (713). The effect of etacrynic
acid is larger than those of furosemide and bumetanide
(712). However, long-term treatment with furosemide
and bumetanide can cause lithium intoxication in some
patients (714,715), perhaps by causing sodium depletion
and a secondary increase in lithium reabsorption. An
adverse interaction of lithium during long-term therapy
with etacrynic acid is therefore theoretically likely.

Furosemide

Furosemide can cause lithium toxicity by inhibiting the
renal tubular excretion of lithium ions (716).

Laxatives

Certain bulk-forming laxatives, such as ispaghula husk
and psyllium, can impair the absorption of lithium (654).

Levofloxacin

Co-administration with levofloxacin can cause severe
lithium toxicity; the authors did not discuss the mechan-
ism (718).

Losartan

An interaction of losartan with lithium has been reported
(719).

� A 77-year-old woman who had been taken lithium
carbonate 625 mg/day with a stable lithium concentra-
tion of around 0.6 mmol/l started to take losartan for
hypertension. Within 4 weeks she developed ataxia,
dysarthria, and confusion, and her serum lithium con-
centration was 2.0 mmol/l. Her symptoms resolved on
withdrawal of losartan.

The authors proposed that this effect had occurred by
reduced aldosterone secretion, an effect which is greater
with ACE inhibitors than with angiotensin II receptor
antagonists. In healthy volunteers losartan did not alter
the fractional secretion of lithium (720), so presumably
this patient had some susceptibility that caused the inter-
action.

Mazindol

There have been reports of lithium toxicity associated
with the use of the appetite suppressant mazindol.

� A woman stabilized on lithium developed toxic symp-
toms 3 days after starting the appetite suppressant
mazindol. After 9 days, her serum lithium concentra-
tion was 3.2 mmol/l (655).� A 58-year-old woman developed lithium toxicity
(serum concentration 3.2 mmol/l) after the addition
of mazindol (656).

Methyldopa

There have been occasional reports of neurotoxic symp-
toms when methyldopa was combined with lithium, both
with and without an increase in serum lithium concentra-
tion (657).

Metronidazole

Nephrotoxicity due to lithium was reportedly exacerbated
by metronidazole (658).

Minocycline

The co-administration of lithium and minocycline in an
adolescent was associated with pseudotumor cerebri
(659), although minocycline can do this on its own
(SED-15, 2349).
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Monoamine oxidase inhibitors

Interactions of lithium with antidepressants have been
reviewed: tricyclic antidepressants and MAO inhibi-
tors—no serious problems; SSRIs—a few reports of the
serotonin syndrome (721).

Neuromuscular blocking drugs

A few cases of potentiation of the neuromuscular block-
ing effects of suxamethonium and pancuronium were
reported about 30 years ago (660,661) and have been
reviewed (662).

Nifedipine

Lithium clearance is reduced by about 30% by nifedipine
(722).

Non-steroidal anti-inflammatory drugs

The interaction of NSAIDs with lithium has been
reviewed briefly (663). Most NSAIDs, although perhaps
not all (for example aspirin, sulindac), if given in suffi-
cient dosages for sufficient time, can increase the serum
lithium concentration, sometimes to the point of toxicity
(664,665).
A review of drug interactions with analgesics in the

dental literature concluded that NSAIDs should be used
briefly, if at all, in patients taking lithium, especially in the
elderly (663).
A review of the psychiatric effects of NSAIDs included

a section on renal function and lithium clearance (666).

COX-2 inhibitors

In one study, there was a mean increase of only 17% in
healthy volunteers taking celecoxib 200 mg bd (667).
When celecoxib was co-administered with lithium, cele-
coxib concentrations were higher for the first 6 hours after
the dose but the AUC was not altered significantly (668).
In another review it was mentioned that clinically signifi-
cant interactions with lithium (increased lithium concen-
trations) had been identified, but no detail was presented
(669). Both celecoxib and naproxen reduced the renal
clearance of lithium (used as a measure of proximal tub-
ular sodium reabsorption) (670).
There have been several reports of raised serum lithium

concentrations and neurotoxic symptoms when COX-2
inhibitors (celecoxib and rofecoxib) were added to an
otherwise stable lithium regimen (130)(672,673). In 10
patients taking lithium who took rofecoxib 50 mg/day
for 5 days serum lithium concentrations increased in 9
and reached 1.26, 1.47, and 1.63 mmol/l in three (details
not provided) (674).
Serum lithium concentrations increased in 18 patients

taking lithium who started to take a COX-2 inhibitor
(rofecoxib or celecoxib) (671). The authors stressed the
need for lithium monitoring when COX-2 inhibitors are
used concomitantly.� A 44-year-old woman taking nimesulide and ciproflox-

acin developed lithium intoxication (serum concentra-
tion 3.23 mmol/l) complicated by renal insufficiency;
the interaction was attributed to nimesulide (675).

All in all, the COX-2 inhibitors appear to be similar to
non-selective NSAIDs with regard to the likelihood of
increasing lithium concentrations.
A possible interaction of rofecoxib with lithium has

been reported (709).

� A 73-year-old man with manic-depressive illness, who
had taken lithium for 40 years, underwent coronary
bypass surgery and was given long-term warfarin. He
developed signs of lithium intoxication (confusion,
irritability, tremor, and gait disturbance) after having
taken rofecoxib 12.5 mg/day for 9 days for arthritis.
Rofecoxib had been chosen in order to avoid a possible
drug interaction with warfarin. Lithium and rofecoxib
were withdrawn and the signs resolved within 1 week.
His serum lithium concentration was 1.5 mmol/l and
his serum creatinine 1430 mmol/l.

Both lithium and rofecoxib have been associated with
nephrotoxicity, and it is likely that lithium intoxication
was caused by concomitant administration of rofecoxib,
causing a reversible reduction in renal function.

Diclofenac

Diclofenac increases serum lithium concentrations by
impairing its renal excretion (676).

� The serum lithium concentration nearly doubled to
1.3 mmol/l after a 57-year-old woman started to take
diclofenac (677).

Ibuprofen

Ibuprofen can increase the serum lithium concentration
(SEDA-13, 81) (678,679).

� A man of unspecified age developed cognitive impair-
ment and a serum lithium concentration of 2.4 mmol/l
after taking ibuprofen for shoulder pain (680).

Ketorolac

Reports of lithium neurotoxicity resulting from interac-
tion with ketorolac have been published (SEDA-22, 117)
(681). In five male volunteers, ketorolac 10 mg qds for 5
days increased lithium AUC by 24% and increased the
incidence and severity of lithium-related adverse effects
(682).
In a pharmacokinetic study in healthy volunteers ketor-

olac increased the concentration of lithium in both serum
and erythrocytes, which may reflect concentration of the
drug in the nervous system more accurately. Ketorolac
can therefore increase the risk of adverse reactions of
lithium (683), as do many other NSAIDs.

Mefenamic acid

Mefenamic acid may have interacted with lithium in a
patient with reduced renal function (SEDA-13, 83) (684).

Meloxicam

In 16 subjects, meloxicam 15 mg increased plasma lithium
concentrations by 21% (range �9 to 59%) and reduced
total plasma lithium clearance by 18% (685).
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Naproxen

There were no significant changes in serum lithium con-
centrations in 12 men taking over-the-counter doses of
naproxen (220 mg tds) or paracetamol (650 mg qds) for 5
days (685).

Nimesulide

Nimesulide increased lithium concentrations in a cross-
over study (686).

Piroxicam

Piroxicam may interact with lithium (687–689).

Sulindac

Unlike other NSAIDs, sulindac supposedly does not
interact with lithium (SEDA-10, 82). However, there has
been a report of a toxic increase in serum lithium concen-
tration in a 23-year-old man and a 27-year-old woman (to
2.0 and 1.7 mmol/l respectively) (690).

Tenidap

Tenidap increased serum lithium concentrations by redu-
cing its renal clearance and increasing steady-state lithium
concentrations; the dosage of lithium should be reduced
to avoid toxicity (691,724).

Plantago species

Plantago seeds are widely used as bulk laxatives under the
names of psyllium (from P. psyllium or P. indica) and
ispaghula (from P. ovata). The possibility that the intest-
inal absorption of lithium and other drugs may be inhib-
ited should also be considered (658).

Platinum-containing cytostatic drugs

Some data have suggested that cisplatin-containing che-
motherapy can alter lithium clearance through impaired
renal function, and lithium therapy should be closely
monitored during treatment with cisplatin-containing
regimens (723).

Sumatriptan

The 1996 Canadian Product Monograph for sumatriptan
(but not the 1998 US package insert) listed the combina-
tion of sumatriptan and lithium as contraindicated.
However, in a review, there was little evidence of a severe
interaction of sumatriptan with lithium (692).

Thioridazine

Several cases of neurotoxicity in patients taking lithium
and thioridazine have been reported. The cause of this
interaction has not been resolved, but lithium seems com-
patible with all neuroleptic drugs, although patients
should be carefully monitored (726–728).

Trimethoprim and co-trimoxazole

Trimethoprim has the same effect on the kidney as
amiloride, whose combined use with lithium can cause a
raised serum lithium concentration.

� The addition of trimethoprim caused severe lithium
toxicity in a 40-year-old woman with a schizoaffective
disorder; following rehydration, she made a good
recovery (729).

Xanthines

Renal lithium clearance is increased and serum lithium
concentrations are reduced by theophylline and amino-
phylline (496).
Caffeine increases renal lithium clearance (693), and

there have been case reports of caffeine withdrawal lead-
ing to increased serum lithium concentrations, assumed to
be due to reduced renal lithium clearance (693).

Food–Drug Interactions

In 12 healthy men, there was no food-induced change in
the systemic availability of a sustained-release lithium
formulation that used an acrylic matrix of Eudragit
RSPM as a sustaining agent (694).
Dietary restriction of sodium causes lithium retention

and an increased risk of toxicity. The same would be true
of a diet that markedly restricted fluid intake. In brief,
dietary extremes should be avoided.

Drug–procedure interactions

Electroconvulsive therapy

While electroconvulsive therapy (ECT) does not alter
serum lithium concentrations, the risk of prolonged con-
fusion after ECT can be increased in the presence of
lithium (695). However, there is no universal agreement
about this association (696), and there may be circum-
stances that justify the continuation of lithium during
ECT (697,698).

A case series of patients who underwent ECT while
taking lithium, suggested that concern about the conco-
mitant use of lithium and may be exaggerated (730).

Transcranial magnetic stimulation

A seizure induced by transcranial magnetic stimulation
(TMS) in a patient with bipolar affective disorder taking
maintenance lithium (731), may not have been related to
lithium, since therapeutic concentrations of lithium can
actually increase the seizure threshold (732).

Interference with Diagnostic Tests

Serum lithium measurement

The inadvertent use of lithium heparin as an anticoagu-
lant in the collection tube will lead to a spuriously high
serum lithium determination.

� A 33-year-old woman was admitted to an intensive
care unit after ingesting unknown quantities of a vari-
ety of medications, including lithium. She remained
asymptomatic, except for drowsiness, despite serum

Lithium 163

ª 2009 Elsevier B.V. All rights reserved.



lithium concentrations of 2.7, 3.1, 3.6, and 5.6 mmol/l.
The latter concentration was discovered to be spur-
iously high when it was realized that blood had been
collected in a lithium-heparin anticoagulant tube.
When the test was repeated using the proper collection
tube, the concentration was 2.2 mmol/l (699).� A similar problem occurred in a 20-month-old with
recurrent convulsions, who had an apparent serum
lithium concentration of 3.2 mmol/l. The absence of
lithium in the urine prompted further investigation
and the source of the lithium was found to be from
the use of a lithium-heparin collection tube (700).

Ageing of ion-selective electrodes has been reported to
give inaccurately high serum lithium concentration. In
one case, a concentration of 0.4 mmol/l was reported in
a patient who was not taking lithium (701). The possibility
that other substances could interfere with ion-selective
electrode lithium analysis has been briefly reviewed (702).
Contamination of lithium heparin blood culture bottles

with Pseudomonas fluorescens led to an outbreak of pseu-
dobacteremia and the unnecessary treatment of a number
of children with antibiotics. Lithium had no direct role in
this misadventure (703).
In blood samples from 32 subjects, TSH and free T4

concentrations were no different in collection tubes that
contained a lithium heparin anticoagulant compared with
dry tubes, but free T3 concentrations were significantly
lower (704).
Lithium treatment of adolescents with bipolar disorder

and secondary substance abuse improved both conditions
(705). It was suggested, however, that lithium-induced
polyuria may have diluted urine to the extent that false
negative test results were obtained when screening for
drugs of abuse (706). While the number of positive urine
tests was actually higher (but not significantly so) in those
with polyuria (707), there is still a possibility that lithium-
induced diabetes insipidus could increase the frequency of
false negative urine drug assays, because of urine dilution.

Diagnosis of Adverse Drug Reactions

When a split hair sample from a healthy volunteer was
sent to six commercial laboratories in the USA for trace
mineral analysis, marked variations in results were found
(including lithium concentrations), leading to the conclu-
sion that such analyses were unreliable (708).

Monitoring therapy

Monitroing serum lithium concentrations has been
reviewed (733). Lithium concentrations are important
predictors of outcome, but can also be associated with
the type of outcome. Low lithium concentrations
(< 0.6 mmol/l) are associated with a low likelihood of
depressive relapse (12%), while higher concentrations
(> 0.8 mmol/l) are associated with a higher likelihood of
depressive relapse (64%) (734). This has been interpreted
as showing that low concentrations, rather than higher
concentrations, of lithium are more effective in

preventing depressive relapse; however, the difference in
concentrations may be reflections of more problematic
illness in which the clinician has maximized lithium treat-
ment.
In a comparison of lithium concentrations in erythro-

cytes and plasma during acute or chronic lithium intoxica-
tion (309 samples in 165 patients) good general
correlation between erythrocyte and plasma lithium con-
centrations was confirmed (735). There were higher
plasma lithium concentrations in acute intoxication and
higher erythrocyte lithium concentrations in chronic
intoxication; the lithium erythrocyte:plasma concentra-
tion ratio was highest in those with chronic intoxication.
Biochemical variables in erythrocytes, mood states, and

adverse effects of lithium were measured in 30 patients,
mostly men, who had bipolar disorder and were under-
going lithium treatment (736). Most (87%) had bipolar I
affective disorder. The major finding was that when the
serum lithium concentration was in the 0.93–1.42 mmol/l
range, there was a full response without toxicity. Higher
values predicted toxicity and lower values predicted par-
tial response.
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General Information

Since the introduction of chlorpromazine in the early
1950s, a large number of phenothiazines with neuroleptic
properties have been discovered; they include fluphena-
zine, perphenazine, prochlorperazine, and thioridazine.
Several other chemical structures with similar therapeutic
properties have also been introduced, including the butyr-
ophenones (such as haloperidol and droperidol) and the
thioxanthenes (such as flupenthixol). In recent years the
so-called atypical neuroleptic drugs (such as clozapine,
olanzapine, and risperidone) have also become available.
They have less affinity for dopamine receptors in the
basal ganglia than the typical neuroleptic drugs, and
therefore cause fewer extrapyramidal adverse effects.
The range of usefulness of these agents includes the treat-
ment of schizophrenia (to treat acute episodes and in
long-term maintenance treatment), mania, certain
organic psychoses, certain depressive states, and a variety
of lesser indications. They have also been used to treat
autism (1) and psychosis in patients with dementia (2).
Equipotent doses of neuroleptic drugs are listed in

Table 1.
New updated treatment recommendations have been

issued by the Schizophrenia Patient Outcomes Research
Team (3). There is no definitive evidence that the atypical
drugs differ from the typical ones for the treatment of
acute positive symptoms; there are no data to support a
change to a second-generation neuroleptic drug for
patients who have adequate symptom control and mini-
mal adverse effects with first-generation neuroleptic drug
therapy. For haloperidol, a maintenance dosage of 6–
12 mg is recommended; this dosage is lower than that
previously recommended by the same panel (6–20 mg)

(4). In fact, the optimal daily dose remains a topic of
controversy.

General adverse reactions

Neuroleptic drugs can produce a variety of adverse effects
in several organ systems. Extrapyramidal reactions and
sedation are common; less common are seizures,
unwanted behavioral effects, and tardive dyskinesia.
Most neuroleptic drugs have anticholinergic effects and
commonly produce dry mouth, blurred vision, and con-
stipation. Postural hypotension is common. These effects
usually disappear when the drug is stopped or the dosage
is reduced.
Non-specific, usually reversible, cardiographic changes

have been reported, but their relation to myocardial toxi-
city has not been confirmed. Sudden death related to
cardiac arrest cannot be fully explained on the basis of
the administration of neuroleptic drugs. Weight gain is a
common adverse effect. Breast engorgement and galac-
torrhea can occur in women and even in men.
Amenorrhea, gynecomastia, hyperglycemia, hypoglyce-
mia, raised growth hormone, inappropriate ADH secre-
tion, and disturbance of sex hormones have been reliably
documented, although they are unusual.
The contraindications to neuroleptic drug therapy

include coma, the presence or withdrawal of high doses
of other CNS depressants (alcohol, barbiturates, narco-
tics, etc.), serious hematological conditions (for example
bone-marrow suppression), and a previous history of
hypersensitivity reactions for example jaundice or severe
photosensitivity. Since neuroleptic drugs cause sedation,
they can impair mental or physical abilities (including
reaction times), especially during the first few days of
therapy. A large number of substances can interact with
neuroleptic drugs (SED-14, 153) (5).

Hypersusceptibility reactions

Neuroleptic drugs infrequently produce allergic reactions.
There are no reports of anaphylactic reactions, but var-
ious skin reactions, for example rashes, photosensitivity,
and dermatitis, can be viewed as delayed forms of hyper-
sensitivity. Jaundice and blood dyscrasias (hemolytic ane-
mia, agranulocytosis) are rare and may be types of allergic
reactions.

Tumorigenicity

Since neuroleptic drugs raise prolactin concentrations,
there is concern that this may increase the risk of breast
cancer. Although studies have failed to show an associa-
tion, it would be best to avoid neuroleptic drugs in a
patient with a hormone-dependent breast tumor.

Effects on fertility

Amenorrhea and infertility were consequences of the
effects of typical neuroleptic drugs and of risperidone.
Clinicians should be aware that patients changed from
these agents to drugs like olanzapine, quetiapine, or clo-
zapine are therefore at risk of pregnancy (6).

Table 1 Equipotent doses of neuroleptic drugs (all rINNs)

Drug Dose (mg)

Typical neuroleptic drugs

Chlorpromazine 100

Chlorprothixene 100

Fluphenazine hydrochloride 2

Haloperidol 2

Loxapine 10

Mesoridazine 50

Molindone 10

Perphenazine 10

Prochlorperazine 15

Pimozide 1

Thioridazine 100

Tiotixene 5

Trifluoperazine 5

Trifluoperazine 25

Atypical neuroleptic drugs

Aripiprazole 6

Clozapine 50

Olanzapine 4

Quetiapine 80

Risperidone 1

Ziprasidone 20
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A project group at the Swedish Council on Technology
Assessment in Health Care has analysed more than 2000
published manuscripts about neuroleptic drugs (7). They
concluded that neuroleptic drug therapy is often accom-
panied by serious, sometimes permanent, adverse effects.
Hence, neuroleptic drugs should be reserved for patients
with severe psychoses. Agitated and demented elderly
patients should not be treated with neuroleptic drugs
unless they have pronounced psychotic symptoms. Nor
should neuroleptic drugs be used in young mentally
retarded patients and other children and adolescents,
except in those with severe autism, Tourette’s syndrome,
or schizophrenia. In fact, in patients with schizophrenia
there is increased mortality, and the involvement of neu-
roleptic drug treatment has been investigated (8).
Severe adverse events associated with neuroleptic drug

treatment are epileptic seizures, QT interval prolonga-
tion, myocarditis associated with clozapine, neuroleptic
malignant syndrome, hypothermia, respiratory arrest,
and pulmonary embolism associated with clozapine. To
minimize these potential risks, practical prescribing
guidelines have recently been proposed (SEDA-21, 42);
they recommend careful titration of therapy, checking for
a history of cardiac disorders, seizures, neuroleptic malig-
nant syndrome, and hypotension, and regular monitoring
for known adverse effects.
Further comparisons of the main features of typical and

atypical neuroleptic drugs have emerged (SEDA-22, 45)
(9). The review by the Collaborative Working Group on
Clinical Trial Evaluations has addressed adverse effects
extensively (10). The authors stressed that atypical neu-
roleptic drugs cause fewer extrapyramidal signs and may
have a lower risk of causing tardive dyskinesia than typi-
cal neuroleptic drugs. The adverse effects of the atypical
drugs of which one should be aware are the following
(listed with the drug(s) most likely to cause them):

(a) orthostatic hypotension (clozapine, olanzapine, que-
tiapine);

(b) myocarditis (clozapine);
(c) pulmonary embolism (clozapine);
(d) seizures (clozapine);
(e) anticholinergic effects (clozapine, olanzapine);
(f) increased prolactin (risperidone);
(g) weight gain (clozapine, olanzapine);
(h) hepatic changes (clozapine, risperidone);
(i) agranulocytosis (clozapine).

Drug interactions can be dangerous or fatal and should be
avoided. Patients’ individual concerns and health needs
must be taken into account when selecting a drug. The
atypical drugs, it is said, would be better first-line drugs
for patients with specific health concerns.
The Collaborative Working Group has also drawn

attention to the interpretation of certain results from
clinical trials with novel neuroleptic drugs (10). It has
been stated, for instance, that when extrapyramidal signs
are not significantly different from those with placebo, it
does not necessarily mean that a new neuroleptic drug
absolutely lacks extrapyramidal effects. Patients who
enter studies of new neuroleptic drugs may have been

previously treated with traditional neuroleptic drugs,
and extrapyramidal symptoms may have persisted from
this prior drug treatment.
A comparison of patients’ and prescribers’ beliefs

about the adverse effects of neuroleptic drugs has been
carried out (11). Psychiatrists’ estimates of prevalence,
but not of distress, correlated significantly with patients’
reports. The authors concluded that the apparent lack of
understanding of which adverse effects are most likely to
cause distress to patients can adversely affect the thera-
peutic alliance between prescribers and patients.
Patients with good adherence to therapy have a higher

incidence of adverse effects (12). Logistic regression analysis
identified four factors that discriminate adherent (n = 48)
from non-adherent (n = 30) patients: the course of the ill-
ness, the employment status of a key relative, age at onset of
the illness, and the presence or absence of adverse effects.
Several atypical neuroleptic drugs are currently consid-

ered to be first-line therapies for schizophrenia. However,
choosing one can be difficult, because head-to-head com-
parisons are just beginning to appear and most published
trials are comparisons with typical neuroleptic drugs, par-
ticularly haloperidol. Several reviews (13,14) and clinical
comparisons (15,16) of atypical neuroleptic drugs have
been published; a meta-analysis of the efficacy and extra-
pyramidal effects of the new neuroleptic drugs olanza-
pine, quetiapine, and risperidone, compared with typical
neuroleptic drugs and placebo, deserves particular atten-
tion (17). Only randomized, double-blind, controlled
trials in patients with schizophrenia or schizophrenia-
like psychoses were selected. Combining all Brief
Psychiatric Rating Scale (BPRS) comparisons between
all neuroleptic drugs and placebo resulted in a mean
effect size of 0.25 (CI = 0.22, 0.28; n = 2477), which is
only a moderate treatment effect. Quetiapine (six studies;
n = 1414) was as effective as haloperidol. Risperidone
(nine studies; n = 2215) and olanzapine (four studies;
n = 2914) were statistically superior to haloperidol.
However, the latter two effect sizes (0.06 and 0.07) were
very small. The new neuroleptic drugs and placebo were
associated with similar use of antiparkinsonian medica-
tions, and all were clearly superior to haloperidol in this
respect; risperidone had the weakest effect (effect size
0.09 versus placebo and 0.12 versus haloperidol). Many
of the trials used relatively high doses of haloperidol,
favoring the occurrence of extrapyramidal signs.
Special subgroups have been considered in different

studies. Agitated and demented elderly patients should
not be treated with neuroleptic drugs, unless they have
pronounced psychotic symptoms (SEDA-23, 48). Since
some studies have reported the lack of a documented
diagnosis associated with the use of neuroleptic drugs, a
drug utilization study using a chart review has been car-
ried out in Canada to discover the pattern of use of
neuroleptic drugs in a long-term care facility (18).
Neuroleptic drugs were prescribed for 86 (19%) of 446
patients from four units of a 360-bed nursing home,
mainly for agitation (n = 21); their mean age was 84
years and the mean length of time they had been receiving
neuroleptic drugs was 37 (7–263) months. The authors
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thought that this was of definite concern, given the mod-
est benefit that has been observed during long periods of
treatment in such patients and the risk of tardive dyski-
nesia and other adverse effects.
In the light of evidence from large, randomized, dou-

ble-blind trials, the authors of a thorough review of the
role of atypical neuroleptic drugs in the treatment of
psychosis and agitation associated with dementia have
concluded that low-dose risperidone (0.25–1.5 mg/day)
can be used as first-line treatment (19).
A further comprehensive review on the use of atypical

neuroleptic drugs in older adults has also been pub-
lished (20).

Observational studies

Of 300 hospitalized Asian patients with schizophrenia, 215
were being given polytherapy, defined as the use of more
than one neuroleptic drug at one time (21). The average
number of drugs, including depot formulations, was 1.8 neu-
roleptic drugs (range 1–4) and the mean daily dose in chlor-
promazine equivalents was 612 (median 464; range: 25–2500)
mg. Atypical neuroleptic drugs were scarcely used (n ¼ 20).
Anticholinergic antiparkinsonian drugs were prescribed in
82%. The frequency of adverse events increased with total
dose, and drymouth (19%), tremor (8.7%), and constipation
(5.3%) were the most common.
Combinations are often used in patients with

treatment-resistant schizophrenia and schizoaffective dis-
orders, and the published data (29 case reports and case
series, n ¼ 172, and one double-blind placebo-controlled
trial, n ¼ 28) between 1985 and 2003 has been reviewed
(22). Significant adverse effects were rarely reported (by
only 36 of the 200 subjects) and did not appear to be
different in nature from those of monotherapy regimens:
hypersalivation (n ¼ 6), mild akathisia (n ¼ 4), exacerba-
tion of hoarding behavior (n ¼ 2), neuroleptic malignant
syndrome (n ¼ 2), and neutropenia, agranulocytosis, ocu-
logyric crises, atrial extra beats, and aggravation of pre-
vious tardive dyskinesia (n ¼ 1 each).

Comparisons of neuroleptic drugs

The impact of new neuroleptic drugs on the pattern of
neuroleptic drug use has been studied in Spain (23). The
use of neuroleptic drugs rose by 146% from 1990 to 2001;
the atypical neuroleptic drugs accounted for 49% of the
total consumption of neuroleptic drugs in 2001 and 90%
of the costs. There is a similar pattern worldwide. This is
surprising, since there is no clear evidence that atypical
neuroleptic drugs are more effective or better tolerated
than conventional neuroleptic drugs (SEDA-25, 53).
Moreover, a recent meta-analysis of typical and atypical
neuroleptic drugs (31 studies, 2320 participants) showed
that optimum doses of low-potency conventional neuro-
leptic drugs might not induce more extrapyramidal signs
than newer drugs (24); mean doses less than 600 mg/day
of chlorpromazine equivalents had no higher risk of extra-
pyramidal signs than newer neuroleptic drugs.
In contrast to current beliefs, neuroleptic drugs caused

more severe adverse effects than typical neuroleptic drugs
did in a program intended to monitor the adverse effects

of neuroleptic drugs in routine clinical practice (25). From
1993 to 2000, 86 439 patients who took at least one neu-
roleptic drug were monitored in 35 psychiatric hospitals in
Germany and Switzerland. Overall, 975 clinically severe
adverse effects were identified (1.1%). As to individual
drugs in monotherapy, the incidences were:

� haloperidol, 0.2%;� perazine, 0.4%;� olanzapine, 0.5%;� risperidone, 0.5%;� clozapine, 0.9%.

The authors stated that their results were in accordance
with those of a meta-analysis of 52 randomized trials
(SEDA-25, 53).
Coming from the same program, separate estimates

have been made for different reactions:

� severe galactorrhea occurred in 27 cases (0.03%); halo-
peridol, 0%; clozapine, 0%; perazine, 0.01%; olanza-
pine, 0.03%; risperidone, 0.09% (26).� severe neutropenia (neutrophils < 1.5 x 109/l) occurred
in 43 cases (0.05%); haloperidol, 0.01%; risperidone,
0.01%; olanzapine, 0.05%; perazine, 0.07%; clozapine,
0.16% (27).� severe and uncommon involuntary movement disor-
ders occurred in 115 cases (0.13%); clozapine, 0.01%;
perazine, 0.02%; olanzapine, 0.04 %; risperidone,
0.09%; haloperidol, 0.18% (28).

These estimates are very low, since only those reactions
rated as probably or definitely drug related were consid-
ered.
The primary and main outcomes of the Clinical

Antipsychotic Trials of Intervention Effectiveness both
in schizophrenic patients and in patients with dementia
have been released. In the first study, 1493 patients with
schizophrenia recruited at 57 US sites were randomly
allocated to olanzapine (7.5–30 mg/day), perphenazine
(8–32 mg/day), quetiapine (200–800 mg/day) and ziprasi-
done (40–160 mg/day) for up to 18 months (29). The main
conclusion of the study was that patients with chronic
schizophrenia discontinued their neuroleptic drug medi-
cation at a high rate, indicating substantial limitations in
the effectiveness of the drugs. In fact, overall 74% of
patients withdrew within 18 months; the time to withdra-
wal for any cause was significantly longer with olanzapine
than quetiapine or risperidone but not perphenazine or
ziprasidone. The time to withdrawal because of intoler-
able adverse effects was similar across the groups (olan-
zapine, 19%; quetiapine, 15%; risperidone, 10%;
perphenazine, 16%; ziprasidone, 15%). The authors sug-
gested that the ways in which clinicians, patients, families,
and policymakers evaluate the trade-offs between effi-
cacy and adverse effects, as well as drug prices, will deter-
mine future patterns of use.

Comparisons of different typical drugs

Amisulpride versus typical neuroleptic drugs
In an extensive review of 19 randomized studies for the
Cochrane Library (n = 2443), most of the trials were
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small and of short duration (30). Compared with typical
neuroleptic drugs, the pooled results of a total of 14 trials
suggested that amisulpride was more effective in improv-
ing global state (n = 651), general mental state (n = 695),
and the negative symptoms of schizophrenia (n = 506).
Amisulpride was as effective as typical neuroleptic drugs
in relieving positive symptoms. It was less likely to cause
at least one general adverse event (n = 751), to cause one
extrapyramidal symptom (n = 771), or to require the use
of antiparkinsonian drugs (n = 851). There were no clear
differences in other adverse events compared with typical
drugs. Amisulpride also seemed to be more acceptable
than typical drugs, as measured by early withdrawal
(n = 1512) than typical drugs, but this result may have
been overestimated owing to publication bias, which
could not be excluded with certainty.
A further meta-analysis of 10 randomized controlled

clinical trials of amisulpride in ‘‘acutely ill patients’’
(n = 1654) was supported in part by a grant from Sanofi-
Synthélabo, the marketing authorization holder (31).
Amisulpride was significantly better than typical neuro-
leptic drugs by about 11% on the BPRS. In four studies in
patients with ‘‘persistent negative symptoms,’’ amisul-
pride was significantly better than placebo (n = 514), but
there was no significant difference between amisulpride
and typical drugs (only three studies; n = 130). Low doses
of amisulpride (50–300 mg/day) were not associated with
significantly more use of antiparkinsonian drugs than pla-
cebo (n = 507), and usual doses caused fewer extrapyra-
midal adverse effects than typical neuroleptic drugs
(n = 1599). In four studies in acutely ill patients, signifi-
cantly fewer patients taking amisulpride dropped out
compared with patients taking typical drugs, mainly
because of fewer adverse events; in three small studies
with conventional neuroleptic drugs as comparators there
was only a trend in favor of amisulpride in this regard.

Amisulpride versus flupenthixol
In a randomized, double-blind, multicenter comparison of
amisulpride 1000 mg/day (n = 70) and flupenthixol
25 mg/day (n = 62) for 6 weeks, the two drugs signifi-
cantly improved the acute psychotic symptoms to a simi-
lar extent (32). The total numbers of dropouts were 19
with amisulpride and 25 with flupenthixol. Adverse
effects accounted for 8.6 and 18% respectively of the
totals. Amisulpride caused significantly fewer extrapyra-
midal adverse effects. Apart from the extrapyramidal
adverse effects, there were treatment-related adverse
events in 87% of the patients given amisulpride and
92% of those given flupenthixol. Prolactin concentrations
were higher with amisulpride.

Amisulpride versus haloperidol
Fixed doses of amisulpride (100, 400, 800, and 1200 mg/
day) and haloperidol (16 mg/day) have been compared in
a 4-week, double-blind, randomized trial in 319 patients
with acute exacerbations of schizophrenia (33).
Amisulpride 400 mg/day and 800 mg/day was effective
in treating the positive symptoms of schizophrenia, with
fewer extrapyramidal adverse effects than haloperidol,

which was associated with the highest proportion of extra-
pyramidal symptoms. The incidence of extrapyramidal
symptoms in patients treated with amisulpride increased
with increasing dose (31%, 42%, 45%, and 55% for 100,
400, 800, and 1200 mg/day respectively). The rate of with-
drawals due to adverse events was higher with haloperidol
(16%) than with amisulpride (0%, 5%, 3%, and 5%
respectively).
The long-term safety and efficacy of amisulpride in

subchronic and chronic schizophrenia have been assessed
in an open, multicenter study in 489 patients randomly
allocated to amisulpride (mean dose 605 mg/day;
n = 370) or haloperidol (mean dose 14.6 mg/day;
n = 119) for 12 months (34). Improvement in mean total
score on the BPRS was significantly greater with amisul-
pride than with haloperidol. The proportion of patients
with at least one treatment-emergent adverse event was
similar in the two groups, 69% with amisulpride and 70%
with haloperidol, but extrapyramidal symptoms occurred
more often with haloperidol (41%) than with amisulpride
(26%); endocrine disorders occurred in 4% of those tak-
ing amisulpride and 3% of those taking haloperidol.
Amenorrhea (6 versus 0%) and weight increase (11 ver-
sus 4%) were more frequent with amisulpride. There
were serious adverse events in 10% of the patients taking
amisulpride and 7% of those taking haloperidol.

Atypical versus typical drugs

There is no clear evidence that atypical neuroleptic drugs
are more effective or better tolerated than typical neuro-
leptic drugs. It has therefore been suggested that typical
neuroleptic drugs can be used in the initial treatment of
schizophrenia, unless the patient has previously not
responded to these drugs or has unacceptable extrapyra-
midal adverse effects, based on a meta-analysis of 52
randomized comparisons of atypical neuroleptic drugs
with typical neuroleptic drugs (12 649 patients) or alter-
native atypical neuroleptic drugs (35). After correction
for the higher than recommended doses of typical neuro-
leptic drugs that are used in some trials, there was a
modest advantage of atypical neuroleptic drugs in terms
of extrapyramidal adverse effects, but the differences in
efficacy and overall tolerability disappeared, suggesting
that many of the perceived benefits of atypical neurolep-
tic drugs are really due to excessive doses of the compara-
tor drugs used in trials. Other reviews of atypical
neuroleptic drugs have not added anything new (36,37).
Both types of neuroleptic drugs have serious shortcom-
ings, particularly their adverse effects on the extrapyra-
midal and endocrine systems. However, quality of life is
said to be superior with atypical neuroleptic drugs, from
an analysis of seven controlled trials and eight open
trials (38).
In a meta-analysis the effect sizes of olanzapine, risper-

idone, amisulpride, and clozapine were respectively 0.21,
0.25, 0.29, and 0.49 times greater than those of first-
generation neuroleptic drugs; other atypical neuroleptic
drugs were not significantly different from typical neuro-
leptic drugs, although zotepine was marginally different
(39). No efficacy difference was detected among
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amisulpride, risperidone, and olanzapine. There was no
evidence that the dosage of haloperidol (or of any first-
generation neuroleptic drug converted to haloperidol-
equivalent doses) affected these results when effects by
drug were examined or in a 2-way analysis of variance
model, in which the effectiveness of the atypical neuro-
leptic drug was entered as a second factor. Further infor-
mation has been provided in later comparisons of
neuroleptic drugs (SEDA-27, 50)(40,41).
An independent cross-sectional survey, not sponsored by

the pharmaceutical industry, in schizophrenic outpatients
clinically stabilized on a neuroleptic drug for a period of 6
months showed that quality-of-life measures and Global
Assessment of Functioning did not differ significantly in
patients taking typical neuroleptic drugs (n = 44) and
novel ones (risperidone, n = 50; olanzapine, n = 48; quetia-
pine, n = 42; clozapine, n = 46) (42).
Adverse effects have been studied in people with men-

tal retardation treated with atypical neuroleptic drugs
(n = 17), typical neuroleptic drugs (n = 17), or no drugs
(n = 17) (43). The patients taking atypical neuroleptic
drugs did not have different overall adverse events from
those taking no medications, and both had significantly
fewer overall adverse effects than those taking typical
neuroleptic drugs. However, the study had some impor-
tant flaws: patients taking typical neuroleptic drugs were
on average 7 years older than those taking atypical drugs;
they had also taken medication for longer and had more
stereotypic movement disorders at baseline. This jeopar-
dizes the conclusions.

Atypical drugs versus haloperidol
In a randomized double-blind trial in 157 inpatients with
chronic schizophrenia, clozapine (n = 40), olanzapine
(n = 39), and risperidone (n = 41), but not haloperidol
(n = 37), produced statistically significant improvements
in total scores on the Positive and Negative Syndrome
Scale after 14 weeks (44). Patients who had failed to
respond to any typical neuroleptic drug were eligible,
including patients who had previously failed to respond
to haloperidol. High doses were used (the mean daily
doses achieved during the last period of study were: clo-
zapine 525 mg, olanzapine 30 mg, risperidone 12 mg, and
haloperidol 26 mg). There was a significant fall in the
Extrapyramidal Symptom Rating Score with the three
atypical drugs at the end of the study and no change
with haloperidol. One patient developed agranulocytosis,
two had hypertensive episodes, and four had seizures
while taking clozapine.
The results of 11 studies in 1933 patients with schizo-

phrenia, who were randomly assigned to amisulpride
(n = 1247), haloperidol (n = 309), risperidone (n = 113),
flupenthixol (n = 62), or placebo (n = 202) have been
reviewed (45). Extrapyramidal signs occurred in 15% of
those given amisulpride (n = 579), 12% of those given
risperidone (n = 113), and 31% of those given haloperidol
(n = 214). In contrast, endocrine disorders were more
frequent with amisulpride (4%) and risperidone (6%)
than with haloperidol (1%). In a subgroup of patients
with predominant negative schizophrenia who had at

least one electrocardiogram recorded during treatment,
there was a relative prolongation of the QTc interval of at
least 60 ms in three of 296 patients treated with amisul-
pride compared with no cases with both haloperidol
(n = 80) and risperidone (n = 91); however, there were
no ventricular dysrhythmias.

Clozapine versus typical neuroleptic drugs
Ameta-analysis of 30 randomized controlled comparisons
of clozapine with typical neuroleptic drugs (n = 2530) has
been published (46). Clozapine was more effective in
reducing symptoms in patients with both treatment-resis-
tant and non-resistant schizophrenia. In a subset of 13
trials hematological problems tended to be more frequent
in patients taking clozapine (OR = 1.93, CI = 0.96, 3.87);
hypersalivation was also more frequent (OR = 5.50,
CI = 4.26, 7.10), as were fever (OR = 1.89, CI = 1.38,
2.60) and sedation (OR = 1.94, CI = 1.50, 2.50).
Xerostomia (OR = 0.29, CI = 0.20, 0.42) and extrapyra-
midal symptoms (OR = 0.46, CI = 0.28–0.75) were more
frequent in the patients treated with typical neuroleptic
drugs. There was no difference between the two groups in
weight gain (OR = 1.07, CI = 0.37, 3.10), hypotension or
dizziness (OR = 1.66, CI = 0.74, 3.71), or seizures
(OR = 1.60, CI = 0.84, 3.04). Although there were fewer
deaths in the clozapine group, statistical significance was
not reached (OR = 0.50, CI = 0.11, 2.30). One of the
flaws of this meta-analysis was that there was no informa-
tion on dropouts.

Clozapine versus chlorpromazine
In 42 elderly patients (mean age 67 years) with schizo-
phrenia randomly assigned to clozapine, titrated to
300 mg/day (n = 24), or chlorpromazine, titrated to a
maximum of 600 mg/day (n = 18), the two medications
were equally effective at 5 weeks (47). In each group
there was one patient with a serious and potentially fatal
adverse effect: agranulocytosis in the clozapine group and
paralytic ileus in the chlorpromazine group; both drugs
significantly lowered the white cell count.

Clozapine versus chlorpromazine and haloperidol
Clozapine has been compared with typical neuroleptic
drugs in seven studies in patients with chronic refractory
schizophrenia (48) (n = 1124). Of the 10 comparisons of
second-generation versus typical neuroleptic drugs
(n = 1801), there was a significant difference in six favor-
ing second-generation neuroleptic drugs on measures of
treatment efficacy; in the other four there was no signifi-
cant difference between treatments. ANCOVA with the
baseline score as a co-variate was performed to compare
the efficacy of clozapine with that of typical neuroleptic
drugs in terms of BPRS total score; there was a significant
reduction in psychopathology in those who took cloza-
pine, and the reduction was greater among those with
higher BPRS scores. When the assessment was performed
with other scales (BPRS positive symptom subscale,
SANS) there were no significant treatment effects for
clozapine over typical neuroleptic drugs. The subjects
who took clozapine had significantly fewer
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extrapyramidal effects; tardive dyskinesia occurred
equally in the two groups. Weight gain was reported in
patients who took chlorpromazine (1%) and clozapine
(7.1%), but in none of those who took haloperidol.
Patients taking chlorpromazine (3.4%) or clozapine
(2.9%) had difficulty in concentrating, but none of those
taking haloperidol did. Other adverse events reported in
patients taking clozapine included neutropenia (2.0%),
enuresis (1.0%), and seizures (0.4%); neuroleptic malig-
nant syndrome developed in 0.5% of the patients who
took chlorpromazine. Completion rates were higher for
clozapine (70%; n = 400) than for the typical neuroleptic
drugs (56%; n = 398). Despite the superior efficacy of
clozapine in the treatment of resistant patients, the extent
of this in terms of scope (symptoms improved) and mag-
nitude (effect size) was variable. Using what might be
regarded as a non-stringent criterion of a 20–30% reduc-
tion in total psychopathology scores, under half of the
patients responded in most of the studies.

Clozapine versus haloperidol
Clozapine and haloperidol have been compared in 75
schizophrenic outpatients, who met criteria for residual
positive or negative symptoms after being treated for at
least 6 weeks with typical neuroleptic drugs, in a 10-week
randomized, double-blind, parallel-group comparison
(49). There was no evidence of any superior efficacy or
long-term effect of clozapine (n = 38) on primary or sec-
ondary negative symptoms compared with haloperidol
(n = 37). Long-term clozapine was associated with signif-
icant improvements in social and occupational function-
ing, but not in overall quality of life. There were no
significant differences between the two groups in adverse
effects from previous neuroleptic drug treatment, and
dizziness (50 versus 19%), salivation (82 versus 19%),
and nausea (37 versus 11%) were significantly more com-
mon in patients treated with clozapine. In contrast, dry
mouth was significantly more common with haloperidol
(62 versus 18%). Patients who completed the double-
blind study (n = 58) entered a 1-year open clozapine
study. Over the course of that year, there was a small
reduction in adverse effects, apart from hypersalivation,
which increased significantly. Over the first 6 months
there was weight gain followed by a plateau.
Clinical predictors of response to clozapine have been

examined in 37 partially treatment-refractory outpatients
who had been assigned to clozapine in a double-blind,
haloperidol-controlled, 29-week study (50). Clozapine
responders were rated as less severely ill, had fewer nega-
tive symptoms, and had fewer extrapyramidal adverse
effects at baseline compared with non-responders.

Olanzapine versus chlorpromazine
In 103 previously treatment-resistant patients with schizo-
phrenia were given a prospective 6-week trial of 10–
40 mg/day of haloperidol; 84 failed to respond and were
randomly assigned to a double-blind, 8-week, fixed-dose
trial of either olanzapine 25 mg/day alone (n = 42) or
chlorpromazine 1200 mg/day plus benzatropine mesylate
4 mg/day (n = 39) (51). There was no significant

difference in completion rates. Neither drug produced a
substantial change in the level of psychosis from preran-
domization baseline, and there were no differences
between the groups in efficacy. However, olanzapine
had a better adverse effects profile.

Olanzapine versus haloperidol
The global efficacy of olanzapine was not substantially
different from that of haloperidol in two of three com-
parative trials involving 2500 patients, according to a
comprehensive review of the safety and efficacy of olan-
zapine; in addition, the only relevant comparative trial
failed to demonstrate superiority of olanzapine over ris-
peridone (52). Olanzapine has fewer adverse neurological
effects than haloperidol, but there is no evidence that it
differs from other atypical neuroleptic drugs in this
respect.
A meta-analysis of four comparisons of olanzapine and

haloperidol showed similar efficacy, with fewer extrapyr-
amidal effects with olanzapine (17). Similar conclusions
were reached in another meta-analysis of three rando-
mized, double-blind, controlled comparisons of olanza-
pine and haloperidol (53). Only 15% of olanzapine-
treated patients (n = 1620, dosage 5–20 mg/day) needed
anticholinergic drugs compared with 49% of those treated
with haloperidol (n = 786, dosage 5–20 mg/day).
Olanzapine has been compared with haloperidol in

cannabis-induced psychosis (54), schizoaffective disorder
(55), first-episode psychosis (56), and treatment-resistant
schizophrenia (57); the two last studies were reanalyses
of data from large clinical trials promoted by the man-
ufacturers, Eli Lilly. In all cases olanzapine was better
than haloperidol at reducing BPRS scores, but in
patients with cannabis-induced psychotic disorders they
were similar. Increased appetite was consistently
reported more often in olanzapine-treated patients and
extrapyramidal signs more often in those treated with
haloperidol.
A re-analysis of data from a large double-blind com-

parison of olanzapine with haloperidol (n = 1996) showed
that in patients who had an initial response, there was no
significant difference between olanzapine and haloperidol
when outcome was measured using either 52-week
relapse rates or the time to first non-compliance; after
12 months, the estimated mean times to discontinuation
were 271 days and 241 days respectively (58). However,
while the dose of olanzapine was well within the recom-
mended range, the dose of haloperidol was too high
(modal doses 13 and 12 mg/day respectively).
In a double-blind trial, 28 patients with paranoid schi-

zophrenia who had had a partial response to typical neu-
roleptic drugs were randomized to receive either
olanzapine or haloperidol in flexible doses for 14 weeks
(59). The two groups showed similar improvement on the
Brief Psychiatric Rating Scale positive symptoms sub-
scale, while improvement in the same negative symptoms
subscale was significant only with olanzapine. There were
no significant differences between the two groups on the
Simpson and Angus rating Scale scores, but there was a
significant difference in the Barnes Akathisia Rating
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Scale. No patient taking olanzapine had akathisia, while a
few patients taking haloperidol did. Apart from the small
sample, patients with a partial response to typical neuro-
leptic drugs were included, which precludes firm conclu-
sions.
In a double-blind, placebo-controlled, dose-response

trial, 270 acutely agitated patients were randomized to
receive 1–3 intramuscular injections of olanzapine (2.5,
5, 7.5, or 10 mg), haloperidol (7.5 mg), or placebo within
24 hours (60). Olanzapine had a dose-related effect in
reducing agitation; olanzapine was better than placebo
but not better than haloperidol; the most frequently
reported adverse event was hypotension, which occurred
with olanzapine (n = 7) but not haloperidol or placebo.
Acute dystonias did not occur in patients given olanza-
pine or placebo but occurred in two patients given halo-
peridol.
Quality of life is said to be superior with atypical neu-

roleptic drugs, from an analysis of seven controlled trials
and eight open trials (38). However, in a comparison of
olanzapine and haloperidol in 335 patients there was no
significant change in quality of life (61). Moreover, in all
the studies, mean doses of haloperidol were higher than
12 mg/day, and in some studies as high as 28 mg/day. This
is in accordance with the results of a double-blind, rando-
mized, comparison of olanzapine (mean dosage 11 mg/
day; n = 159) and haloperidol (mean dosage 11 mg/day;
n = 150) in 309 schizophrenic patients (62). There were
no significant differences between the groups in positive,
negative, or total symptoms of schizophrenia, quality of
life, extrapyramidal symptoms, or withdrawals.
Olanzapine was associated with less akathisia but there
were more reports of weight gain and significantly higher
costs.

Olanzapine versus pimozide

The use of olanzapine in patients with Gilles de la
Tourette syndrome has been explored in a 52-week, dou-
ble-blind, crossover comparison of olanzapine (5 and
10 mg/day) and low-dose pimozide (2 and 4 mg/day) in
four patients (aged 19–40 years) with a high frequency of
tics (2–10/minute), vocalizations, and lack of co-morbidity
(63). There was a highly significant reduction in rating
scale scores for the syndrome with olanzapine 10 mg ver-
sus baseline and versus pimozide 2 mg, and a significant
reduction with olanzapine 5 mg versus pimozide 4 mg;
only moderate sedation was reported by one patient dur-
ing olanzapine treatment while three complained of
minor motor adverse effects and sedation during pimo-
zide treatment.

Olanzapine and risperidone versus haloperidol

A prospective 6-month open study, promoted by Lilly, the
market authorization holder of olanzapine, has been con-
ducted, in which olanzapine (n = 2128), risperidone
(n = 417), and haloperidol (n = 112) were compared
(64). Age, sex, and duration of disease did not differ
among the groups. The initial and overall mean daily
doses were respectively: olanzapine 12.2 and 13.0 mg;
risperidone 5.2 and 5.4 mg; haloperidol 13.9 and

13.6 mg. The improvements were similar in the three
groups. A lower proportion of patients taking olanzapine
had extrapyramidal symptoms (37%) compared with ris-
peridone (50%) and haloperidol (76%). Weight gain was
significantly more common with olanzapine (6.9%) than
risperidone (1.9%) or haloperidol (0.9%).
In other studies, outcome variables have been disconti-

nuation, relapse, and compliance (58) or quality of life
(38). A re-analysis of data from two large double-blind
comparisons of olanzapine with haloperidol (n = 1996)
and of olanzapine with risperidone (n = 336) showed
that in patients who had an initial response, there was
no significant difference between olanzapine and haloper-
idol when outcome was measured using either 52-week
relapse rates or the time to first non-compliance; after 12
months, the estimated mean times to discontinuation
were 271 days and 241 days respectively (58). There
were no differences between olanzapine and risperidone.
However, while the dose of olanzapine was well within
the recommended range, the dose of haloperidol was too
high (modal doses, 13 and 12 mg/day respectively).

Olanzapine and risperidone versus promazine

Risperidone, olanzapine, and promazine have been com-
pared in the treatment of the behavioral and psychologi-
cal symptoms of dementia (65). At the end of the eighth
week, there was complete regression of symptoms in 70%
of those who took risperidone (mean age 77 years; dose 1–
2 mg/day; n ¼ 20), in 80% of those who took olanzapine
(mean age 83 years; dose 5–10 mg/day; n ¼ 20), and in
65% of those who took promazine (mean age 78 years;
dose 50–100 mg/day; n ¼ 20). The main adverse effects of
risperidone were hypotension and somnolence (20%),
dyspepsia (12%), sinus tachycardia, weakness, constipa-
tion, and extrapyramidal symptoms (8%), increased
libido and disinhibition, abdominal pain and insomnia
(4%). The main adverse effects of olanzapine were som-
nolence and weight gain (32%), dizziness and constipa-
tion (16%), postural hypotension (8%), akathisia (4%),
and worsening of the blood sugar in one patient with
diabetes (4%). The main adverse effects of promazine
were constipation and hypotension (35%), dry mouth
(30%), sinus tachycardia (25%), cognitive impairment
and extrapyramidal symptoms (20%), confusion (15%),
somnolence (10%), and nausea (5%). The small sample
size, the short duration, the lack of blinding, and the lack
of data on comparability were some of the flaws that
preclude firm conclusions from this study.

Quetiapine versus haloperidol

A 6-week, multicenter, double blind, randomized com-
parison of quetiapine (mean dose 455 mg/day) and halo-
peridol (8 mg/day) has been carried out in 448 patients
with schizophrenia (66). By day 42, the total score on the
Positive and Negative Symptom Scale (PNSS) was
equally reduced in the two groups. There were 69 with-
drawals among the 221 patients who took quetiapine and
80 among the 227 who took haloperidol. Of the patients
who took quetiapine, 154 (70%) had one or more sponta-
neously reported adverse events, whereas 171 (75%) of
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the haloperidol-treated patients reported adverse events.
Motor and extrapyramidal effects were much more fre-
quent among haloperidol users. In the quetiapine group
the most common adverse events were somnolence
(20%), insomnia (13%), and dry mouth (10%); in the
haloperidol group the most frequent adverse events
were akathisia (20%), insomnia (15%), and hypertonia
(13%). The overall mean weight gain was 1.9 kg in those
who took quetiapine and 0.3 kg in those who took halo-
peridol. With quetiapine, there was a fall in prolactin
concentration from baseline by more than 16 mg/l and
with haloperidol a rise of just under 6 mg/l during the
same period. There was one death from acute heart fail-
ure in the haloperidol group.
Another similarly designed comparison of quetiapine

and haloperidol in patients with schizophrenia with a partial
response to other neuroleptic drugs gave similar results
(67). Patients with a history of partial response to typical
neuroleptic drugs and a partial or no response to fluphena-
zine (20 mg/day) for 1 month were randomly allocated to
haloperidol 20 mg/day (n = 145) or quetiapine 600 mg/day
(n = 143). By 8 weeks the total score on the PNSS was
reduced to the same extent in the two groups. Similar
numbers of patients withdrew during the randomized
phase of the trial in the quetiapine (n = 32) and haloperidol
(n = 28) treatment arms. The proportions of patients who
were taking anticholinergic drugs at the end of the study
were 44% and 60% for quetiapine and haloperidol respec-
tively. The most frequently reported adverse events with
quetiapine were somnolence (9.8%), postural hypotension/
dizziness (7.7%), dry mouth (5.6%), increased muscle tone
(5.6%), and akathisia (5.6%). In contrast, the most com-
mon adverse events with haloperidol were related to extra-
pyramidal signs: tremor (12%), akathisia (9.0%),
hypertonia (6.9%), extrapyramidal syndrome (6.3%), and
insomnia (6.2%). The mean increase in body weight was
1.4 kg with quetiapine and 0.7 kg with haloperidol.
In a study funded by Astra Zeneca, the marketing

authorization holder of quetiapine, 25 patients with schi-
zophrenia were randomly assigned double-blind to que-
tiapine 300–600 mg/day (n = 13) or haloperidol 10–
20 mg/day (n = 12) for 6 months; 11 completed the
study, 8 with quetiapine and 3 with haloperidol (68).
After Bonferroni correction for 34 comparisons, only
the beneficial effect of quetiapine on the revised
Wechsler Adult Intelligence Scale (WAIS-R) was signifi-
cant. Three patients had weight gain with quetiapine ver-
sus one with haloperidol. Two patients had raised hepatic
enzymes with quetiapine. One patient taking quetiapine
had tiny subcapsular blebs, which were apparent at base-
line as small dots and appeared larger after 8 weeks of
treatment.

Risperidone versus haloperidol

In 62 patients with co-existing psychotic and depressive
symptoms, risperidone (mean dose 6.9 mg/day) was com-
pared with a combination of haloperidol 9 mg/day and
amitriptyline 180 mg/day (n = 61) in a multicenter, ran-
domized, double-blind study over 6 weeks (69). The
results suggested that haloperidol plus amitriptyline was

superior to risperidone alone. The incidence of extrapyr-
amidal adverse effects was slightly higher with risperidone
(37%) than haloperidol plus amitriptyline (31%); the use
of concurrent anticholinergic drugs was significantly
higher with risperidone (37%) than haloperidol plus ami-
triptyline (20%).
In patients aged 18–73 years with disturbing extrapyr-

amidal symptoms during previous neuroleptic drug treat-
ment (n = 77), there was a greater reduction of
parkinsonism over 8 weeks with risperidone (n = 40; aver-
age dose 7.4 mg/day) than with haloperidol (n = 37; aver-
age dose 9.9 mg/day) (70). With risperidone the most
frequently mentioned adverse effects were headache
(n = 4), oculogyric crisis (n = 3), and hypersalivation
(n = 3); with haloperidol the adverse effects were sleep
disorders (n = 4), tremor (n = 4), and vomiting (n = 3).

The effects of risperidone and haloperidol in prevent-
ing relapse in 365 patients with schizophrenia have been
compared (71). The patients were randomly assigned to
receive risperidone (n = 177; median duration 364 days;
mean dose 4.9 mg/day) or haloperidol (n = 188; median
duration 238 days; mean dose 11.7 mg/day). Primary ana-
lyses were performed on all subjects who underwent ran-
domization and were assessed at least once during drug
treatment. The risk ratio for relapse with haloperidol was
1.93 (95% CI = 1.33, 2.80), and early withdrawal for any
reason was more frequent among haloperidol-treated
patients (RR = 1.52; 95% CI = 1.18, 1.96). Patients who
took risperidone had greater reductions in mean severi-
ties of both psychotic symptoms and extrapyramidal
adverse effects than those who took haloperidol. There
were adverse events in 90% of those who took risperi-
done and 91% of those who took haloperidol. Events that
were reported in more than 10% of subjects in at least one
group were somnolence (14% with risperidone; 25% with
haloperidol), agitation (10% and 18%), and hyperkinesia
(5% and 20%). There was a mean weight gain of 2.3 kg in
those who took risperidone—similar in magnitude to the
weight gain seen in short-term studies—and a mean loss
of 0.73 kg in those who took haloperidol.
A qualitative analysis of extrapyramidal effects has

been performed using Extrapyramidal Symptom Rating
Scale (ESRC) data reported in 11 double-blind risperi-
done comparisons with haloperidol or placebo (72).
Between-group comparisons showed no differences
between placebo and risperidone 1–2 mg/day, but parkin-
sonism, tremor, akathisia, and sialorrhea were more likely
to occur with haloperidol 1–6 mg/day than with placebo
or risperidone. At risperidone dosages of more than 8 mg/
day, the severity of acute extrapyramidal effects lay
between those of placebo and haloperidol; the severity
of tardive dyskinesia was greater with placebo than with
either drug. However, others emphasized that those who
received haloperidol in this study took a relatively high
mean modal dose (12 mg per day) and 81% of the
patients taking haloperidol took a daily dose of 7.5–
20 mg (73–75). Many studies have shown that doses of
haloperidol over 3.75–7.5 mg/day have no increased clin-
ical efficacy but are associated with a significantly
increased risk of extrapyramidal effects.
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In a comparison of risperidone and haloperidol in
patients with chronic schizophrenia, those taking risper-
idone had greater reductions in the mean severity of both
psychotic symptoms and extrapyramidal adverse effects
than those taking haloperidol (71) (SEDA-26, 53). The
conclusion was that ‘‘the preponderance of the evidence
now supports the use of risperidone as a first-line treat-
ment for patients with schizophrenia’’ (76). Nevertheless,
the use of ‘‘higher-than-optimal doses of typical drugs’’
was also mentioned as a caveat of the study.
A meta-analysis has compared risperidone with halo-

peridol (77). Six of the nine trials met criteria for inclu-
sion, that is they were randomized and double-blind, had
a duration of at least 4 weeks, and used risperidone in
schizophrenic patients in a dosage range of 4–8 mg/day or
in a flexible dose regimen. Risperidone was associated
with higher clinical response rates (mean difference
14%; 95% CI = 5.6, 22), less prescribing of anticholiner-
gic drugs (mean difference 18%; CI = 9.4, 26), and fewer
treatment dropouts (mean difference 13%; CI = 9.4, 26).
It was concluded that risperidone was more efficacious
than haloperidol, suggesting both a lower incidence of
extrapyramidal symptoms and improved treatment com-
pliance.
Another meta-analysis has further compared risperidone

and haloperidol (78). Almost all the randomized controlled
clinical trials of risperidone versus haloperidol (number of
studies = 18; number of patients = 3591) used a 20%
improvement on the BPRS and PNSS to define a clinical
response. However, an overall analysis using a 50%
improvement showed that risperidone was better than halo-
peridol (OR = 1.6; 95% CI = 1.4, 1.8). Meta-regression did
not show that the dose of the haloperidol comparator had a
significant effect on positive or negative symptoms. The
authors stated that previous meta-analyses had underesti-
mated the risperidone-comparator difference, because they
included the suboptimal 1 mg or 2 mg dose in their com-
parisons, which were not included in this one. Others have
suggested that the apparent advantage of risperidone in
some trials may be explained by the use of doses of typical
drugs that are less than optimal, leading to poorer toler-
ability and effectiveness (76).
Two other studies have addressed the effects of neuro-

leptic drugs in the treatment of delirium, defined as an
alteration in mental status that is characterized by distur-
bance of consciousness and attention, cognition, and per-
ception for a brief period of time. In 28 patients with
delirium, randomly assigned to a flexible-dose regimen
of haloperidol (mean age 67; n ¼ 12; starting dose
0.75 mg) or risperidone (mean age 66; n ¼ 12; starting
dose 0.5 mg) for 7 days, the response to haloperidol was
75% and to risperidone 42%, although the difference was
not significant, probably owing to the small sample size
and short duration of the study (79). One patient taking
haloperidol had mild akathisia. In the second randomized
study, there was similar clinical improvement with halo-
peridol (mean age 63 years; mean dose 6.5 mg/day; n ¼
45) and olanzapine (mean age 68 years; mean dose
4.5 mg/day; n ¼ 28) over 5 days (80). Among the patients
who received haloperidol, six rated low scores on extra-

pyramidal symptoms; there were no adverse effects attri-
butable to olanzapine.

Risperidone versus pimozide

Risperidone (n = 26, mean dosage 3.8 mg/day) has been
compared with pimozide (n = 24, mean dosage 2.9 mg/
day) in a 12-week, multicenter, double-blind, parallel-
group study in patients with Tourette’s disorder (81).
Tics significantly improved in both groups, as measured
by the Tourette’s Symptom Severity Scale (TSSS) and
there was also significant improvement in scales of
Global Assessment of Functioning and Clinical Global
Impressions, and in symptoms of anxiety and depressive
mood; however, obsessive-compulsive behavior was sig-
nificantly improved only by risperidone. Fewer patients
who took risperidone reported extrapyramidal adverse
effects (n = 4) compared with those who took pimozide
(n = 8), and depression, fatigue, and somnolence were the
most prominent adverse effects in both groups.

Risperidone versus typical drugs

When compared with typical neuroleptic drugs, risperidone
may be more acceptable to those with schizophrenia. It may
also havemarginal benefits in terms of clinical improvement
and its adverse effects profile. The superiority of risperidone
in these respects may have been overestimated, owing to
possible publication bias in favor of risperidone. Any mar-
ginal benefit has to be balanced against the greater cost of
risperidone and its increased tendency to cause other
adverse effects, such as weight gain.

Tiapride versus haloperidol

Tiapride has been assessed for the treatment of agitation
and aggressiveness in elderly patients with cognitive
impairment in a multicenter, double-blind study, in
which patients were randomly allocated to tiapride
100 mg/day (n = 102), haloperidol 2 mg/day (n = 101),
or placebo (n = 103) (82). The percentage of responders
after 21 days, according to the Multidimensional
Observation Scale for Elderly Subjects (MOSES) irrit-
ability/aggressiveness subscale, was significantly greater
in both of the active treatment groups (haloperidol 63%,
tiapride 69%) than in the placebo group (49%). There
were 10 dropouts in the tiapride group, 21 in the haloper-
idol group, and 16 in the placebo group. The number of
patients with at least one extrapyramidal symptom was
significantly smaller with tiapride (16%) than with halo-
peridol (34%) and identical to that with placebo (17%);
there was no significant difference across the groups in
the numbers of patients with endocrinological adverse
events. Four deaths were reported: one with placebo
(stroke), one with tiapride (pneumonia), and two with
haloperidol (stroke and heart failure).

Ziprasidone versus haloperidol

Intramuscular ziprasidone has recently been compared
with intramuscular haloperidol in the treatment of acute
psychosis for a very short period (83). Patients were ran-
domly allocated to intramuscular ziprasidone for up to 3
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days of flexible dosing (n = 90; last oral daily dose 91 mg)
or haloperidol (n = 42; last oral daily dose 14 mg) fol-
lowed by oral treatment to day 7. Mean reductions from
baseline in all efficacy variables were significantly greater
with ziprasidone than with haloperidol at the end of the
study. The percentage of patients who had any adverse
event was lower with ziprasidone (46%) than with halo-
peridol (60%); most of the adverse effects were mild or
moderate. Four patients discontinued ziprasidone owing
to adverse events compared with one in the haloperidol
group.
Both ziprasidone and haloperidol reduced overall psy-

chopathology in 301 schizophrenic outpatients aged 18–64
years who were randomized to flexible-dose oral ziprasi-
done 80–160 mg/day (n = 148) or haloperidol 5–15 mg/
day (n = 153) for 28 weeks in a double-blind, multicenter
study (84). The median duration of treatment was 113
days with ziprasidone and 139 days with haloperidol; the
rates of withdrawal due to insufficient clinical response
were the same in the two groups (18%), but twice as many
patients discontinued haloperidol (16%) as ziprasidone
(8%) because of treatment-related adverse effects; the
percentage of patients in whom any movement disorder
emerged was markedly higher with haloperidol (41%)
than with ziprasidone (15%). Mean changes in body
weight from baseline to end-point were small and similar
with ziprasidone (+0.31 kg) and haloperidol (+0.22 kg).
With regard to electrocardiographic changes, the mean
baseline and endpoint QTc intervals were 398 and 404 ms
with ziprasidone and 389 and 387 ms with haloperidol; no
patient had a QTc interval over 500 ms at any time. It
must be stated that some patients included in the study
had already been taking haloperidol, 26% in the ziprasi-
done group and 25% in the haloperidol group. The study
was funded by Pfizer, the marketing authorization holder
for ziprasidone.
Ziprasidone 160 mg/day is as effective as haloperidol

15 mg/day, and is less likely to cause extrapyramidal
symptoms. Such was the conclusion of a study in which,
after a single-blind washout period of 4–7 days, patients
were randomly assigned to one of four dosages of zipra-
sidone—4 mg/day (n = 19), 10 mg/day (n = 17), 40 mg/
day (n = 17), or 160 mg/day (n = 20)—or haloperidol
15 mg/day (n = 17) for 4 weeks (85). There was less use
of benzatropine at any time during the study with zipra-
sidone 160 mg/day (15%) than with haloperidol (53%).
One patient taking ziprasidone 4 mg/day had confusion
and hyponatremia, and another taking 40 mg/day had
seizures.

Zotepine versus typical drugs

The use of zotepine in short-term trials (4–8 weeks) has
been reviewed (86). Comparisons have been carried out
with haloperidol (three trials; n = 212), chlorpromazine
(two trials; n = 328), perazine (two trials; n = 81), and
tiotixene (one trial; n = 94). In these double-blind trials,
zotepine 150–300 mg/day was as effective as typical neu-
roleptic drugs in controlling the symptoms of schizophre-
nia. The results suggested that zotepine may be effective
in the management of patients with negative symptoms

and in those with treatment-resistant schizophrenia. The
most common adverse effects of zotepine were constipa-
tion, dry mouth, insomnia, sleepiness, weakness, and
weight gain. The incidence of extrapyramidal symptoms
was 8–29%, significantly less than with haloperidol and
chlorpromazine, but there were no differences between
zotepine and some other typical neuroleptic drugs in this
respect. There was an increase in the risk of generalized
seizures with zotepine at dosages over 300 mg/day.

Zotepine versus chlorpromazine

In a trial funded by Knoll Pharmaceuticals, the market
authorization holder, zotepine was compared with chlor-
promazine and placebo (87). Patients with exacerbation
of schizophrenia were randomly allocated to zotepine
150–300 mg/day (n = 53), chlorpromazine 300–600 mg/
day (n = 53), or placebo (n = 53) for 8 weeks. Mean
BPRS scores improved statistically significantly more
with zotepine than chlorpromazine or placebo. During
the study, 14 patients reported extrapyramidal symptoms,
5 taking zotepine, 4 taking chlorpromazine, and 5 taking
placebo. In all, 99 patients (zotepine 43; chlorpromazine
33; placebo 23) reported a total of 257 adverse events
(zotepine 120; chlorpromazine 85; placebo 52) during
the study. The mean weight reduction with placebo
(1.4 kg) was significantly different from the mean weight
gain with zotepine (2.4 kg) and chlorpromazine (1.4 kg).
Two patients (one taking zotepine, one taking chlorpro-
mazine) with suspected myocardial infarction required
hospitalization, but both subsequently recovered.

Zuclopenthixol versus typical drugs

Case series and reviews have suggested superior effective-
ness of zuclopenthixol acetate in the acute management
of disturbed behavior caused by serious mental illness.
However, this seems not to have been supported by the
evidence from an analysis of randomized controlled trials
(88). A meta-analysis of five randomized comparisons of
zuclopenthixol acetate with other neuroleptic drugs in
patients with considerable behavioral disturbance showed
that in all studies there was some improvement in mental
state scores (BPRS; CGI), but none showed statistically
significant differences between zuclopenthixol acetate
and ‘‘standard treatment.’’ In three studies there was
more sedation in those who took zuclopenthixol acetate
than in those allocated to haloperidol. With regard to
adverse effects, the studies were not homogeneous: one
study showed that people who took zuclopenthixol acet-
ate were more likely to need antiparkinsonian drugs
(OR = 6.4; CI = 1.5, 17); other studies did not show any
differences in this particular outcome.

Comparisons of different atypical drugs

There have been systematic reviews from the Cochrane
Collaboration (www.cochrane.org.uk) of head-to-head
comparisons of atypical neuroleptic drugs in non-treat-
ment-resistant schizophrenia.
The benefits of the atypical neuroleptic drugs in

patients with bipolar disorder and the possibility that
risperidone, quetiapine, olanzapine, and clozapine cause

196 Neuroleptic drugs

ª 2009 Elsevier B.V. All rights reserved.



tardive dyskinesia have been studied (89), and there has
been a retrospective comparison of clozapine (5 trials),
risperidone (25 trials), and olanzapine (20 trials) using
data from consecutive treatment trials in the
Massachusetts General Hospital (90). The overall results
suggested equivalent efficacy of the novel neuroleptic
drugs according to changes in Clinical Global
Impressions Scale scores. Extrapyramidal symptoms
occurred in about 29% of cases in all groups. There
were no prolactin-related adverse effects. Substantial
weight gain of more than 4.5 kg was significantly more
frequent in patients taking olanzapine.

Amisulpride versus risperidone

Amisulpride has been compared with risperidone in
patients aged 18–65 years with an acute exacerbation of
schizophrenia who were randomized double-blind to
receive amisulpride 800 mg/day (n = 115) or risperidone
8 mg/day (n = 113) for 8 weeks (91). The two treatments
were equally effective. Antiparkinsonian medication was
begun in 23% of patients taking risperidone and in 30% of
those taking amisulpride. The only notable difference was
that patients taking risperidone had significant weight gain
(1.4 kg) compared with those taking amisulpride (0.4 kg).
In another comparison of amisulpride and risperidone

(n = 228) there were no significant differences in efficacy
or acceptability, with the exception of agitation, which
was more frequent with amisulpride (30).

Dose-ranging studies

In a double-blind, randomized, controlled study, compar-
ison of haloperidol 2 mg/day (n ¼ 20) and 8 mg/day (n ¼
20) in subjects with first-episode psychosis over 6 weeks
the two doses had similar efficacy (92). Two patients
developed dystonic reactions in the low-dose group and
six in the high-dose group; the figures for akathisia were
three and eight respectively; two developed dyskinesia,
both in the high-dose group. Eleven patients did not
complete the study, three in the low-dose group and
eight in the high-dose group. Although the small sample
size precludes firm conclusions, the results of this study
are in accordance with those of a meta-analysis (SEDA-
25, 53).

Clozapine versus olanzapine

Olanzapine and clozapine have been compared in a dou-
ble-blind study by Lilly Research Laboratories for 18
weeks in 220 patients with schizophrenia; conclusions
were based on the one-sided lower 95% confidence limit
of the treatment effect observed from the primary efficacy
variable (Positive and Negative Syndrome Scale (PANSS)
total score) (93). The two drugs were comparably effective
in neuroleptic drug-resistant patients. Significantly fewer
olanzapine-treated patients (4%) withdrew owing to
adverse effects than their clozapine-treated counterparts
(14%). Among spontaneously reported adverse effects,
increased salivation, constipation, dizziness, and nausea
were reported significantly more often by patients taking
clozapine, whereas only dry mouth was reported more
often by patients taking olanzapine.

The efficacy and safety of olanzapine and clozapine
have been studied in an open 12-week study in 18 patients
with Parkinson’s disease and dopaminergic drug-induced
psychosis (94). All the patients who took clozapine (mean
dosage 13 mg/day) completed the study, despite reporting
a number of adverse effects, including somnolence, falls,
orthostatic hypotension, and syncope. In contrast, early
withdrawal was required in three of the nine patients who
took olanzapine, owing to severe gait deterioration and
drowsiness (mean dosage 3.9 mg/day). Psychotic symp-
toms improved in both groups. However, parkinsonism
improved in the clozapine group according to the Cornell
University Rating Scale (with a 20% fall in raw score and
a 7.9% fall in weighted score), while the six patients who
took olanzapine and who finished the study had worse
parkinsonian symptoms (with a 26% worsening in raw
score and a 25% worsening in weighted score).

Clozapine versus risperidone

After a baseline period of treatment with fluphenazine for
a minimum of 2 weeks, 29 patients with chronic schizo-
phrenia participated in a randomized, double-blind, 6-
week comparison of clozapine and risperidone (15).
Clozapine was superior to risperidone for positive symp-
toms and parkinsonian adverse effects. In addition, cloza-
pine produced fewer effects on plasma prolactin than
risperidone. The mean daily doses during week 6 of the
trial were 404 mg of clozapine and 5.9 mg of risperidone.
Clozapine has also been compared with risperidone in

60 treatment-resistant patients with schizophrenia in
India (16). There was clinical improvement (a more than
20% reduction from baseline PANSS scale scores) in 80%
of the clozapine-treated patients and 67% of the risper-
idone-treated patients. The predominant adverse effects
with clozapine (n = 30) were tachycardia (77%), hypersa-
livation (60%), sedation (60%), weight gain (43%), and
constipation (30%); one patient had a seizure. The
adverse effects of risperidone (n = 30) were constipation
(50%), dry mouth (47%), weight gain (43%), akathisia
(37%), insomnia (33%), tachycardia (30%), and impo-
tence (27%). The final mean daily doses after 16 weeks
of treatment were 343 mg for clozapine and 5.8 mg for
risperidone.
Clozapine and risperidone have been compared in 10

patients with psychosis in Parkinson’s disease, who were
randomized to risperidone or clozapine for 12 weeks (95).
The mean improvement in the total BPRS score was 3.0
with clozapine (mean dose 62.5 mg/day) and 6.0 with
risperidone (mean dose 1.2 mg/day). The white blood
cell count fell below 3.0 � 109/l after 10 weeks in one
subject taking clozapine and rose to 5.0 � 109/l after with-
drawal. One subject taking clozapine had a marked
increase in rigidity and incontinence of urine after 4
weeks, and there were similar effects in a patient who
took risperidone for 10 weeks. All three adverse events
resolved on withdrawal.
Clozapine and risperidone have been compared in a

randomized, open study in patients with schizophrenia
for 10 weeks; treatment outcomes were assessed blindly
and 19 patients entered the randomized phase (96). There
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were no significant differences between the groups in
baseline or end-point positive or negative symptoms, dis-
ease severity, or global or social functioning scores, and
patients’ opinion on the two drugs did not differ. These
results have corroborated previous evidence that risper-
idone may be as effective as clozapine, but it is probable
that this study does not have enough power to detect a
difference.
The relation between the anticholinergic effects of clo-

zapine and risperidone and their cognitive adverse effects
has been studied in 22 patients (97). Anticholinergic
potency was indexed by a reduction in the receptor occu-
pancy rates of quinuclidinyl benzylate. Patients who took
clozapine (n = 15) had significantly higher anticholinergic
concentrations than those who took risperidone (n = 7).
However, they all had essentially equivalent scores on
cognitive measures. These data suggest that anticholiner-
gic activity distinguishes clozapine and risperidone in
vivo, but that this effect is not associated with differences
in global cognitive functioning.

Olanzapine versus risperidone

Olanzapine and risperidone seem to be broadly similar,
according to the numbers of patients who respond to
treatment (40% reduction in PANSS scores: n = 339,
RR = 1.14, 95% CI = 0.99, 1.32) (www.cochrane.org.uk).
More of those who took risperidone withdrew early
(n = 404, RR = 1.31, 95% CI = 1.06, 1.60; NNT = 8,
95% CI = 4, 32) and they had more extrapyramidal
adverse effects (n = 339, RR = 1.67, 95% CI = 1.14,
2.46; NNH = 8, 95% CI = 5, 33), although comparative
doses of risperidone were higher than those recom-
mended in practice.
In an open comparison of risperidone and olanzapine

(mean daily doses at follow-up 4.5 and 13.8 mg respectively)
in 42 schizophrenic patients, there was a greater reduction in
psychotic symptoms after 6 months of treatment with risper-
idone, although akathisia was more frequent (98).
A re-analysis of data from a large double-blind com-

parison of olanzapine with risperidone (n = 336) showed
that there were no differences between the two (58).
Olanzapine (n = 172) has been compared with risper-

idone (n = 167) in an international, multicenter, double-
blind, parallel-group, 28-week prospective study in 339
patients who met DSM-IV criteria for schizophrenia, schi-
zophreniform disorder, or schizoaffective disorder (99).
Both olanzapine (starting dosage 15 mg/day) and risper-
idone (starting dosage 1 mg bd) were effective in the
management of psychotic symptoms. However, olanza-
pine had greater efficacy for negative symptoms and over-
all response rate. The most common adverse events were
somnolence, headache, insomnia, rhinitis, depression, and
nausea. Weight gain was reported significantly more often
with olanzapine, whereas nausea, amblyopia, extrapyra-
midal syndrome, increased salivation, attempted suicide,
abnormal ejaculation, back pain, increased creatine
kinase, and urinary tract infection were reported statisti-
cally significantly more often with risperidone. A signifi-
cantly greater proportion of patients taking olanzapine
had raised alanine transaminase activity at any time than

those taking risperidone. Similarly, significantly more
patients taking olanzapine had low neutrophil counts at
any time (olanzapine 4.3%, risperidone 0.6%).
The results of one of the clinical trials in which olanza-

pine (Eli Lilly) was compared with risperidone (Janssen
Pharmaceutica) (SEDA-22, 64) gave rise to a debate
between researchers of the two pharmaceuticals compa-
nies on some of the possible flaws (100–105). Since the
modal dosage over the 28-week trial was 7.2 mg/day, sig-
nificantly higher than that used in actual clinical practice
(average dose 4.6 mg/day), the higher incidence of risper-
idone-associated adverse effects could have been
explained by this dosage difference.
In other studies, outcome variables have been disconti-

nuation, relapse, and compliance (58) or quality of life
(38). A re-analysis of data from two large double-blind
comparisons of olanzapine with haloperidol (n = 1996)
and of olanzapine with risperidone (n = 336) showed
that in patients who had an initial response, there was
no significant difference between olanzapine and haloper-
idol when outcome was measured using either 52-week
relapse rates or the time to first non-compliance; after 12
months, the estimated mean times to discontinuation
were 271 and 241 days respectively (58). There were no
differences between olanzapine and risperidone.
However, while the dose of olanzapine was well within
the recommended range, the dose of haloperidol was too
high (modal doses 13 and 12 mg/day respectively).

The use of neuroleptic drugs in
conditions other than schizophrenia

There is enormous interest in the effectiveness of neuro-
leptic drugs in conditions other than schizophrenia, such
as autism (1) and psychosis in patients with dementia (2).
Neuroleptic medication for treatment of psychosis and
agitation in patients with dementia was generally effec-
tive; in double-blind, placebo-controlled trials; mean
improvement rates were 61% with neuroleptic drugs and
35% with placebo. However, the number of well-designed
studies in this area has been small so far.

Amisulpride

In a randomized, double-blind, multicenter trial for 8
weeks in 278 patients with depression there were no dif-
ferences in efficacy or tolerability between amisulpride
50 mg and SSRIs (106).

Clozapine

Special subgroups of patients can benefit from clozapine
(SEDA 24, 61). Of 10 adolescent inpatients (aged 12–17
years) with severe acute manic or mixed episodes, who
did not improve after treatment with typical drugs and
who were given clozapine (mean dose 143 mg/day), all
responded positively after 15–28 days and adverse effects
(increased appetite, sedation, enuresis, sialorrhea) were
frequent but not severe enough to require reduced
dosages (107). Mean weight gain after 6 months was
7 kg (11%), and neither reduced white cell counts nor
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epileptic seizures were reported during follow-up for 12–
24 months.
In a case series in which clozapine was used as add-on

medication, two patients with bipolar disorder and one with
schizoaffective disorder had marked reductions in affective
symptoms after clozapine had been added to pretreatment
with a mood stabilizer; transient and moderate weight gain
and fatigue were the only adverse effects (108).

Olanzapine

The efficacy and safety of olanzapine in disorders other
than schizophrenia have been studied (SEDA-24, 67)
(SEDA-25, 64) (SEDA-26, 61). In a 3-week, randomized,
double-blind clinical trial, the effects of a flexible dose of
olanzapine (5–20 mg/day) and divalproex (500–2500 mg/
day) for the treatment of patients with acute bipolar
manic or mixed episodes have been compared (109).
The olanzapine treatment group (n = 125) had signifi-
cantly greater mean improvements in mania rating and a
significantly greater proportion of patients achieved pro-
tocol-defined remission. With olanzapine there was sig-
nificantly more weight gain (12 versus 7.9%), dry mouth
(34 versus 6.3%), increased appetite (12 versus 2.4%),
and somnolence (39 versus 21%), while more cases of
nausea (29 versus 10%) were reported with divalproex.
The efficacy of adding olanzapine to either valproate or

lithium alone in acute manic or mixed bipolar episodes
has been studied in a 6-week, double-blind, randomized,
placebo-controlled trial (110). Compared with valproate
or lithium alone, the addition of olanzapine provided
better efficacy. Olanzapine was associated with somno-
lence, dry mouth, weight gain, increased appetite, tremor,
and slurred speech.
Olanzapine, mean dose 5.4 mg/day, has been given to

21 patients with apathy in the absence of depression after
long-term treatment with SSRIs for non-psychotic depres-
sion in an open, flexible-dose study (111). The more fre-
quent adverse effects were sedation (n = 12), increased
appetite (n = 8), stiffness (n = 7), edema (n = 6), and dry
mouth (n = 5).
The medical records of 10 patients with a DSM-IV

diagnostic of cluster B personality disorder (narcissistic
personality disorder) who had received olanzapine 2.5–
20 mg/day for 8 weeks have been reviewed (112). The
mean Social Dysfunction and Aggression Scale score
was 29 for the 8 weeks before olanzapine therapy and
improved to 14 after 8 weeks of treatment. Five of the
ten patients developed severe weight gain.

Perphenazine

Immediately after remission of an episode of mania trea-
ted with perphenazine þ a mood stabilizer (lithium, car-
bamazepine, or valproate), patients were randomly
assigned to 6 months of double-blind treatment in
which, in addition to the mood stabilizer, they received
either continued perphenazine (n ¼ 19) or placebo (n ¼
18) (113). There were no between-group differences in
various important demographic and clinical characteris-
tics. Those given placebo were more likely than those who

continued to take perphenazine to complete the study
(83% versus 47%), to take longer to have a depressive
relapse, to remain in the study for longer, and to have
akinesia, dysphoria, and parkinsonism less often The
authors concluded that to continue a typical neuroleptic
drug after remission from mania for an extended time
may be detrimental for some patients.

Risperidone

Risperidone has been used in bipolar disorder, dementia,
disruptive behavior disorder with subaverage intelligence,
Tourette’s syndrome, and autism (SEDA-23, 69; SEDA-
25, 67; SEDA-26, 64). The efficacy and safety of low doses
of risperidone in the treatment of autism and serious
behavioral problems have been studied in 101 children
aged 5–17 years with autistic disorder accompanied by
severe tantrums, aggression, or self-injurious behavior,
who were randomly assigned to risperidone for 8 weeks
(n = 49; dosage 0.5–3.5 mg/day) or placebo (n = 52)
(SEDA-27,5; 114). Risperidone produced a 57% reduc-
tion in the Irritability Score, compared with a 14% reduc-
tion in the placebo group; all other parameters were also
significantly improved. Risperidone was associated with
an average weight gain of 2.7 kg, compared with 0.8 kg
with placebo; increased appetite, fatigue, drowsiness, diz-
ziness, and drooling were more common with risperidone.
In two-thirds of the children with a positive response to
risperidone at 8 weeks, the benefit was maintained at 6
months.
There is no clear evidence that typical neuroleptic

drugs are effective in the management of the behavioral
and psychological symptoms of dementia, and a systema-
tic review has been conducted to assess the role of atypi-
cal drugs (115). Five good-quality randomized trials (1570
elderly patients with dementia; mean age 82 years), four
evaluating risperidone and one olanzapine, were identi-
fied; all had been sponsored by a pharmaceutical com-
pany. In the short term (6–12 weeks) treatment with
atypical neuroleptic drugs was superior to placebo for
the primary endpoint in only three of the five trials. One
of the studies reported serious adverse events in 9% of
participants taking placebo and in 17% of those taking
risperidone; in the risperidone group, there were six cere-
brovascular adverse events and none in the placebo
group. Despite their short duration, most trials reported
high withdrawal rates in both treatment and placebo
groups. The conclusion was that, although atypical neu-
roleptic drugs are being used with increasing frequency,
limited evidence supports the perception of improved
efficacy and adverse event profiles compared with typical
neuroleptic drugs.

Organs and Systems

Cardiovascular

Of 86 439 patients who had been exposed to neuroleptic
drugs, 59 developed a cardiovascular adverse effect (116).
Among the commonly used neuroleptic drugs, the highest
rate of cardiovascular adverse effects was found for
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clozapine (4.5 cases per 10 000 patients) including a case
of myocarditis. The study was supported by a pharmaceu-
tical company, and since no exposure times were pro-
vided, comparative estimates cannot be calculated.
Neuroleptic drugs can reduce exercise-induced cardiac

output as a result of drug-induced increases in plasma
catecholamine concentrations and concurrent alpha-adre-
noceptor blockade (117). Cardiomyopathy has been
associated with neuroleptic drugs, including clozapine
(118–120).

Hypotension

Neuroleptic drugs with alpha-blocking activity can cause
hypotension. Those of high and intermediate potency,
such as haloperidol and loxitane, have minimal alpha-
blocking effects and should be less likely to cause hypo-
tension, although in one report orthostatic changes (a fall
of 30 mmHg) were reported with these drugs in 27% and
22% of cases respectively (SED-11, 106) (121). An excep-
tion to the relatively safe use of high-potency agents has
been noted in the combination of droperidol with the
narcotic fentanyl, which can cause marked hypotension
(122).
Postural hypotension is particularly hazardous in sus-

ceptible patients, such as the elderly and those with
depleted intravascular volume or reduced cardiovascular
output. The risk of orthostatic hypotension is markedly
increased after parenteral administration. The combina-
tion of alpha-adrenoceptor blockade and sedative effects
may explain the increased risk of falling when taking
neuroleptic drugs (SEDA-12, 52).
Significantly more low blood pressures were documen-

ted by 24-hour ambulatory blood pressure monitoring
compared with typical blood pressure measurement
obtained an average of 3.6 times a day in patients treated
with psychotropic drugs (n = 12), most of which were
neuroleptic drugs (123). This finding may be of clinical
relevance, in view of the potential hemodynamic conse-
quences of hypotension, especially in older patients tak-
ing more than one psychotropic drug.

Cardiac dysrhythmias

Neuroleptic drugs are vagolytic and can increase resting
and exercise heart rates. Cardiac dysrhythmias have been
reported, and include atrial dysrhythmias, ventricular
tachycardia, and ventricular fibrillation. Bradycardia is
unusual. The risk of cardiac dysrhythmias is dose-related
and is increased by pre-existing cardiovascular pathology
(SEDA-2, 48), interactions with other cardiovascular or
psychotropic drugs (particularly the highly anticholinergic
tricyclic antidepressants), increased cardiac sensitivity in
the elderly, hypokalemia, and vigorous exercise.
In elderly people it is advisable to avoid low-potency

neuroleptic drugs, such as thioridazine, which produce
significantly more cardiographic changes than high-
potency agents, such as fluphenazine (124). In any patient
with pre-existing heart disease, a pretreatment electrocar-
diogram with routine follow-up is recommended.

QT interval prolongation due to neuroleptic drugs has
been reviewed (125). It is not a class effect: among cur-
rently available agents, thioridazine and ziprasidone are
associated with the greatest prolongation. Dysrhythmias
are more likely to occur if drug-induced QT prolongation
co-exists with other risk factors, such as individual sus-
ceptibility, congenital long QT syndromes, heart failure,
bradycardia, electrolyte imbalance, overdose of a QT
interval-prolonging drug, female sex, restraint, old age,
hepatic or renal impairment, and slow metabolizer status;
pharmacokinetic or pharmacodynamic interactions can
also increase the risk of dysrhythmias. Prolongation of
the QT interval occurs more often in patients taking
more than 2000 mg of chlorpromazine equivalents daily
(126).
In an open study in 164 patients with schizophrenia of

the effect of several neuroleptic drugs on the QT interval,
the study drugs were given for 21–29 days and three
separate electrocardiograms were obtained after steady
state had been achieved and drug concentrations were at
their maximum (127). The mean changes in the QTc

interval were:

(a) thioridazine 36 ms (95% CI = 31, 41; n = 30);
(b) ziprasidone 20 ms (95% CI = 14, 26; n = 31);
(c) quetiapine 15 ms (95% CI = 9.5, 20; n = 27);
(d) risperidone 12 ms (95% CI = 7.4, 16; n = 20);
(e) olanzapine 6.8 ms (95% CI = 0.8, 13; n = 24);
(f) haloperidol 4.7 ms (95% CI = �2, 11; n = 20).

In a population-based retrospective case-control study
performed in the Integrated Primary Care Information
project, a longitudinal observational database, the use of
neuroleptic drugs, particularly haloperidol, was associated
with a significant increase in the risk of sudden death
(adjusted OR ¼ 5.0; 95% CI ¼ 1.6, 15 for neuroleptic
drugs as a whole; adjusted OR ¼ 5.6; 95% CI ¼ 1.6, 19 for
haloperidol; number of cases and controls 775 and 6297
respectively; mean ages 71 and 69 years respectively)
(128). Sudden death was defined as a natural death due
to cardiac causes heralded by abrupt loss of consciousness
within 1 hour after the onset of acute symptoms or unwit-
nessed, or an unexpected death of someone seen in a
stable medical condition under 24 hours before with no
evidence of a non-cardiac cause. For each case of sudden
death, up to 10 controls were randomly drawn from the
source population matched for age, sex, and practice.
Conflicting results have been found in two crossover

studies with regard to haloperidol-induced QT interval
prolongation. In the first study, QT interval prolongation
was associated with sulpiride but not haloperidol (129).
Eight schizophrenic patients who had been free of medi-
cation for at least 2 weeks took sulpiride 15 mg/kg for 2
weeks and then haloperidol 0.25 mg/kg for another 2
weeks. QTc intervals during sulpiride treatment were sig-
nificantly prolonged by 5.1% and 8.5% compared with
haloperidol and no treatment. Conversely, in the second
study there was a statistically longer mean QTc interval
with haloperidol (422 ms) than placebo (408 ms) 10 hours
after haloperidol or placebo administration (130). The
subjects of this study were 16 healthy volunteers who
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randomly took haloperidol (a single dose of 10 mg) or
placebo during the first study period (4 days) and the
alternative during the second period (4 days). Despite a
statistically significant longer mean half-life of haloperi-
dol (19 versus 13 hours) in poor metabolizers of CYP2D6
than in extensive metabolizers, this exposure change did
not translate into marked changes in the QTc interval.

� A 34-year-old alcoholic man with acute pancreatitis
was given continuous intravenous infusion of haloper-
idol (2 mg/hour) for agitation; after 7 hours he received
a bolus dose of haloperidol 10 mg for worsening agita-
tion and 20 minutes later, QT interval was 560 ms
(420 ms before treatment) (131). He developed tor-
sade de pointes and ventricular fibrillation, which
resolved with electric defibrillation. He was a smoker
and was also taking tiapride and alprazolam for
depression, in addition to pantoprazole, piperazilline
þ tazobactam, paracetamol, and vitamins B1, B6, and
B12.

Mechanism
Torsade de pointes, first described in 1966 by Dessertenne
(132), is a potentially fatal ventricular tachydysrhythmia
with a characteristic pattern of polymorphous QRS com-
plexes, which appear to twist around the isoelectric line. It
is often associated with ventricular extra beats immedi-
ately before the dysrhythmia. Torsade de pointes typically
occurs in the setting of a prolonged QT interval, which
includes depolarization and repolarization times.
Conditions or agents that delay ventricular repolarization,
causing long QT interval syndromes, can trigger the dys-
rhythmia. It has been hypothesized that prolongation of
the QT interval is caused by early after-depolarization,
which in turn may develop in response to abnormal ven-
tricular repolarization (133–135). Evidence linking QT
interval prolongation, potassium channel function, and
torsade de pointes to neuroleptic drugs has been reviewed
(136).
Among the non-cardiac drugs that can cause QT inter-

val prolongation, torsade de pointes, and sudden death
(137) the neuroleptic drugs have particularly been asso-
ciated with conduction disturbances, torsade de pointes
being one of the most worrisome (SED-14, 141; SEDA-
20, 36; SEDA-21, 43; SEDA-22, 45; SEDA-23, 49; (138–
141). Although the role of neuroleptic drugs in sudden
death is controversial (SEDA-18, 47; SEDA-20, 36), and
although there are other non-cardiac causes of this syn-
drome, including asphyxia, convulsions, or hyperpyrexia,
QT interval prolongation and torsade de pointes provide
a plausible mechanism of sudden death.
QTc prolongation has been proposed as a predictor of

sudden death, and psychiatrists are encouraged to per-
form electrocardiograms in patients taking high-dose neu-
roleptic drugs to detect conduction abnormalities,
especially QTc prolongation. It has been suggested that
QTc prolongation in itself is not necessarily an indicator
of the risk of sudden death (142). Instead, QTc dispersion,
the difference between the longest and the shortest QTc

interval on the 12-lead electrocardiogram, is an indication
of more extreme variability in ventricular repolarization,

which could be regarded as a better predictor of the risk
of dysrhythmias.

Epidemiology
Electrocardiographic changes are relatively common during
treatmentwith neuroleptic drugs, but there is a lack of unani-
mity regarding the clinical significance of these findings. The
changes that are generally considered benign and non-speci-
fic are reversible after withdrawal. Potentially more serious
changes include prolongation of the QT interval, depression
of the ST segment, flattened T waves, and the appearance of
U waves. Non-specific T wave changes are commonly seen
during the mid-afternoon, and may be related to the potas-
sium shift and other changes that result after meals, so that a
prebreakfast cardiogram may be more desirable.
The prevalence of QTc prolongation in psychiatric

patients has been estimated, to assess whether it is asso-
ciated with any particular neuroleptic drug (143).
Electrocardiograms were obtained from 101 healthy con-
trol individuals and 495 psychiatric patients (aged 18–74
years) in various inpatient and community settings in
North-East England. Exclusion criteria were atrial fibril-
lation, bundle-branch block, and a change in drug therapy
within the previous 2 weeks (3 months for depot formula-
tions). The threshold for QTc prolongation (456 ms) was
defined as 2 standard deviations above the mean value in
the healthy controls. Values were abnormal in 40 patients.
Significant independent predictors of QTc prolongation in
psychiatric patients after adjustment for potential con-
founding effects were aged over 65 years and the use of
tricyclic antidepressants, droperidol (RR = 6.7; CI = 1.8,
25), or thioridazine (RR = 5.3; CI = 2.0, 14). Increasing
neuroleptic drug dosage was also associated with an
increased risk of QTc prolongation. Abnormal QT disper-
sion or T wave abnormalities were not significantly asso-
ciated with neuroleptic drug treatment. Based on these
results, the authors recommended electrocardiographic
screening, not only in patients taking high doses of any
neuroleptic drug but also in those taking droperidol or
thioridazine, even at low doses. In other studies, dose and
age were similarly found to be predictive factors (126), as
was co-administration of carbamazepine (144).

Susceptibility factors
The susceptibility factors for drug-induced torsade de
pointes are: female sex, hypokalemia, bradycardia, recent
conversion from atrial fibrillation (especially with a QT
interval-prolonging drug), congestive heart failure, digita-
lis therapy, a high drug concentration, baseline QT inter-
val prolongation, subclinical long QT syndrome, ion
channel polymorphisms, and severe hypomagnesemia
(145). Information on the strength of evidence linking
some neuroleptic drugs to torsade de pointes has been
reviewed (146).
Critically ill patients are particularly susceptible to tor-

sade de pointes, owing to various co-morbidities, electro-
lyte disturbance, and many drugs, as a recent case shows
(147).

� A 58-year-old woman with pneumonia and multiple
co-morbidities developed disorientation, hypoxia, and
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respiratory failure. She was given intravenous haloper-
idol 70, 30, 300, 270, and 340 mg on days 1, 2, 3, 4, and 5
respectively; concomitant drugs were intravenous levo-
floxacin 500 mg/day for 14 days, piperacillin þ tazo-
bactam, doxycycline, midazolam, morphine, diltiazem,
enoxaparin, famotidine, metoclopramide, hydroxy-
chloroquine, and transdermal nicotine. On day 5, she
developed non-sustained runs of ventricular tachycar-
dia and torsade de pointes (QT interval 533 ms), which
resolved after haloperidol was withdrawn and magne-
sium sulfate 4 g was given.

The authors of a review identified 45 reports containing
70 cases of torsade de pointes, most associated with neu-
roleptic drugs (148). Female sex, heart disease, hypokale-
mia, high doses of the offending agent, concomitant use of
a QT interval prolonging agent, and a history of long QT
syndrome were identified as susceptibility factors

Management
Adverse effects related to QT interval prolongation can be
prevented by avoiding higher doses and by avoiding the
following patients at risk: those with organic heart disease,
particularly congestive heart failure; those with metabolic
abnormalities (such as hypokalemia and hypomagnesemia);
and thosewith sinusbradycardiaorheart block.Concomitant
administration of drugs that inhibit drug metabolism should
also be avoided, and the potassium concentration should be
controlled. If torsade de pointes is suspected, neuroleptic
drugs must be withdrawn.
Magnesium sulfate 2 g (20 ml of a 10% solution intra-

venously) suppresses torsade de pointes (149). Most
patients report flushing during this injection. A case of
torsade de pointes related to high dose haloperidol and
treated with magnesium has been reported (150).

� A 41-year-old woman, with liver lacerations, rib frac-
tures, and pneumothorax after a motor vehicle acci-
dent, was given haloperidol for agitation on day 7.
During the first 24 hours she received a cumulative
intravenous dose of 15 mg, 70 mg on day 2, 190 mg
on day 3, 160 mg on days 4 and 5, and 320 mg on day 6.
An hour after the first dose of 80 mg on day 7, she had
ventricular extra beats followed by 5-beat and 22-beat
runs of ventricular tachycardia. The rhythm strips were
consistent with polymorphous ventricular tachycardia
or torsade de pointes and the QTc interval was 610 ms
(normally under 450 in women). She received intrave-
nous magnesium sulfate 2 g. Concurrent medications
included enoxaparin, famotidine, magnesium hydro-
xide, ampicillin/sulbactam, nystatin suspension, mida-
zolam, and 0.45% saline with 20 mmol/l of potassium
chloride. She had no further dysrhythmias after halo-
peridol was withdrawn. Eight days after the episode of
torsade de pointes she had a QTc interval of 426 ms.

A thorough review of neuroleptic drugs and QT pro-
longation included some practical observations and sug-
gestions (151):

� there are almost no neuroleptic drugs available that do
not prolong the QT interval;

� thioridazine, mesoridazine, and pimozide should not
be prescribed for patients with known heart disease, a
personal history of syncope, a family history of sudden
death under age 40 years, or congenital long QT syn-
drome;� a baseline electrocardiogram should be obtained in all
patients to determine the QTc interval as well as the
presence of other abnormalities suggesting a cardiac
disorder.

Cardiomyopathy

The relation between neuroleptic drug therapy and myo-
carditis and cardiomyopathy has been examined using the
international database on adverse drug reactions run by
the World Health Organization (152). Myocarditis and
cardiomyopathy were reported rarely as suspected
adverse drug reactions, and accounted for under 0.1%
(n = 2121) of almost 2.5 million reports. The association
of clozapine with those adverse reactions was statistically
significant (231 reports out of 24 730), as was the associa-
tion with ‘‘other antipsychotics’’ (89 of 60 775).

Venous thromboembolism

Typical neuroleptic drugs have been associated with an
increased risk of venous thromboembolism; the mechan-
ism may be related to increased platelet aggregation
(153).
This association was first suggested in the 1950s after

the introduction of the phenothiazines (154). Later, a 7-
fold increase in the risk of idiopathic venous thromboem-
bolism was found among users of conventional neurolep-
tic drugs who were under 60 years of age and had no
major risk factors (155). More recently, a 6-month retro-
spective cohort study of residents of US nursing homes
aged 65 years and over has shown that users of atypical
but not typical neuroleptic drugs had an increased risk of
hospitalization for venous thromboembolism compared
with non-users (156). The adjusted hazard ratio was 2.0
(95% CI ¼ 1.4, 2.8) for risperidone (43 events; 3451
person-years); 1.9 (1.1, 3.3) for olanzapine (15 events;
1279 person-years); and 2.7 (1.1, 6.3) for clozapine and
quetiapine (10 events; 443 person-years); there were 439
events in non-users (50 604 person-years). Since dementia
was much more prevalent among users of atypical neuro-
leptic drugs, confounding by indication was possible; how-
ever, the findings were confirmed after excluding
residents with severe cognitive decline.

Respiratory

Gag and cough reflexes can be suppressed by neuroleptic
drugs (SED-11, 107). Periodic examination of the gag
reflex, particularly in patients with tardive dyskinesia,
has been recommended.
Acute respiratory failure, which can be complicated by

pneumonia, has been reported in psychiatric patients
receiving long-term neuroleptic drugs (SED-11, 107)
(157).
Pulmonary embolism without a primary focus was sur-

prisingly frequent in cases of sudden death.

202 Neuroleptic drugs

ª 2009 Elsevier B.V. All rights reserved.



Aspiration asphyxia in patients treated with neuroleptic
drugs has been described (SEDA-4, 40; SEDA-5, 51), and
it has been suggested that this could have been due to
laryngeal-pharyngeal dystonia (158). Patients with asthma
treated with neuroleptic drugs may be at increased risk of
serious complications of asthma (159).
Diaphragmatic, laryngeal, and glottal dyskinesias have

been described as part of the tardive dyskinesia syndrome
and can cause respiratory complications (160,161).

Nervous system

Information on neurological adverse effects in particular
groups of patients, such as young patients (162) and those
with Alzheimer’s disease (163,164), AIDS (165), or Gilles
de la Tourette syndrome (166), have been published. The
use of neuroleptic drugs in patients with Alzheimer’s dis-
ease is controversial because of the significant adverse
effects profile associated with these drugs. Therefore,
other pharmacological and psychological methods should
be explored before using neuroleptic drugs in dementia.
This was the conclusion of a retrospective study in which
80 patients, 40 with confirmed Alzheimer’s disease and 40
with confirmed Lewy body dementia, were assessed for
neuroleptic drug use and adverse effects (163).
Neuroleptic drugs were used in 15 of the patients with
Alzheimer’s disease and 21 of those with Lewy body
dementia. Only six of the latter (29%) had a definite
severe sensitivity reaction to neuroleptic drugs, which
included cognitive impairment, parkinsonism, drowsiness,
and features of the neuroleptic malignant syndrome. All
the reactions occurred within 2 weeks of new neuroleptic
drug prescription or a dosage change and were associated
with a reduction in survival. Certain motor disturbances,
measured before neuroleptic drug treatment was begun,
could be used to predict the development and severity of
neuroleptic drug-induced parkinsonism in patients with
Alzheimer’s disease treated with very low-dose neurolep-
tic drugs (164). Parkinsonism occurred in 67% of the
patients with Alzheimer’s disease. Pretreatment instru-
mental, but not clinical, measurement of bradykinesia
was a predictor of post-treatment parkinsonism.
The incidence and severity of neurological soft signs

have been assessed in schizophrenic patients taking halo-
peridol (n ¼ 37), risperidone (n ¼ 19), clozapine (n ¼ 34),
and olanzapine (n ¼ 18) (167). There were no significant
differences across the four groups. The authors therefore
suggested that neurological soft signs are independent of
neuroleptic drug treatment. However, the cross-sectional
character of the study, along with the small sample size,
limited this conclusion.

Seizures

Neuroleptic drugs cause slowing of alpha rhythm and
increased synchronization and amplitude with superim-
posed sharp fast activity. They also induce discharge pat-
terns in the electroencephalogram similar to those
associated with epileptic seizures of the tonic-clonic gen-
eralized or focal types (SED-11, 108; 168).

Convulsions associated with typical neuroleptic drugs
are relatively rare (probably less than 1%) (SED-9, 81;
169).
Predisposing factors to neuroleptic drug-induced sei-

zures include an abnormal electroencephalogram, pre-
existing CNS abnormalities, parenteral administration of
high doses, and a family history of seizures or febrile
convulsions (168).
It has been suggested that the less potent sedative

neuroleptic drugs (aliphatic or piperidine phenothiazines)
lower the convulsive threshold more than the potent neu-
roleptic drugs (piperazine phenothiazines) (170).
Variable and unpredictable effects on seizure activity
related to butyrophenones have been reported (171).
An in vitro technique, claimed to assess the relative

risks of neuroleptic drug-induced seizures, was reported
to produce striking differences between neuroleptic drugs
in spike activity in hippocampal slices. Tentatively, molin-
done, pimozide, and butaclamol were the safest com-
pounds, based on these in vitro experiments (172).
However, they are more common with clozapine

(SEDA-22, 57) and are said to occur in 0.9% of patients
taking olanzapine (SEDA-24, 67). Olanzapine has been
reported to cause a lowered seizure threshold (173).

� A 30-year-old man with paranoid psychosis for 5 years
and seizures for 12 years (two generalized seizures a
year) was switched to olanzapine 10 mg/day; he was also
taking zuclopenthixol and valproate. He then had more
frequent seizures, culminating in a generalized tonic-
clonic seizure, which resulted in bilateral humeral head
fractures. There were no metabolic or electrolyte dis-
turbances. An electroencephalogram showed multifocal
generalized epileptiform discharges similar to those
seen with clozapine. They resolved on withdrawal of
olanzapine and reintroduction of zuclopenthixol.

Extrapyramidal effects

Neuroleptic drugs cause several different types of extra-
pyramidal adverse effects:

(a) acute dystonic reactions;
(b) akathisia;
(c) parkinsonism and pseudoparkinsonism;
(d) tardive dyskinesia;
(e) tardive akathisia;
(f) tardive Tourette’s syndrome;
(g) tardive dystonia;
(h) rabbit syndrome.

Except for tardive dyskinesia, the extrapyramidal adverse
effects are largely reversible by giving anticholinergic
drugs and withdrawing or lowering the dosage of the
neuroleptic drug. These effects have been reviewed
(SED-9, 78; SEDA-7, 61; SEDA-16, 40; SEDA-18, 48)
(174).
The dose-response relations for a variety of adverse

effects of neuroleptic drugs have been reviewed (175).
Although the dose-response relations for extrapyramidal
effects are not fully understood, the evidence supports a
dose-related effect. The relation is probably not linear and
is influenced by several factors, but it is reasonable to
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conclude that systematic attempts to use the lowest possi-
ble clinically effective dosage should be strongly encour-
aged. It is possible that there are susceptible patients in
whom tardive dyskinesia can occur at a relatively low
cumulative or average daily dose, while in others increas-
ing doses beyond this range may not lead to a substantially
increased risk. Since in most patients high dosages do not
lead to better therapeutic effects, but are associated with
more frequent and severe adverse effects, the use of the
smallest dosage necessary to produce neuroleptic benefit is
recommended. When sedation is required, the concurrent
use of moderate doses of a neuroleptic drug with a benzo-
diazepine may be preferable to the use of high dosages of a
neuroleptic drug alone.
The CYP2D6 genotype is not a determinant of suscept-

ibility to acute dystonic reactions, but may be a contribu-
tory factor in neuroleptic drug-induced movement
disorders, including tardive dyskinesia (176).
The hypothesis that extrapyramidal adverse effects

result from neurotoxicity due to oxidative damage by neu-
roleptic drugs has been reviewed (SEDA-20, 39; 177).
Patients with AIDS are sensitive to the extrapyramidal

adverse effects of neuroleptic drugs and have evidence of
depletion of dopamine in the cerebrospinal fluid (SEDA-
22, 52). Of 115 consecutive HIV-infected patients, six
developed parkinsonism and three of the cases were pre-
cipitated by the use of neuroleptic drugs (165).
Since the gamut of the clinical pharmacology of tics is

broad, it is often difficult to differentiate tics from other
hyperkinetic movement disorders. Of 373 cases of Gilles
de la Tourette syndrome, 18 had both tics and other
abnormal movements; 12 were secondary to neuroleptic
drug treatment (167). Akathisia was the most common
movement disorder.
In 15 schizophrenic inpatients aged 16–55 years, there

was a 50% probability that a patient would have a tremor
when the plasma concentration of chlorpromazine was
46 ng/ml or more, corresponding to the minimum that has
been associated with a good clinical response (178). The use
of objective accelerometric recordings was said to improve
the accuracy of diagnosis of neuroleptic drug-induced tre-
mor. This conclusion was reached in a study in which
repeated accelerometric recordings showed constant and
regular waveforms and frequencies (4–7 Hz) in each of 14
patients treated with neuroleptic drugs and diagnosed as
having neuroleptic drug-induced tremor (179).
In an Australian psychiatric hospital, a rating of move-

ment disturbances was compared with standardized scales
(the Abnormal Involuntary Movement Scale (AIMS),
Simpson-Angus, and BARS) and the psychiatrists’ clini-
cal assessments of such disturbances in 38 consecutive
patients (180). The patients were taking neuroleptic
drugs and 47% fulfilled the Simpson-Angus criteria for
the presence of parkinsonian symptoms compared with
39% who were rated as having mild, moderate, or severe
parkinsonian symptoms by their psychiatrists. When
BARS was used, 11% of the patients scored some degree
of akathisia versus 17% identified by the psychiatrists.
The corresponding figures for dyskinesia when using
AIMS were 11 versus 14%. In the light of these results,

the authors suggested that standardized measures should
be introduced into routine practice.
Several studies have shown a relation between neuro-

leptic drug dosages, extrapyramidal adverse effects, and
the degree of dopamine D2 receptor occupancy (SEDA-
18, 48) (181,182). Atypical neuroleptic drugs, such as
olanzapine, quetiapine, risperidone, and sertindole,
which have lower affinities for D2 receptors, cause fewer
extrapyramidal effects than typical neuroleptic drugs
(183,185,186). However, there are reports of extrapyrami-
dal effects associated with these atypical neuroleptic
drugs (187–189).
A comprehensive review of neuroleptic drug-induced

abnormal movements focused on older patients (190).
Since there is no effective treatment for patients with
tardive dyskinesia once it develops, attention should be
paid to its prevention and close monitoring. It was con-
firmed that striatal D2 receptor occupancy is an important
mediator of response and adverse effects in neuroleptic
drug treatment (191). In a double-blind study, 22 patients
with first-episode schizophrenia were randomly assigned
to a starting dose of haloperidol 1 or 2.5 mg/day. After 2
weeks, D2 receptor occupancy was determined with raclo-
pride and positron emission tomography; the clinical
response, extrapyramidal adverse effects, and prolactin
concentrations were also measured. The patients had a
wide range of D2 receptor occupancy (38–87%). The like-
lihoods of clinical response, hyperprolactinemia, and
extrapyramidal adverse effects and akathisia increased
significantly as D2 receptor occupancy exceeded 65%,
72%, and 78% respectively. Since 65–70% D2 receptor
occupancy was obtained with haloperidol 2.5 mg/day in
most of the patients, the authors suggested that a dose of
2–3 mg/day should be the optimal starting dose for first-
episode patients, which contrasts with the 10–20 mg/day
reported in other studies.

Patients with catatonic schizophrenia are highly vulner-
able to negative symptoms related to neuroleptic drugs,
according to the results of a study in 1528 schizophrenic
patients, of whom 51 had catatonic schizophrenia (192).
Similarly, patients with frontotemporal lobar degenera-
tion, commonly associated with behavioral disturbances,
may be particularly sensitive to extrapyramidal adverse
effects. This was observed in 100 patients with such
degeneration (193). In 61 patients there were significant
behavioral disturbances; of those, 24 were taking neuro-
leptic drugs and eight of the 24 developed extrapyramidal
adverse effects; the effects were severe in five cases and in
one case resulted in impaired consciousness.
Extrapyramidal symptoms have been identified at

much higher rates in psychotic youths than in comparable
adult populations (194). Subjects who selected because of
prominent positive psychotic symptoms were randomly
assigned to double-blind, parallel treatment with risper-
idone (mean age 15 years; mean dose at termination 4 mg;
n ¼ 19), olanzapine (mean age, 14.6 years; mean dose at
termination, 12.3 mg; n¼ 16) or haloperidol (mean age 15
years; mean dose at termination 5 mg; n ¼ 15) for 8
weeks; in all, 88% of those who took olanzapine, 74% of
those who took risperidone, and 53% of those who took
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haloperidol met the response criteria. A large proportion
of those in each treatment group required low-dose antic-
holinergic drugs to control their extrapyramidal symp-
toms (risperidone 53%; olanzapine 56%; haloperidol
67%). There was significant weight gain in all treatment
groups (mean increases: risperidone 4.9 kg; olanzapine
7.1 kg; haloperidol 3.5 kg). Withdrawals were 47% with
risperidone, 13% with olanzapine, and 47% with haloper-
idol.
In a prospective study, 111 patients with schizophrenia

and schizoaffective disorders were evaluated by means of
a semistructured interview, providing information about
childhood (up to 11 years), early adolescence (12–15
years), late adolescence (16–18 years), and adulthood
(19 years and above) (195). There were no differences in
the incidences of parkinsonism, akathisia, or dystonia
among the three different premorbid functioning groups
(stable good, deteriorating, and chronically poor premor-
bid functioning), but there were differences in tardive
dyskinesia. Moreover, Premorbid Adjustment Scale
scores predicted susceptibility to tardive dyskinesia but
not to other extrapyramidal symptoms. Possible explana-
tions for these findings are that tardive dyskinesia has a
different pathophysiology from other extrapyramidal
symptoms or that there is a more severe illness subtype
characterized by more negative symptoms, which might
account for the observation of or0facial dyskinesias
before medication.
As early as 1989, the World Health Organization

recommended that neuroleptic drugs should be initiated
without routinely adding anticholinergic drugs prophylac-
tically (SEDA-21, 44). However, since anticholinergic
drugs are used in this way in India, a study has been
conducted to investigate whether Indians are more sus-
ceptible to extrapyramidal adverse effects (196). Of 71
consecutive patients who were taking conventional neu-
roleptic drugs and who were repeatedly evaluated over 2
months, 68 had extrapyramidal symptoms while taking 2–
13 mg/day of haloperidol equivalents, the most common
being tremor (49%), cogwheel rigidity (40%), and acute
dystonias (34%). The authors concluded that their find-
ings supported consideration of routine prophylactic use
of antiparkinsonian drugs in this population.
A therapeutic role for nefazodone 100 mg bd has been

suggested in the treatment of neuroleptic drug-induced
extrapyramidal signs, based on the results of a placebo-
controlled, randomized study in 49 patients (197). There
were no differences in akathisia or tardive dyskinesia
between the two groups. However; it should be noted
that nefazodone has been withdrawn in most countries
owing to the risk of severe liver damage.

Acute dystonic reactions
Acute dystonic reactions are dramatic, acute-onset mus-
cular spasms that occur within the first 24–48 hours after
starting therapy, or in a few cases when the dosage is
increased. A circadian pattern of acute dystonic reactions
has been described (198). Men are more susceptible than
women to this reaction, and the young more so than the
elderly (199). Drug-induced dystonia can also be

precipitated by emotional arousal (200,201). The muscles
of the head and neck are mainly affected: opisthotonos,
torticollis, oculogyric crisis, and macroglossia (all of which
can occur together) are dramatic effects relieved by the
use of intramuscular antiparkinsonian or antihistaminic
drugs.

� A man in his late twenties, with a several-year history
of intravenous heroin use, developed diplopia after he
had received single doses of chlorpromazine 100 mg
and ibuprofen 400 mg for anxiety (202). There was no
extraocular muscle paresis and neurological examina-
tion was unremarkable. The diplopia resolved after 6–8
hours.

Temporomandibular joint dislocation has also been
reported (203).
Acute laryngeal dystonia is probably under-reported

but it is potentially lethal and can mimic anaphylaxis
(204). It can occur within hours to days of starting therapy
with neuroleptic drugs and is characterized by sudden
onset of difficulty in breathing and swallowing (SEDA-
22, 51).

� A 26-year-old schizophrenic woman developed throat
pain and dyspnea while taking haloperidol (205).� A 76-year-old man reported difficulty in starting to
swallow after taking haloperidol (6 mg/day), sertraline
(200 mg/day), lithium, and temazepam for 6 weeks for
recurrent depression (206).

� A 28-year-old man with auditory hallucinations was
given haloperidol 5 mg/day, biperiden 4 mg/day and
diazepam 6 mg/day (207). After 9 days, the dose of
haloperidol was increased to 15 mg/day and biperiden
to 6 mg/day. A day later he developed severe extra-
pyramidal signs. The haloperidol was withdrawn and
switched to thioridazine 200 mg/day, which was fol-
lowed by marked improvement. Five months later he
relapsed and the dosage of thioridazine was increased
to 300 mg/day. A month later, 4 hours after taking
thioridazine 800 mg in an attempt to relieve anxiety,
he developed severe respiratory distress; he was grasp-
ing his throat with his hands and his lips were slightly
cyanotic. Laryngeal dystonia was suspected, based on
the clinical presentation and on the previous history.
He was given biperiden lactate 5 mg intramuscularly,
which produced improvement; 10 minutes later he was
given another dose and the dystonia resolved.

� A 35-year-old woman with schizophrenia developed
acute respiratory distress and laryngeal stridor (196).
Neuroleptic drug-induced laryngeal dystonia was diag-
nosed. She was given biperiden lactate 10 mg intra-
muscularly and her symptoms resolved fully within 30
minutes. On the advice of a psychiatrist, and to sedate
her for admission to a psychiatric hospital, her mother
had secretly put 50 drops of haloperidol (10 mg/ml) in
her food 1 hour before the symptoms appeared.

In addition, the authors reviewed 26 previously published
cases of neuroleptic drug-induced laryngeal dystonia.
They suggested that this condition could be the cause of
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unexpected deaths related to neuroleptic drug use. The
differential diagnosis includes acute anaphylaxis, tardive
laryngeal dystonia, airway obstruction, and respiratory
dyskinesia. The diagnosis can be confirmed by laryngo-
scopy, which shows intermittent dystonic movements of
the laryngeal musculature, with no edema.
Anticholinergic drugs appear to be effective and, unlike
benzodiazepines, do not compromise respiration.

A prospective study has identified cocaine as a risk
factor for neuroleptic drug-induced acute dystonia (208).
The study sample consisted of a high-risk group for neu-
roleptic-induced acute dystonia: 29 men aged 17–45 years
who had used high-potency neuroleptic drugs within 24
hour of admission and had not taken neuroleptic drugs in
the last month. Nine men developed acute dystonia: six of
nine cocaine users and three of twenty non-users, a rela-
tive risk of 4.4 (95% CI = 1.4, 14). Cocaine users did not
differ significantly in age, mean daily neuroleptic drug
dose, or peak dose.
A comprehensive review has strongly advocated

immediate intravenous administration of anticholinergic
drugs to relieve acute dystonia.

Akathisia
Akathisia is a variant of the restless legs syndrome asso-
ciated with anxiety and/or dysphoria (SEDA-19, 44)
(SEDA-20, 36) (209–211). It can be confused with an
exacerbation of the disorder being treated. Suicidal ten-
dencies can occur in psychotic patients who developed
neuroleptic-induced akathisia (212). On the other hand,
recent evidence suggests that depressive symptoms may
not be induced or worsened, and may even be reduced, by
prescribing atypical neuroleptic drugs (213–215). Subjects
show various degrees of restlessness and an inability to sit
or stand still; in severe cases, the presentation can merge
with behavioral disorders.
Akathisia has been associated with strong effects of

terror, anger, and extreme anxiety, the most serious com-
plication being a feeling of helplessness or being out of
control, which might lead to suicidal ideation or
attempted suicide. Five reported cases of neuroleptic
drug-induced akathisia and suicidal tendencies in psycho-
tic patients have further emphasized these risks (212).
Doctors ought to pay attention to these symptoms, as
suicidal tendencies disappear when symptoms of akathisia
are relieved. Patients should also be told that akathisia is
a treatable adverse effect of neuroleptic drugs.
Incidence rates of akathisia are reported to be 25–75%.

Most cases occur within the first few days of neuroleptic
drug treatment, and dosage increase has been identified
as a risk factor (216).
Of 23 patients with bipolar affective disorder taking

neuroleptic drugs, 15 developed akathisia and 18 had
parkinsonism during their entire inpatient treatment
(217). The patients initially received high-potency neuro-
leptic drugs (maximum 2000 mg/day of chlorpromazine
equivalents) and were assessed weekly. Akathisia devel-
oped in 44% of the patients with severe headache or
nausea who received prochlorperazine 10 mg intrave-
nously (n = 100) within 1 hour (218). None of the 40

patients receiving other medications, who served as con-
trols, developed akathisia.
Two cases of acute neuroleptic drug-induced akathisia

in patients with traumatic paraplegia have been published
(219). The authors emphasized the possibility of drug-
induced akathisia when patients with traumatic paraple-
gia or other physical disabilities develop increasing rest-
lessness and an inability to sit or lie still.
Akathisia observed at any time, whether treated or not,

has been associated with a poor outcome. Antiparkinsonian
agents are sometimes helpful, beta-blockers often more so
(SEDA-19, 43) (220–222). Low-dosage mianserin has also
been used in the treatment of akathisia (223).
A review of several case reports and three studies relat-

ing to akathisia and violence has been published (224).
Three cases involved homicidal behavior and two suicidal
behavior linked to haloperidol-induced akathisia.

� A 29-year-old man with a sociopathic personality and
transvestism was treated with haloperidol after devel-
oping psychotic symptoms; he developed violent beha-
vior, which consisted of assaulting his dog.� A 47-year-old man with bipolar disorder had haloper-
idol-induced akathisia thought to be associated with an
attack on an emergency room staff member and sub-
sequent destruction of ward property after he had been
admitted as an in-patient.

Among 16 patients with no history of violence, there were
significantly more violent episodes during haloperidol use
than during placebo or chlorpromazine. Also, in a series of
patients admitted to hospital (n ¼ 313), there were higher
scores for akathisia in the violent group. There was also a
non-significant increase in akathisia among 31 physically
aggressive schizophrenics compared with 31 non-aggressive
ones. The authors concluded that clinicians need to differ-
entiate between akathisia manifesting as violence and gen-
eralized psychotic agitation. From the forensic point of view,
aggression associated with neuroleptic drug-induced akathi-
sia is relevant when considering a criminal defendant’s men-
tal state at the time of an alleged crime.

Prevention and treatment

Following the development of akathisia, biperiden 5 mg
was given intravenously to 17 patients and intramuscu-
larly to 6 (225). The mean times to onset of effect were 1.6
and 31 minutes, respectively, and the maximum effects
occurred at 9.2 and 50 minutes. Adverse effects occurred
in six patients after intravenous biperiden (slight or mild
confusion, drowsiness, dizziness, palpitation, and dry
mouth) and in two after intramuscular biperiden (drowsi-
ness and dry mouth).
In 100 adults who were randomly assigned to receive a

3-minute infusion of diphenhydramine or placebo after
receiving intravenous prochlorperazine 10 mg for nausea/
vomiting or headache, akathisia developed in 18 of 50
subjects in the control group and in seven of 50 subjects
in the diphenhydramine group (226). The only
adverse effect of diphenhydramine was sedation.
Diphenhydramine may be effective in akathisia by more
than just an anticholinergic mechanism, since it crosses
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the blood–brain barrier and blocks central alpha-adreno-
ceptors and muscarinic, 5-HT, and H1 histamine recep-
tors. This is claimed to be the first randomized controlled
study of the efficacy of single-dose adjuvant diphenhydra-
mine in preventing intravenous drug-induced akathisia.
Mirtazapine is a tetracyclic antidepressant, similar to

mianserin, and is a potent 5-HT2A/2C receptor antagonist.
It has been successfully used to treat akathisia. In a double-
blind, placebo-controlled study in 26 patients with schizo-
phrenia who were receiving neuroleptic drugs, mirtazapine
15 mg/day for 5 days was associated with less akathisia (227).

� A 28-year-old man with akathisia who was taking halo-
peridol 10 mg/day for schizophrenia complained of leg
restlessness, an inability to sit still, and a constant urge to
move (228). Biperiden (4 mg bd for 5 days) with the
subsequent addition of diazepam (10 mg/day for 3 days)
had no effect. Mirtazapine (15 mg/day for 5 days) pro-
duced substantial relief of the subjective component of
the akathisia, and the abnormal movements disappeared.

Apart from mianserin, other 5-HT2A/2C receptor antago-
nists, such as ritanserin and cyproheptadine, have also
been used to treat akathisia (227).
In one case, severe akathisia was abolished by passive

motion when travelling as a car passenger (229).

� A48-year-oldwomandeveloped akathisia soon after hav-
ing been treated with chlorpromazine 400 mg/day for a
bipolar affective disorder. Although the medication was
changedanumberof timesover thenext 4 years, therewas
no improvement. Fluvoxamine 150 mg/day and fluoxe-
tine 20 mg/day seemed to aggravate the movement dis-
order; neither orphenadrine 200 mg/day nor procyclidine
15 mg/day affected her akathisia; nor did she experience
relief from propranolol up to 320 mg/day. Both the sub-
jective feeling of a need to move and the fidgeting in her
legs were abolished within seconds of the car’s beginning
to move. Other movements (for example rocking in a
chair or using an exercise bike) were ineffective, as were
relaxation techniques and hypnosis.

Since this case emphasizes the importance of sensory
input in akathisia, the authors suggested that the recur-
rent pacing observed in akathisia may be an attempt to
alleviate the condition through sensory stimulation,
rather than through motor activity.
Akathisia has been associated with iron deficiency

(SEDA-17, 49). However, the rationale for iron supple-
mentation in the treatment of akathisia is poor, and there
are potential long-term adverse consequences (SEDA-20,
38). This issue has been addressed in patients with acute
psychotic disorders who received neuroleptic drugs; 33
patients who developed akathisia were compared with
23 who did not (230). Serum iron was similar in the two
groups but ferritin concentrations were significantly lower
in akathisia; nevertheless, iron and ferritin concentrations
were within the reference ranges.

Parkinsonism and pseudoparkinsonism
Parkinsonism or pseudoparkinsonism induced by neurolep-
tic drugs is clinically indistinguishable from postencephalitic

or classical parkinsonism. It begins in the head and neck and
causes loss ofmovement in themuscles, which spreads to the
arms, producing varying degrees of akinesia and rigidity.
Cases of neuroleptic drug-induced parkinsonism with dys-
phagia as one of the main features have been reported
(SEDA-19, 44; 231–233).
The neuroleptic drugs that elicit parkinsonism are

those that bind with higher affinity than dopamine to
D2 receptors, while those that cause little or no parkin-
sonism (clozapine, melperone, quetiapine) bind with
lower affinity (234). Antiparkinsonian drugs are more
often required in patients taking typical neuroleptic
drugs, but they can cause objective and subjective def-
icits (235,236).
Parkinsonism has been studied in special groups,

such as elderly patients (237), patients with bipolar dis-
orders (217), and patients who have received acute med-
ication (218). The incidence of neuroleptic drug-induced
parkinsonism has been examined in 50 older newly medi-
cated psychiatric patients (237). After controlling for
spontaneous parkinsonism with two groups of 15 unme-
dicated patients and 49 healthy elderly individuals, 32%
of the patients, who were taking an average of 43 mg/day
chlorpromazine equivalents of a typical neuroleptic
drug, met strict criteria for neuroleptic drug-induced
parkinsonism.
Different strategies for the treatment of neuroleptic

drug-induced parkinsonism have been reviewed (SEDA-
18, 48) (SEDA-20, 40) (238,239). The WHO has recom-
mended that anticholinergic drugs should not be given
routinely to patients who are starting to take neuroleptic
drugs.
Olanzapine was effective in extinguishing typical neu-

roleptic drug-induced tremor (240).
When the potency and doses of neuroleptic drugs are

considered, atypical neuroleptic drugs are not necessarily
safer than typical neuroleptic drugs in relation to the
development of parkinsonism, according to the results of
a population-based retrospective cohort study in 57 838
adults with dementia aged 66 years and older (241). There
was incident parkinsonism (a new diagnosis of
Parkinson’s disease or the dispensing of an antiparkinso-
nian drug) in 4.3 per 100 person-years of follow-up in
those taking typical neuroleptic drugs (n ¼ 14 198;
adjusted HR ¼ 1.3; 95% CI ¼ 1.0, 1.6), in 3.5 per 100
person-years in those taking atypical neuroleptic drugs (n
¼ 11 571; adjusted HR ¼ 1.0), and in 1.3 per 100 person-
years in a control group taking non-neuroleptic drugs (n
¼ 32 069; adjusted HR ¼ 0.4; 95% CI ¼ 0.3, 0.4). Medium
and high doses of higher-potency typical neuroleptic
drugs accounted for adjusted HRs of 2.2 (95% CI ¼ 1.5,
3.1) and 2.3 (95% CI ¼ 1.4, 3.5) respectively; similarly,
medium and high doses of atypical neuroleptic drugs
accounted for adjusted HRs of 1.3 (95% CI ¼ 0.9, 1.7)
and 2.1 (95% CI ¼ 1.4, 3.0) respectively. The authors
stressed the importance of these findings, given that a
quarter of older adults in the study were given a high-
dose agent. Since risperidone was the most commonly
used atypical drug, the results might not be generalizable
to all atypical drugs. These results are similar to those of a
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meta-analysis in which there was no evidence that atypi-
cal neuroleptic drugs were less likely to produce extra-
pyramidal effects than low-potency conventional
neuroleptic drugs (242).

Tardive dyskinesia

Originally, tardive dyskinesia was described as comprising
spontaneous irregular movements, mainly affecting the
mouth and tongue; chewing, licking, and smacking move-
ments of the tongue and lips were involved, including protru-
sion of the tongue outside the buccal cavity and various
abnormal movements of the tongue within the buccal cavity.
This condition is now also known to include choreoathetoid
movements of the fingers and toes, sometimes associated
with rocking movements, and akathisia; truncal muscles and
respiratory muscles can be involved. Tardive dyskinesia can
affect the neural control of any voluntary muscle (SEDA-22,
50). However, smooth pursuit eye movements were not
related to tardive dyskinesia in patients with schizophrenia
with (n = 40) and without (n = 25) the condition (243).
The tongue protrusion test, that is an inability to main-

tain tongue protrusion, is a measure of severity of tardive
dyskinesia, and is present mainly in advanced cases;
abnormal movements within the buccal cavity occur
over a much wider range of severity, suggesting that
abnormal tongue movements may be more helpful in
the early detection of tardive dyskinesia (244).
There are insufficient data to support the use of drug

holidays in detecting the risk of tardive dyskinesia, but
they may help to diagnose the covert type by unmasking
dyskinesia (245).
When abnormal involuntary movements occur in a

patient taking a neuroleptic drug they are not always an
adverse effect of the drug, but may be, at least partly, an
inherent part of some psychotic illness. Five of forty-nine
neuroleptic-naive patients with a first episode of schizo-
phrenia had spontaneous dyskinesias (246) and they were
found in 5.8% of individuals in 18 population studies
(SED-11, 109) (247). Even higher rates have been
recorded, especially among elderly patients; senile dyski-
nesias in two studies of drug-free elderly subjects
occurred in 9% and 37% of individuals (248,249). There
is also evidence that dyskinetic movements can be a fea-
ture of severe chronic schizophrenia unmodified by neu-
roleptic drugs (SED-11, 109; 246,250–254), which could
mean that neuroleptic drugs merely trigger already latent
dyskinesias in patients with schizophrenia.
Whether certain typical neuroleptic drugs are more

likely than others to cause tardive dyskinesia is unknown
(245), but virtually all typical neuroleptic drugs have been
associated with it (255). Although there is evidence that
atypical neuroleptic drugs are associated with a low risk
(256,257), this needs to be evaluated in more prospective
studies (256,258).

A review of the literature did not support the notion
that neuroleptic drugs with central anticholinergic proper-
ties are particularly likely to cause tardive dyskinesia.
However, anticholinergic antiparkinsonian drugs tend to
produce reversible increases in the severity of dyskinetic
movements, and the authors suggested that antiparkinso-
nian agents can be used as pharmacological probes in the
evaluation of neuroleptic drug-induced movement disor-
ders (259–261).
Discussion about tardive dyskinesia is necessary in the

process of obtaining informed consent to treatment with
neuroleptic drugs (SEDA-15, 46; SEDA-21, 42; SEDA-
21, 45). The effect of education about tardive dyskinesia
has been evaluated in 56 patients taking maintenance
neuroleptic drugs, who completed a questionnaire asses-
sing their knowledge of the condition (262). Education
made patients more knowledgeable at 6 months, but had
no effect on the clinical outcome.
In a consensus meeting the risk of tardive dyskinesia

with typical and atypical neuroleptic drugs was addressed
(263). There is sufficient evidence to conclude that atypical
neuroleptic drugs are less likely to cause tardive dyskinesia
than typical drugs, and that atypical neuroleptic drugs,
apart from clozapine or ziprasidone, should be selected
before typical drugs for patients with a first episode of
schizophrenia or for patients whose history of response to
neuroleptic drugs is not available. However, a meta-analy-
sis has shown that atypical neuroleptic drugs have advan-
tages over typical drugs only in studies in which
haloperidol in relatively high doses was used as the com-
parison drug; when doses of haloperidol were below
12 mg/day, there were no advantages of the newer agents
(35). Furthermore, clinical studies have not shown an
advantage of haloperidol in dosages over 5 mg/day, which
leads to a high occupancy of dopamine D2 receptors, as
demonstrated by positron emission tomography and single-
photon emission computed tomography (186).

� A 48-year-old man with a 25-year history of paranoid
schizophrenia previously treated with neuroleptic
drugs, took thioproperazine 40 mg/day, haloperidol
30 mg/day, penfluridol 20 mg/week, and biperiden
8 mg/day for 10 days, and developed dysphagia, voice
problems, and tremor, which increased progressively
despite dosage reductions (264). He could hardly speak
and often choked on his food. Neuroleptic drug-
induced tardive dystonia was diagnosed, and he was
given biperiden up to 12 mg/day without significant
improvement. Because of a psychotic relapse, olanza-
pine monotherapy 5 mg/day was introduced and
titrated up to 20 mg/day. During the next 20 days
both the dystonia and the psychotic symptoms
improved dramatically; 1 year later he was taking olan-
zapine 15 mg/day and was free of dystonic movements
and other adverse effects.

Incidence
Tardive dyskinesia usually occurs after long-term use of
neuroleptic drugs, but some cases of early onset (less than
1 year) have been reported (SEDA-6, 47; SEDA-7, 61).
The incidence among patients with extrapyramidal effects

DoTS classification (BMJ 2003;327:1222–5)

Dose-relation: collateral effect

Time-course: intermediate or delayed
Susceptibility factors: age; sex
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is 2.32 times higher than among those without, and the
risk could be even higher during the first 2 years of
exposure (265). In a prospective study, the cumulative
incidence of tardive dyskinesia was 5% after 1 year,
10% after 2 years, 15% after 3 years, and 19% after 4
years. The authors suggested that prevalence increases
with increasing duration of neuroleptic drug exposure
and that the increase is linear for at least the first 4–5
years (265). The average incidence rate of tardive dyski-
nesia has been estimated at 0.053 per year and the 5-year
risk was 20% (SEDA-18, 49; 266). In another study, the
cumulative incidence in patients over age 45 years was 26,
52, and 60% after 1, 2, and 3 years, respectively (267).
Figures vary from center to center. In one study, there
was a cumulative incidence of presumptive tardive dyski-
nesia of 6.3% after 1 year, 12% after 2 years, 14% after 3
years, and 18% after 4 years (268). In patients receiving
neuroleptic drugs, the prevalence has been reported as
0.5–65% (269). One reviewer has gone so far as to suggest
that the prevalence of tardive dyskinesia among all
patients taking neuroleptic drugs is so low as not to justify
any alarm (270). No cases of the severe form were found
in a 12-year follow-up study of 99 chronically hospitalized
patients who had received extensive neuroleptic drug
treatment (271). Absence of severe tardive dyskinesia
was reported in a group of Hungarian schizophrenic out-
patients (259). Prevalences of 8.4–39% were reported in
other cross-cultural studies of different ethnic groups
(272–275).
A group of 261 neuroleptic drug-naive patients aged 55

years or over (mean 77 years) were identified at the time
they were starting to take neuroleptic drugs (276). The
length of follow-up was 3–393 (mean 115). weeks; 60
developed dyskinesias. The cumulative incidences were
25%, 34%, and 53% after 1, 2, and 3 years respectively of
cumulative neuroleptic drug treatment. A greater risk of
tardive dyskinesia was associated with a history of elec-
troconvulsive therapy (ECT), higher mean daily and
cumulative neuroleptic drug doses, and the presence of
extrapyramidal signs early in treatment.
Although there are difficulties in establishing a refer-

ence figure for the incidence or prevalence of dyskinesia,
Australian psychiatrists seem to underestimate the pre-
valence of tardive dyskinesia. According to a survey of
139 psychiatrists, 80% estimated the prevalence of ‘‘mild
reversible’’ tardive dyskinesia as being 5% of those trea-
ted with neuroleptic drugs (277).
These wide variations in incidence are perhaps due to

the lack of a precise objective definition of the syndrome.
The availability of standardized rating scales (278) and
research diagnostic criteria represents a significant
advance in resolving these problems (279). A multina-
tional study of tardive dyskinesia in Asians (n = 982)
found that the overall prevalence of tardive dyskinesia
was 17% (range 8.2–22%). There was a significant differ-
ence in tardive dyskinesia prevalence from center to cen-
ter within the same ethnic group. The reasons for such a
difference are unclear. Two studies showed that Afro-
Americans have a greater incidence of tardive dyskinesia
than whites (266,267). However, there is still a lack of

convincing evidence that there are true interethnic differ-
ences in the prevalence of tardive dyskinesia (280,281).
The risk of tardive dyskinesia with typical and atypical

neuroleptic drugs has been addressed in a consensus meet-
ing (263). There is sufficient evidence to conclude that
atypical neuroleptic drugs are less likely to cause tardive
dyskinesia than typical drugs, and that atypical neuroleptic
drugs, apart from clozapine or ziprasidone, should be
selected before typical drugs for patients with a first epi-
sode of schizophrenia or for patients whose history of
response to neuroleptic drugs is not available. However,
a meta-analysis has shown that atypical neuroleptic drugs
have advantages over typical drugs only in studies in which
haloperidol in relatively high doses was used as the com-
parison drug; when doses of haloperidol were below
12 mg/day, there were no advantages of the newer agents
(35). Furthermore, clinical studies have not shown an
advantage of haloperidol in dosages over 5 mg/day,
which leads to a high occupancy of dopamineD2 receptors,
as demonstrated by positron emission tomography and
single-photon emission computed tomography (186).
The prevalence of tardive dyskinesia in a Xhosa popu-

lation in South Africa was within the range reported in
other studies, 29 of 102 patients using typical neuroleptic
drugs (282) (see SEDA-20, 38 for details of the preva-
lences of tardive dyskinesia in different populations). In-
patients and out-patients from different clinics who had
been exposed to typical neuroleptic drugs for at least 6
months and were currently taking an neuroleptic drug
were screened for abnormal movements using the
Abnormal Involuntary Movement Scale; other data were
gathered from the patients and from a chart review. In a
logistic regression model, years of treatment and total
cumulative neuroleptic drug dose were significant predic-
tors of tardive dyskinesia. Subjects with higher total con-
sumption of foods containing antioxidants had lower rates
of tardive dyskinesia; only consumption of onions was
significantly associated with a reduced prevalence of tard-
ive dyskinesia.

Susceptibility factors
Considerable information, although not entirely consis-
tent, is available on predisposing factors (SED-11, 108)
(245,269,283). The condition is apparently more common
in women and the elderly; and elderly women in particu-
lar seem susceptible to a relatively severe form of the
condition (SED-11, 108) (269,284). It has been suggested
that estrogen plays a role (285,286). Here too, however,
the epidemiology has been challenged; not all studies
have confirmed that women are more vulnerable (287),
although the consensus supports this conclusion.
Chronically hospitalized elderly inpatients with schizo-

phrenia (n = 121; mean age 74 years) were rated for
tardive dyskinesia and cognition (288). Subjects with tard-
ive dyskinesia (60%) were older than those without. In
subjects who were taking typical neuroleptic drugs
(n = 119) there was no difference in dosage between
those with and without tardive dyskinesia. Cognitive
scores (Mini-Mental Status Examination) were signifi-
cantly lower in the subjects with tardive dyskinesia
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affecting the orofacial regions. This raises the question of
whether neuroleptic drug-induced brain changes underlie
both the dyskinesia and cognitive impairment or whether
the cognitive impairment represents a degenerative pro-
cess that is itself a vulnerability factor for the emergence
of tardive dyskinesia.
Conversely, tardive dyskinesia is said to be less com-

mon in young than in old patients, and a lower incidence
has been observed in a retrospective chart review in 40
adolescents taking neuroleptic drugs (289). After 2 years,
the figure was 18%; although comparability of those stu-
dies is far from optimal. Average daily dose, non-adher-
ence to therapy, early age of illness, and concomitant use
of antiparkinsonian drugs were associated with increased
susceptibility.
Of 34 schizophrenic children and adolescents followed

after a drug-free period that lasted up to 4 weeks at 2-year
intervals, 17 had either withdrawal dyskinesia or tardive
dyskinesia at some time. Patients who developed dyskine-
sia had greater premorbid impairment and a greater sever-
ity of positive symptoms at baseline, and there was a trend
toward more months of neuroleptic drug exposure.
Negative symptoms of schizophrenia have been asso-

ciated with the severity of orofacial tardive dyskinesia,
and positive symptoms were associated with limb dyski-
nesia (290).
In a retrospective study in a psychiatric hospital in

Curaçao, Netherlands Antilles, 133 Afro-Caribbean inpa-
tients (mean age 52 years), with no organic disorders and
a history of current use of neuroleptic drugs for at least 3
months, were assessed for tardive dyskinesia (291). The
prevalence was 36%. When the number of interruptions
to neuroleptic drug therapy was split into up to two and
more than two, the resulting adjusted odds ratio was 3.29
(95% CI = 1.27, 8.49). Thus, the number of interruptions
turned out to be the second risk factor after age.
Cumulative dosages of neuroleptic or anticholinergic
drugs were not risk factors.
Another factor that increases the risk of tardive dyski-

nesia is prolonged treatment with neuroleptic drugs (287).
This has been supported by the preliminary results of a
prospective study, but there are conflicting results
(245,283); one outpatient study showed that the duration
of treatment with neuroleptic drugs did not explain the
differences in severity of tardive dyskinesia (284).
However, dose may be important; one study showed
that while age, sex, diagnosis, and race had no significant
effects on presumptive tardive dyskinesia, it was pre-
dicted by greater neuroleptic drug exposure: each
increase in neuroleptic drug dose of 100 mg chlorproma-
zine equivalents resulted in a 6% increase in the hazard of
presumptive tardive dyskinesia (268). Furthermore, a
positive correlation between tardive dyskinesia and circu-
lating neuroleptic drug concentrations has been reported
(292); however, in one study there was no significant
difference in serum concentrations of thioridazine, its
metabolites, or radio-receptor activity between patients
with and without tardive dyskinesia (293). Histories of
more and longer drug-free periods were more common
in moderate and severe tardive dyskinesia than in mild

forms (294). There was a positive association between
neuroleptic drug-free periods and persistent tardive dys-
kinesia (295).
In one study, previous neuroleptic drug use at study

entry was the only significant predictor of tardive dyski-
nesia (296). Psychiatric outpatients aged over 45 years,
who had taken neuroleptic drugs for 0–30 days (n = 176),
were compared with 131 who had taken neuroleptic drugs
for more than 30 days. The cumulative incidences of
tardive dyskinesia were 23% and 37% at the end of 12
months. In the patients who had never used neuroleptic
drugs before (n = 87), the mean cumulative incidence of
tardive dyskinesia after the use of typical neuroleptic
drugs (median dose 68 mg/day of chlorpromazine equiva-
lents) was 3.4% at baseline and 5.9% at 1 and 3 months.
The relation between handedness and tardive dyskine-

sia has been studied. The estimated rate ratio, comparing
left-handers and mixed-handers with purehanders,
adjusted for confounders, was 0.25. The handedness effect
was stronger for men than for women (297).
There are various other possible risk factors, for exam-

ple diabetes mellitus (SEDA-16, 47) (298), organicity,
affective disorder, and a history of ECT or alcohol
abuse (299).

Mechanism
Pharmacogenetic assessments of neuroleptic drug-
induced tardive dyskinesia have been reviewed (300).
The dopamine D3 receptor (DRD3) gene has a single
nucleotide polymorphism that results in a serine to gly-
cine amino acid substitution (Ser9Gly) in the N terminal
and gives rise to allelic differences in dopamine affinity;
autosomal inheritance of two polymorphic Ser9Gly
alleles (2–2 genotype), but not homozygosity for the
wild-type allele (1–1 genotype), was a susceptibility factor
(301). The severity of tardive dyskinesia was greater in
homozygotes for the glycine variant of DRD3 than in
serine/serine homozygotes or serine/glycine heterozy-
gotes.
Another polymorphism has been identified in intron 1

of the CYP1A2 gene; similarly, there is an association
between the severity of tardive dyskinesia and one of
the corresponding genotypes. It is said that CYP1A2
may be important in neuroleptic drug metabolism after
CYP2D6 saturation during long-term treatment.
The hypothesis of oxidative damage to striatal neurons

mediated by neuroleptic drug enhancement of glutama-
tergic neurotransmission has been tested in a case-control
study (302). Several markers of excitatory neurotransmis-
sion (N-acetylaspartylglutamate, N-acetylaspartate,
aspartate, and glutamate) and of oxidative damage
(superoxide dismutase, protein carbonyl content, and
lipid hydroperoxides) were measured in the CSF of
patients with schizophrenia who had taken neuroleptic
drugs chronically, and who had (n = 11) or had not
(n = 9) developed tardive dyskinesia. There was an
inverse correlation between CSF concentrations of aspar-
tate and superoxide dismutase activity in tardive dyskine-
sia, what suggests a causative relation between enhanced
excitatory amino acid neurotransmission and the
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oxidative damage associated with tardive dyskinesia.
Another plausible model for the development of tardive
dyskinesia is that lower activity of superoxide dismutase
renders the striatal neurons more vulnerable to excitatory
neurotransmission that is exacerbated by neuroleptic
drugs, as shown in a subgroup of patients with schizophre-
nia.
There are conflicting results on the possible relation

between plasma iron concentrations and movement dis-
orders (SEDA-19, 45). A significant correlation between
serum ferritin concentrations and the severity of chor-
eoathetoid movements has been observed (303). All 30
subjects had a minimum lifetime cumulative exposure to
typical neuroleptic drugs of 3 years. Nevertheless, and as
was stated by the authors, it is unclear whether higher
body iron stores exacerbate the symptoms of tardive dys-
kinesia or predispose to its development.

Reversibility
The rate of reversibility of tardive dyskinesia after drug
withdrawal is 0–90% (269). Since patients with tardive
dyskinesia rarely have subjective complaints (304), peri-
odic assessment of dyskinetic movements is essential in
making an early diagnosis and can increase the chance of
reversing the disorder. Some reports are relatively
encouraging regarding reversibility (305,306); the charac-
teristics of reversible and irreversible forms have been
reviewed, but no firm conclusion can be drawn (307).
However, the prognosis of tardive dyskinesia was better
in patients treated for a shorter duration and in those
treated with lower doses (308).

Prevention and treatment
In dealing with the whole problem of dyskinesia, the pre-
eminent role of prevention must be emphasized (299),
particularly because treatment is so unrewarding.
Various agents have been studied, including agonists
and antagonists at various CNS neurotransmitters, and
newer dopamine receptor antagonists, which supposedly
act only at dopamine D2 receptors (sites that are not
linked to adenyl cyclase). The few supposedly positive
results that have been claimed for a number of drugs
must be interpreted with great caution (SEDA-18, 49)
(309).
Treatment of tardive dyskinesia is often unsatisfactory,

especially in severe cases. A large number of treatments
have been proposed (SEDA-20, 40), including antiparkin-
sonian drugs, benzodiazepines, baclofen, hormones, cal-
cium channel blockers, valproate, propranolol, opiates,
cyproheptadine, tryptophan, lithium, manganese, niacin,
botulinum toxin, ECT, dietary control, and biofeedback
training. In an open study, 20 patients (mean age 65 years)
with severe unresponsive tardive dyskinesia (mean dura-
tion 44 months, mean exposure 52 months) were treated
with tetrabenazine (mean dose 58 mg/day) (310). The
mean score on the AIMS motor subset, determined
from videotapes, improved by 54%. Sedation was the
only subjective complaint.

Abnormal lipid peroxidation and low lipid-corrected
plasma concentrations of vitamin E are associated with
tardive dyskinesia (311).Vitamin E has therefore been
used for its antioxidant properties (SEDA-21, 47) (312–
315). A meta-analysis has summarized eight double-blind,
placebo-controlled studies of vitamin E in the treatment
of tardive dyskinesia in 221 patients (316). Overall, vita-
min E had a better effect than placebo; 28% of those who
took vitamin E had a 33% or greater reduction in AIMS
scores, compared with only 4.6% in the placebo arm. The
number of patients included in any study was very small,
never more than 28. The rationale for using vitamin E and
for finding a better indicator of vitamin E deficiency has
been explored (311). Since much of the vitamin E in
plasma is carried in the low-density lipoprotein fraction,
relating vitamin E content to the sum of cholesterol and
triglycerides in the plasma could produce a high degree of
specificity and sensitivity in defining vitamin E deficiency.
Patients with tardive dyskinesia had lower concentrations
of lipid-corrected vitamin E. However, the authors
admitted that the lower concentration of vitamin E
could have resulted from, predisposed to, or served as a
marker of the susceptibility to tardive dyskinesia. The
possible involvement of free radicals and treatment with
vitamin E has been extensively reviewed (317). A further
study has concluded that the addition of vitamin E to
neuroleptic drug medication at the start of treatment
can reduce the severity of acute neuroleptic drug-induced
parkinsonism (318). This has been observed by comparing
two groups of randomly allocated patients treated with
neuroleptic drugs (n = 20) or with neuroleptic drugs plus
vitamin E 600 IU/day (n = 19). From days 0–14, there was
a mean reduction in SARS scores of 10% in those treated
with vitamin E versus an increase of 78% in the compar-
ison group. More recently, vitamin E (alpha-tocopherol),
with its antioxidant properties, has been reported to be
effective.
A beneficial effect of pyridoxine has been reported

(319).

� A 22-year-old man with chronic organic persecutory
paranoid ideation and recurrent explosive attacks had
received neuroleptic drugs since the age of 7. While
taking haloperidol, up to 25 mg/day, and trihexypheni-
dyl, up to 4 mg/day, he developed involuntary move-
ments that were diagnosed as tardive dyskinesia:
blinking, movements of the forehead and eyebrows,
tongue-thrusting, licking of the lips, smacking, and
chewing. He scored 27 on items 1–7 of the AIMS. He
began to take pyridoxine, 200 mg/day, and after 5 days
had a drastic reduction in the severity of all his move-
ment disorders.� A 41-year-old man had dramatic relief from tardive
dyskinesia and akathisia with high-dose piracetam
(320).

Reserpine has been used with apparent improvement in
symptoms, but deterioration followed withdrawal (321),
and reserpine has also been reported to cause the condi-
tion.
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A double-blind study of propranolol showed short-term
improvement, and two of four subjects responded to long-
term propranolol (322); unfortunately this study has not
been replicated.
Tetrahydroisoxazoylpyridinol (THIP), an analogue of

gamma-aminobutyricacid (GABA),which is aGABArecep-
tor antagonist, produced no change in tardive dyskinesia, in
either a dose-finding study or a 4-week placebo-controlled
study, but pre-existing parkinsonism increased significantly
and eye-blinking rates fell (323); these are preliminary find-
ings, more than a decade old, and hard to interpret.

Tardive akathisia
Akathisia can occur relatively early, within days or weeks,
but sometimes occurs later. A 1986 review (324) considered
24 cases of tardive akathisia seen over a long period; in three
of these the condition had appeared after only 1 or 2 months
of neuroleptic drug therapy, but the remainder had been
treated for at least 1 year, and seven had been treated with
neuroleptic drugs for at least 5 years. Whereas tardive dyski-
nesiamost often starts in thebucco-oral regionandextends to
the fingers and occasionally to the lower limbs and trunk,
tardive akathisia most often affects the legs or is described as
a generalized sensation throughout the limbs and trunk.
Moreover, while a reduction in dosage can induce a tempor-
aryworsening ofmasked tardive dyskinesia and an increased
dosage an improvement, the effects of dosage changes on
akathisia are less certain.

Tardive Tourette’s syndrome
There have been at least seven published cases of
Tourette’s syndrome ascribed to neuroleptic drugs and
emerging either during treatment or after withdrawal.
Some authors believe that a tardive Tourette-like syn-
drome may be a subtype of the more frequent tardive
dyskinesia, because it can be masked by an increase in
neuroleptic drug dosage and exacerbated by withdrawal.
However, the symptoms can readily be confused with
exacerbation of the underlying psychosis; misdiagnosis
of the condition, at least in some of the published case
reports, cannot be completely ruled out.

Tardive dystonia
Tardive dystonia is a rare, late-onset, persistent dystonia
associated with neuroleptic drugs, which usually affects
young men. It tends to affect the muscles of the neck,
shoulder girdle, and trunk, causing opisthotonos.
Sometimes, patients can become incapacitated (325,226).
The incidence is 1–2% (327). Once developed, it is a very
persistent disorder, with a low remission rate of only 14%;
withdrawal of neuroleptic drugs increases the chances of
remission.
Tardive dystonia has sometimes been thought to be a

subtype of tardive dyskinesia (SED-13, 123). However,
some features of this condition are clearly different from
those of tardive dyskinesia (SEDA-20, 41). The diagnosis
of tardive dystonia should meet the following criteria: (a)
the presence of chronic dystonia; (b) a history of neuro-
leptic drug treatment preceding (less than 2 months) or

concurrent with the onset of dystonia; and (c) exclusion of
known causes of secondary dystonia (328).
Tardive dystonia developed at any time between 4 days

and 23 years after exposure to a neuroleptic drug in 107
patients who fulfilled these diagnostic criteria (329).
Although the majority had a focal onset involving the
craniocervical region, tardive dystonia tended to spread
over the next 1–2 years and resulted in segmental or
generalized dystonia in most cases.
Pleurothotonus (Pisa syndrome) is a special form of tard-

ive dystonia that involves tonic flexion of the trunk to one
side accompanied by slight backward rotation, in the
absence of other dystonic symptoms. However, it can also
occur immediately after the administration of neuroleptic
drugs (SED-13, 123). Nine of twenty patients (mean age 40
years) who developed Pisa syndrome while taking neuro-
leptic drugs (mean duration 12 years) improved within 3
weeks of treatment with trihexyphenidyl 12 mg/day (330).
Reduction or withdrawal of the daily dose of the neuroleptic
drugs was beneficial to the remaining patients.
Antecollis is a rare form of tardive dystonia, in which

there is forward bending of the neck (331). Patients with
this disorder are usually quite disabled and distressed,
have severe difficulties with vision, speech, swallowing,
and inspiratory obstruction, and are unable to lie supine.
In three reported cases (331), the patients developed the
symptoms after receiving a number of neuroleptic drugs
for 4 months to 14 years. Neither withdrawal of neurolep-
tic drugs nor the administration of anticholinergic agents
affected their symptoms.
The differential diagnosis includes idiopathic torsion dys-

tonia, parkinsonism, idiopathic torticollis, Huntington’s dis-
ease, Wilson’s disease, and Meige’s syndrome
(blepharospasm, oromandibular dystonia). A retrospective
evaluation of the records of patients with idiopathic cervical
dystonias (n = 82) and tardive cervical dystonias (n = 20)
has been performed, in a search for clinical features that
could help separate these closely related disorders (332).
Despite the overall similarity, the presence of a dystonic
head tremor was strongly suggestive of the idiopathic form,
which was present in 42% and did not occur at all in the
tardive group. A family history of dystonia (10%) was also
exclusive to the idiopathic group.
A thorough and extensive review has addressed the treat-

ment of tardive dystonia (333). For patients taking typical
neuroleptic drugs, a switch to clozapine is suggested, or, if
clozapine is contraindicated, to risperidone, olanzapine, or
sertindole. Other alternatives are anticholinergic drugs, par-
ticularly trihexyphenidyl, benzodiazepines, tetrabenazine,
reserpine, tocopherol, bromocriptine, and (in children and
adolescents) baclofen. Local injection of botulinum toxin,
which blocks acetylcholine release at the neuromuscular
junction, is effective in the treatment of focal dystonias
(SEDA-19, 45) (SEDA-22, 52). The therapeutic effects of
botulinum toxin last on average for 2–6 months. In one
study, botulinum toxin injections produced symptomatic
relief, but benzodiazepines were associated with a poorer
outcome, probably because of reverse causality, since non-
remitting patients were more likely to use benzodiazepines
as a second-line treatment (329). In another study there
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were no differences in responses to injections of botulinum
toxin in patients with tardive oromandibular dystonia
(n = 24) or idiopathic oromandibular dystonia (n = 92)
(334). Surgical treatment, such as local denervation myect-
omy, thalamotomy, and pallidotomy, and deep brain stimu-
lation can be considered only for patients with disabling
dystonia and in those in whommedical treatment has failed
to provide improvement. The successful treatment of tard-
ive dystonia with low-dose levodopa plus benserazide, 50/
12.5 mg tds, has been reported (335).
About 50% of patients with tardive dystonia have ret-

rocollis; if the trunk is involved, most of the patients have
back-arching opisthotonos. Five such patients experi-
enced relief with a custom-made mechanical device that
delivers constant contact to the occiput and shoulders
(336).
Misinterpretation of symptoms has led to ineffective

management of dystonia (337).

� A 14-year-old boy with Tourette’s syndrome developed
withdrawal dystonia while being treated with pimozide
12 mg/day. Increased blinking, facial pain, dystonic
movements, and other facial movements at each dose
reduction pointed toward withdrawal dystonia rather
than toward a worsening of Tourette’s syndrome.

Rabbit syndrome
Rabbit syndrome is a late-onset extrapyramidal adverse
effect associated with neuroleptic drugs. It is character-
ized by a rapid tremor of the lips and occasionally the jaw.
The movements usually respond well to antiparkinsonian
agents and withdrawal of neuroleptic drugs. It has been
suggested that the rabbit syndrome is the clinical converse
of tardive dyskinesia (338).

Neuroleptic malignant syndrome

The neuroleptic malignant syndrome (SEDA-11, 47)
(SEDA-14, 50) (339,340) is a rare but potentially fatal dis-
order characterized bymuscle rigidity, hyperthermia, altered
consciousness, and autonomic dysfunction (341). Severe
rigiditymayexplain the increasedbody temperature, because
of heat generated by the muscles, and it may contribute to a
rise in serum creatine kinase activity, reflecting a risk of
myoglobinuria and acute renal insufficiency. Hyperthermia
can lead to dehydration and electrolyte imbalance, leaving
the patient exposed to infections and other consequences.
Patients with neuroleptic malignant syndrome are more
likely to be agitated or dehydrated before the syndrome
develops, they often need restraint or seclusion, and they
have often received larger doses of neuroleptic drugs soon
after hospitalization. Previous treatment with ECT increases
vulnerability (342).

This description applies to most of the cases reported
since 1960, but the syndrome is still poorly defined and
overlaps to some extent with lethal catatonia, neurolep-
tic drug-induced hyperpyrexia, and sudden death due to
cardiac dysrhythmias. Similar symptoms have also been
reported in non-schizophrenic patients after exposure to
dopamine-depleting drugs (343) and after withdrawal of
indirect dopamine receptor agonists (344). There is no
consensus about the boundaries, causes, or management
of the syndrome (SEDA-18, 50; 345,346). Neuroleptic
malignant syndrome without pyrexia has been reported
(SEDA-19, 4; 347). The syndrome shares clinical fea-
tures with malignant hyperthermia, which is genetically
acquired, but there does not appear to be a
common pathophysiological link between the two
(SED-11, 111).
The occurrence of neuroleptic malignant syndrome in a

patient with cancer after the use of haloperidol has given rise
to some comments: (a) clinical oncologists are not familiar
with the neuroleptic malignant syndrome; (b) neuroleptic
malignant syndrome is difficult to diagnose, because its pre-
sentation resembles that of cancer itself, and sometimesother
treatment-related complications (348).
There have been reports of neuroleptic malignant syn-

drome precipitated by promethazine 100 mg/day to treat
neuroleptic drug-induced extrapyramidal symptoms and
lorazepam 6 mg/day to treat agitation (349), after the
addition of intramuscular haloperidol 23 mg to atypical
neuroleptic drugs (350), and in other instances in children
and adolescents (351).
Cases of neuroleptic malignant syndrome with different

features have been published (352–356).

� A 21-year-old woman had bilateral dislocations after
being struck by an automobile (352). Postoperatively,
she had signs of delirium and agitated behavior, and
was given haloperidol 3–5 mg intravenously or intra-
muscularly and lorazepam 2 mg intravenously. Her
general muscular tone increased during the next sev-
eral days, leading to spontaneous dislocations/subluxa-
tions of multiple joints; there was mild hyperthermia
(38.4� C), a raised neutrophil count (12 � 109/l) in the
absence of an identifiable source of infection, and a
raised creatine kinase activity (361 U/l; reference range
0–150). Neuroleptic malignant syndrome was diag-
nosed. Haloperidol and droperidol were withdrawn,
and she was given dantrolene sodium 1 mg/kg orally
every 8 hours for 14 days. Within 24 hours her tem-
perature had fallen and during the next week her spas-
ticity progressively improved.

In two other cases there were features of neuroleptic malig-
nant syndrome within 10 days of autotransplantation, with
rapid improvement after withdrawal of the neuroleptic drugs
(353). Since neuroleptic drugs are often used during trans-
plantation, it is important to recognize that the use of these
drugs in concert with the physiological stress of the operation
can result in this drug-related complication. In two other
cases of neuroleptic malignant syndrome, computerized
tomography showed evidence of cerebral edema, which is
claimed not to have been reported before (354).

DoTS classification (BMJ 2003; 327:1222–5)

Dose-relation: toxic effect

Time-course: intermediate or delayed
Susceptibility factors: high doses or intravenous administra-

tion; psychiatric disorders; dehydration; postpartum
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Acute renal insufficiency has been reported as a severe
complication of neuroleptic malignant syndrome (SED-
13, 124) (SEDA-21, 49), and a patient who developed
severe hyponatremia and progressed to neuroleptic
malignant syndrome, myoglobinuria, and acute renal
insufficiency deserves attention (355).

� A 42-year-old man with a history of paranoid schizophre-
nia developed confusion and vomiting. His medications
included buspirone and tiotixene. He also had a general-
ized seizure that resolved spontaneously. His serum
sodium concentrationwas 114 mmol/l, whichwas thought
to be secondary to psychogenic polydipsia and which was
corrected. The next day his temperature rose to 40� Cand
the day after that he became lethargic and non-verbal and
developed generalized muscle rigidity. A diagnosis of
probable neuroleptic malignant syndrome was made,
and he was given dantrolene sodium 1 mg/kg intrave-
nously; neuroleptic drugs were withdrawn. The serum
creatine kinase activity was over 234 500 U/l. Urinalysis
showedmore than 3 g/l of protein, a trace of ketones, and
hemoglobin and leukocytes. By the following day, his
muscle rigidity and fever had resolved and his mental
status had markedly improved.

Two patients developed non-convulsive status epilepticus
and neuroleptic malignant syndrome (356). Whether this
constitutes one syndrome or merely the co-existence of
the two is academic, because it makes no difference to
therapy.
The syndrome is reported most often in young men. It

can occur suddenly days or weeks after initiating or inten-
sifying drug therapy, and usually lasts 5–10 days after
withdrawal. Although it is unusual, the syndrome can
occur while neuroleptic drug dosage is being reduced
(SEDA-19, 46).
The prevalence has been suggested as being less than

1% (357), but the precise frequency is unknown, and a
trend toward fewer reports in recent years suggests that
factors such as the use of lower dosages of neuroleptic
drugs may be important. In a 1986 review it was argued
that the neuroleptic malignant syndrome represents a
heterogeneous group of neuroleptic drug-induced extra-
pyramidal syndromes with concurrent fever, and the exis-
tence of neuroleptic malignant syndrome as a discrete
syndrome was questioned (358).
There is no consistent evidence that any one neurolep-

tic drug or class of drugs is more or less likely to produce
the syndrome. It has been reported with atypical neuro-
leptic drugs, such as clozapine (359–365) and risperidone
(366–371), although less often than with typical neurolep-
tic drugs. Neuroleptic malignant syndrome attributed to
clozapine (19 cases) and risperidone (13 cases) has been
reviewed (372). However, relatively more cases have been
associated with high-potency neuroleptic drugs, and the
course of the syndrome may be particularly prolonged
and difficult to treat when depot forms of these drugs
have been used. The authors of one review found insuffi-
cient evidence to support the concept of an atypical neu-
roleptic malignant syndrome with novel neuroleptic drugs
(372).

Mechanism
It has been suggested that neurotransmitter abnormalities
other than reduced dopaminergic function may be
responsible for the neuroleptic malignant syndrome, in
the light of three cases in which the syndrome occurred
after neuroleptic drug administration during benzodiaze-
pine withdrawal (373). Benzodiazepines potentiate
GABA transmission and their long-term use is associated
with a compensatory reduction in GABA activity; since
nigral dopaminergic neurons are modulated through the
action of GABAergic projection neurons, reduced
GABA could facilitate the occurrence of the syndrome.

Susceptibility factors
Susceptibility factors that have been proposed for the
development of neuroleptic malignant syndrome include
a history of prior episodes of neuroleptic malignant syn-
drome, the use of high potency drugs, rapid escalation in
dosage or parenteral administration of neuroleptic drugs,
dehydration, agitation, catatonia, and certain conditions,
including mood disorders, schizophrenia, and mental dis-
orders due to medical conditions (SEDA-22, 52). Acute
encephalitis has been suggested to be another susceptibil-
ity factor (374). It has been reported in five patients who
developed neuroleptic malignant syndrome after being
treated with neuroleptic drugs for the psychiatric symp-
toms associated with encephalitis. HIV encephalitis has in
particular been associated with neuroleptic malignant
syndrome (SEDA-19, 47).
The postpartum period is said to be a susceptibility

factor for neuroleptic malignant syndrome. During 30
months, 11 cases of neuroleptic malignant syndrome
were detected in a university general hospital in India
(375). Five patients were women and in three the onset
was in the postpartum period. One was taking a small
dose of oral chlorpromazine (20 mg). In contrast, agita-
tion and ECT, which have been proposed as susceptibility
factors (SEDA-22, 52), have been questioned as indepen-
dent susceptibility factors (376,377). Since catatonia was
mentioned without reporting the number of affected
patients, the authors suggested that some of the agitated
patients would actually correspond to catatonic patients.
However, catatonia was present before the onset of neu-
roleptic malignant syndrome in only one subject from the
neuroleptic malignant syndrome group (378). On the
other hand, ECT remains, at best, an association that
possibly flags the characteristics of the primary psychia-
tric disorder that prompted the treatment.
Malignant catatonia associated with a low serum iron

concentration carries a high risk of evolving into neuro-
leptic malignant syndrome, going by the results of a retro-
spective study, in which 39 catatonic episodes in patients
with low (n = 17) or normal (n = 22) serum iron concen-
trations were compared (379). All had been exposed to
neuroleptic drugs. Hypoferremia has previously been
related to the neuroleptic malignant syndrome.
Susceptibility factors that have been proposed for the

development of neuroleptic malignant syndrome include,
among others, a history of prior episodes (SEDA-22, 52).
A case report has further illustrated that possibility (380).
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� A 19-year-old man with bipolar disorder received
intramuscular haloperidol 30 mg/day and chlorproma-
zine 300 mg/day and developed neuroleptic malignant
syndrome; the neuroleptic drugs were withdrawn. One
month later he had a recurrence. It transpired that he
had discontinued his medication 2 weeks after dis-
charge, but because his manic symptoms recurred his
relatives had started to give him haloperidol 10 mg/day
again, which led to the recurrence.

A case-control study in a psychiatric institution has
shown an association between different susceptibility fac-
tors and the appearance of neuroleptic malignant syn-
drome (381). In a multivariate analysis of 15 patients
who developed the reaction (cases) and 45 patients who
did not (controls), increasing doses of neuroleptic drugs
were significantly associated with an increased risk of
neuroleptic malignant syndrome (OR ¼ 44), which is in
accordance with the results of other case-control studies
(SEDA-22, 52). Intramuscular administration, but not
environmental higher temperatures, was also a significant
risk factor (OR ¼ 36). There were no deaths. Caution is
recommended in the use of intramuscular neuroleptic
drugs and the use of rapidly increasing high doses, parti-
cularly in mentally retarded or agitated patients.

Prevention
Precautionary measures seem to reduce the risk of defi-
nite neuroleptic malignant syndrome in schizophrenia in-
patients treated with typical neuroleptic drugs, according
to the results of a study in which a group of consecutive
drug-free in-patients with schizophrenia, who received
various typical neuroleptic drugs for 28 days, were com-
pared with a historical group of 192 similarly treated
patients but in whom such precautionary measures were
not adopted (382); the study group had a significantly
lower incidence of definite neuroleptic malignant syn-
drome (1/657 versus 4/192). The protocol of measures
included strict monitoring of signs that often precede
neuroleptic malignant syndrome (i.e. altered level of con-
sciousness, raised serum creatine kinase activity, white
blood cell count, and body temperature, and altered auto-
nomic function).

Treatment
Early recognition and prompt treatment of the neurolep-
tic malignant syndrome, in particular immediate recogni-
tion of new rigidity, may be the best means of arresting its
progress and preventing further complications (345). If
there is fever, although other possible causes should be
investigated, there should be no delay in instituting
appropriate treatment, and in particular anticholinergic
treatment of severe rigidity. There is no proven specific
treatment, but immediate withdrawal of neuroleptic drugs
is essential, followed by supportive therapy and intensive
monitoring of respiratory, renal, and cardiac function.
Anticholinergic drugs are often used, but when the tem-
perature exceeds 101� F, they can exacerbate fever, and
other treatments may be preferred. It should be remem-
bered that the simultaneous withdrawal of neuroleptic
and anticholinergic drugs can exacerbate extrapyramidal

features and that anticholinergic drugs should if possible
be continued for 1 week after the withdrawal of the
neuroleptic drug. Carbamazepine (383), amantadine
(384), and bromocriptine (385) have been successfully
used as empirical treatments in isolated cases. However,
dopamine receptor agonists are preferred when the tem-
perature exceeds 101–103� F, and muscle contraction can
be further alleviated with dantrolene or benzodiazepines
(386). Botulinum toxin was used for preventing muscle
contractions in one case (387).
Dantrolene may be effective in reducing muscle rigidity

in neuroleptic malignant syndrome (388,389) (SEDA-20,
42), but a reliable regimen has not been established (390).

� A 39-year-old man receiving haloperidol 4 mg and
trihexyphenidyl 2 mg for schizophrenia developed a
fever of over 40� C and clouding of consciousness 19
days after the start of medication. Neuroleptic malig-
nant syndrome was suspected and dantrolene 40–
80 mg/day was given intravenously for 5 days, with no
improvement; disseminated intravascular coagulation
and acute renal insufficiency developed. Dantrolene
200 mg was given intravenously over 10 minutes. One
hour later, his temperature fell to 38.4� C. Continuous
intravenous infusion of dantrolene 400 mg/day was
started in combination with oral bromocriptine
15 mg/day. Dantrolene was changed to the oral route
after 14 days and was withdrawn after 28 days.

Six cases successfully treated with ECT have been
reported (391,392).
Five patients had residual catatonia after withdrawal;

two recovered gradually with supportive treatment (393).
Three patients were treated with ECT; two had an initial
positive response, but one died later of intercurrent pneu-
monia; the third did not respond.
After resolution of symptoms, neuroleptic drugs can be

reintroduced safely in most patients (394). In all cases the
lowest effective dose of neuroleptic drug should be used,
along with anticholinergic therapy or thioridazine, which
has anticholinergic effects.
It is said that the risk of recurrence on re-exposure to

neuroleptic drugs (about 15–30%) can be minimized by
delaying rechallenge by 2 weeks or by using a neuroleptic
drug of an alternative class.

Meige’s syndrome

Meige’s syndrome is characterized by blepharospasm and
spasm of the lower facial or oromandibular muscles (395).

� A 52-year-old woman developed Meige’s syndrome 2
days after the appearance of akathisia. She had taken
neuroleptic drugs for years, but her current medication
had been changed to bromperidol 18 mg/day and tri-
hexyphenidyl (benzhexol) 6 mg/day; 2 days later she
developed akathisia. Oral perphenazine 12 mg and tri-
hexyphenidyl 6 mg dose-dependently reduced the fre-
quency of blepharospasm; the dosages of bromperidol
and trihexyphenidyl were gradually reduced to 8 mg/
day and 3 mg/day respectively over 3 months, by which
time her symptoms had completely disappeared.
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Sleep

Oversedation and/or drowsiness is the most common
adverse effect of neuroleptic drugs. However, most
patients develop tolerance to this effect. Patients with
Alzheimer’s disease, as well as having impaired cognitive
function and a change in personality, have a tendency to
develop sleep–wake cycle disturbances that may be aggra-
vated by classical neuroleptic drugs.

� Haloperidol was given to a 54-year-old patient with
dementia; 10 days later, the circadian rest–activity
cycle began to disintegrate and there was total dys-
rhythmicity for over 2 months; deterioration was pro-
gressive (396). Because of extrapyramidal symptoms,
haloperidol 40 mg/day was changed to clozapine
50 mg/day and treatment with donepezil was begun.
Two weeks later there was sudden and rapid normal-
ization of the rest-activity cycle, started by an apparent
shift of wake-up time to earlier each day, until it
attained a new stable timing; orientation and memory
also improved.

Other neurological effects

Myasthenia gravis caused by neuroleptic drugs has been
reported (SED-11, 110). Such cases may be due to impair-
ment of neuromuscular transmission.
Different degrees of frontal atrophy have been

observed in 31 psychotic patients who had taken neuro-
leptic drugs for 5 years (397). All underwent computed
tomography when they were drug-naive and 5 years later.
Logistic regression analysis identified neuroleptic drugs as
having a significant impact on the development of frontal
atrophy, and the estimated risk of atrophy increased by
6.4% for each additional 10 mg of chlorpromazine
equivalents.

Sensory systems

Various neuroleptic drugs, particularly low-dose phe-
nothiazines and thioxanthenes, commonly cause blurred
vision secondary to their anticholinergic activity. This is
primarily a nuisance, except in the rare patient with
closed-angle glaucoma.
Of more concern are two distinct types of adverse

effects in the eye, which can be produced by various
neuroleptic drugs: lenticular and corneal deposits, catar-
act, and pigmentary retinopathy (174,398,399). Deposits
in the lens or cornea probably result from deposition of
melanin-drug complexes and are best detected by slit-
lamp examination. These deposits are probably dose-
and time-related, since they generally occur only after
years of treatment. Fortunately, they are in large part
benign and reversible, but if undetected they can progress
to interfere with vision. They are most often reported
with chlorpromazine or thioridazine and can occur in
association with pigmentary changes in the skin. Non-
phenothiazines appear to have minimal propensity to
cause oculocutaneous reactions and may be preferred
when these problems have occurred during treatment
with a phenothiazine (SED-11, 113), although the patient
should still be closely monitored.

� A 46-year-old schizophrenic patient, who had taken
chlorpromazine 200 mg/day for 9 years and then
400 mg/day for 7 years, developed ocular pigmentation
(400).

The interesting thing about this report was its striking
photographs, in which multiple, small, dark pigment
deposits in the conjunctiva were seen; in addition, the
cornea had multiple, small, discrete, yellowish specks,
and both lenses had anterior capsular opacities.
Various rarer ocular effects have been reported, includ-

ing oculomotor palsies, transient myopia, optic atrophy,
blue-green blindness, and night-blindness. For a long time
it has been suspected that neuroleptic drugs may increase
the risk of cataract (399).
A further case of cataract has been reported (401).

� A 50-year-old woman with schizophrenia had a 1-year
history of gradual deterioration of vision in both eyes.
For several years she had been taking chlorpromazine
300 mg/day, trifluoperazine 10 mg/day, and trihexy-
phenidyl 4 mg/day. Slit lamp examination showed
fine, discrete, brown refractile deposits on the corneal
endothelium in both eyes, and characteristic bilateral
stellate cataracts with dense, dust-like brown-yellow
granular deposits were noted along the suture lines in
the anterior pole of the lens and obscured the visual
axis.

Psychological, psychiatric

Although neuroleptic drugs are relatively effective in
treating psychiatric symptoms, their mental adverse
effects can impair the quality of life of some individuals.
The effects of newer neuroleptic drugs on cognitive func-
tioning and the implications for functional outcome have
been summarized and methodological and conceptional
issues addressed (402).
In 44 stable schizophrenic outpatients, a significant

proportion of the variance was explained by a combina-
tion of protracted duration of illness and dysphoric sub-
jective responses to neuroleptic drugs (403). In terms of
the individual items on the Negative Subjective Response
subscale, only the statement ‘‘I feel weird, like a zombie
on medication’’ was associated with statistically signifi-
cant differences in quality of life. Patients who agreed
with this statement (n = 10) had a significantly poorer
quality of life than those who disagreed (n = 34).
Related to this possible impairment of the quality of life
is the observation, in 45 patients with chronic schizophre-
nia, that neuroleptic drugs playing a role in the develop-
ment of depressive symptoms and negative symptoms
(214). Duration of treatment correlated positively with
the depressive and the negative symptoms.
Notwithstanding this finding, the differentiation

between disease-related and neuroleptic drug-induced
negative symptoms, such as flat affect, can be especially
difficult in some patients. To investigate the interactions
among psychomotor performance, negative symptoms,
and neuroleptic drug effects, dopamine D2 receptor avail-
ability (measured by the binding of 123I-iodobenzamide)
psychopathology, and psychomotor reaction time have
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been assessed in eight drug-free and eight neuroleptic
drug-treated patients with schizophrenia (404). Negative
symptoms increased in the patients taking neuroleptic
drugs compared with drug-free patients and correlated
positively with neuroleptic blockade of dopamine D2/D3

receptors. Furthermore, parkinsonism correlated with a
flat affect and psychomotor retardation. There were some
limitations to this observational study: the sample size was
small; different neuroleptic drugs were used, including
risperidone (in seven patients), which may not behave in
the same way than others neuroleptic drug owing to its
antagonistic effect on 5-HT2 receptors, although it has
been observed that dopamine D2 receptor occupancy
and extrapyramidal adverse effects with risperidone do
not differ significantly from those observed with tradi-
tional neuroleptic drugs; and the duration of disease was
longer in the patients who took neuroleptic drugs.

Psychiatric abnormalities

Neuroleptic drugs can cause a depression-like syndrome.
This should be differentiated from neuroleptic-induced
akinesia. Long-acting drugs have been particularly impli-
cated (SED-11, 107) (174). However, a double-blind, pla-
cebo-controlled, randomized study of long-acting
neuroleptic drugs did not support this conclusion (405).
Toxic delirium caused by neuroleptic drugs with potent

anticholinergic properties has been widely reported
(SED-11, 107), and has been reported with low-dose clo-
zapine (406).
Obsessive-compulsive symptoms have been described

with both typical neuroleptic drugs (for example chlor-
promazine) and atypical drugs (for example clozapine and
risperidone) (SEDA-19, 51; SEDA-20, 47; 407,410).
Other uncommon effects include psychotic exacerba-

tion, catatonia-like states, and Klüver–Bucy-like syn-
drome (SED-9, 81; SEDA-7, 67; 174).
Dysphoria is said to be an under-recognized adverse

effect of neuroleptic drugs; it encompasses a variety of
unpleasant subjective changes in arousal, mood, thinking,
and motivation, which occur early during treatment and
typically manifest as a dislike for the medication. The
authors of a thorough review have suggested that dys-
phoria that persists over time can lead to adverse conse-
quences, such as treatment non-adherence, substance
abuse, a poor clinical outcome, increased suicidality, and
compromised quality of life (408). The authors of another
review recommended explicitly asking about dysphoria
and observing its outcome in order to improve adherence
(409); their estimate was that a mean of 30% of treated
patients have dysphoria.

Cognitive effects

The effects of atypical neuroleptic drugs on cognitive
functioning and the implications for functional outcome
have been summarized and methodological and concep-
tional issues addressed (402).
Cognitive function is reduced in schizophrenia, and

neuroleptic drugs can cause further impairment
(411,412). However, the extent to which they do so is

disputed. In one study, the more anticholinergic drugs
impaired short-term verbal memory (SEDA-18, 48)
(413). Another study showed that patients with schizo-
phrenia who took neuroleptic drugs had superior infor-
mation processing compared with unmedicated patients
with schizophrenia; the authors claimed that neuroleptic
drugs probably do not cause, and may actually reverse,
slow information processing in patients with schizophre-
nia (414). However, a substantial number of patients with
schizophrenia declare that neuroleptic drugs slow their
thinking, cause them to forget, and remove interest and
motivation. These responses to neuroleptic drugs are
claimed to be dysphoric and are often associated with
drug-induced extrapyramidal symptoms, particularly
akathisia (415). Akinesia can also contribute to feelings
of apathy and diminished spontaneity, and can be difficult
to distinguish from the negative symptoms of schizophre-
nia or the psychomotor retardation of post-psychotic
depression (416).
Visuomotor testing has been performed in 76 patients

with schizophrenia or a schizophreniform disorder receiv-
ing haloperidol (n = 23; mean dose 10 mg/day), olanza-
pine (n = 26; 10.6 mg/day), or risperidone (n = 27;
4.4 mg/day) (412). Cognitive function was better in
patients receiving risperidone or olanzapine compared
with those receiving haloperidol; patients receiving halo-
peridol or risperidone had more severe extrapyramidal
signs than those receiving olanzapine. The authors con-
cluded that the benefits on cognitive functioning had
resulted from a direct effect and were not related to
reduced extrapyramidal effects. However, the patients
receiving haloperidol were older and had a longer dura-
tion of illness than those receiving olanzapine or risper-
idone; this precludes any firm conclusions.
A comparison between haloperidol (n = 25) and atypi-

cal neuroleptic drugs (clozapine, n = 24; olanzapine,
n = 26; risperidone, n = 26) has been conducted in
patients with treatment-resistant schizophrenia in a 14-
week, randomized, double-blind trial (417). Global neu-
rocognitive function improved significantly with olanza-
pine and risperidone, by about 8–9 ‘‘IQ-equivalent’’
points. According to the authors, the finding was not
mediated by changes in symptoms, adverse effects, or
blood drug concentrations. In the haloperidol group,
higher blood concentrations were associated with less
improvement in motor function.
In another study, there was a small but significant

negative correlation between the dosages of typical neu-
roleptic drugs and ‘‘mental functioning’’ when the data
were controlled for psychopathology; this correlation was
also seen for risperidone and clozapine, but there were no
significant differences between patients taking low or high
dosages of atypical agents. The authors pointed out that
the dosage range in patients taking atypical agents was
rather narrow and it is possible that higher doses of aty-
pical neuroleptic drugs may give different results (418).
In 207 schizophrenic patients who answered the short

form of a questionnaire entitled ‘‘Subjective Well-Being
under Neuroleptic Treatment’’ (SWN-S), those taking
risperidone (n = 26) and olanzapine (n = 40) took part
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in a study with random assignment after a washout period
of at least 3 days, whereas patients taking typical neuro-
leptic drugs (n = 106; predominantly haloperidol and flu-
penthixol) were assessed during treatment (419).

Endocrine

The effects of neuroleptic drugs on menstrual status and
the relation between menstrual status and neuroleptic
drug efficacy and adverse effects have been explored
(420). In contrast to prior reports (SEDA-18, 50), there
was not a high prevalence of menstrual irregularities or
amenorrhea in 27 premenopausal women with chronic
schizophrenia treated with typical neuroleptic drugs.

Prolactin

Neuroendocrine effects of neuroleptic drugs include a rise
in growth hormone, inappropriate ADH and prolactin
secretion, and disturbances of sex hormones (SEDA-7,
67). Galactorrhea (SEDA-20, 43) and gynecomastia can
follow the rise in prolactin.
A correlation between serum concentrations of neuro-

leptic drugs and prolactin has been claimed (421,422).
However, no further rise in plasma prolactin concentra-

tion was observed with higher dosages of haloperidol
(over 100 mg/day), which was explained as being related
to saturation of the pituitary dopamine receptors by a
modest amount of haloperidol (422). A low prolactin
concentration during maintenance neuroleptic drug treat-
ment predicted relapse after withdrawal, and it was sug-
gested that serum prolactin concentration may be helpful
in monitoring treatment (423). Hirsutism, amenorrhea,
and a false-positive pregnancy test associated with neuro-
leptic treatment have also been reported (SED-11, 111)
(420,424).
The effects of haloperidol and quetiapine on serum

prolactin concentrations have been compared in 35
patients with schizophrenia after a 2-week washout per-
iod in a randomized study (425). There was no signifi-
cant difference in prolactin concentration between the
groups at the start of the study, although prolactin con-
centrations were significantly lower with quetiapine than
haloperidol. After 6 weeks, the mean prolactin concen-
tration was significantly increased in those taking halo-
peridol but not in those taking quetiapine. Two patients
taking haloperidol had galactorrhea related to hyperpro-
lactinemia.
There is concern that neuroleptic drugs may increase

the risk of breast cancer because of raised prolactin con-
centrations. For a long time, findings did not confirm this
association (426), but a Danish cohort study of 6152
patients showed a slight increase in the risk of breast
cancer among schizophrenic women (427).
In eight patients receiving neuroleptic drugs, serum

prolactin concentrations were grossly raised (428). The
time-course of the prolactin increase was examined in 17
subjects whose prolactin concentrations rose during the
first 6–9 days of treatment with haloperidol (429). The
increase was followed by a plateau that persisted, with
minor fluctuations, throughout the 18 days of observation.

Patients whose prolactin concentrations increased above
77 ng/ml (n = 2) had hypothyroidism, and it is known that
TRH (thyrotropin) stimulates the release of prolactin
(430). It was concluded that all patients should have had
TSH determinations at the start of therapy with neuro-
leptic drugs.
Sex differences in hormone concentrations have been

investigated in 47 patients (21 men and 26 women) with
schizophrenia or related psychoses who were using differ-
ent neuroleptic drugs (431). The median daily dose and
the median body weight-adjusted daily dose were twice as
high in men as in women. However, neuroleptic drug-
induced hyperprolactinemia was more frequent and
occurred at a lower daily dose in women. The growth
hormone concentration was normal in all patients.
Some patients who take clozapine take another neuro-

leptic drug, and the consequences of this practice in terms
of prolactin have been studied in five patients (437). After
the addition of haloperidol (4 mg/day) to clozapine the
mean prolactin concentration increased from 9.7 ng/ml to
16 ng/ml at week 4 and 19 ng/ml at week 6. Each subject
had an increase in the percentage of D2 receptor
occupancy, and the group mean increased from 55% at
baseline to 79% at week 4; the increased prolactin
concentrations correlated with receptor occupancy.
The effects of haloperidol and quetiapine on serum

prolactin concentrations have been compared in 35 schi-
zophrenic patients after a 2-week washout period in a
randomized study (425). There was no significant differ-
ence in prolactin concentration between the groups at the
start of the study, although prolactin concentrations were
significantly lower with quetiapine than haloperidol.
After 6 weeks, the mean prolactin concentration was sig-
nificantly increased in those taking haloperidol but not in
those taking quetiapine. Two patients taking haloperidol
had galactorrhea related to hyperprolactinemia.
Hyperprolactinemia with osteopenia has been attribu-

ted to haloperidol (432).

� A 58-year-old schizophrenic woman who had taken
haloperidol decanoate 125 mg every 2 weeks had a
mildly raised prolactin concentration (505 mIU/l;
upper limit of the reference range 450 mIU/liter).
Dual X-ray absorptiometry showed osteopenia in her
spine and hips. She began taking alendronic acid 5 mg/
day and absorptiometry at 1 year showed that her spine
and hip had improved by 7% and 9%, although her
prolactin concentrations remained mildly raised.

In 55 patients who had been taking neuroleptic drugs for
more than 10 years, higher doses of medication were
associated with increased rates of both hyperprolactine-
mia and bone mineral density loss, as shown by dual
X-ray absortiometry of their lumbar and hip bones (433).
Three women, aged 61, 53, and 21 years, developed

delusions of pregnancy while taking risperidone; their
blood prolactin concentrations were 49, 78, and 52 ng/
ml, respectively (reference range 2–26) (434).
The relation between prolactin concentrations and

osteoporosis has been studied by measuring prolactin
concentrations and lumbar spine and hip bone mineral
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densities in women with schizophrenia taking so-called
‘‘prolactin-raising neuroleptic drugs’’ (n ¼ 26; mean treat-
ment duration, 8.4 years) or olanzapine (n ¼ 12; mean
treatment duration, 6.3 years) (435). Prolactin concentra-
tions were 1692 IU/l and 446 IU/l respectively (reference
range 50–350 IU/l). Hyperprolactinemia was associated
with low bone mineral density: 95% of women with either
osteopenia or osteoporosis had hyperprolactinemia,
whereas only 11% of those with normal prolactin concen-
trations had abnormal bone mineral density.
The relation between neuroleptic drug-induced hyper-

prolactinemia and hypoestrogenism has been studied in
75 women with schizophrenia (436). Serum estradiol con-
centrations were generally reduced during the entire men-
strual cycle compared with reference values. There was
hypoestrogenism, defined as serum estradiol concentra-
tions below 30 pg/ml in the follicular phase and below 100
pg/ml in the periovulatory phase, in about 60%.

Inappropriate ADH secretion

Polyuria and polydipsia have long been associated with
schizophrenia, and neuroleptic drugs appear to aggravate
these symptoms, sometimes with an accompanying syn-
drome of inappropriate ADH secretion. However, water
retention and edema occur very rarely during treatment
with neuroleptic drugs. Water intoxication has been
reported during treatment with thioridazine and may be
due to its pronounced anticholinergic properties and/or
direct stimulation of the hypothalamic thirst center (438).

Metabolism

The charts of 94 long-term inpatients have been reviewed
retrospectively to examine the changes in weight, fasting
glucose, and fasting lipids in those taking either risperi-
done (n = 47) or olanzapine (n = 47) (441). The patients
had increased weight, triglycerides, and cholesterol, and
the changes were significantly higher with olanzapine;
olanzapine but not risperidone considerably increased
glucose concentrations. One case of new-onset diabetes
mellitus occurred in a patient taking olanzapine.

Lipid concentrations

The effects of neuroleptic drugs on serum lipids in adults
have been reviewed (439). Haloperidol and the atypical
neuroleptic drugs ziprasidone, risperidone, and aripipra-
zole, are associated with lower risks of hyperlipidemia,
whereas chlorpromazine, thioridazine, and the atypical
drugs quetiapine, olanzapine, and clozapine are asso-
ciated with higher risks. Treatment of the metabolic dis-
turbances caused by neuroleptic drugs has also been
reviewed (440).
In a cross-sectional study in 44 men, olanzapine had a

worse metabolic risk profile than risperidone (444). The
men (mean age 29 years) took olanzapine (n = 22; mean
duration 18 months; mean dose 13 mg/day) or risperidone
(n = 22; mean duration 17 months; mean dose 2.8 mg/
day). Those who took olanzapine had significantly higher
plasma triglyceride concentrations, significantly higher
very low density lipoprotein cholesterol concentrations,
a trend to a lower HDL cholesterol concentration, and a

trend to a higher cholesterol/HDL cholesterol ratio.
Despite similar mean body weights (olanzapine 84 kg
versus risperidone 81 kg), 32% of those who took olanza-
pine were characterized by the atherogenic metabolic
triad (hyperinsulinemia and raised apolipoprotein B and
small-density LDL concentrations) compared with only
5% of those who took risperidone.

Diabetes mellitus

Neuroleptic drugs, particularly atypical ones, have been
associated with adverse effects on glucose regulation,
including diabetes (SEDA-27, 53), and new-onset dia-
betes mellitus in such patients is of particular concern,
owing to the associated cardiovascular morbidity and the
difficulty in managing diabetes in psychiatric patients.
Soon after the first neuroleptic drugs were used, associa-
tions with weight gain and diabetes were reported
(442,443), including eight patients treated with clozapine
(445,446) and two patients treated with olanzapine (446).
Nevertheless, even before neuroleptic drugs appeared,

diabetes was observed to be more common in patients
with schizophrenia (447). The rate of diabetes in patients
with schizophrenia has been estimated at 6.2–8.7% (448)
and at 0.8% in the general population in the USA (449).
Neuroleptic drug treatment of non-diabetic patients

with schizophrenia can be associated with adverse effects
on glucose regulation, as has been suggested by the results
of a study in which modified oral glucose tolerance tests
were performed in 48 patients with schizophrenia taking
clozapine, olanzapine, risperidone, or typical neuroleptic
drugs, and 31 untreated healthy control subjects (450).
Newer neuroleptic drugs, such as clozapine and olanza-
pine, compared with typical agents, were associated with
adverse effects on blood glucose regulation, which can
vary in severity regardless of adiposity and age.
In 2004 the Food and Drug Administration (FDA)

asked all manufacturers of atypical neuroleptic drugs to
add the following warning statement describing the
increased risk of hyperglycemia and diabetes in patients
taking these medications (451): ‘‘Hyperglycemia, in some
cases extreme and associated with ketoacidosis or hyper-
osmolar coma or death, has been reported in patients
treated with atypical neuroleptic drugs including... [long
list]. Assessment of the relationship between atypical
neuroleptic use and glucose abnormalities is complicated
by the possibility of an increased background risk of
diabetes mellitus in patients with schizophrenia and the
increasing incidence of diabetes mellitus in the general
population. Given these confounders, the relationship
between atypical neuroleptic use and hyperglycemia-
related adverse events is not completely understood.
However, epidemiological studies suggest an increased
risk of treatment-emergent hyperglycemia-related

DoTS classification (BMJ 2003; 327:1222–5)

Dose-relation: collateral reaction

Time-course: intermediate
Susceptibility factors: male sex, African–American Origin
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adverse events in patients treated with atypical neurolep-
tic drugs. Precise risk estimates for hyperglycemia-related
adverse events in patients treated with atypical neurolep-
tic drugs are not available.
Patients with an established diagnosis of diabetes mel-

litus who are started on atypical neuroleptic drugs should
be monitored regularly for worsening of glucose control.
Patients with risk factors for diabetes mellitus (e.g. obe-
sity, family history of diabetes) who are starting treatment
with atypical neuroleptic drugs should undergo fasting
blood glucose testing at the beginning of treatment and
periodically during treatment. Any patient treated with
atypical neuroleptic drugs should be monitored for symp-
toms of hyperglycemia including polydipsia, polyuria,
polyphagia, and weakness. Patients who develop symp-
toms of hyperglycemia during treatment with atypical
neuroleptic drugs should undergo fasting blood glucose
testing. In some cases, hyperglycemia has resolved when
the atypical neuroleptic was discontinued; however, some
patients required continuation of anti-diabetic treatment
despite discontinuation of the suspect drug.’’
Whether diabetes is associated, and to what extent,

with a particular neuroleptic drug or a particular type of
neuroleptic drug is a matter of debate; since the two most
commonly used atypical neuroleptic drugs are risperidone
and olanzapine, comparison of these two drugs has been a
recent focus of attention. There are more case reports for
clozapine and olanzapine, but the studies discussed below
have reached conflicting results; further information from
clinical trials is needed.

Observational studies
Claims data for the period January 1996 to December
1997 were analysed for patients with mood disorders in
two large US health plans (452). In all, 849 patients had
been exposed to risperidone, 656 to olanzapine, 785 to
high-potency conventional neuroleptic drugs, and 302 to
low-potency conventional drugs; 2644 were untreated.
Adjusted odds ratios of newly reported type 2 diabetes
in patients who took risperidone or high-potency conven-
tional neuroleptic drugs were not significantly different
from those in untreated patients at 12 months; on the
contrary, patients who took olanzapine or low-potency
conventional neuroleptic drugs had a significantly higher
risk of type 2 diabetes compared with untreated patients;
the 12-month adjusted odds ratios compared with
untreated patients were 4.3 (95%CI ¼ 2.1, 8.8) in those
who took olanzapine and 4.9 (95%CI ¼ 1.9, 13) in those
who took low-potency conventional neuroleptic drugs.
Olanzapine had significantly positive diabetic effects,

based on both duration of treatment and dosage. All
patients had been exposed to neuroleptic drugs for more
than 60 days; because there was less awareness of the
diabetic effects of atypical neuroleptic drugs during that
period, the use of these data reduced the possibility of
selection bias.
Additionally, three other epidemiological studies have

identified a higher risk of diabetes associated with olan-
zapine (Garcia 725,Sernyak 561,623). The first of these
studies included out-patients with schizophrenia treated

over 4 months in 1999 (Sernyak 561). When patients who
had taken atypical drugs (n ¼ 22 648) were compared
with those who had taken typical neuroleptic drugs (n ¼
15 984), the adjusted odds ratio of new diagnoses of dia-
betes was 1.09 (CI ¼ 1.03, 1.15); and was even higher in
patients under 40 years of age (OR¼ 1.63; CI¼ 1.23, 2.16;
n ¼ 3076 and n ¼ 1105). The odds ratios for individual
atypical drugs were:

� quetiapine 1.31 (1.11, 1.55; n ¼ 955);� clozapine 1.25 (1.07, 1.46; n ¼ 1207);� olanzapine 1.11 (1.04, 1.18; n ¼ 10 970);� risperidone 1.05 (0.98, 1.12; n ¼ 9903).

In a nested case-control study using information from the
UK General Practice Research Database 451 patients
with diabetes out of 19 637 patients treated for schizo-
phrenia were matched with 2696 controls (Koro 243).
There was a significantly increased risk of diabetes in
patients taking olanzapine compared with non-users of
neuroleptic drugs (adjusted OR ¼ 5.8; 95% CI ¼ 2, 17)
and compared with those taking conventional neuroleptic
drugs (adjusted OR ¼ 4.2, 95% CI ¼ 1.5–12); there was a
non-significantly increased risk in those taking risperi-
done compared with non-users of neuroleptic drugs
(adjusted OR ¼ 2.2, 95% CI ¼ 0.9, 5.2) and compared
with those taking conventional neuroleptic drugs
(adjusted OR ¼ 1.6; 95% CI ¼ 0.7, 3.8).
In a comparison of olanzapine and risperidone, 319

patients out of 19 153 who were given a prescription for
olanzapine between 1January 1997 and 31 December
1999 developed diabetes, compared with 217 who were
given a prescription for risperidone (n ¼ 14 793) (453).
Proportional hazards analysis showed a 20% increased
risk of diabetes with olanzapine relative to risperidone
(RR ¼ 1.20; CI ¼ 1.00, 1.43).

Finally, a retrospective cohort study carried out with a
database that included information from different care
plans (Buse 164) showed that the incidence of diabetes
mellitus in patients taking any conventional neuroleptic
drug was 84 per 1000 patient-years (crude incidence 307 in
19 782) compared with 67 per 1000 patient-years (crude
incidence 641 in 38 969) in patients taking any atypical
neuroleptic drugs; the estimated incidence in the refer-
ence general population was 15.7 per 1000 patients-years
(crude incidence 45 513 in 5 816 473). Cox proportional
hazards regression, adjusted for age, sex, and duration of
neuroleptic drug exposure, showed that the risk of dia-
betes mellitus was significantly higher for whatever neu-
roleptic drug than in the general population but not
different between the conventional and atypical neuro-
leptic drugs (HR¼ 0.97; 95% CI¼ 0.84, 1.11). The hazard
ratios for individual atypical neuroleptic drugs compared
with haloperidol were:

� clozapine 1.31 (95% CI ¼ 0.60, 2.86);� risperidone 1.23 (95% CI ¼ 1.01, 1.50);� olanzapine 1.09 (95% CI ¼ 0.86, 1.37);� quetiapine 0.67 (95% CI ¼ 0.46, 0.97).

The data cut-off point for this study was 31 August 2000.
Only incident cases of diabetes mellitus that resulted in
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intervention with antidiabetic drugs were selected and
only patients taking neuroleptic drug monotherapy were
included; the average duration of neuroleptic drug treat-
ment was not long (68–137 days). One of the main flaws
of this study was the possibility of selection bias, since
certain patient attributes that influence treatment selec-
tion might also affect the likelihood of diabetes mellitus.
In a recent open non-randomized study of the fre-

quency of undiagnosed impaired fasting glucose and dia-
betes mellitus in 168 patients taking clozapine, 47 patients
were discarded because a fasting plasma glucose was not
successfully obtained (n ¼ 20) or because they were iden-
tified as diabetic before the fasting plasma glucose screen-
ing (n ¼ 27) (454). Of 121 patients not previously
diagnosed as diabetic, 93 had normal fasting blood sugar
concentrations (below 6 mmol/l or 110 mg/dl), and 2) had
a raised plasma glucose concentration (fasting plasma
glucose over 6 mmol/l), including seven with type 2 dia-
betes. Patients with hyperglycemia were significantly
older and more commonly had concurrent bipolar affec-
tive disorder.
Glucose metabolism in 36 out-patients with schizophre-

nia aged 18–65 years taking clozapine (n ¼ 12), olanza-
pine (n ¼ 12), or risperidone (n ¼ 12) has been examined
in a cross-sectional study (455). There was no significant
difference in fasting baseline plasma glucose concentra-
tions. Those taking clozapine or olanzapine had signifi-
cant insulin resistance compared with those taking
risperidone. There were no significant differences in
total cholesterol, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, or serum triglyceride
concentrations; however, controlling for sex, there was a
significant difference (clozapine > olanzapine > risperi-
done). Insulin resistance is a major but not necessary risk
factor for type 2 diabetes; leptin, in turn, is important for
the control of body weight and the authors proposed that
leptin could be considered to be a link between obesity,
insulin resistance syndrome, and treatment with some
neuroleptic drugs. However, consistent with other results,
the small sample size, the cross-sectional design, and the
exclusion of obese subjects may limit the generalizability
of these findings.

Randomized studies
In a randomized double-blind study, in-patients with schi-
zophrenia were assessed for fasting glucose, cholesterol,
and weight gain after 14 weeks of treatment with cloza-
pine (n ¼ 28), haloperidol (n ¼ 25), olanzapine (n ¼ 26),
or risperidone (n ¼ 22) (456). There was a statistically
significant increase in mean blood glucose concentrations
only in the olanzapine group; 14 out of 101 patients (14%)
developed raised blood glucose concentrations (over
7 mmol/l or 125 mg/dl) at some time during the study:
six while taking clozapine, one haloperidol, four olanza-
pine, and three risperidone. Similarly, there was a signifi-
cant increase in cholesterol concentration in the
olanzapine group. The largest weight gain was also
observed with olanzapine (mean change 7.3 kg), followed
by clozapine (4.8 kg) and risperidone (2.4 kg); there was
minimal weight gain with haloperidol (0.9 kg). ANCOVA

showed no main effect or treatment interaction for the
relation between change in blood glucose and weight gain
at end-point; however, there was a significant main effect
for the association between change in cholesterol and
weight gain in the four groups. The rate of hyperglycemia
(14%) in this study was about twice the rate of diabetes
reported in a large survey of the US population (6–8%)
(457) and somewhat higher than the current prevalence
rate of 10% found in extensive samples of patients with
schizophrenia (458).

Susceptibility factors and clinical features
Most of the patients who develop diabetes while taking
neuroleptic drugs do so in under 6 months; men are at
greater risk, and African–Americans are more susceptible
than other ethnic groups (459). Weight gain can be pre-
sent or not; in a retrospective series of 76 patients who
developed diabetes while taking olanzapine or risperi-
done, the increase in fasting blood glucose concentration
in patients taking olanzapine did not correlate with
changes in weight (460).
Diabetic ketoacidosis is a common presentation of dia-

betes in patients taking atypical neuroleptic drugs. In 126
patients taking atypical neuroleptic drugs, new-onset,
acute, marked glucose intolerance developed in 11
(8.7%) after treatment with clozapine, olanzapine, or
quetiapine (461). Of these, six patients required insulin
(four only transiently) and five developed diabetic ketoa-
cidosis. The mean and median times to the onset of dia-
betic ketoacidosis after the start of treatment with an
atypical neuroleptic drug were 81 and 33 days respec-
tively. In 45 patients, 19 who presented with ketoacidosis
were significantly younger, more often women, and less
overweight at baseline than 26 patients who developed
diabetes without ketoacidosis (462).
Death due to olanzapine-induced hyperglycemia has

been reported (SEDA-27, 61).

Mechanisms
There has been some discussion about whether neurolep-
tic drug-induced hyperglycemia and diabetes are asso-
ciated with weight gain (SEDA-25, 65; SEDA-26, 62;
SEDA-27, 61). Clozapine and olanzapine have a high
propensity to cause both weight gain and diabetes
(SEDA-26, 56); however, there have been cases in which
diabetes appeared or worsened in the absence of weight
gain or even with weight loss (463,465). Both weight gain
and diabetes seem to be effects that occur simultaneously,
rather than diabetes being an indirect effect of weight
gain. Other mechanisms have therefore been suggested
(SEDA-21, 67).
Ten patients with schizophrenia taking olanzapine 7.5–

20 mg/day were compared with 10 healthy volunteers
with regard to body weight, fat mass, and insulin resis-
tance over 8 weeks (466). Fasting serum glucose and
insulin increased significantly in the olanzapine group, as
did weight gain. The index for insulin resistance increased
only in the olanzapine group, whereas beta-cell function
did not change significantly. Consistent with this, it has
been observed that some neuroleptic drugs inhibit glucose
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transport into PC12 cells in culture and increase cellular
concentrations of glucose, which would in turn cause a
homeostatic increase in insulin release.
The hormone leptin is synthesized by adipocytes and is

important in controlling body weight; plasma leptin con-
centrations correlate with fat mass and insulin resistance.
Plasma leptin concentrations are raised, regardless of
weight, in patients taking clozapine (467).
These observations suggest that insulin resistance might

be responsible for the development of diabetes during
treatment with atypical neuroleptic drugs, but it may not
be the only factor, since the rapid development of dia-
betes in many of these patients suggests a direct and
possibly toxic effect of neuroleptic drugs.

Management
The relation between the metabolic syndrome and neu-
roleptic drug therapy has been reviewed (468,469,470). In
most patients, diabetes improves or resolves after with-
drawing neuroleptic drugs or switching to less diabeto-
genic drugs. Simple interventions, such as changes in diet
and exercise, are recommended for patients with schizo-
phrenia or bipolar disease taking neuroleptic drugs.
Patients who develop conditions such as hyperlipidemia
or diabetes mellitus often respond to routine treatment.
However, managing diabetes in patients with schizophre-
nia is complicated by their lack of insight, loss of initia-
tive, and cognitive deficits, which are central features of
the illness. For patients with type 2 diabetes, the major
risk is accelerated coronary heart disease and stroke,
greatly aggravated by smoking, which is common in
patients with schizophrenia.
In addition to considerations of the diabetogenic poten-

tial of each agent, the presence of susceptibility factors,
such as obesity, sedentary lifestyle, and a family history of
type 2 diabetes, should be taken into account in the
selection of a suitable regimen. It is sensible to monitor
fasting plasma glucose concentrations, glycosylated
hemoglobin, and fasting cholesterol and triglycerides in
order to anticipate hyperglycemia and hyperlipidemia.
Given the serious implications for morbidity and mortal-
ity attributable to diabetes and raised cholesterol, clini-
cians need to be aware of these risk factors when treating
patients with chronic schizophrenia.

Weight gain

Shortly after the typical neuroleptic drugs were intro-
duced in the 1950s, marked increases in body weight
were observed, and excessive weight gain has been
reported in up to 50% of patients receiving long-term
neuroleptic drug treatment (471–477).
However, changes in weight during psychosis are also

related to the condition; Kraepelin wrote, ‘‘The taking of
food fluctuates from complete refusal to the greatest
voracity � � � Sometimes, in quite short periods, very con-
siderable differences in the body weight are noticed � � �’’
(478). It was observed early on that food intake and
weight often fell as psychosis worsened, but eating and
weight returned to normal or increased when an acute
psychotic episode abated. However, since the start of the

neuroleptic drug era in the 1950s, a new pattern of sus-
tained increased weight has commonly been detected.
The question of whether weight gain is associated with
efficacy is important; in one study there was no obvious
relation between the magnitude of weight gain and ther-
apeutic efficacy (479).
The association between clozapine-related weight gain

and increased mean arterial blood pressure has been
examined in 61 patients who were randomly assigned to
either clozapine or haloperidol in a 10-week parallel
group, double-blind study, and in 55 patients who chose
to continue to take clozapine in a subsequent 1-year,
open, prospective study (480). Clozapine was associated
with significant weight gain in both the double-blind trial
(mean 4.2 kg) and the open trial (mean 5.8 kg), but halo-
peridol was not associated with significant weight gain
(mean 0.4 kg). There were no significant correlations
between change in weight and change in mean arterial
blood pressure for clozapine or haloperidol.
Serum leptin, a peripheral hormone secreted by fat,

correlates inversely with body weight; in 22 patients tak-
ing clozapine who gained weight, those who had the most
pronounced 2-week increase in leptin had the least gain in
body weight after 6 and 8 months (481).
The published data suggest that clozapine and olanza-

pine are associated with considerable weight gain, risper-
idone and quetiapine have a moderate risk, and
ziprasidone and aripiprazole a low risk (482). Moreover,
obese children have an increased propensity for orthope-
dic, neurological, pulmonary, and gastroenterological
complications. A thorough search for studies that
addressed obesity in children and adolescents in relation
to the new neuroleptic drugs showed that risperidone is
associated with less weight gain than olanzapine (483).

Epidemiology
Several reviews have addressed the issue of weight gain
(484–488). Comparison of different studies of weight gain
during treatment with atypical neuroleptic drugs is ham-
pered by problems with study design, recruitment proce-
dures, patient characteristics, measurement of body
weight, co-medications, and duration of therapy. These
problems have to be considered when assessing this type
of information, particularly figures collected in accor-
dance with the last-observation-carried-forward techni-
que, which is one of the most common approaches
taken; this type of analysis can produce marked under-
estimates of the magnitude of weight gain.
There has been one comprehensive meta-analysis

including over 80 studies and over 30 000 patients (489).
A meta-analysis of trials of neuroleptic drugs showed the
following mean weight gains in kg after 10 weeks of
treatment: clozapine, 4.5; olanzapine, 4.2; thioridazine,
3.2; sertindole, 2.9; chlorpromazine, 2.6; risperidone, 2.1;
haloperidol, 1.1; fluphenazine, 0.43; ziprasidone 0.04;
molindone, �0.39; placebo, �0.74 (490,491). In one
study, excessive appetite was a more frequent adverse
event in patients treated with olanzapine versus haloper-
idol (24 versus 12%) (185). Loss of weight has been
observed after withdrawal of neuroleptic drugs (492).
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The percentages of patients who gain more than 7% of
their baseline body weight are highest for olanzapine (29%)
and lowest for ziprasidone (9.8%). Although these figures
are useful for comparing different drugs, they do not illus-
trate how weight increases over time, nor the total gain.
Body weight tends to increase at first but reaches a plateau
by about 1 year; with olanzapine 12.5–17.5 mg/day, patients
gained, on average, 12 kg (493).
Risperidone and olanzapine, the two most commonly

used atypical drugs, have been compared in trials; patients
who took olanzapine gained almost twice as much weight
(4.1 kg) as those who took risperidone (2.3 kg) (99). In
two groups of inpatients, who took either risperidone
(n = 50) or olanzapine (n = 50) for schizophrenia the
mean body weight at baseline was 83 kg in the risperidone
group and 85 kg in the olanzapine group; after 4 months
of treatment, the mean body weights were 83 and 87 kg
respectively (494). The increase in body weight with olan-
zapine was statistically significant.
In a retrospective chart review of 91 patients with schizo-

phrenia (120 treatment episodes; mean age 38 years), there
was weight gain with zotepine (4.3 kg), clozapine (3.1 kg),
sulpiride (1.9 kg), and risperidone (1.5 kg), but not in
patients treated with typical neuroleptic drugs (mean gain
0.0–0.5 kg) (495).Themeandurationof treatmentwas 28–34
days, the maximum weight gain being in the first 3–5 weeks.
Themean increases in weight were 4.3% in the patients with
normal weight, 3.0% in those with mild obesity, and 1.9% in
those with severe obesity (BMI over 30).
In another retrospective study, 65 patients with schizo-

phrenia who gained weight while taking clozapine for 6
months were followed (497). After that they were
switched to a combination of clozapine with quetiapine
for 10 months: clozapine was tapered to 25% of the
current dose and quetiapine was added proportionately.
During clozapine monotherapy the mean weight gain was
6.5 kg and 13 patients developed diabetes. At the end of
the combination period, the mean weight loss was 9.4 kg;
patients who developed diabetes showed significant
improvement, resulting in a rapid fall in insulin require-
ments and/or withdrawal of insulin and replacement with
an oral hypoglycemic agent. The mechanism of clozapine-
associated weight gain is uncertain.
Weight gain due to atypical neuroleptic drugs has been

addressed in a cross-sectional study of the weight at the
time of a single visit compared with that recorded in the
clinical chart (496). The proportion of patients with clini-
cally relevant weight gain (� 7% increase versus initial
weight) was higher with olanzapine (46%; n ¼ 228) than
with risperidone (31%; n ¼ 232) or haloperidol (22%; n ¼
130); no patient had clinically relevant weight gain while
taking quetiapine (n ¼ 43). The risk of weight gain was
higher in women (OR ¼ 4.4), overweight patients (OR ¼
3.0) and patients with at least 1 year of treatment (OR ¼
6.3) in the olanzapine group; these risk factors are not
entirely coincidental with other findings (SEDA-26, 56).

Mechanism
The mechanisms of weight gain are not known.
Olanzapine, for example, affects at least 19 different

receptor sites, may have reuptake inhibition properties,
and may affect hormones such as prolactin. Animal mod-
els do not help to elucidate mechanisms, since they have
not shown clear results: some studies have shown weight
gain with neuroleptic drugs in rats and others have not.
However, a serotonergic mechanism has been proposed

(498). Most of the atypical drugs, which most commonly
cause weight gain, interact with 5-HT2C receptors; how-
ever, ziprasidone also binds to 5-HT2C receptors with high
affinity and does not cause weight gain or does so to a
lesser extent. In 152 patients treated with clozapine,
Cys23Ser polymorphism of the 5-HT2C receptor did not
explain the weight gain that occurred (499), nor was there
an association between specific alleles of the dopamine
D4 receptor gene (500). In contrast, in 19-year-old mono-
zygotic twins who gained around 40 kg after taking
mainly clozapine, weight gain was related to an unspeci-
fied genotype (501). An association between weight gain
and a 5-HT2C receptor gene polymorphism has been iden-
tified in 123 Chinese Han patients with schizophrenia
taking chlorpromazine (n = 69), risperidone (n = 46), clo-
zapine (n = 4), fluphenazine (n = 3), or sulpiride (n = 1)
(502). Weight gain was substantially greater in the
patients with the wild-type genotype than in those with a
variant genotype (–759C/T), at both 6 and 10 weeks; this
effect was seen in men and women.

Susceptibility factors
In general, people with schizophrenia have a greater ten-
dency to be overweight and obese than those who do not
have schizophrenia (503). The evidence suggests that
weight gain will progress most rapidly during the first 3–
20 weeks of treatment with second-generation neuroleptic
drugs; there is little evidence that dose affects weight gain.
There are no sex differences, but there is a positive cor-
relation between weight gain and age. Smokers treated
with neuroleptic drugs may gain less weight than non-
smokers (495,504). Patients in hospital are more likely
to gain weight than those in the community, perhaps
because they have an unrestricted diet and limited physi-
cal activity; there is some evidence that those with a lower
baseline BMI are likely to gain more weight (485).
However, in the USA, data from a large health and

nutrition survey (n = 17 689) and from patients with schi-
zophrenia to be enrolled in a clinical trial (n = 420)
showed no differences; the mean BMIs were high and a
substantial proportion of the population was obese (503).
The genetic basis of some reactions associated with

neuroleptic drugs is of particular interest. An important
association between weight gain and a 5-HT2C receptor
gene polymorphism has now been identified in 123
Chinese Han schizophrenic patients taking chlorproma-
zine (n = 69), risperidone (n = 46), clozapine (n = 4), flu-
phenazine (n = 3), or sulpiride (n = 1) (502). Weight gain
was substantially greater in the patients with the wild-type
genotype than in those with a variant genotype (–759C/
T), at both 6 and 10 weeks; this effect was seen in men and
women. In addition, a homozygous non-functional geno-
type, CYP2D6*4, was found in a 17-year-old schizophre-
nic patient who developed severe akathisia, parkinsonism,
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and drowsiness after taking risperidone 6 mg/day for 3
months; he had a high plasma concentration of risperi-
done and an active metabolite (505).

Clinical features
Obesity is associated with increased risks of dyslipidemia,
hypertension, type 2 diabetes mellitus, cardiovascular dis-
ease, osteoarthritis, sleep apnea, and numerous other dis-
orders; all these conditions have been associated with
increased mortality. In the EUFAMI (European
Federation of Associations of Families of Mentally Ill
People) Patient Survey undertaken in 2001 across four
countries and involving 441 patients, treatment-induced
adverse effects were a fundamental problem; of the 91%
of patients who had adverse effects, 60% had weight gain,
and of these more than half (54%) rated weight gain as
the most difficult problem to cope with (506).
Furthermore, weight gain can adversely affect patients’
adherence to medication, undermining the success of drug
treatment for schizophrenia.
A report has illustrated how extreme the problem of

weight gain associated with neuroleptic drugs can be
(507).

� A 32-year-old man with schizophrenia taking neuro-
leptic drugs was switched to olanzapine 20 mg/day for
better control. He weighed 101 kg and his BMI was 31
kg/m2. After 6 months he had gained 4.5 kg and after 1
year 17 kg. Because of poor control, risperidone 4 mg/
day was added and 16 months later he had had a
34.6 kg increase from baseline and had a BMI of 42
kg/m2 (that is in the range of severe obesity). He had
both increased appetite and impaired satiety. His
serum triglycerides were 4.0 mmol/l, and his fasting
blood glucose was 6.7 mmol/l. He and his physician
agreed on a goal of losing 12 kg over 12 months and
he was referred to a dietician. Over the next 5 weeks,
he lost 2.7 kg and after 2 years his BMI was 38 kg/m2

and 1 year later 39 kg/m2. He was given nizatidine
300 mg bd and 1 year later his weight was 95 kg
(BMI 29 kg/m2). His triglycerides and fasting blood
glucose concentrations were within the reference
ranges.

Comparative studies
The charts of 94 long-term inpatients have been reviewed
retrospectively to examine the changes in weight, fasting
glucose, and fasting lipids in those taking either risperi-
done (n = 47) or olanzapine (n = 47) (441). The patients
had increased weight, triglycerides, and cholesterol, and
the changes were significantly higher with olanzapine;
olanzapine but not risperidone considerably increased
glucose concentrations. One case of new-onset diabetes
mellitus occurred in a patient taking olanzapine. Weight
should be monitored in patients taking maintenance aty-
pical neuroleptic drugs, especially dibenzodiazepines.

Management
Behavioral treatment of obesity has given good results in
patients taking neuroleptic drugs (508). More dubious is

the use of antiobesity drugs, as some of them can cause
psychotic reactions.
Good results have been reported with amantadine,

which increases dopamine release (509). In 12 patients
with a mean weight gain of 7.3 kg during olanzapine
treatment, amantadine 100–300 mg/day over 3–6 months
produced an average weight loss of 3.5 kg without adverse
effects. In contrast, calorie restriction did not lead to
weight loss in 39 patients with mental retardation who
were taking risperidone, 37 of whom gained weight, the
mean gain being 8.3 kg over 26 months (510).

Electrolyte balance

Care should be taken when treating hyponatremic
patients with neuroleptic drugs (511).

Mineral balance

In one controlled study, 12 patients who were receiving
various neuroleptic drugs had significantly increased urin-
ary calcium and hydroxyproline concentrations and
reduced urinary alkaline phosphatase compared with
five controls (512). The possibility of a reduction in
bone mineralization (513) may contribute to the increased
risk of hip fracture associated with neuroleptic drug treat-
ment in the elderly.

Hematologic

Rarely reported hematological reactions to various neu-
roleptic drugs include agranulocytosis, thrombocytopenic
purpura, hemolytic anemia, leukopenia, and eosinophilia.
These are thought to represent allergic or hypersensitivity
reactions, although this has been questioned in one
detailed case report of chlorpromazine-induced agranulo-
cytosis (514).
The reported incidence of agranulocytosis is variable,

ranging from 1 in 3000 to 1 in 250 000. Most cases are seen
within the first 2 months after the start of treatment, but
there have been a few reports in which agranulocytosis
occurred only after many years. Frequent white cell
counts are of limited value in monitoring, since counts
fall rapidly and abruptly. Careful attention should be
given to possible early warning signs, such as fever, sore
throat, and lymphadenopathy. Treatment requires
immediate withdrawal and preventive measures against
infection. Granulocyte colony-stimulating factor (GCSF)
has been used to treat neuroleptic drug-induced agranu-
locytosis (515).
In view of the association of agranulocytosis with clo-

zapine and of aplastic anemia with remoxipride, hemo-
poietic disorders have been studied using information
from the UK monitoring system (516). The Committee
on Safety of Medicines and the erstwhile Medicines
Control Agency in the UK received 999 reports of hemo-
poietic disorders related to neuroleptic drugs between
1963 and 1996; there were 65 deaths. There were 182
reports of agranulocytosis; chlorpromazine and thiorida-
zine were associated with the highest number of deaths—
27 of 56 and 9 of 24 respectively. The much lower mor-
tality with clozapine-induced agranulocytosis—two of 91
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(2.2%)—was explained as a function of the stringent
monitoring requirements for this drug, which allow early
detection and treatment.
There is greater variability in the reference ranges for

all white blood cell indices in patients with schizophrenia
than in the healthy population (517). This suggests that
abnormal hematological findings in patients with schizo-
phrenia should be assessed in the context of a reference
range specifically determined in patients with schizophre-
nia.

Gastrointestinal

The possibility of fatal intestinal dilatation, although very
rare, warrants careful evaluation of persistent complaints
of constipation, particularly in patients who also have
vomiting and abdominal pain, distension, or tenderness
(518). Acute intestinal pseudo-obstruction (Ogilvie’s syn-
drome) has been reported in a patient taking haloperidol
plus benzatropine (519).

� A 64-year-old woman started to take oral haloperidol
0.5 mg tds, and 3 days later was given intravenous
benzatropine 2 mg for dystonia plus a second dose 1
hour later because she had not responded to the first
dose. Her dystonia improved, but she started to
develop abdominal distension and discomfort, and
within the next 3–4 hours her whole abdomen had
become significantly distended. Haloperidol and ben-
zatropine were withdrawn and she was treated with
hydration, nasogastric suction, a rectal tube, and fre-
quent change of position. With this conservative ther-
apy, her abdominal distension resolved completely in
24 hour.

Liver

When a neuroleptic drug causes jaundice it generally
occurs within 2–4 weeks and has many characteristics of
an allergic reaction, being accompanied by fever, rashes,
and eosinophilia, although a direct toxic mechanism has
also been implicated. Symptoms generally subside rapidly
after withdrawal, but cholestasis may be prolonged.
Liver damage due to atypical neuroleptic drugs gener-

ally occurs within the first weeks of treatment, but the
delay is highly variable, being 1–8 weeks for clozapine, 12
days to 5 months for olanzapine, and 1 day to 17 months
for risperidone (520).
There is evidence of a significant hepatotoxic effect of

the phenothiazines and in persons under age 50, but not
over 50 (521).
Hepatotoxicity may be as frequent with piperidine and

piperazine phenothiazines as with chlorpromazine,
despite previous suggestions that the toxicity of these
compounds is less.
More common are minor dose-related abnormalities in

liver function tests with various neuroleptic drugs.

Urinary tract

Urinary retention, incontinence, or dysuria can occasion-
ally occur with neuroleptic drugs that have marked antic-
holinergic effects.

Skin

Many skin reactions have been reported with neuroleptic
drugs, including urticaria, abscesses after intramuscular
injection, rashes, photosensitivity or exaggerated sun-
burn, contact dermatitis, and melanosis or blue-gray skin
discoloration. Skin rashes are usually benign.
Chlorpromazine is most often implicated (incidence 5–
10%).
Non-phenothiazines, such as haloperidol and loxitane,

cause fewer urticarial reactions. As with any other class of
drug, patients may be allergic to excipients in various
tablet or capsule forms, or to preservatives, for example
methylparabens in liquid dosage forms (522).
Abnormal skin pigmentation (SEDA-19, 49) is more

common in women and generally occurs on the exposed
parts of the body. This reaction may be due to deposition
of melanin-drug complexes. It was commonly seen in the
decade after the introduction of the phenothiazines, but
rarely today (522).

� A 45-year-old schizophrenic woman with blue eyes and
blond hair who had received a lifetime exposure of at
least 1748 g of chlorpromazine had blue discoloration
of the skin by age 36 (523). Chlorpromazine was with-
drawn and clozapine substituted (up to a maximum of
600 mg/day). The skin pigmentation resolved over 4
years.

Complications at the site of injection of depot neuroleptic
drugs, including pain, bleeding or hematoma, leakage of
drug from the injection site, acute inflammatory indura-
tion, and transient nodules, have been reported (SEDA-
20, 43).
Seborrheic dermatitis has been observed in patients

receiving long-term neuroleptic drugs (SEDA-17, 57),
and this adverse effect appears to be highly associated
with drug-induced parkinsonism.
More serious types of skin reactions are rare, but

angioedema, non-thrombocytopenic purpura, exfoliative
dermatitis, and Stevens–Johnson syndrome have been
reported.
Potentially serious skin reactions are best treated by

withdrawing the offending agent and switching to a struc-
turally unrelated neuroleptic drug. When the offending
agent is a phenothiazine, non-phenothiazines such as
haloperidol or molindone may be preferable to the more
closely related thioxanthenes.

Musculoskeletal

Rhabdomyolysis has been described in a handicapped
child without other symptoms of neuroleptic malignant
syndrome (524).

� A 6-year-old boy who was taking clonazepam 2.6 mg/
day, diazepam 10 mg/day, and phenobarbital 50 mg/
day was given oral haloperidol (0.3 mg/day) plus biper-
iden (0.3 mg/day) for choreoathetosis. After haloper-
idol had been introduced, his mother noticed that his
urine sometimes became dark brown. He had myoglo-
binuria (660 ng/ml; reference range below 10 ng/ml)

Neuroleptic drugs 225

ª 2009 Elsevier B.V. All rights reserved.



but no renal insufficiency. Haloperidol and biperiden
were withdrawn and 2 days later his urine was normal.

A marked increase in creatine kinase activity without
neuroleptic malignant syndrome has been previously
described (SEDA-21, 48) and, another report has further
emphasized this possibility (525).

� A 19-year-old schizophrenic patient taking risperidone
6 mg/day and olanzapine 20 mg/day had a creatine
kinase activity of 6940 U/l without clinical manifesta-
tions of neuroleptic malignant syndrome; when he
switched to clozapine (dose not stated) the creatine
kinase fell to about 300 U/l. Because he developed
granulocytopenia, he was given quetiapine instead,
and the creatine kinase again rose to 3942 U/l but fell
after 4 days to 389 U/l without withdrawal of quetia-
pine.

The authors concluded that the mechanism by which
creatine kinase increases is not comparable for olanza-
pine, quetiapine, and clozapine, and that the increase can
be self-limiting.

Sexual function

Sexual dysfunction associated with neuroleptic drugs has
been reviewed (526). The authors concluded that sexual
dysfunction is common in patients with schizophrenia, but
often not reported to doctors nor explored, and may be an
unrecognized cause of non-adherence to treatment.
The frequency and course of sexual disturbances asso-

ciated with neuroleptic drugs have been studied in a pro-
spective open study of clozapine 261 mg/day (in 75 men
and 25 women, mean age 29 years) and haloperidol
16 mg/day (41 men and 12 women, mean age 26 years)
(527). There were no statistically significant differences
between those taking haloperidol and those taking cloza-
pine. During 1–6 weeks of treatment with clozapine, the
most frequent sexual disturbances among women were
diminished sexual desire (28%) and amenorrhea (12%),
while among men they were diminished sexual desire
(57%), erectile dysfunction (24%), orgasmic dysfunction
(23%), ejaculatory dysfunction (21%), and increased sex-
ual desire (15%).
Neuroleptic drug-induced sexual dysfunction, including

erectile and ejaculatory dysfunction and changes in libido
and the quality of orgasm, appear to be reversible on
withdrawal.

Male dysfunction

Although the mechanism involved in neuroleptic drug-
induced male sexual dysfunction is not entirely under-
stood, it can occur at several levels, including the cortex,
hypothalamus, pituitary gland, and the gonads, involving,
for example, gonadotrophins and testosterone. Another
mechanism involves the sympathetic and parasympathetic
nervous systems and may explain why thioridazine and
other highly anticholinergic drugs are mainly responsible
for male sexual dysfunction, including impotence and
retrograde ejaculation (528,529).

The first report of spontaneous ejaculation associated
with the therapeutic use of neuroleptic drugs was
described in 1983 (530).
One study showed a reduction in the strength of erec-

tion in men with schizophrenia, further accentuated in
those who are taking neuroleptic drugs (SEDA-20, 44).
In 12 men with schizophrenia (mean age 36 years)

receiving neuroleptic drugs, amantadine 100 mg/day for
6 weeks improved sexual function (531). All 12 patients,
who had a sustained relationship with a female partner,
had reported sexual dysfunction. Four areas of sexual
function were assessed: desire, erection, ejaculation, and
satisfaction; there was an improvement in all but ejacula-
tion. Amantadine had no effect on the symptoms of schi-
zophrenia.

Priapism
Neurotropic drug-induced priapism has been reviewed
(532). It is said that neuroleptic drugs are most commonly
implicated. A prior history of prolonged erections can be
identified in as many as 50% of patients presenting with
priapism who are using neuroleptic drugs. According to
another review, the frequency of priapism with neurolep-
tic drugs may be increased by the fact that schizophrenia
is said to be accompanied by an increase in sexual activity
(533).
In one case, priapism followed the use of first risper-

idone and then ziprasidone (534).

� A 22-year-old African-American with chronic undif-
ferentiated schizophrenia developed priapism after
taking risperidone 4 mg bd, clonazepam 0.5 mg bd,
vitamin E 400 IU bd, and a multivitamin for over 6
months. He did not respond to subcutaneous terbuta-
line 0.25 mg. Irrigation of the corpora with pheny-
lephrine 200 m resulted in detumescence; risperidone
was withdrawn. A few months later he took ziprasi-
done 20 mg bd for 1 week, clonazepam 1 mg bd, and
vitamin E 400 IU bd. The ziprasidone dosage was
increased to 40 mg bd, but early the next morning he
developed a firm erection with some discomfort that
lasted about 2 hour and resolved when he urinated; the
next morning he had a similar erection that also lasted
2 hour and resolved.

Priapism in twins suggests a hereditary predisposition
(535).

� Identical twin brothers, aged 37 years, had both suf-
fered from bipolar disorder since their early twenties
and had been treated with chlorpromazine, haloperi-
dol, lithium, and carbamazepine before developing
priapism. One of them developed priapism after taking
trazodone 400 mg/day, and in the 2 years after the
initial episode he suffered recurrent painless erections.
Initially they occurred daily and lasted 4–5 hours.
During a relapse of mania at age 37, he was given
oral zuclopenthixol 40 mg/day. On the tenth day he
presented with priapism of 4 days duration, which
persisted despite zuclopenthixol withdrawal, needle
aspiration, and phenylephrine instillation, but subsided
2 weeks later with conservative management. The
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other twin presented with priapism of 75 hour duration
and hypomania at age 31 years. He had been taking
lithium and chlorpromazine for the preceding 2 years.

Priapism necessitates prompt urological consultation and
sometimes even surgical intervention (528,536,537).

Female dysfunction

Female orgasm is inhibited by some central depressant
and psychotropic drugs, including neuroleptic drugs, anti-
depressants, and anxiolytic benzodiazepines (204).

Immunologic

Hypogammaglobulinemia in a 22-year-old woman with
brief psychotic disorder has been attributed to neuroleptic
drug therapy (538). About 4 months after she had started
to receive neuroleptic drugs, her serum concentrations of
total protein had fallen to 58 g/l, with an IgG concentra-
tion of 3.49 g/l, an IgA concentration of 0.54 g/l, and an
IgM concentration of 0.34 g/l.
Antiphospholipid syndrome is a disorder of recurrent

arterial or venous thrombosis, thrombocytopenia, hemo-
lytic anemia, or a positive Coombs’ test, and in women
recurrent idiopathic fetal loss, associated with raised
concentrations of antiphospholipid antibodies. In sys-
temic lupus erythematosus, the risk of this syndrome is
about 40%, compared with a risk of 15% in the absence
of antiphospholipid antibodies (539). However, only half
of those with antiphospholipid antibodies have systemic
lupus erythematosus, and the overall risk of the syn-
drome is about 30%. In patients who have antiphospho-
lipid antibodies associated with chlorpromazine, there
appears to be no increased risk of the syndrome. In
contrast, in the primary antiphospholipid syndrome,
the only clinical manifestations are the features of this
syndrome.

� Symptomatic antiphospholipid syndrome has been
described in a 42-year-old woman treated with chlor-
promazine 260 mg/day (540). She presented with sud-
densided weakness, numbness, and headache.
Examination confirmed upper motor neuron signs
affecting the right arm, leg, and face, with hemiplegia
and hemiparesthesia. Autoantibody screening showed
positive antinuclear antibodies, with an IgG titer of 50
and an IgM titer of 1600. Anticardiolipin antibody was
positive with a raised IgM titer of 24 (normal less than
9). The symptoms and the serological findings resolved
after withdrawal of the phenothiazine.

Drug-induced lupus erythematosus has been reviewed
(541,542). Neuroleptic drugs, particularly chlorpromazine
and chlorprothixene, have often been associated with this
autoimmune disorder. It is recommended that several
diagnostic criteria for this condition should be met: (1)
exposure to a drug suspected to cause lupus erythemato-
sus; (2) no previous history of the condition; (5) detection
of positive antinuclear antibodies; and (6) rapid improve-
ment and a gradual fall in the antinuclear antibodies and
other serological findings on drug withdrawal. Rare

disorders of connective tissue resembling systemic lupus
erythematosus have been reported with chlorpromazine,
perphenazine, and chlorprothixene (543).

Body temperature

Neuroleptic drugs interfere with the temperature regula-
tory function of the hypothalamus and peripherally with
the sweating mechanism, resulting in poikilothermy. This
can result in either hyperthermia or hypothermia,
depending on the environmental temperature.

Hyperthermia

A series of cases has been reported in which heat stroke
occurred during hot weather, probably due to impaired
heat adaptation in patients taking benzatropine and ethyl-
benzatropine (544); this can occur with other anticholi-
nergic and neuroleptic drugs as well.

Hypothermia

Reduced body temperature has been observed in a study
of 14 drug-free and 7 patients with schizophrenia taking
different neuroleptic drugs (545). The temperature fell by
about 0.36� C at 24 hours after the drug-free subjects
started to take neuroleptic drugs.
Hypothermia, defined as a body temperature lower

than 35� C, has been observed in individual cases.

� A 73-year-old woman with diabetes mellitus and schi-
zophrenia was given haloperidol 8 mg/day instead of
zuclopenthixol; she also took levomepromazine 75 mg
at night; 10 days later she was found unconscious with a
rectal temperature of 31.5� C (546). A few weeks later,
she had two further episodes, first with olanzapine
10 mg/day (rectal temperature 31.7� C) and then with
thioridazine 40 mg/day (rectal temperature 34� C).
She was therefore given dixyrazine 150 mg/day and
alimemazine 20 mg at night, and had no more episodes
of hypothermia.� An 83-year-old woman developed a rectal temperature
of 33.1� C 3 weeks after starting to take olanzapine
5 mg/day (547).� A 68-year-old schizophrenic woman with type 1 dia-
betes mellitus developed a body temperature of
33.4� C 1 week after starting to take quetiapine
100 mg bd (547).

In the two last cases, the most common causes of
hypothermia, such as hypothyroidism, infection, and
cold exposure, were ruled out.

Death

The role of neuroleptic drugs in sudden death is contro-
versial (SEDA-18, 47) (SEDA-20, 26) (SEDA-20, 36).
Cardiac dysrhythmias may be involved, but there may
also be multiple non-cardiac causes, including asphyxia,
convulsions, or hyperpyrexia.
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Long-Term Effects

Drug withdrawal

Various somatic complaints have been reported in
patients in whom neuroleptic drugs are abruptly with-
drawn (SEDA-20, 44). The incidence of these complaints
varies widely in different reports, from 0 to 75%.
Common complaints include headache, vomiting, nausea,
diarrhea, insomnia, abdominal pain, rhinorrhea, and mus-
cle aches. On rare occasions, the symptoms resemble
those of benzodiazepine withdrawal (appetite change,
dizziness, tremulousness, numbness, nightmares, a bad
taste in the mouth, fever, sweating, vertigo, tachycardia,
and anxiety), but it is possible that in some of the reported
cases there was actually benzodiazepine withdrawal.
Some of these symptoms may also have been linked to
the simultaneous withdrawal of anticholinergic drugs
(SED-11, 113) (548). Parkinsonism, not explained by
withdrawal of anticholinergic drugs, has also been
reported as an unusual withdrawal effect of neuroleptic
drugs (549).

Worsening of psychotic symptoms and/or dyskinetic
movements can occur when dosages are lowered or a
neuroleptic drug is withdrawn. A functional increase in
mesolimbic and striatal dopaminergic sensitivity has been
suggested as an explanation (550). Psychotic relapse is
rarely seen in the first 2 weeks after withdrawal, but
physical withdrawal symptoms generally begin within 48
hours of the last dose (SEDA-14, 54).
Withdrawal emergent syndrome has been described in

children (551,552) and consists of nausea, vomiting,
ataxia, and choreiform dyskinesia primarily affecting the
extremities, trunk, and head after sudden withdrawal of
neuroleptic drugs (553). In one study, there were with-
drawal symptoms in 51% of children, twice as many being
affected by the withdrawal of low-dose, high-potency
compounds compared with other drugs. Symptoms
usually appear within a few days to 2 weeks after drug
withdrawal; spontaneous remission is likely within the
next 8–12 weeks.

The Omnibus Budget Reconciliation Act of 1987
(OBRA ’87) regulations (www.elderlibrary.org) specify
when neuroleptic drugs can and cannot be used to treat
behavioral disturbances in nursing home residents in the
USA. Accordingly, neuroleptic drugs can legally be used
in patients with delirium or dementia only if there are
psychotic or agitated features that present a danger to the
patient or others. Preventable causes of agitation must be
excluded and the nature and frequency of these behaviors
must be documented. Non-dangerous agitation, unco-
operativeness, wandering, restlessness, insomnia, and
impaired memory are insufficient in isolation to justify
the use of neuroleptic drugs. With this in mind, the effects
of withdrawing haloperidol, thioridazine, and lorazepam
have been examined in a double-blind, crossover study in
58 nursing home residents (43 women and 15 men, mean
age 86 years), half of whom continued to take the psycho-
tropic drugs that had been prescribed, while the other half
were tapered to placebo (554). After 6 weeks, the patients
were tapered to the reverse schedule and took it for

another 6 weeks. There were no differences between
drug and placebo in functioning, adverse effects, and
global impression. Cognitive functioning improved during
placebo. The authors concluded that gradual dosage
reductions of psychoactive medications must be
attempted, unless clinically contraindicated, when trying
to withdraw these drugs. Similar conclusions have been
reached in other studies (SEDA-22, 54).
There has been a randomized controlled study of the

factors that affect neuroleptic drug withdrawal or dosage
reduction among people with learning disabilities, who
were being treated for behavioral problems with typical
neuroleptic drugs (555). Of 36 patients, 12 completed full
withdrawal and a further 7 achieved and maintained at
least a 50% reduction. Drug withdrawal or dosage reduc-
tion was not associated with increased maladaptive beha-
vior. This result reinforces concerns that neuroleptic drug
treatment for maladaptive behavior reduction is often
ineffective and inappropriate.

Mutagenicity

There was an increase in markers of genotoxicity in
patients receiving long-term neuroleptic drugs in combi-
nation with other psychotropic drugs (n = 36) compared
with controls (n = 36) (556). In another study there was
an association between the frequency of chromosomal
aberrations in lymphocytes and the probability of tumor
induction (557).

Tumorigenicity

Little information is available on the relation between
neuroleptic drug use and cancers of any type or in any
site, although an increase in markers of genotoxicity has
been described (SEDA-23, 57). In a recent case-control
study there was an association between the use of neuro-
leptic drugs and endometrial cancer (558).
Premenopausal women with histologically confirmed
endometrial cancer (41 cases) were compared with 123
controls. Five cases and three controls had been pre-
viously exposed to neuroleptic drugs for 48–252 months;
the adjusted OR was 5.4 (95% CI ¼ 1.1, 26). The authors
hypothesized that hyperprolactinemia, which usually
reduces the pulsatile secretion of follicle-stimulating and
luteinizing hormones, inhibits gonadal function and might
stimulate mitotic activity in the endometrium.
There is concern that neuroleptic drugs may increase

the risk of breast cancer because of raised prolactin con-
centrations. For a long time, findings did not confirm this
association (426), but a Danish cohort study of 6152
patients showed a slight increase in the risk of breast
cancer among schizophrenic women (427).

Second-Generation Effects

Fertility

The effects of neuroleptic drugs on fertility are not clear;
many of the data are controversial, often being based on
animal studies, for example reduction in male rat copula-
tion by chlorpromazine. However, oligospermia,
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polyspermia, necrospermia, and reduced sperm motility
have been reported with various phenothiazines and
butyrophenones; these are likely to improve after with-
drawal (473). Furthermore, fertility may be impaired by
neuroleptic drugs, since they increase prolactin concen-
trations and can cause amenorrhea (6).

Teratogenicity

There have been reviews of neuroleptic drug use during
pregnancy (560–564).
All neuroleptic drugs cross the placenta and reach the

fetus in potentially significant amounts. However, most
large-scale controlled studies have shown that they can be
used safely during pregnancy (174). Nevertheless, there
have been isolated case reports of malformations (SEDA-
7, 68) (565).
Should a neuroleptic drug be required during preg-

nancy, a drug such as chlorpromazine or trifluoperazine
would be preferred, as there is considerably more world-
wide experience with these drugs than with newer drugs
(174). However, clozapine caused no serious complica-
tions or developmental abnormalities during pregnancy
in two cases (566).
Although studies have failed to identify an increased

rate of malformations with haloperidol, isolated cases
have been reported (567) (SEDA-22, 5; SEDA-23, 57;
563,564).
Phocomelia associated with neuroleptic drugs has been

reported (568).

� A38-year-oldwomanwasadmitted tohospital in the third
week after conception and acute schizophrenia was diag-
nosed. She was given oral haloperidol 1.5 mg at 12-hourly
intervals. In the fourth week after conception, intramus-
cular depot fluphenazine 12.5was added every 15 days.At
8 weeks of gestation, after the pregnancy had been diag-
nosed, haloperidol and fluphenazine were withdrawn and
trifluoperazine 5 mg was started and continued until 8
weeks before the baby was born. The child was born
with phocomelia of the left arm, with an extremely short
humerus and an absent forearm.

Fetotoxicity

A variety of pharmacological effects can occur in the
infant after birth, particularly when the mother has
received these agents in the weeks before delivery.

These include postnatal depression and acute dystonic
reactions (which may interfere with normal delivery).
Hypotonia can persist for months (569) and may respond
to diphenhydramine 5 mg/kg/day. Severe rhinorrhea and
respiratory distress in a neonate exposed to fluphenazine
hydrochloride prenatally has been reported (484).
Neonatal jaundice, hyperbilirubinemia, and melanin
deposits in the eyes have occurred when neuroleptic
drugs were given during the last trimester or longer dur-
ing pregnancy.

Lactation

Neuroleptic drugs appear in breast milk in very low con-
centrations, related to maternal dosage. Typical regimens
of neuroleptic drugs yield low or negligible concentrations
(174,571). In one study, breast-fed infants ingested up to
3% of the maternal daily dose, and small amounts of the
drugs were detected in their plasma and urine. In addi-
tion, three breast-fed infants had a fall in developmental
scores from the first to the second assessment at 12–18
months (572). Until these issues are further clarified, it
would be best to avoid breast-feeding by mothers who are
receiving neuroleptic drugs.

Susceptibility Factors

Genetic

Genetic factors, about which more and more information
is emerging (Table 1), could help to explain some of the
susceptibility factors for severe adverse reactions to neu-
roleptic drugs.
The ryanodine receptors (RYRs) are a family of intra-

cellular Ca2þ release channels that play a pivotal role in
the regulation of intracellular Ca2þ homeostasis in muscle
cells and neurons; there are three isoforms, RYR1 (ske-
letal muscle), RYR2 (cardiac muscle and brain), and
RYR3 (brain and some smooth muscle). So far, 22 differ-
ent mutations in the RYR1 gene have been identified to
play a causative role in the pathogenesis of malignant
hyperthermia, but none of these mutations has been
found in neuroleptic malignant syndrome. A pilot study
to screen for mutations in RYR coding sequences has
been conducted in two patients with recurrent neuroleptic
malignant syndrome induced by different neuroleptic
drugs (573). The analysis did not reveal sequence variants

Table 1 Genetic factors and neuroleptic drug-induced adverse reactions

Adverse reaction Genetic factor Comments Reference

Tardive dyskinesia D3 receptor (Ser9Gly) Greater severity SEDA-26, 55

Tardive dyskinesia CYP1A2 (intron 1) Greater severity SEDA-26, 55

Tardive dyskinesia CYP2D6 variants Conflicting results

Clozapine-induced agranulocytosis Human leukocyte antigen variants Association SEDA-26, 60

Olanzapine-induced agranulocytosis Human leukocyte antigen variants Association SEDA-26, 63

Weight gain 5-HT2C receptor variant Conflicting results SEDA-27, 53 and 57

Weight gain CYP2D6 variants Association SEDA-27, 61

Neuroleptic malignant syndrome CYP2D6 variants Conflicting results SEDA-27, 58

Olanzapine toxicity Gilbert’s syndrome Association SEDA-28, 73
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that are likely to confer vulnerability to neuroleptic
malignant syndrome.
In a prospective study the prevalence of poor CYP2D6

metabolizers was significantly higher in those who devel-
oped extrapyramidal adverse events (574).
However, in a retrospective case-control study,

CYP2D6 genotype was not associated with tardive dyski-
nesia (575). Patients with tardive dyskinesia (50 cases)
were compared with 59 control). Genotyping identified
the functional allele CYP2D6*1, the known major defec-
tive alleles CYP2D6*3, CYP2D6*4, CYP2D6*5,
CYP2D6*6, and gene duplication; there was no statistical
differences in the proportion of the different functional
categories between the cases and the controls.
In a study funded by Eli Lilly, the marketing authoriza-

tion holder of olanzapine, claims data for schizophrenic
patients taking olanzapine (n ¼ 1875), risperidone (n ¼
982), or haloperidol (n ¼ 726) between January 1997 and
August 1998 were retrieved to determine the role of
ethnicity in predicting adherence to neuroleptic drugs
(576). After controlling for other factors, African–
Americans and Mexican–Americans were significantly
less adherent to therapy than white patients; for all ethni-
cities, olanzapine was associated with 23 more adherent
days than risperidone and 55 more adherent days than
haloperidol.
No polymorphism of neural nitric oxide synthase gene

was found in 128 Chinese patients with neuroleptic drug-
induced tardive dyskinesia compared with 123 controls
(577). After adjusting the effects of confounding factors,
there was no significant association between NOS1
39-UTR C276T genotypes and tardive dyskinesia.
An association between weight gain and a 5-HT2C

receptor gene polymorphism has been identified
(SEDA-28, 53). However, two genetic variants of the b3
adrenoceptor (Trp64Arg) and the G-protein b3 subunit
(C825T) did not play a significant role in clozapine-
induced weight gain in a study in 87 treatment-resistant
patients with schizophrenia (578)
In a survey of data from several studies in 126 African–

American patients and 574 white patients who were ran-
domly selected and for whom neuroleptic drugs were
prescribed, the African–American patients, after adjust-
ments for clinical, sociodemographic, and health-system
characteristics, were less likely than the white patients to
receive second-generation neuroleptic drugs (49% com-
pared with 66%) (579).

Age

Children

Neuroleptic drugs have been prescribed for children in
the treatment of psychotic disorders, Tourette’s syn-
drome, attention deficit disorder, hyperactivity, beha-
vioral and psychiatric complications of mental
retardation, and pervasive developmental disorders, for
example infantile autism (580,581).
Untoward effects of neuroleptic drugs in children are

said to be similar to those seen in adults (582).
However, adverse effects of neuroleptic drugs in chil-

dren can be unpredictable and a suggestion that they can

cause sudden infant death remains hypothetical (551).
Significant weight gain has been reported in almost
100% of neuroleptic drug-treated children, and there
seems to be a relatively high incidence of extrapyramidal
adverse effects (552). Since there is little information
regarding the pharmacokinetics and pharmacodynamics
of neuroleptic drugs in children, careful supervision of
treatment is vital; the use of high dosages is inadvisable.
Their use in children and adolescents has been exten-

sively reviewed (583–585). Typical neuroleptic drugs have
been assessed in three randomized, double-blind, pla-
cebo-controlled studies in 122 patients and atypical
drugs in five (one clozapine, n = 21; two amisulpride,
n = 36; and two tiapride, n = 59). The studies were of
short durations, 4–10 weeks. Extrapyramidal signs
occurred in 25–73% of those treated with the typical
neuroleptic drugs.

Elderly people

There is wide individual variation in the extent to which
older people tolerate these drugs, and adverse effects,
such as postural hypotension and anticholinergic effects,
can be more problematic (586). Caution with neuroleptic
drug use in old people is further warranted because sev-
eral of these drugs are metabolized by CYP2D6, which is
inhibited by many commonly used drugs (SEDA-20, 44).
Neuroleptic drugs have often been associated with

increased rates of falls (SEDA-19, 40) (587).
Older people are supposedly susceptible to delirium

caused by centrally acting anticholinergic drugs. This can
take the form of anxiety, agitation, or frank hypomania.
Such difficulties are more likely if the patient is also
taking neuroleptic drugs (most of which also have a
weak anticholinergic effect) or anticholinergic antiparkin-
sonian drugs.

Use and effectiveness
In a study that was claimed to be the first published
placebo-controlled dose comparison of neuroleptic drugs
used to treat psychoses and disruptive behavior in demen-
tia, haloperidol 2–3 mg/day was compared with 0.50–
0.75 mg/day in 71 outpatients with Alzheimer’s disease
(588). After 12 weeks, there was a favorable therapeutic
effect of haloperidol 2–3 mg/day, although 25% of the
patients developed moderate to severe extrapyramidal
signs. No patient developed tardive dyskinesia, but neu-
roleptic drug exposure needs to be considerably longer
for that to occur.
Neuroleptic drugs are currently used to treat the psy-

chiatric and behavioral symptoms that affect elderly
patients with dementia (589). This is an unlicensed indica-
tion, but 25% of elderly patients in nursing homes receive
these drugs (590). The main conclusions from a double-
blind, placebo-controlled study (CATIE-AD) in 421 out-
patients were that adverse effects offset the efficacy of
atypical neuroleptic drugs in managing psychosis, aggres-
sion, or agitation in patients with Alzheimer’s disease,
who were randomly assigned to olanzapine (mean dose
5.5 mg/day), quetiapine (57 mg/day), risperidone (mean
dose 1.0 mg/day), or placebo (591). At 12 weeks there
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were no significant differences with regard to the time to
withdrawal for any reason: olanzapine (median 8.1
weeks), quetiapine (median 5.3 weeks), risperidone (med-
ian 7.4 weeks), and placebo (median 8.0 weeks). Although
the median time to withdrawal because of lack of efficacy
favored olanzapine (22 weeks) and risperidone (27
weeks) compared with quetiapine (9.1 weeks) and pla-
cebo (9.0 weeks), the time to withdrawal because of
adverse events or intolerability clearly favored placebo.
Overall, 24% of patients who took olanzapine, 16% of
those who took quetiapine, 18% of those who took ris-
peridone, and 5% of those who took placebo withdrew
because of intolerability. There were no significant differ-
ences among the groups with regard to improvements on
the Clinical Global Impression of Change scale.
Moreover, neither quetiapine nor rivastigmine was effec-
tive in agitation in people with dementia in institutional
care.
In a double-blind, randomized, placebo-controlled

study quetiapine was associated with significant cognitive
decline in 93 patients with Alzheimer’s disease, dementia,
and clinically significant agitation (592).
These results coincide with those of a recent review of

evidence (593) and a recent meta-analysis (594), although
early pivotal comparisons of risperidone, haloperidol, and
placebo in agitated and demented patients did not find
substantial differences when the evaluation was per-
formed at 12 months (SEDA-25, 68).

Neuroleptic drugs and stroke in patients with dementia
Different warnings to clinicians have been issued on the
link between atypical neuroleptic drugs and cerebrovas-
cular adverse events. The US Food and Drug
Administration issued a similar warning in April 2003
(595). These warnings have led to a controversy among
doctors (596,597).
A meta-analysis of the effect of olanzapine for the

behavioral and psychological symptoms of dementia has
shown that olanzapine may also be associated with an
increased risk of cerebrovascular adverse effects (598).
Nevertheless, several studies have not found any associa-
tion between the use of atypical neuroleptic drugs and
cerebrovascular events (599) (600).
Neither of two observational studies of the relation

between atypical neuroleptic drugs and the risk of
ischemic stroke showed a similar significant risk. In the
first, a population-based retrospective cohort study,
patients over 65 years with dementia who took atypical
neuroleptic drugs showed no significant increase in the
risk of ischemic stroke compared with those who took
typical neuroleptic drugs (adjusted hazard ratio ¼ 1.0;
95% CI ¼ 0.8, 1.3) (601). The numbers of new admissions
for ischemic stroke were 284 in those taking atypical
neuroleptic drugs (n ¼ 17 845) and 227 in those taking
typical neuroleptic drugs (n ¼ 14 865). In the second
study, data from prescription-event monitoring of olanza-
pine (n¼ 8826), risperidone (n ¼ 7684), and quetiapine (n
¼ 1726) were examined (602). The patients were mainly
old (median ages 83, 81, and 69 years respectively; women
33%, 74%, and 70% respectively). Within 6 months of

starting treatment, 10 patients had a first occurrence of a
stroke or a transitory ischemic attack with olanzapine
(0.1%; five fatal), 23 with risperidone (0.3%; nine fatal),
and six with quetiapine (0.3%; one fatal). After adjusting
for three confounders (age, sex, and indication) there
were no significant differences in the relative risks of
stroke between olanzapine and either risperidone or que-
tiapine, or between risperidone and quetiapine (RR ¼
1.9; 95 % CI ¼ 0.5, 2.9 and RR ¼ 2.1; 95% CI ¼ 0.6, 7.6).
In another trial olanzapine 2.5–7.5 mg/day was not

associated with a higher risk of adverse cardiovascular
events compared to typical neuroleptic drugs (haloperidol
or promazine chlorhydrate) in 346 patients aged 71-92
years with vascular dementia and behavioral problems
(603).

Neuroleptic drugs and ventricular dysrhythmias and
cardiac arrest
In a retrospective case-control study in US residents of
nursing homes aged 65 years and over, conventional
(adjusted OR ¼ 1.9; 95% CI ¼ 1.3, 2.7) but not atypical
neuroleptic drugs (adjusted OR ¼ 0.9; 95% CI ¼ 0.6, 1.3)
were associated with an increased risk of hospitalization
for ventricular dysrhythmias and cardiac arrest (604).
Among residents who took conventional neuroleptic
drugs, those with cardiac disease were 3.3 times (95% CI
¼ 1.9, 5.5) more likely to be hospitalized for ventricular
dysrhythmias and cardiac arrest than non-users without
cardiac disease. The number of patients hospitalized for
ventricular dysrhythmias and cardiac arrest (cases) was
649, and 2962 controls were selected among in-patients in
the inception cohort whose primary diagnosis at discharge
was septicemia, gastrointestinal hemorrhage, rectal bleed-
ing, gastritis with bleeding, duodenitis with bleeding, or
influenza.

Atypical neuroleptic drugs and the risk of death
A thorough meta-analysis of published (n ¼ 6) and
unpublished (n ¼ 9) double-blind, parallel-group, rando-
mized, placebo-controlled trials has shown an increased
risk of death in patients with dementia taking atypical
neuroleptic drugs (605). There were more deaths among
patients randomized to drugs (118 out of 3353; 3.5%) than
those who took placebo (40 out of 1757; 2.3%) (OR ¼ 1.5;
95% CI ¼ 1.1, 2.2). There were no differences in drop-
outs.
In a recent retrospective cohort study conventional

neuroleptic drugs (n ¼ 9142) were at least as likely as
atypical agents (n ¼ 13 748) to increase the risk of death
among elderly people; accordingly, conventional drugs
should not be used to replace atypical agents withdrawn
in response to the FDA warning (606). The adjusted
relative risk was significantly higher with conventional
neuroleptic drugs (RR ¼ 1.4; 95% CI ¼ 1.3, 1.5) and in
all subgroups defined according to the presence or
absence of dementia or nursing home residency. Hence,
the US Food and Drug Administration has newly issued a
warning: ‘‘All of the atypical neuroleptic drugs are
approved for the treatment of schizophrenia. None, how-
ever, is approved for the treatment of behavioral

Neuroleptic drugs 231

ª 2009 Elsevier B.V. All rights reserved.



disorders in patients with dementia. Because of these
findings, the Agency will ask the manufacturers of these
drugs to include a Boxed Warning in their labeling
describing this risk and noting that these drugs are not
approved for this indication. Zambia, a combination pro-
duct containing olanzapine and fluoxetine, approved for
the treatment of depressive episodes associated with bipo-
lar disorder, will also be included in the request... The
Agency is also considering adding a similar warning to the
labeling for older neuroleptic medications because the
limited data available suggest a similar increase in mor-
tality for these drugs’’ (607). Similarly, the European
Agency for the Evaluation of Medicinal Products has
underlined these risks in a public statement:
‘‘Neuroleptic drugs are known to be used in patients
with dementia who experience psychotic symptoms and
disturbed behavior. There are insufficient data to confirm
any difference in the risk of mortality or cerebrovascular
accidents among atypical neuroleptic drugs, including
olanzapine, or between atypical and conventional neuro-
leptic drugs’’ (608).

Drug Administration

Drug formulations

Depot formulations

Guidelines for depot neuroleptic drug treatment in schi-
zophrenia were developed during a consensus conference
held in 1995 in Siena in Italy, since when a thorough
review devoted to depot neuroleptic drugs has been pub-
lished (609). The authors reported that depot neuroleptic
drugs are associated with significantly fewer relapses and
rehospitalizations than oral neuroleptic drugs. The poten-
tial disadvantages of depot drugs include patient reluc-
tance to accept injections or a sense of being too subject
to control. In addition, clinicians, and sometimes patients,
fear that if adverse effects occur they will be more diffi-
cult to manage because of an inability to withdraw treat-
ment rapidly. However, these formulations are not
associated with a significantly higher incidence of adverse
effects than oral drugs. Some patients have pain or dis-
comfort at the injection site. In some cases the injection
site becomes edematous and tender or pruritic, with a
palpable mass for up to 3 months. The recommendations
are to rotate the injection site, to limit the volume of the
injection, and to assure deep intramuscular injection.

Drug administration route

Intramuscular injection of neuroleptic drugs in depot for-
mulations is important for compliance in outpatients with
schizophrenia, and the benefits and risks have been
emphasized (SEDA-23, 73). In a retrospective study in a
tertiary center in Riyadh, of 69 patients (mean age 35
years; mean duration of illness 11 years; 38 men) who
had been given depot neuroleptic drugs during 1991–
2000, only 24 were still receiving their depot injections
regularly in that clinic (610). The authors suggested that
negative attitudes of families and society toward mental
illness and interference with psychiatric treatment by

traditional and faith healers could have accounted for
this lack of compliance. Although the use of depot neu-
roleptic drugs is advocated as maintenance treatment for
patients with bipolar disorders, no such patients were
identified. The authors pointed out that in spite of the
fact that patients had been clinically stable, 7% had been
receiving their depot neuroleptic drugs for more than 8
years, with no attempts to reduce the dosage or to
increase the interval of administration.

Drug overdose

Suicide is the leading cause of premature death among
patients with schizophrenia. The lifetime incidence of
completed suicide among patients with schizophrenia is
about 10% (611) and 18–55% of patients with schizophre-
nia make suicide attempts (612), sometimes with neuro-
leptic drugs. In autopsies and toxicological analyses in
Vienna from 1991 to 1997, 97 neuroleptic compounds
were detected in 85 fatal intoxications (613). Of these,
17 fatal poisonings were attributed to a single compound,
3 were due to two neuroleptic drugs, 57 to a combination
of one neuroleptic drug with other drugs, 7 to two neuro-
leptic drugs with other drugs, and in one case three neu-
roleptic drugs combined with other drugs. Relating the
number of deaths by a drug to the number of Defined
Daily Doses, a fatality index was estimated. At the top of
the rating were levopromazine, prothipendyl, and chlor-
prothixene, which had f-values significantly higher than
the mean. However, since the estimates were not adjusted
for age or condition, these data should be taken with
caution.
In another study there were large differences in fatality

from overdosage between different neuroleptic drugs
(614). Pimozide had the lowest fatality index (the number
of deaths divided by the number of prescriptions) and
loxapine the highest.
Although mortality is generally low and infrequently

associated with residual impairment (SED-13, 129),
important exceptions occur when there is co-ingestion
with alcohol, tricyclic antidepressants, or antiparkinso-
nian agents. In acute overdosage of neuroleptic drugs
alone, the most serious complications include shock, sei-
zures, and cardiac dysrhythmias. These can be more pro-
blematic when the neuroleptic drugs are of low potency,
for example thioridazine and chlorpromazine, but taken
in high dosages.
Acute extrapyramidal reactions occur more often after

ingestion of high-potency drugs, such as haloperidol and
fluphenazine; these respond to parenteral benzatropine,
but anticholinergic drugs should be used judiciously, so as
not to worsen peripheral or central autonomic toxicity.
Other serious, but less frequent, complications include
paralytic ileus and hypothermia. Acute renal insufficiency
has been very rarely reported, but is apparently reversible
and can occur secondary to severe hypotension or other
causes after acute ingestion (615).
Of 524 inquiries received by the National Poisons

Information Service concerning new neuroleptic drugs
over 9 months, only 45 cases involved overdose with a
single agent (olanzapine, n = 10; clozapine, n = 8;
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risperidone, n = 10; sulpiride, n = 16) (616). There were
no deaths or cases of convulsions. Cardiac dysrhythmias
occurred only with sulpiride. Symptoms were most
marked with clozapine: most patients had agitation, dys-
tonia, central nervous system depression, and tachycardia.
Most of the patients who had taken risperidone were
asymptomatic.
Neuroleptic drug poisoning in 86 children has been

retrospectively studied in two pediatric hospitals in the
USA (1987–1997), with about 9000 and 11 000 annual
admissions (617). Most (70%) occurred in children
under 6 years of age; over two-thirds of the cases (78%)
were unintentional. The owner of the medication, when
identified (85% of cases), was the grandmother (22%),
another family member (21%), the patient (13%), or a
non-family caregiver (8%); the most common places
where ingestion occurred were the patient’s home (64%)
or a relative’s home (22%). There was a depressed level
of consciousness in 91% and a dystonic reaction in 51%;
there were no deaths.

� A 46-year-old woman took amisulpride (12 g), alpra-
zolam (40 mg), and sertraline (1 g) with suicidal intent,
and 3 hours later was still unconscious and was intu-
bated (618). Her body temperature rose from 37.1� C
on admission to 38� C soon after. She was discharged
on the third day.� A 50-year-old man who took an overdose of ziprasi-
done 3120 mg (52 tablets) had no serious effects; he
was a little drowsy and his speech was slightly slurred
(619). Ziprasidone blood concentrations were not mea-
sured.

Fatal intoxication has been reported with melperone
(620).

� A 36-year-old woman was found dead in her flat about
2 days after her last contact with one of her relatives.
Besides melperone, she was known to take diazepam
and carbamazepine. The police found four empty con-
tainers of 100 melperone tablets (100 mg per tablet).
Post-mortem blood concentration analysis showed
melperone, diazepam, nordiazepam, and carbamaze-
pine; the melperone concentration in venous blood
was very high (17.1 mg/ml).

Minimal myocardial damage after promazine overdose
has been reported (621).

� A 31-year-old woman with a borderline personality
disorder took15 ml of promazine hydrochloride (total
600 mg), 25 capsules of OptalidonTM (butalbital
1250 mg, propyphenazone 3125 mg, caffeine 500 mg),
and 20 capsules of flurazepam (total 600 mg). Her
electrocardiogram showed T wave inversion in V3–6,
with no significant changes in ST segments or QRS
duration and no dysrhythmias. Transthoracic echocar-
diography showed hypokinesis of the distal segments
of the anterior and lateral segments and of the apex of
the left ventricle; there was mild reduction of global
systolic function, with an ejection fraction of 54%.
Creatine kinase and myocardial band releases peaked
at 36 hours, reaching maximum values of 469 U/l and

10 mg/l respectively. Her electrocardiogram, recorded
every 12 hours, began to normalize within 2 days and
was definitely normal after 5 days.

Because she also took a large dose of caffeine, a com-
bined effect cannot be excluded.

Drug–Drug Interactions

Adrenoceptor agonists

Neuroleptic drugs can reduce or block the pressor effects
of alpha-adrenoceptor agonists. When using drugs with
both alpha- and beta-adrenoceptor activity, neuroleptic
drug blockade of alpha-adrenoceptors can lead to unop-
posed beta predominance, resulting in severe hypotension
(622).
A neuroleptic malignant-like syndrome occurred when

norephedrine was combined with neuroleptic drugs (385).

Alcohol

Alcohol-induced CNS and respiratory depression is
enhanced by neuroleptic drugs (623), but enhancement
can be slight if both are used in reasonable amounts (624).

Alpha-adrenoceptor antagonists

Neuroleptic drugs can intensify the effects of alpha-adre-
noceptor antagonists, for example phentolamine, causing
severe hypotension (552).

Amfebutamone (bupropion)

Bupropion has about the same seizure potential as tricyc-
lic antidepressants (SEDA-8, 30), but the manufacturers
noted an increased risk of seizures in patients taking over
600 mg/day in combination with lithium or neuroleptic
drugs (SEDA-10, 20).

Antacids

Antacids containing aluminium and magnesium reduce
the gastrointestinal absorption of chlorpromazine and
other phenothiazines by forming complexes (625). The
clinical significance of this is unknown.

Antihistamines

Drugs with a CNS depressant effect (antihistamines, hyp-
notics, sedatives, narcotic analgesics, alcohol, etc.) will
have an increase in effect caused by interaction with
neuroleptic drugs.

Benzatropine

Benzatropine and ethylbenzatropine are particularly
likely to interact additively with other drugs with both
anticholinergic and antihistaminic activity, such as neuro-
leptic drugs; complications such as hyperpyrexia, coma,
and toxic psychosis have been reported several times
when such combinations were used (626–628).
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Benzodiazepines

Neuroleptic drugs can potentiate the sedative effects of
benzodiazepines pharmacodynamically.
In a brief review, emphasis has been placed on pharma-

cokinetic interactions between neuroleptic drugs and ben-
zodiazepines, as much information on their metabolic
pathways is emerging (629). Thus, CYP3A4, which plays
a dominant role in the metabolism of benzodiazepines,
also contributes to the metabolism of clozapine, haloper-
idol, and quetiapine, and plasma neuroleptic drug concen-
trations can rise.
Intramuscular levomepromazine in combination with

an intravenous benzodiazepine has been said to increase
the risk of airways obstruction, on the basis of five cases of
respiratory impairment in patients who received injec-
tions of psychotropic drugs (630). The doses of levome-
promazine were higher in the five cases that had
accompanying airways obstruction than in another 95
patients who did not.

Beta-adrenoceptor antagonists

The cardiac effects of neuroleptic drugs can be poten-
tiated by propranolol (631).
In general, concurrent use of neuroleptic and antihy-

pertensive drugs merits close patient monitoring (632).

Bromocriptine

The dopamine-blocking activity of neuroleptic drugs can
antagonize the effects of dopamine receptor agonists,
such as bromocriptine. Conversely, bromocriptine has
been reported to cause exacerbation of schizophrenic
symptoms (633).

Caffeine

Neuroleptic drugs can precipitate from solution when
mixed with coffee or tea (634), but the clinical signifi-
cance of this physicochemical interaction is unknown
(635).
Caffeine can alter blood concentrations of neuroleptic

drugs (SEDA-5, 6).
Excess caffeine can stimulate the CNS, which can wor-

sen psychosis and thus interfere with the effects of neu-
roleptic drugs (636).

Cannabis

In 10 patients, schizophrenia was acutely worsened after
cannabis use, despite verified adequate depot treatment
with neuroleptic drugs (637).

Carbamazepine

Plasma concentrations of neuroleptic drugs can be low-
ered by carbamazepine, and patients should be monitored
for reduced efficacy (638).

� A 54-year-old man who had been taking neuroleptic
drugs for about 30 years developed neuroleptic malig-
nant syndrome within 3 days of taking add-on carba-
mazepine (400 mg/day) (639).

This syndrome does not appear to have been described
with carbamazepine alone, and it was speculated that its
pathogenesis could involve rebound cholinergic activity
after a reduction in plasma neuroleptic drug concentra-
tions by carbamazepine.

Cocaine

In a retrospective study of 116 patients taking neuroleptic
drugs, 42% of cocaine users versus 14% of non-users
developed dystonic reactions (640). This suggests that
the use of cocaine may be a major risk factor for acute
dystonic reactions secondary to the use of neuroleptic
drugs.
This has been confirmed in a 2-year study on the island

of Curaçao in the Netherlands Antilles, where cocaine
and cannabis are often abused (208). The sample con-
sisted of 29 men with neuroleptic-induced acute dystonias
aged 17–45 years who had received high potency neuro-
leptic drugs in the month before admission; 9 were
cocaine users and 20 non-users. Cocaine use was a major
risk factor for neuroleptic-induced acute dystonia and
should be added to the list of well-known risk factors
such as male sex, younger age, neuroleptic dose and
potency, and a history of neuroleptic-induced acute dys-
tonias. The authors suggested that high-risk cocaine-using
psychiatric patients who start to take neuroleptic drugs
should be provided with a prophylactic anticholinergic
drug to prevent neuroleptic drug-induced acute dystonias.

Corticosteroids

By reducing gastrointestinal motility, neuroleptic drugs
enhance the absorption of corticosteroids (623).

Digoxin

By reducing gastrointestinal motility, neuroleptic drugs
increase the systemic availability of digoxin and other
inotropic drugs and thereby increase the potential for
toxicity (624).

Guanethidine

Phenothiazines may inhibit the hypotensive action of
guanethidine (624). This antagonism does not occur with
molindone (622).

Hypoglycemic drugs

Because phenothiazines affect carbohydrate metabolism,
they can interfere with the control of blood glucose in
diabetes mellitus (445,623).

Levodopa

Levodopa and neuroleptic drugs can interfere with the
effects of each other at dopamine receptors; the patient
should be monitored for deterioration in both parkinson-
ism and mental state. If an antiemetic is required in a
patient taking levodopa, one that does not affect central
dopamine receptors should be chosen.
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Lithium

Neuroleptic drugs are often used in mood stabilizer com-
binations. However, there have been few controlled stu-
dies of the use of such combinations, and interactions are
potentially dangerous. The advantages and disadvantages
of all currently used mood stabilizer combinations have
been extensively reviewed (641). Some effects are well
known: neurotoxicity, hypotension, somnambulistic-like
events, and cardiac and respiratory arrest associated
with the combination of lithium and traditional neurolep-
tic drugs considered as a first-line treatment for classic
euphoric mania with psychotic features.
Several cases of neurotoxicity have been reported when

lithium was combined with thioridazine, and patients
should be carefully monitored (642–644).
Occasionally, long-term use of lithium is associated

with cogwheel rigidity and a parkinsonian tremor. More
often than not, concurrent or past treatment with a neu-
roleptic drug is involved. Neuroleptic malignant syn-
drome has also been reported in patients taking lithium
and a neuroleptic drug, such as amoxapine (645), cloza-
pine (646), haloperidol (647), olanzapine, (648), and ris-
peridone (649). However, a causal interaction has not
been established (650), and it should also be remembered
that lithium toxicity itself can cause neuroleptic malignant
syndrome (651).

Lysergic acid diethylamide

Phenothiazines and butyrophenones can counteract the
psychoactive effects of lysergic acid diethylamide (LSD)
(652).

Metrizamide

The role of chlorpromazine in facilitating metrizamide-
induced convulsions has been confirmed in animal studies
(653); phenothiazines should be withdrawn at least 48
hours before intrathecal use of metrizamide.

Monoamine oxidase inhibitors

There can be additive hypotensive effects when monoa-
mine oxidase inhibitors are combined with neuroleptic
drugs.
Four healthy volunteers taking moclobemide (600 mg/

day for 9 days) had reduced clearance of dextromethor-
phan, a marker of hepatic CYP2D6 activity (654). These
findings suggest that at the higher end of its therapeutic
dosage range, moclobemide may inhibit the metabolism
of drugs that are substrates for CYP2D6, for example
neuroleptic drugs and tricyclic antidepressants (SEDA-
22, 14).

Narcotic analgesics

CNS and respiratory depression due to narcotic analgesics
can be enhanced by neuroleptic drugs (623).

Oral contraceptives

Estrogen-containing formulations can further promote
neuroleptic drug-induced prolactin stimulation (623).

Neuroleptic malignant syndrome occurred in a woman
taking haloperidol and thioridazine 12 hours after she
started to take an oral contraceptive. The authors sug-
gested that this could have been a pharmacodynamic
interaction involving dopaminergic neurotransmission
(655).

Phenytoin

Chlorpromazine, and in some cases other phenothiazines,
has been reported to increase plasma phenytoin concen-
trations (656–659), to reduce plasma phenytoin concen-
trations (657–661), or to have no effect (658). In one case
co-administration of thioridazine caused phenytoin toxi-
city (662).
Phenytoin induces hepatic microsomal drug-metaboliz-

ing enzymes and thus reduces concentrations of haloper-
idol (663,664), thioridazine (664), and tiotixene (665). In
two patients phenytoin reduced plasma clozapine concen-
trations and worsened psychosis (666).

Piperazine

High doses of piperazine can enhance the adverse effects
of chlorpromazine and other phenothiazines (667).

Quinidine

Concurrent administration of quinidine with neuroleptic
drugs, particularly thioridazine, can cause myocardial
depression (622).

Sedatives and hypnotics

Neuroleptic drugs increase sedative- and hypnotic-
induced sleep time and respiratory depression. Lower
dosages of barbiturates or other hypnotics should be
used, at least initially, in patients receiving neuroleptic
drugs (622).

Sevoflurane

� A 19-year-old taking cyamemazine for schizophrenia
had severe dystonia during inhalation of sevoflurane
(668). One minute after taking four or five maximum
breaths in a closed system filled with 8% sevoflurane in
a 50% nitrous oxide/oxygen mixture, the patient being
unconscious, torticollic posturing began to develop and
the stiffness rapidly extended to the left trapezius and
scalenus muscles. This was followed by severe rotation
of the head, trismus, and opisthotonos. Muscle spasm
resolved with an injection of atracurium 30 mg.

An interaction of sevoflurane with cyamemazine was
suggested as a possible explanation, without precluding
a role of nitrous oxide.

Spiramycin

Acute dystonia occurred during spiramycin therapy in a
patient who was being treated with neuroleptic drugs
(368).

Neuroleptic drugs 235

ª 2009 Elsevier B.V. All rights reserved.



SSRIs

Paroxetine and fluoxetine are potent inhibitors of
CYP2D6, and can therefore interact with neuroleptic
drugs that are metabolized by this enzyme.

� Urinary retention and severe constipation occurred in
a patient who started to take sertraline when already
taking haloperidol and clonazepam (669). After a
week, she discontinued sertraline and her symptoms
disappeared in a few days.

Three of fourteen adults with Gilles de la Tourette syn-
drome had acute severe drug-induced parkinsonism when
neuroleptic drugs and SSRIs were used together (670).
There were no adverse reactions in almost 75 children
receiving similar treatment. The authors suggested that
age-related changes in dopamine neurotransmitter sys-
tems could confer vulnerability. On the other hand,
SSRIs themselves can cause parkinsonism and also inhibit
P450 enzymes, leading to increases in plasma concentra-
tions of neuroleptic drugs during combined treatment
(SEDA-20, 50) (SEDA-21, 51) (SEDA-22, 55).
Surprisingly, in a double-blind, randomized, placebo-con-
trolled study, there were no significant differences in
plasma haloperidol concentrations when sertraline
(n = 18) or placebo (n = 18) were added at 2, 4, 6, and 8
weeks (671).

Thiazide diuretics

Combined use of neuroleptic drugs and thiazide diuretics
has rarely resulted in severe hypotension (622).

Tricyclic antidepressants

Various neuroleptic drugs inhibit the metabolism of imi-
pramine, nortriptyline, and amitriptyline (SED-11, 114)
(672,673).

Valproate

The combination of valproate and traditional neuroleptic
drugs, a first-line treatment for mixed or rapid-cycling
episodes or dysphoric mania with psychotic features, is
associated with altered mental status and electroencepha-
lographic abnormalities (641).

Smoking

Smoking, common in schizophrenics (SEDA-20, 44), has
important effects on plasma concentrations of neuroleptic
drugs.

Interference with Diagnostic Tests

Pregnancy testing

Phenothiazines can cause a false-positive pregnancy test,
but only with the virtually obsolete Ascheim–Zondek
animal test method (SED-11, 115).

Urinary ketones

Phenothiazines can cause increased urinary ketones (fer-
ric chloride test) (SED-11, 115).

Urinary steroids

Phenothiazines can interfere with the measurement of
urinary steroids (colorimetry) or oxosteroids (Porter–
Silber test) (SED-11, 115).
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l’ámisulpride dans le traitement des psychoses schi-

zophréniques. [Evaluation of efficacy and tolerance of

amisulpride in treatment of schizophrenic psychoses.]

Encephale 1998;24(4):386–92.

33. Puech A, Fleurot O, Rein W. Amisulpride, and atypical

antipsychotic, in the treatment of acute episodes of schizo-

phrenia: a dose-ranging study vs. haloperidol. The

Amisulpride Study Group. Acta Psychiatr Scand

1998;98(1):65–72.

34. Colonna L, Saleem P, Dondey-Nouvel L, Rein W. Long-

term safety and efficacy of amisulpride in subchronic or

chronic schizophrenia. The Amisulpride Study Group. Int

Clin Psychopharmacol 2000;15(1):13–22.

35. Geddes J, Freemantle N, Harrison P, Bebbington P.

Atypical antipsychotics in the treatment of schizophrenia:

systematic overview and meta-regression analysis. BMJ

2000;321(7273):1371–6.

36. Worrel JA, Marken PA, Beckman SE, Ruehter VL.

Atypical antipsychotic agents: a critical review. Am J

Health Syst Pharm 2000;57(3):238–55.

37. Beaumont G. Antipsychotics—the future of schizophrenia

treatment. Curr Med Res Opin 2000;16:37–42.

38. Karow A, Naber D. Subjective well-being and quality of

life under atypical antipsychotic treatment.

Psychopharmacology (Berl) 2002;162(1):3–10.

39. Opolka Davis JM, Chen N, Glick ID. A meta-analysis of

the efficacy of second-generation antipsychotics. Arch Gen

Psychiatry 2003;60: 553–64.

40. Mensink GJ, Slooff CJ. Novel antipsychotics in bipolar and

schizoaffective mania. Acta Psychiatr Scand 2004;109: 405–

19.

41. Flashman LA, Green MF. Review of cognition and brain

structure in schizophrenia: profiles, longitudinal course,

and effects of treatment. Psychiatr Clin North Am

2004;27: 1–18.

42. Voruganti L, Cortese L, Oyewumi L, Cernovsky Z,

Zirul S, Awad A. Comparative evaluation of conventional

and novel antipsychotic drugs with reference to their sub-

jective tolerability, side-effect profile and impact on qual-

ity of life. Schizophr Res 2000;43(2–3):135–45.

43. Advokat CD, Mayville EA, Matson JL. Side effect profiles

of atypical antipsychotics, typical antipsychotics, or no

psychotropic medications in persons with mental retarda-

tion. Res Dev Disabil 2000;21(1):75–84.

44. Volavka J, Czobor P, Sheitman B, Lindenmayer JP,

Citrome L, McEvoy JP, Cooper TB, Chakos M,

Lieberman JA. Clozapine, olanzapine, risperidone, and

haloperidol in the treatment of patients with chronic schi-

zophrenia and schizoaffective disorder. Am J Psychiatry

2002;159(2):255–62.

45. Coulouvrat C, Dondey-Nouvel L. Safety of amisulpride

(Solian): a review of 11 clinical studies. Int Clin

Psychopharmacol 1999;14(4):209–18.

46. Wahlbeck K, Cheine M, Essali A, Adams C. Evidence of

clozapine’s effectiveness in schizophrenia: a systematic

review and meta-analysis of randomized trials. Am J

Psychiatry 1999;156(7):990–9.

47. Howanitz E, Pardo M, Smelson DA, Engelhart C,

Eisenstein N, Stern RG, Losonczy MF. The efficacy and

safety of clozapine versus chlorpromazine in geriatric schi-

zophrenia. J Clin Psychiatry 1999;60(1):41–4.

48. Chakos M, Lieberman J, Hoffman E, Bradford D,

Sheitman B. Effectiveness of second-generation antipsy-

chotics in patients with treatment-resistant schizophrenia:

Neuroleptic drugs 237

ª 2009 Elsevier B.V. All rights reserved.



a review and meta-analysis of randomized trials. Am J

Psychiatry 2001;158(4):518–26.

49. Buchanan RW, Breier A, Kirkpatrick B, Ball P,

Carpenter WT Jr. Positive and negative symptom response

to clozapine in schizophrenic patients with and without the

deficit syndrome. Am J Psychiatry 1998;155(6):751–60.

50. Umbricht DS, Wirshing WC, Wirshing DA,

McMeniman M, Schooler NR, Marder SR, Kane JM.

Clinical predictors of response to clozapine treatment in

ambulatory patients with schizophrenia. J Clin Psychiatry

2002;63(5):420–4.

51. Conley RR, Tamminga CA, Bartko JJ, Richardson C,

Peszke M, Lingle J, Hegerty J, Love R, Gounaris C,

Zaremba S. Olanzapine compared with chlorpromazine

in treatment-resistant schizophrenia. Am J Psychiatry

1998;155(7):914–20.

52. Anonymous. Olanzapine. Keep an eye on this neuroleptic.

Can Fam Physician 2000;46(322–326):330–6.

53. Lima FB, Cunha RS, Costa LM, Santos-Jess R, De

Sena EP, De Miranda-Scippa A, Ribeiro MG, De

Oliveira IR. Meta-analysis for evaluate the efficacy and

safety of olanzapine compared to haloperidol in the treat-

ment of schizophrenia: preliminary findings. J Bras

Psiquiatr 1999;48:169–75.

54. Sanger TM, Lieberman JA, Tohen M, Grundy S,

Beasley C Jr, Tollefson GD. Olanzapine versus haloper-

idol treatment in first-episode psychosis. Am J Psychiatry

1999;156(1):79–87.

55. Breier A, Hamilton SH. Comparative efficacy of olanza-

pine and haloperidol for patients with treatment-resistant

schizophrenia. Biol Psychiatry 1999;45(4):403–11.

56. Tran PV, Tollefson GD, Sanger TM, Lu Y, Berg PH,

Beasley CM Jr. Olanzapine versus haloperidol in the treat-

ment of schizoaffective disorder. Acute and long-term

therapy. Br J Psychiatry 1999;174:15–22.

57. Berk M, Brook S, Trandafir AI. A comparison of olanza-

pine with haloperidol in cannabis-induced psychotic disor-

der: a double-blind randomized controlled trial. Int Clin

Psychopharmacol 1999;14(3):177–80.

58. Glick ID, Berg PH. Time to study discontinuation, relapse,

and compliance with atypical or conventional antipsycho-

tics in schizophrenia and related disorders. Int Clin

Psychopharmacol 2002;17(2):65–8.

59. Altamura AC, Velona I, Curreli R, Mundo E, Bravi D. Is

olanzapine better than haloperidol in resistant schizophre-

nia? A double-blind study in partial responders. Int J

Psychiatry Clin Pract 2002;6:107–11.

60. Breier A, Meehan K, Birkett M, David S, Ferchland I,

Sutton V, Taylor CC, Palmer R, Dossenbach M,

Kiesler G, Brook S, Wright P. A double-blind, placebo-

controlled dose-response comparison of intramuscular

olanzapine and haloperidol in the treatment of acute agita-

tion in schizophrenia. Arch Gen Psychiatry

2002;59(5):441–8.

61. Hamilton SH, Revicki DA, Edgell ET, Genduso LA,

Tollefson G. Clinical and economic outcomes of olanza-

pine compared with haloperidol for schizophrenia. Results

from a randomised clinical trial. Pharmacoeconomics

1999;15(5):469–80.

62. Rosenheck R, Perlick D, Bingham S, Liu-Mares W,

Collins J, Warren S, Leslie D, Allan E, Campbell EC,

Caroff S, Corwin J, Davis L, Douyon R, Dunn L,

Evans D, Frecska E, Grabowski J, Graeber D, Herz L,

Kwon K, Lawson W, Mena F, Sheikh J, Smelson D, Smith-

Gamble V. Department of Veterans Affairs Cooperative

Study Group on the Cost-Effectiveness of Olanzapine.

Effectiveness and cost of olanzapine and haloperidol in

the treatment of schizophrenia: a randomized controlled

trial. JAMA 2003;290(20):2693–702.

63. Onofrj M, Paci C, D’Andreamatteo G, Toma L.

Olanzapine in severe Gilles de la Tourette syndrome: a

52-week double-blind cross-over study vs. low-dose pimo-

zide. J Neurol 2000;247(6):443–6.

64. Sacristan JA, Gomez JC, Montejo AL, Vieta E,

Gregor KJ. Doses of olanzapine, risperidone, and haloper-

idol used in clinical practice: results of a prospective phar-

macoepidemiologic study. EFESO Study Group. Estudio

Farmacoepidemiologico en la Esquizofrenia con

Olanzapina. Clin Ther 2000;22(5):583–99.

65. Gareri P, Cotroneo A, Lacava R, Seminara G, Marigliano

N, Loiacono A, De Sarro G. Comparison of the efficacy of

new and conventional antipsychotic drugs in the treatment

of behavioral and psychological symptoms of dementia

(BPSD). Arch Gerontol Geriatr 2004;Suppl 9: 207–15.

66. Copolov DL, Link CG, Kowalcyk B. A multicentre,

double-blind, randomized comparison of quetiapine (ICI

204,636, ‘‘Seroquel’’) and haloperidol in schizophrenia.

Psychol Med 2000;30(1):95–105.

67. Emsley RA, Raniwalla J, Bailey PJ, Jones AM. A compar-

ison of the effects of quetiapine (‘‘Seroquel’’) and haloper-

idol in schizophrenic patients with a history of and a

demonstrated, partial response to conventional antipsy-

chotic treatment. PRIZE Study Group. Int Clin

Psychopharmacol 2000;15(3):121–31.

68. Purdon SE, Malla A, Labelle A, Lit W.

Neuropsychological change in patients with schizophrenia

after treatment with quetiapine or haloperidol. J

Psychiatry Neurosci 2001;26(2):137–49.

69. Muller-Siecheneder F, Muller MJ, Hillert A, Szegedi A,

Wetzel H, Benkert O. Risperidone versus haloperidol and

amitriptyline in the treatment of patients with a combined

psychotic and depressive syndrome. J Clin

Psychopharmacol 1998;18(2):111–20.

70. Heck AH, Haffmans PM, de Groot IW, Hoencamp E.

Risperidone versus haloperidol in psychotic patients with

disturbing neuroleptic-induced extrapyramidal symptoms:

a double-blind, multi-center trial. Schizophr Res

2000;46(2–3):97–105.

71. Csernansky JG, Mahmoud R, Brenner R. Risperidone-

USA-79 Study Group. A comparison of risperidone and

haloperidol for the prevention of relapse in patients with

schizophrenia. N Engl J Med 2002;346(1):16–22.

72. Fleischhacker WW, Lemmens P, van Baelen B. A qualita-

tive assessment of the neurological safety of antipsychotic

drugs: an analysis of a risperidone database.

Pharmacopsychiatry 2001;34(3):104–10.

73. Curtin F. Prevention of relapse in schizophrenia. N Engl J

Med 2002;346(18):1412.

74. Stalman SL. Prevention of relapse in schizophrenia. N

Engl J Med 2002;346(18):1412.

75. Lieberman J, Stroup S, Schneider L. Prevention of relapse

in schizophrenia. N Engl J Med 2002;346(18):1412.

76. Geddes J. Prevention of relapse in schizophrenia. N Engl J

Med 2002;346(1):56–8.

77. Davies A, Adena MA, Keks NA, Catts SV, Lambert T,

Schweitzer I. Risperidone versus haloperidol: I. Meta-ana-

lysis of efficacy and safety. Clin Ther 1998;20(1):58–71.

78. Davis JM, Chen N. Clinical profile of an atypical antipsy-

chotic: risperidone. Schizophr Bull 2002;28(1):43–61.

79. Han CS, Kim YK. A double-blind trial of risperidone and

haloperidol for the treatment of delirium. Psychosomatics

2004;45: 297–301.

238 Neuroleptic drugs

ª 2009 Elsevier B.V. All rights reserved.



80. Skrobik YK, Bergeron N, Dumont M, Gottfried SB.

Olanzapine vs haloperidol: treating delirium in a critical

care setting. Intensive Care Med 2004;30: 444–9.

81. Bruggeman R, van der Linden C, Buitelaar JK,

Gericke GS, Hawkridge SM, Temlett JA. Risperidone

versus pimozide in Tourette’s disorder: a comparative dou-

ble-blind parallel-group study. J Clin Psychiatry

2001;62(1):50–6.

82. Allain H, Dautzenberg PH, Maurer K, Schuck S,

Bonhomme D, Gerard D. Double blind study of tiapride

versus haloperidol and placebo in agitation and aggressive-

ness in elderly patients with cognitive impairment.

Psychopharmacology (Berl) 2000;148(4):361–6.

83. Brook S, Lucey JV, Gunn KP. Intramuscular ziprasidone

compared with intramuscular haloperidol in the treatment

of acute psychosis. Ziprasidone I.M. Study Group. J Clin

Psychiatry 2000;61(12):933–41.

84. Hirsch SR, Kissling W, Bauml J, Power A, O’Connor R. A

28-week comparison of ziprasidone and haloperidol in out-

patients with stable schizophrenia. J Clin Psychiatry

2002;63(6):516–23.

85. Goff DC, Posever T, Herz L, Simmons J, Kletti N,

Lapierre K, Wilner KD, Law CG, Ko GN. An explora-

tory haloperidol-controlled dose-finding study of ziprasi-

done in hospitalized patients with schizophrenia or

schizoaffective disorder. J Clin Psychopharmacol

1998;18(4):296–304.

86. Prakash A, Lamb HM. Zotepine. A review of its pharma-

codynamic and pharmacokinetic properties and therapeu-

tic efficacy in the management of schizophrenia. CNS

Drugs 1998;9:153–75.

87. Cooper SJ, Tweed J, Raniwalla J, Butler A, Welch C. A

placebo-controlled comparison of zotepine versus chlor-

promazine in patients with acute exacerbation of schizo-

phrenia. Acta Psychiatr Scand 2000;101(3):218–25.

88. Al-Sughayir MA. Depot antipsychotics. Patient character-

istics and prescribing pattern. Saudi Med J

2000;21(12):1178–81.

89. Dunayevich E, McElroy SL. Atypical antipsychotics in the

treatment of bipolar disorder: pharmacological and clinical

effects. CNS Drugs 2000;13:433–41.

90. Guille C, Sachs GS, Ghaemi SN. A naturalistic compar-

ison of clozapine, risperidone, and olanzapine in the treat-

ment of bipolar disorder. J Clin Psychiatry

2000;61(9):638–42.

91. Peuskens J, Bech P, Moller HJ, Bale R, Fleurot O,

Rein W. Amisulpride vs. risperidone in the treatment of

acute exacerbations of schizophrenia. Amisulpride Study

Group. Psychiatry Res 1999;88(2):107–17.

92. Oosthuizen P, Emsley R, Turner HJ, Keyter N. A rando-

mized, controlled comparison of the efficacy and tolerabil-

ity of low and high doses of haloperidol in the treatment of

first-episode psychosis. Int J Neuropsychopharmacol

2004;7: 125–31.

93. Tollefson GD, Birkett MA, Kiesler GM, Wood AJ. Lilly

Resistant Schizophrenia Study Group. Double-blind com-

parison of olanzapine versus clozapine in schizophrenic

patients clinically eligible for treatment with clozapine.

Biol Psychiatry 2001;49(1):52–63.

94. Gimenez-Roldan S, Mateo D, Navarro E, Gines MM.

Efficacy and safety of clozapine and olanzapine: an open-

label study comparing two groups of Parkinson’s disease

patients with dopaminergic-induced psychosis.

Parkinsonism Relat Disord 2001;7(2):121–7.

95. Ellis T, Cudkowicz ME, Sexton PM, Growdon JH.

Clozapine and risperidone treatment of psychosis in

Parkinson’s disease. J Neuropsychiatry Clin Neurosci

2000;12(3):364–9.

96. Wahlbeck K, Cheine M, Tuisku K, Ahokas A, Joffe G,

Rimon R. Risperidone versus clozapine in treatment-resis-

tant schizophrenia: a randomized pilot study. Prog

Neuropsychopharmacol Biol Psychiatry 2000;24(6):911–22.

97. Tracy JI, Monaco CA, Abraham G, Josiassen RC,

Pollock BG. Relation of serum anticholinergicity to cogni-

tive status in schizophrenia patients taking clozapine or

risperidone. J Clin Psychiatry 1998;59(4):184–8.

98. Ho BC, Miller D, Nopoulos P, Andreasen NC. A compara-

tive effectiveness study of risperidone and olanzapine in

the treatment of schizophrenia. J Clin Psychiatry

1999;60(10):658–63.

99. Tran PV, Hamilton SH, Kuntz AJ, Potvin JH,

Andersen SW, Beasley C Jr, Tollefson GD. Double-blind

comparison of olanzapine versus risperidone in the treat-

ment of schizophrenia and other psychotic disorders. J Clin

Psychopharmacol 1997;17(5):407–18.

100. Schooler NR. Comments on article by Tran and collea-

gues, ‘‘Double-blind comparison of olanzapine versus ris-

peridone in treatment of schizophrenia and other psychotic

disorders’’. J Clin Psychopharmacol 1998;18(2):174–6.

101. Tollefson G, Tran PV. Reply. J Clin Psychopharmacol

1998;18:175–6.

102. Gheuens J, Grebb JA. Comments on article by Tran and

associates, ‘‘Double-blind comparison of olanzapine ver-

sus risperidone in treatment of schizophrenia and

other psychotic disorders’’. J Clin Psychopharmacol

1998;18(2):176–9.

103. Tollefson G, Tran PV. Reply. J Clin Psychopharmacol

1998;18:177–9.

104. Kasper S, Kufferle B. Comments on ‘‘Double-blind com-

parison of olanzapine versus risperidone in the treatment

of schizophrenia and other psychotic disorders’’ by Tran

and Associates. J Clin Psychopharmacol 1998;18(4):353–6.

105. Tollefson G, Tran PV. Reply to Kasper and Kufferle. J

Clin Psychopharmacol 1998;18:354–5.

106. Cassano GB, Jori MC. AMIMAJOR Group. Efficacy and

safety of amisulpride 50 mg versus paroxetine 20 mg in

major depression: a randomized, double-blind, parallel

group study. Int Clin Psychopharmacol 2002;17(1):27–32.

107. Masi G, Mucci M, Millepiedi S. Clozapine in adolescent

inpatients with acute mania. J Child Adolesc

Psychopharmacol 2002;12(2):93–9.

108. Hummel B, Dittmann S, Forsthoff A, Matzner N,

Amann B, Grunze H. Clozapine as add-on medication in

the maintenance treatment of bipolar and schizoaffective

disorders. A case series. Neuropsychobiology

2002;45(Suppl 1):37–42.

109. Tohen M, Baker RW, Altshuler LL, Zarate CA, Suppes T,

Ketter TA, Milton DR, Risser R, Gilmore JA, Breier A,

Tollefson GA. Olanzapine versus divalproex in the treat-

ment of acute mania. Am J Psychiatry 2002;159(6):1011–7.

110. Tohen M, Chengappa KN, Suppes T, Zarate CA Jr,

Calabrese JR, Bowden CL, Sachs GS, Kupfer DJ,

Baker RW, Risser RC, Keeter EL, Feldman PD,

Tollefson GD, Breier A. Efficacy of olanzapine in combi-

nation with valproate or lithium in the treatment of mania

in patients partially nonresponsive to valproate or lithium

monotherapy. Arch Gen Psychiatry 2002;59(1):62–9.

111. Marangell LB, Johnson CR, Kertz B, Zboyan HA,

Martinez JM. Olanzapine in the treatment of apathy in

previously depressed participants maintained with selec-

tive serotonin reuptake inhibitors: an open-label, flexible-

dose study. J Clin Psychiatry 2002;63(5):391–5.

Neuroleptic drugs 239

ª 2009 Elsevier B.V. All rights reserved.



112. Zullino DF, Quinche P, Hafliger T, Stigler M. Olanzapine

improves social dysfunction in cluster B personality disor-

der. Hum Psychopharmacol 2002;17(5):247–51.

113. Zarate CA, Tohen M. Double-blind comparison of the

continued use of antipsychotic treatment versus its discon-

tinuation in remitted manic patients. Am J Psychiatry

2004;161: 169–71.

114. McCracken JT, McGough J, Shah B, Cronin P, Hong D,

Aman MG, Arnold LE, Lindsay R, Nash P, Hollway J,

McDougle CJ, Posey D, Swiezy N, Kohn A, Scahill L,

Martin A, Koenig K, Volkmar F, Carroll D, Lancor A,

Tierney E, Ghuman J, Gonzalez NM, Grados M,

Vitiello B, Ritz L, Davies M, Robinson J, McMahon D.

Research Units on Pediatric Psychopharmacology Autism

Network. Risperidone in children with autism and serious

behavioral problems. N Engl J Med 2002;347(5):314–21.

115. Lee PE, Gill SS, Freedman M, Bronskill SE, Hillmer MP,

Rochon PA. Atypical antipsychotic drugs in the treatment

of behavioural and psychological symptoms of dementia:

systematic review. BMJ 2004;329: 75.

116. Schmid C, Grohmann R, Engel RR, Rüther E, Kropp S.
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Alimemazine

General Information

Alimemazine is a phenothiazine derivative with sedative
antihistaminic and antimuscarinic effects.

Organs and Systems

Nervous system

Neuroleptic malignant syndrome has been reported with
alimemazine (1).

� A 4-year-old girl with damage in the basal ganglia who
was receiving increasing doses of alimemazine for
sedative purposes developed neuroleptic malignant
syndrome. The alimemazine was withdrawn and she
received dantrolene and supportive measures, includ-
ing ventilation under sedation and paralysis with mid-
azolam and vecuronium. As her symptoms were
unchanged, she was given increasing doses of bromo-
criptine and improved. A few days after bromocriptine
withdrawal, the neuroleptic malignant syndrome
recurred and was complicated by cardiorespiratory
arrest.
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Amisulpride

General Information

Amisulpride is an atypical antipsychotic drug, a benza-
mide derivative, which may have a low propensity to
cause extrapyramidal symptoms (SEDA-22, 55).
Amisulpride 600–1200 mg/day for 3 months was effec-

tive and well tolerated in 445 patients with schizophrenia
aged 18–45 years (1). During this time, 124 patients (28%)
dropped out of the study; 21% reported adverse events,
neurological (35%), psychiatric (15%), or endocrine
(9.1%). Seven adverse events were assessed as serious:
two suicides, two suicide attempts, one neuroleptic malig-
nant syndrome, one somnolence, and one worsening of
arteritis.
A lower dose of amisulpride (50 mg) has been tested in

20 healthy elderly volunteers (aged 65–79 years) (2).
There were no serious adverse events, but one subject
reported a moderate headache for 18 hours, a second
subject vomited 9 hours after dosing, and a further subject
complained of mild somnolence for 12 hours starting 4
hours after dosing; however, there were no extrapyrami-
dal symptoms, clinically significant hemodynamic varia-
tions, or electrocardiographic abnormalities.

Observational studies

The prescribing of amisulpride for 811 schizophrenic in-
patients from 240 psychiatric hospitals was monitored for
8 weeks; prescribed dosages were in the lower range of
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what is recommended for acute cases: the mean dose on
day 56 was on average 550 mg/day, range 100–1600 mg/
day (3). For the most severe cases there was a tendency
for higher doses to be related to better improvement in
positive symptoms and in negative symptoms; this corre-
lation was not found in the least severe cases. The authors
pointed out that this supports the notion that in more
severe cases higher doses should be prescribed, while in
milder cases lower doses may be sufficient; this would be
in line with existing prescribing recommendations
(800 mg/day as a standard dose in severe and recurrent
episodes and especially in hospital; in the case of an
insufficient response, the dose can be increased to
1200 mg/day) (4).

Comparisons with placebo and other
antipsychotic drugs

In a randomized double-blind study, there were no differ-
ences in the numbers of patients with at least one adverse
effect with amisulpride 100 mg (24%; n = 18), amisul-
pride 50 mg (25%; n = 21), or placebo (33%; n = 27)
(5). Few patients had endocrine symptoms (2 out of 160
in the amisulpride groups).
Two narrative reviews of amisulpride have been pub-

lished (6,7). The authors emphasized that amisulpride in
low dosages (below 300 mg/day) causes a similar inci-
dence of adverse effects to placebo; nevertheless, at
higher dosages (400–1200 mg/day), the overall incidence
of adverse events in those taking amisulpride was similar
to that in patients taking haloperidol, flupenthixol, or
risperidone. The most commonly reported adverse events
associated with higher dosages of amisulpride were extra-
pyramidal symptoms, insomnia, hyperkinesia, anxiety,
increased body weight, and agitation. The incidence of
extrapyramidal symptoms was dose-related. In elderly
people, amisulpride can cause hypotension and sedation.
There are no systematic published data on efficacy in
children aged under 15 years.
In an extensive review of 19 randomized studies for the

Cochrane Library (n = 2443), most of the trials were
small and of short duration (8). The data from four trials
with 514 participants with predominantly negative symp-
toms suggested that low-dose amisulpride (up to 300 mg/
day) was more acceptable than placebo (n = 514;
RR = 0.6; 95% CI = 0.5, 0.8).
A meta-analysis of 10 randomized controlled clinical

trials of amisulpride in ‘‘acutely ill patients’’ (n = 1654)
has been published, supported in part by a grant from
Sanofi-Synthélabo, the marketing authorization holder
(9). Amisulpride was significantly better than conven-
tional antipsychotic drugs by about 11 percentage points
on the Brief Psychiatric Rating Scale. In four studies in
patients with ‘‘persistent negative symptoms,’’ amisul-
pride was significantly better than placebo (n = 514), but
there was no significant difference between amisulpride
and conventional drugs (only three trials; n = 130). Low
doses of amisulpride (50–300 mg/day) were not associated
with significantly more use of antiparkinsonian drugs than
placebo (n = 507), and usual doses caused fewer extra-
pyramidal adverse effects than conventional antipsychotic

drugs (n = 1599). In studies in acutely ill patients, signifi-
cantly fewer patients taking amisulpride dropped out
compared with patients taking conventional drugs, mainly
owing to fewer adverse events; there were no significant
differences in dropout rates between amisulpride and
conventional antipsychotic drugs (three small studies).
Eighteen randomized controlled trials that compared

amisulpride with conventional neuroleptic drugs or pla-
cebo in patients with schizophrenia have been combined
in a meta-analysis (10). The differences in the mean effect
size for efficacy clearly showed that all types of neurolep-
tic drugs were more effective than placebo, but the differ-
ence in mean effect size for all neuroleptic drugs versus
placebo (n T 2000) was only 25%. Amisulpride was
associated with fewer extrapyramidal adverse effects and
fewer drop-outs because of adverse events than conven-
tional neuroleptic drugs. More risperidone recipients than
amisulpride recipients had endocrine problems, but the
difference was not statistically significant. Clozapine and
olanzapine had the greatest potential to cause weight gain;
after 10 weeks of treatment, mean increases in weight
were 4.4 kg with clozapine and 4.1 kg with olanzapine.
Risperidone also caused weight gain (a mean increase of
2.1 kg after 10 weeks), while ziprasidone caused the least
gain; amisulpride has since been found to cause minor
weight gain, about 0.8 kg after 10 weeks.

Amisulpride versus olanzapine

In a randomized comparison of amisulpride with olanza-
pine in 377 patients with schizophrenia with predomi-
nantly positive symptoms, who were treated for 6
months with either amisulpride 200–800 mg or olanzapine
5–20 mg, positive and negative scores were similar for
amisulpride and olanzapine; new weight gain was less in
amisulpride-treated patients; by day 56, amisulpride reci-
pients had gained 0.4 kg whereas olanzapine recipients
had gained 2.7 kg (Mortimer S21).
There were moderate but significant improvements in

neurocognition (including executive function, working
memory, and declarative memory) in a randomized, dou-
ble-blind, 8-week study in 52 patients with schizophrenia
assigned either to olanzapine (10–20 mg/day; n ¼ 18) or
amisulpride (400–800 mg/day; n ¼ 18) (11). Of 16 drop-
outs, six were due to adverse events: olanzapine—seda-
tion (n ¼ 2) and increased transaminases (n ¼ 1);
amisulpride—rash, extrapyramidal symptoms, and galac-
torrhea (n ¼ 1 each).

Amisulpride versus risperidone

In a 6-month randomized, controlled trial in 304 patients
with schizophrenia amisulpride was compared with risper-
idone (12). The percentage of patients that responded to
treatment was significantly greater with amisulpride 200–
800 mg than risperidone 2–8 mg; amisulpride was super-
ior to risperidone with respect to weight gain, as only 18%
of amisulpride-treated patients increased their weight by
more than 7% after 6 months compared with 33% of
risperidone-treated patients.
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Comparisons with antidepressants

Amisulpride has been compared with amitriptyline
(n = 250; 6 months) (13) and with amineptine (n = 323;
3 months) in randomized double-blind trials in the treat-
ment of dysthymia (14). In both trials, amisulpride was
more efficacious than placebo but equal to amineptine
and amitriptyline. Endocrine symptoms (such as galactor-
rhea and menstrual disorders) and weight gain were more
frequent with amisulpride. There was galactorrhea in
8.4% and 11% respectively. In one of the studies (13),
serious adverse events occurred in 13 of 165 patients
taking amisulpride (15 events). Sudden death, probably
secondary to myocardial infarction, occurred in a patient
taking amisulpride 7 days after withdrawal. In the other
cases, admission to hospital was required for fracture
(two cases) and gastric pain, neuralgia, hyperglycemia,
eczema, an injury, and an erythematous rash (one case
each).
In a randomized, double-blind, multicenter trial for 8

weeks in 278 patients with depression, there were no
differences in efficacy or tolerability between amisulpride
50 mg and SSRIs (15).

Organs and Systems

Cardiovascular

QT interval prolongation has been attributed to amisul-
pride.

� Sinus bradycardia and QT interval prolongation
occurred in a 25-year-old man taking amisulpride
800 mg/day (16). The dosage of amisulpride was
reduced to 600 mg/day and the electrocardiogram nor-
malized within a few days.

Psychological, psychiatric

In a randomized, double-blind, crossover study in 21
healthy volunteers who took amisulpride 50 mg/day, ami-
sulpride 400 mg/day, haloperidol 4 mg/day, or placebo,
amisulpride 400 mg had several adverse effects on psy-
chomotor performance and cognitive performance, simi-
lar to those of haloperidol, at the end of the 5-day course
of treatment; however, there were no signs of mental
disturbances on clinical rating scales or during a struc-
tured psychiatric interview (17).

Endocrine

Five women with psychoses treated with amisulpride
developed hyperprolactinemia and were treated with
bromocriptine 10–40 mg/day (18). Prolactin concentra-
tions were markedly reduced in only three of the five;
menses recurred in one of four patients with amenorrhea;
lactation decreased in one of three patients with galac-
torrhea, and in two patients with reduced prolactin con-
centrations the psychotic symptoms exacerbated but fully
remitted after withdrawal of bromocriptine. A 40-year-
old woman also developed amenorrhea while taking a
very low dose of amisulpride for 3 months (100 mg/day)
(19).

A prolactinoma has been attributed to amisulpride.

� A 38-year-old woman with a borderline personality
disorder developed a prolactinoma, with hyperprolac-
tinemia, amenorrhea, and galactorrhea, probably
induced by amisulpride 300 mg/day, which she had
taken for 4 months following a bout of delirium with
impaired attention, cognitive alteration, anxiety, and
agitation (20). She had a microadenoma (5 mm) on the
right side of the pituitary gland. Amisulpride was with-
drawn and replaced by quetiapine 100 mg/day. The
symptoms of hyperprolactinemia resolved.
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Aripiprazole

General Information

Aripiprazole is a partial agonist at dopamine D2 recep-
tors. It therefore acts as an agonist when there is low
dopaminergic neurotransmission and an antagonist when
there is excess dopaminergic neurotransmission. It has
therefore been called a dopamine stabilizer (1). It is also
a partial agonist at 5HT1A receptors and antagonist at
5HT2 receptors (2). Its most common adverse effects
include restlessness and akathisia, somnolence, and nau-
sea. It can also worsen extrapyramidal symptoms (3).

Observational studies

In 142 adult patients who took aripiprazole (mean final
daily dose 16 mg, 0.20 mg/kg) for psychotic, major affec-
tive, or other disorders, adverse effects occurred in 16,
were three times more likely among women, and most
often involved moderate behavioral activation or nausea,
with no new episodes of mania (4).

Placebo-controlled studies

In a 4-week, double-blind, randomized placebo-con-
trolled study in 36 US centers 414 patients with schizo-
phrenia or schizoaffective disorder were randomized to
aripiprazole (15–30 mg/day) or haloperidol (10 mg/day)
(5). Haloperidol and both doses of aripiprazole produced
statistically significant improvements from baseline com-
pared with placebo. Unlike haloperidol, aripiprazole was

not associated with significant extrapyramidal symptoms
or raised prolactin at the end-point. There were no statis-
tically significant differences in mean changes in body
weight and no patients who took aripiprazole had clini-
cally significant increases in the QTc interval.

Organs and Systems

Nervous system

Oral dyskinesia emerged after several months of treat-
ment with haloperidol 7.5 mg/day and gradually disap-
peared within 2 months after therapy was changed to
aripiprazole 10 mg/day (6).
Neuroleptic malignant syndrome (7) and rabbit syn-

drome (8) have also been described.
Aripiprazole causes mild somnolence in about 11% of

patients and severe somnolence has also been reported in
a 9-year-old girl 3.5 hours after a single dose of aripipra-
zole 15 mg (9).

Psychiatric

Five patients (three women aged 30, 32, and 41 years and
two men aged 36 and 56 years), had serious adverse
effects developed after starting to take aripiprazole.
There was agitation, akathisia, insomnia, and dysphoria;
three made suicide attempts and two had suicidal
thoughts (10).

� Paradoxical worsening of a schizoaffective disorder
occurred in a 50-year-old man taking quetiapine
400 mg bd and divalproex 1000 mg bd, who was also
given aripiprazole 15 mg/day. He recovered after with-
drawal of aripiprazole and responded best to dival-
proex and olanzapine.

This effect was attributed to an agonistic effect of aripi-
prazole at dopamine receptors in the presence of quetia-
pine, a dopamine receptor antagonist (11). This suggests
that aripiprazole should not be used in combination with
another dopamine receptor antagonist.
Worsening of a psychosis has also been reported in four

patients who took aripiprazole, two during tapering
reduction of a previous atypical antipsychotic drug and
two when aripiprazole was added to an atypical antipsy-
chotic (12).

Endocrine

Hyperglycemia and diabetic ketoacidosis has been attrib-
uted to aripiprazole (13).

� A 34-year-old African–American woman with schizo-
phrenia had nausea, vomiting, and malaise for 3–4 days
shortly after starting to take aripiprazole therapy. She
had hyperglycaemia and a metabolic acidosis, which
responded rapidly to standard treatment and did not
recur when aripiprazole was withdrawn.

Galactorrhea has been attributed to aripiprazole
after only 2 days of administration (14).
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� A 29-year-old woman with a schizoaffective disorder
took haloperidol 5 mg/day and then 9 mg/day because
of acute psychotic episodes. She had no adverse effects
such as amenorrhea or galactorrhea. Haloperidol was
then replaced by aripiprazole 15 mg/day and on the
evening of the second day she developed breast ten-
derness and marked galactorrhea. The serum prolactin
concentration was 32 ng/ml (reference range 5–25 ng/
ml). Aripiprazole was withdrawn and haloperidol
restarted. The galactorrhea resolved in 1 week.

Metabolism

In a 26-week, multicenter, randomized, double-blind,
study in 317 patients with schizophrenia, 156 were rando-
mized to aripiprazole and 161 to olanzapine; more of
those who took olanzapine had clinically significant
weight gain during the trial (37% versus 14%) (15). At
week 26, there was a mean weight loss of 1.37 kg with
aripiprazole compared with a mean increase of 4.23 kg
with olanzapine. Changes in fasting plasma concentra-
tions of total cholesterol, HDL cholesterol, and triglycer-
ides were significantly different, with worsening in the
patients who took olanzapine.

Drug Administration

Drug formulations

In January 2005, an oral solution of aripiprazole was
approved by the FDA, providing an option for adults
with difficulty in swallowing (16,17).

Drug overdose

An overdose of 195 mg (17.1 mg/kg) of aripiprazole in a
2.5 year-old child caused nervous system depression that
did not require respiratory support but persisted for
almost 2 weeks, because of the long half-life of aripipra-
zole; there were no significant cardiovascular effects (18).
A 27-year-old woman who took 330 mg of aripiprazole

in a suicide attempt only suffered mild sedation despite a
serum concentration of 716 mg/l, nearly six times the
upper limit of the accepted target range (19).
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Chlorpromazine

General Information

Chlorpromazine is a phenothiazine with a large range of
pharmacological actions; it is a dopamine receptor
antagonist, an alpha-adrenoceptor antagonist, a muscari-
nic antagonist, and an antihistamine.

Organs and Systems

Cardiovascular

The possibility that some of the cardiac effects of chlor-
promazine may be related to metabolites as well as the
parent compound has been explored (1,2).
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Some cases of sudden death in apparently young
healthy individuals may be directly attributable to cardiac
dysrhythmias after treatment with thioridazine or chlor-
promazine (3).

Nervous system

In 15 schizophrenic inpatients aged 16–55 years, there was
a 50% probability that a patient would have a tremor
when the plasma concentration of chlorpromazine was
46 ng/ml or more, corresponding to the minimum plasma
concentration that has been associated with a good clin-
ical response (4).

Sensory systems

Deposits in the cornea and lens can complicate long-term
chlorpromazine therapy and in vivo confocal imaging of
such deposits has now been reported, supposedly for the
first time (5).

� A 59-year-old woman who for 20 years had taken
chlorpromazine up to 1200 mg/day (mean dose
400 mg/day) gradually developed blurred vision in
her left eye. Slit-lamp biomicroscopy showed multiple
fine creamy-white deposits on her corneal endothelium
and anterior crystalline lens capsule bilaterally.
Microstructural analysis of the corneal endothelium
showed that there were no abnormalities in cellular
morphology resulting from these deposits.

Skin

Chlorpromazine most often causes photosensitivity reac-
tions (incidence around 3%), which may result from for-
mation of a cytotoxic by-product after exposure to
ultraviolet light. Patients should be advised to avoid pro-
longed exposure to strong indoor light, to wear protective
clothing, and to use a combined para-aminobenzoic acid
plus benzophenone sunscreen when exposure to strong
sunlight is unavoidable.
Toxic epidermal necrolysis has been reported in asso-

ciation with chlorpromazine (6).
Chlorpromazine is thought to have caused an immuno-

logically mediated contact urticaria (7–11).

Sexual function

Two cases of priapism have been attributed to chlorpro-
mazine: a 65-year-old man who took a single dose of
chlorpromazine 25 mg and a 27-year-old man who took
chlorpromazine 200 mg for agitation after a suicide
attempt (12).

� A 30-year-old man with schizophrenia developed
priapism for 8 hours after taking chlorpromazine for
3 years (13). He was taking no other medications
and there were no other pathological findings; a
complete blood count and sickle cell screen were nor-
mal. Aspiration of blood from the corpora cavernosa,
followed by saline irrigation led to complete
detumescence.

Drug–Drug Interactions

Amfetamine

Chlorpromazine has sometimes been used to treat amfe-
tamine psychosis, for example due to acute poisoning in
children who did not respond to barbiturates (14).

Beta-adrenoceptor antagonists

Lipophilic beta-adrenoceptor antagonists are metabo-
lized to varying degrees by oxidation by liver microsomal
cytochrome P450 (for example propranolol by CYP1A2
and CYP2D6 and metoprolol by CYP2D6). They can
therefore reduce the clearance and increase the steady-
state plasma concentrations of other drugs that undergo
similar metabolism, potentiating their effects. Drugs that
interact in this way include chlorpromazine (15).

� A schizophrenic patient experienced delirium, tonic-
clonic seizures, and photosensitivity after the addition
of propranolol to chlorpromazine, suggesting that
chlorpromazine concentrations are increased by pro-
pranolol (16).

Although high dosages of propranolol (up to 2 g) have
been used in combination with chlorpromazine to treat
schizophrenia, the combination of propranolol or pindo-
lol with chlorpromazine should be avoided if possible
(17).

Desmopressin

Chlorpromazine increases the release of endogenous anti-
diuretic hormone and can therefore potentiate the anti-
diuretic effect of desmopressin (18).

Haloperidol

� A 40-year-old man with schizophrenia developed a
raised plasma concentration of haloperidol in combi-
nation with chlorpromazine and during overlap treat-
ment with clozapine (19).

Like haloperidol, chlorpromazine is a competitive inhibi-
tor of CYP2D6; however, clozapine appears to be largely
metabolized by CYP1A2.

Lithium

The neuroleptic malignant syndrome in a 49-year-old man
was attributed to a combination of lithium and chlorpro-
mazine (20).

Monoamine oxidase inhibitors

Hyperthermia and labile blood pressure occurred in a
patient taking chlorpromazine, phenelzine, and clomipra-
mine (21).

Piperazine

High doses of piperazine can enhance the adverse effects
of chlorpromazine and other phenothiazines (22,23).
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Smoking

Chlorpromazine concentrations were reduced by 36% in
smokers (24). Of factors that can affect chlorpromazine
concentrations, smoking may be second in importance
only to dosage (25).

Interference with Diagnostic Tests

Cholesterol

Chlorpromazine can cause overestimation of cholesterol
(Zlatkis–Zak reaction) (26).

CSF protein

Chlorpromazine can cause falsely increased CSF protein
(Folin–Ciocalteau method) (26).

Haptoglobin

Chlorpromazine can cause falsely reduced serum hapto-
globin concentrations (26).
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Chlorprothixene

General Information

Chlorprothixene is a thioxanthene neuroleptic drug.

Organs and Systems

Immunologic

Rare disorders of connective tissue resembling systemic
lupus erythematosus have been reported with chlorpro-
mazine, perphenazine, and chlorprothixene (1).
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Clotiapine

General Information

Clotiapine is a dibenzothiazepine neuroleptic drug.

Organs and Systems

Pancreas

Pancreatitis has been attributed to clotiapine (1).

� A 49-year-old woman started to take clotiapine
200 mg/day for a severe psychotic episode. On the
second day, she complained of abdominal pain and
nausea, followed by vomiting. Increased activities of
serum amylase (1490 U/ml), serum lipase (3855 U/ml),
and urinary amylase (3417 U/ml) suggested pancreati-
tis. There was no evidence of gallstones or tumor. She
was given perphenazine instead, and her amylase and
lipase activities fell to normal. Six months later, when
she had a psychotic relapse, she was again treated with
clotiapine and 2 days later had a rapid rise in amylase
activity (887 U/ml). When switched to perphenazine,
she had new peaks in amylase and lipase. A year later,
her amylase and lipase were normal and her psychia-
tric disorder was stabilized with pimozide.
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Clozapine

General Information

Clozapine is a dibenzodiazepine, an atypical neuroleptic
drug with a high affinity for dopamine D4 receptors and a
low affinity for other subtypes (1). It is also an antagonist
at alpha-adrenoceptors, 5-HT2A receptors, muscarinic
receptors, and histamine H1 receptors.

Observational studies

Rates of hospitalization with clozapine have been ana-
lysed by Novartis, the manufacturers, based on two retro-
spective studies of hospitalization among patients with
treatment-resistant schizophrenia (2). All the patients
who began clozapine treatment in Texas State psychiatric
facilities during the early 1990s (n = 299) were compared
with controls who received traditional neuroleptic drugs
(n = 223), matched for severity, age, and sex. More
patients in the latter group required continuous hospita-
lization: at 4 years, four times as many patients taking a

traditional medication had a 6-month period of continu-
ous hospitalization.
In a study in Ohio, patients with chronic borderline

personality disorder who were in hospital for an average
of 110 days/year were given clozapine (mean daily dosage
at time of discharge 334 mg; range 175–550 mg) (3). None
stopped taking clozapine and few adverse effects were
reported. Among the seven patients who were taking
clozapine when they were discharged, hospitalization fell
to a mean of 6.3 days per patient per year. There was no
control group in this study.

� Of 10 adolescent inpatients (aged 12–17 years) with
severe acute manic or mixed episodes, who did not
improve after treatment with conventional drugs and
who were given clozapine (mean dose 143 mg/day), all
responded positively after 15–28 days and adverse
effects (increased appetite, sedation, enuresis, sialor-
rhea) were frequent but not severe enough to require
reduced dosages (4). Mean weight gain after 6 months
was 7 kg (11%), and neither reduced white cell counts
nor epileptic seizures were reported during follow-up
for 12–24 months.

In a case series in which clozapine was used as add-on med-
ication, two patients with bipolar disorder and one with
schizoaffective disorder had marked reductions in affective
symptoms after clozapine had been added to pretreatment
with a mood stabilizer; transient and moderate weight gain
and fatigue were the only adverse effects (5).
In a retrospective open study of 46 patients taking

clozapine for 4 years, clozapine had to be discontinued
in 10 patients (21%) and serious adverse effects were
rare; no patient had agranulocytosis (6). The most trou-
blesome adverse effects were drooling, sedation, and
weight gain, and three patients had seizures.
Experiences in uncontrolled open studies in Chinese

patients have been summarized (7). The most common
adverse effect of clozapine was hypersalivation, followed
by sedation. Mandatory blood monitoring is considered
an obstacle in persuading some patients to undergo a trial
of clozapine, mainly for cultural reasons, summed up by
the Chinese proverb that ‘‘a hundred grains of rice make a
drop of blood.’’
Clozapine has been used in some special groups of

patients, including patients with severe borderline person-
ality disorder (8), patients with aggressive schizophrenia
(9), and mentally retarded adults (10).
Of 12 in-patients with borderline personality disorder

treated with clozapine for 16 weeks, 10 developed seda-
tion, which disappeared during the first month of treat-
ment; 9 had hypersialorrhea, and 6 had falls in white
blood cell counts, which never reached unsafe values.
Patients with aggressive schizophrenia (n = 29)

improved when treated with clozapine; one was with-
drawn after the development of leukopenia. In 10 men-
tally retarded patients taking clozapine for 15 days to 46
months improvement was observed. Half of the patients
developed sedation and hypersalivation, and one discon-
tinued the drug after 2 weeks because of neutropenia. The
putative neurotoxicity of clozapine in moderately to
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profoundly retarded patients (that is, those with an
accentuation of cognitive deficits due to the drug’s antic-
holinergic and sedating properties) was not observed.
Fifty special hospitalized patients with schizophrenia
associated with serious violence were treated with cloza-
pine (mean dose at 2 years 465 mg) (11). The most fre-
quent adverse effects were hypersalivation (n = 14),
sedation (n = 10), and weight gain (n = 6); two patients
had tonic-clonic seizures, two others developed mild neu-
tropenia, and in one case treatment was stopped owing to
agranulocytosis.
In a retrospective review, 33 mentally retarded patients

were evaluated; adverse effects were mild and transient,
constipation being the most common (n = 10) (12). There
were no significant cardiovascular adverse effects and no
seizures; no patient discontinued treatment because of
agranulocytosis. Small sample sizes, short durations of
treatment, and lack of controls in these studies preclude
definite conclusions.
A 37-item survey covering a variety of somatopsychic

domains has been administered to 130 patients with schi-
zophrenia taking a stable clozapine regimen (mean dose
464 mg/day; mean duration 34 months) (13). Most of
them reported an improvement in their level of satisfac-
tion, quality of life, compliance with treatment, thinking,
mood, and alertness. Most reported worse nocturnal sal-
ivation (88%); weight gain (35%) came second; fewer
patients reported a worsening of various gastrointestinal
and urinary symptoms.
Clinical predictors of response have been examined in

37 partially treatment-refractory outpatients who had
been assigned to clozapine in a double-blind, haloperi-
dol-controlled, long-term (29-week) study (14). Clozapine
responders were rated as less severely ill, had fewer nega-
tive symptoms, and had fewer extrapyramidal adverse
effects at baseline compared with non-responders.
Since clozapine may be the gold standard and the last

resort in the treatment of refractory schizophrenia, the
authors of a review aimed to discover whether a trial with
clozapine is adequate (15). The results favored the
approach of increasing the clozapine plasma concentra-
tion in treatment-refractory schizophrenic patients who
do not respond to an initial low-to-medium dose. Some
patients, especially young male smokers, will need
dosages over 900 mg/day, and the addition of low-dose
fluvoxamine while closely monitoring clozapine concen-
trations can help to reduce the large number of tablets
required, since fluvoxamine increases the clozapine
plasma concentration 2- to 3-fold, maximally 5-fold, and
reduces N-desmethylclozapine concentrations; the combi-
nation can lead to non-linear kinetics of clozapine.
The aim of another study was to evaluate the long-term

efficacy of clozapine in patients with treatment-resistant
schizophrenia (n ¼ 34), schizoaffective disorder, bipolar
type (n ¼ 30), or bipolar disorder with psychotic features
(n ¼ 37), who were treated with clozapine in flexible
doses over 48 months (16). After this time, Global
Assessment of Functioning scores were improved in all
three groups, with significantly greater improvement in
the bipolar disorder group compared with the others;

however, 54 patients withdrew during the study, five
because of adverse effects (sedation, sleep cycle inversion,
weight gain, and leukopenia).
Changes in regional cerebral blood flow induced by

clozapine or haloperidol have been compared using posi-
tron emission tomography (PET) with radiolabelled
water (H2

15O), first after withdrawal of all psychotropic
drugs (n ¼ 6), then after treatment with therapeutic doses
of haloperidol (n ¼ 5) or clozapine (n ¼ 5) (17). Cerebral
blood flow increased in the ventral striatum and fell in the
hippocampus and ventrolateral frontal cortex. The
authors suggested that these changes might mediate a
common component of the antipsychotic action of both
drugs; however, the increase in cerebral blood flow in the
dorsal striatum caused by haloperidol could well be asso-
ciated with its prominent motor adverse effects, whereas
the increased cerebral blood flow in the anterior cingulate
or dorsolateral frontal cortex may mediate the probably
superior antipsychotic action of clozapine.
Catatonic schizophrenia is a controversial syndrome,

and there is debate about its etiology and treatment.
There has been a report of two cases of catatonic schizo-
phrenia successfully treated with clozapine: a 49-year-old
woman and a 19-year-old man (18). Both responded to
clozapine despite being resistant to several conventional
and atypical antipsychotic drugs and, in the second case, a
course of electroconvulsive therapy. These two cases are
intriguing, because the dose of clozapine required to
improve catatonia was about double the dose required
to improve psychosis significantly (600 mg/day and
750 mg/day). The two patients had common adverse
effects of clozapine; the first had mild nocturnal hypersa-
livation and mild/moderate constipation, and the second
had moderate nocturnal hypersalivation.

� A 38-year-old woman with a 22-year history of resis-
tant rapid-cycling bipolar I disorder finally responded
well to a combination of clozapine 350 mg/day þ topir-
amate 300 mg/day (19). Over 3 years of treatment she
had no adverse effects, such as agranulocytosis, hyper-
glycemia, hyperlipidemia, or weight gain; in fact she
had weight loss of 12 kg. She then developed daytime
fatigue and palpitation, which resolved after she was
given atenolol 100 mg/day.

Comparative studies

Maintenance therapy with neuroleptic drugs is an impor-
tant aspect of the management of schizophrenia; mainte-
nance therapy is usually conducted by halving the drug
dosage that has proven effective during the acute phase.
In a non-randomized study, records from patients taking
clozapine (n ¼ 181; mean duration of maintenance treat-
ment 12.2 years) were compared with those of a control
group of patients taking haloperidol (n ¼ 152; mean dura-
tion of treatment 3.8 years) (20). The relapse rate was
similar in the two groups, but the authors pointed out that
compliance and therapeutic efficacy were superior with
clozapine. The incidences of drowsiness, somnolence,
delirium, and postural hypotension were similar in the
two groups; however, only 1% of clozapine-treated
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patients complained of dry mouth, compared with 27% of
those taking haloperidol. Extrapyramidal symptoms
occurred in about 80% of those taking haloperidol (71%
had parkinsonism and 9.2% had tardive dyskinesia) and
none of those taking clozapine. Drooling was the sole
adverse effect with a lower incidence in those taking
haloperidol, and no patient in either group had agranulo-
cytosis or granulocytopenia.
Clozapine has been evaluated in six treatment-resistant

abused adolescents with post-traumatic stress disorder and
psychotic symptoms, who had received at least two trials of
conventional neuroleptic drugs, with particular attention to
adverse effects (21). Clozapine was introduced after a 6-
month baseline period and titrated over 173 days before
the criterion dose (400 mg/day) was reached; the dose of
clozapine reached a maximum of 600 mg/day during the
treatment phase. Specific adverse effects were rated on a
0–4 scale, 0 representing ‘‘no difficulty’’ and 4 representing
‘‘severe difficulty’’; the ratings of adverse effects were as
follows: excessive salivation (2.7), dizziness (2.2), weight
gain (2.0), nausea (1.7), feeling sleepy (1.5), constipation
(1.3), palpitation (0.5), and dry mouth (0).
The combination of clozapine and amisulpride for the

treatment of refractory schizophrenia has been assessed
in seven patients. The response to clozapine plus amisul-
pride was rated as at least good in six cases (Clinical
Global Impression Scale � 3), the average length of treat-
ment being 30 weeks (22). There were no significant
changes in electrocardiographic time intervals after the
addition of amisulpride to clozapine, and both the mean
resting heart rate and mean QTc interval were unaffected;
mean clozapine plasma concentrations did not differ sig-
nificantly from baseline.

� In a 28-year-old woman with psychotic symptoms resis-
tant to monotherapy with clozapine or ziprasidone, the
combination produced marked improvement in both
positive and negative symptoms along with a reduction
in adverse effects: body weight fell, blood pressure,
pulse, and the electrocardiogram remained normal,
and valproic acid, which had been introduced for epi-
leptic seizures during clozapine monotherapy, was suc-
cessfully withdrawn (23).

Placebo-controlled studies

In a 4-week, randomized, double-blind, parallel comparison
of clozapine (n¼ 32) and placebo (n¼ 28), followed by a 12-
week clozapine open period, plus a 1-month period after
drug withdrawal in patients with Parkinson’s disease with
drug-induced psychosis, clozapine at a mean dose below
50 mg/day produced improvement without significantly
worsening motor function according to the Unified
Parkinson’s Disease Rating Scale; however, the effect wore
off once treatment was withdrawn (24). Somnolence was
more commonwith clozapine thanwith placebo; one patient
taking clozapine had seizures; two patients taking clozapine
had transient neutropenia; in one the blood count normal-
ized despite clozapine continuation and in one withdrawal
was required. There was worsening of parkinsonism in 14
patients taking clozapine.

Combination therapy

Of 656 Danish patients who were taking clozapine, 35%
were taking concomitant neuroleptic drugs, 28% benzo-
diazepines, 19% anticholinergic drugs, 11% antidepres-
sants, 8% antiepileptic drugs, and 2% lithium (25). The
rationale for supplementing clozapine treatment in
refractory schizophrenia in this way has been thoroughly
reviewed following a bibliographic search covering 1978–
1998 (26). In all, 70 articles were retrieved but only a few
were controlled studies, most being case reports/series.
Among the many possible drug combinations, the evi-
dence suggests that clozapine plus sulpiride is the most
efficacious combination. The combined use of benzodia-
zepines and clozapine can cause cardiorespiratory col-
lapse; valproate can cause hepatic dysfunction and more
so with clozapine; lithium can cause neurotoxicity and
seizures and more so with clozapine; and at least some
serotonin reuptake inhibitors (SSRIs) appear to raise
plasma clozapine concentrations to above the usual target
range.

Organs and Systems

Cardiovascular

Clozapine has been associated with cardiomyopathy
(SED-14, 142; SEDA-21, 52; 27), changes in blood pres-
sure (SEDA-21, 52; SEDA-21, 52; SEDA-22, 57; 28,29),
electrocardiographic changes (SEDA-22, 57; 30–32), and
venous thromboembolism (SEDA-20, 47).

Hypertension

Several cases of hypertension have been associated with
clozapine (SEDA-22, 57), and alpha2-adrenoceptor
blockade has been proposed as a possible mechanism
(28). Four patients developed pseudopheochromocytoma
syndrome associated with clozapine (33); all had hyper-
tension, profuse sweating, and obesity. The authors sug-
gested that clozapine could increase plasma
noradrenaline concentrations by inhibiting presynaptic
reuptake mediated by alpha2-adrenoceptors.

Hypotension

Hypotension is the most commonly observed cardiovas-
cular adverse effect of neuroleptic drugs, particularly
after administration of those that are also potent alpha-
adrenoceptor antagonists, such as chlorpromazine, thior-
idazine, and clozapine (34). A central mechanism invol-
ving the vasomotor regulatory center may also contribute
to the lowering of blood pressure.

� A 51-year-old man taking maintenance clozapine
developed profound hypotension after cardiopulmon-
ary bypass (29).

Cardiac dysrhythmias

A substantial portion of patients taking clozapine develop
electrocardiographic abnormalities; the prevalence was
originally estimated at 10% (SEDA-20, 47) (SEDA-22,
57). However, although the prevalence may be higher,
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most of the effects are benign and do not need treatment.
In 61 patients with schizophrenia taking clozapine, in
whom a retrospective chart review was conducted to
identify electrocardiographic abnormalities, the preva-
lence of electrocardiographic abnormalities in those who
used neuroleptic drugs other than clozapine was 14% (6/
44), while in the neuroleptic drug-free patients it was 12%
(2/17); when treatment was switched to clozapine, the
prevalence of electrocardiographic abnormalities rose to
31% (19/61) (35).
The correlation between plasma clozapine concentra-

tion and heart rate variability has been studied in 40
patients with schizophrenia treated with clozapine 50–
600 mg/day (31). The patients had reduced heart rate
variability parameters, which correlated negatively with
plasma clozapine concentration.
Clozapine can cause prolongation of the QT interval

(36).

� In a 30-year-old man taking clozapine there were
minor electrocardiographic abnormalities, including a
prolonged QT interval. A power spectrum analysis of
heart rate variability showed marked abnormalities in
autonomic nervous system activity. When olanzapine
was substituted, power spectrum analysis studies
showed that his heart rate had improved significantly
and that his cardiovascular parameters had returned to
normal. Serial electrocardiograms showed minimal
prolongation of the QT interval.

Tachycardia is the most common cardiovascular adverse
effect of clozapine, and atrial fibrillation has also been
reported (SEDA-22, 57) (30).
The reports of sudden death associated with clozapine

and the possibility that it may have direct prodysrhythmic
properties have been reviewed (37).
A patient developed ventricular fibrillation and atrial

fibrillation after taking clozapine for 2 weeks (32).

� A 44-year-old man with no significant cardiac history
was given clozapine and 12 days later had bibasal
crackles in the chest and ST segment elevation in
leads V2 and V3 of the electrocardiogram. He then
developed ventricular tachycardia and needed resusci-
tation. He also developed atrial fibrillation for 24
hours, which subsequently resolved.

Cardiomyopathy

Cardiomyopathy has been associated with neuroleptic
drugs, including clozapine (38–40), and partial data initi-
ally suggested an incidence of 1 in 500 in the first month.
In a review of articles on adverse cardiac effects asso-

ciated with clozapine, the estimated risk of potentially
fatal myocarditis or cardiomyopathy was 0.01–0.19%;
the authors suggested that this low risk of serious adverse
cardiac events should be outweighed by a reduction in
suicide risk in most patients (41).
A thorough study of the risk of myocarditis or cardio-

myopathy in Australia detected 23 cases (mean age 36
years; 20 men) out of 8000 patients treated with clozapine
from January 1993 to March 1999 (absolute risk 0.29%;
relative risk about 1000–2000) (27). All the accumulated

data on previous reports of sudden death, myocarditis, or
cardiac disease noted in connection with clozapine treat-
ment were requested from the Adverse Drug Reactions
Advisory Committee (ADRAC); there were 15 cases of
myocarditis (five fatal) and 8 of cardiomyopathy (one
fatal) associated with clozapine. All cases of myocarditis
occurred within 3 weeks of starting clozapine.
Cardiomyopathy was diagnosed up to 36 months after
clozapine had been started. There were no confounding
factors to account for cardiac illness. Necropsy results
showed mainly eosinophilic infiltrates with myocytolysis,
consistent with an acute drug reaction.
The manufacturers analysed 125 reports of myocarditis

with clozapine and found 35 cases with fatal outcomes
(42). A total of 53% occurred in the first month of ther-
apy, and a small number (4.8%) occurred more than 2
years after the start of treatment. In this series, 70% of the
patients were men.
Taking into account the results from an epidemiologi-

cal study of deaths in users and former users of clozapine
(43), the cardiovascular mortality risk related to clozapine
may be outweighed by the overall lower mortality risk
associated with its beneficial effects, since the death rate
was lower among current users (322 per 100 000 person
years) than among past users (696 per 100 000 person
years). The reduction in death rate during current use
was largely accounted for by a reduction in the suicide
rate compared with past use (RR = 0.25; CI = 0.10, 0.30).
Since cardiomyopathy is potentially fatal, some precau-

tions must be taken. If patients taking clozapine present
with flu-like symptoms, fever, myalgia, dizziness or faint-
ness, chest pain, dyspnea, tachycardia or palpitation, and
other signs or symptoms of heart failure, consideration
should always be given to a diagnosis of myocarditis.
Suspicion should be heightened if the symptoms develop
during the first 6–8 weeks of therapy. It should be noted,
however, that flu-like symptoms can also occur during the
titration period, supposedly as a result of alpha-adreno-
ceptor antagonism by clozapine. Patients in whom myo-
carditis is suspected should be referred immediately to a
cardiac unit for evaluation.
Clozapine rechallenge after myocarditis has been

described (44).

� A 23-year-old man with no history of cardiac disease
was given clozapine 12.5 mg/day, increasing to 200 mg/
day over 3 weeks; 5 weeks later he complained of
shortness of breath and non-specific aches and pains
in his legs and body. There was marked ST-segment
depression and T wave inversion in the lateral and
inferior leads of the electrocardiogram. There was no
eosinophilia, and creatine kinase activity was not
raised. An echocardiogram showed a hyperdynamic
heart and left ventricular size was at the upper limit
of normal. The heart valves were normal. Clozapine
was withdrawn, but his mental state and quality of life
deteriorated, and 2 years later clozapine was restarted
because other drugs had not produced improvement.
The dose of clozapine was built up to 225 mg at night
and he remained well and free from cardiac adverse
effects.
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In this case a consultant cardiologist diagnosed myocardi-
tis secondary to clozapine, as no other confounding co-
morbidity was identified. However, the negative rechal-
lenge suggests either that the clozapine was not responsi-
ble or that there was tolerance to the effect.
Since selenium is an essential antioxidant, and its defi-

ciency has been implicated in myocarditis and cardiomyo-
pathy, the aim of an observational study was to measure
plasma and erythrocyte selenium concentrations in ran-
dom venous blood samples from four groups: patients
with mood disorders (n ¼ 36), patients with schizophrenia
taking clozapine (n ¼ 54), patients with schizophrenia not
taking clozapine (n ¼ 41), and healthy controls (n ¼ 56)
(45). Selenium concentrations in plasma and erythrocytes
were significantly lower in the patients taking clozapine
compared with all the others. Thus, low selenium concen-
trations in patients taking clozapine may be important in
the pathogenesis of life-threatening cardiac adverse
effects associated with clozapine.

Pericarditis

Serositis (pericarditis and pericardial effusion, with or
without pleural effusion) has been reported in patients
taking clozapine (46–48).

� A 43-year-old man developed a pericardial effusion
after taking clozapine for 7 years. The condition
resolved when the drug was withdrawn.� A 16-year-old girl developed pericarditis associated
with clozapine. There were electrocardiographic
changes and serial rises in serum troponin I, a highly
sensitive and specific marker of myocardial injury.

The latter is said to be the first reported case of pericar-
ditis due to clozapine demonstrating rises in troponin I,
which resolved despite continuation of therapy. The
authors suggested that troponin I is the preferred marker
for monitoring the cardiac adverse effects of clozapine.
Pericardial effusion associated with clozapine has been

reported (SEDA-27, 55) and can be accompanied by
pleural effusions (49).

� A 21-year-old man with paranoid schizophrenia was
treated with zuclopentixol, which was withdrawn
because of extrapyramidal adverse effects, He was
given clozapine 300 mg/day, and from day 43 devel-
oped breathlessness and complained of pain in his
shoulders on deep inspiration. A chest X-ray showed
an enlarged cardiac silhouette and bilateral pleural
effusions. An echocardiogram showed pericardial and
pleural effusions with no compromise of cardiac func-
tion. Clozapine was withdrawn and all the symptoms
resolved within 2 weeks.

Venous thromboembolism

Typical neuroleptic drugs have been associated with an
increased risk of venous thromboembolism (50). Data
from the Swedish Reactions Advisory Committee sug-
gested that clozapine is also associated with venous
thromboembolic complications (51). Between 1 April
1989 and 1 March 2000, 12 cases of venous thromboem-
bolism were collected; in 5 the outcome was fatal.

Symptoms occurred in the first 3 months of treatment in
eight patients; the mean clozapine dose was 277 mg/day
(75–500). Although during the study total neuroleptic
drug sales, excluding clozapine, accounted for 96% of all
neuroleptic drug sales, only three cases of thromboembo-
lism associated with those neuroleptic drugs were
reported. The reported risk of thromboembolism asso-
ciated with clozapine is estimated to be 1 per 2000–6000
treated patients, the true risk being higher owing to
under-reporting. These conclusions were consistent with
those from an observational study (43).
The mortality rate associated with pulmonary embo-

lism in patients taking clozapine has been estimated to
be about 28 times higher than in the general population of
similar age and sex; it is not clear whether pulmonary
embolism can be attributed to clozapine or some charac-
teristics of its users (SEDA-27, 56).
Between February 1990, when clozapine was first mar-

keted in the USA, and December 1999 the FDA received
99 reports of venous thromboembolism (83 mentioned
pulmonary embolism with or without deep vein thrombosis
and 16 mentioned deep vein thrombosis alone) (52). In 63
cases death had resulted from pulmonary embolism; 32
were confirmed by necropsy. Of 36 non-fatal cases, only 7
had been documented objectively by such diagnostic tech-
niques as perfusion-ventilation lung scanning and venogra-
phy. Thus, in 39 of the 99 reports there was objective
evidence of pulmonary embolism or deep vein thrombosis.
The median age of the 39 individuals was 38 (range 17–70)
years and 20 were women. The median daily dose was 400
(range 125–900) mg. The median duration of clozapine
exposure before diagnosis was 3 months (range 2 days to
6 years). Information on risk factors for pulmonary embo-
lism and deep vein thrombosis varied; however, 18 of the
39 patients were obese. The frequency of fatal pulmonary
embolism in this study is consistent with that described in
the labelling for clozapine in the USA.
As of 31 December 1993, there were 18 cases of fatal

pulmonary embolism in association with clozapine ther-
apy in users aged 10–54 years. Based on the extent of use
recorded in the Clozapine National Registry, the mortal-
ity rate associated with pulmonary embolism was 1 death
per 3450 person years of use. This rate was about 28 times
higher than that in the general population of a similar age
and sex (95% CI = 17, 42). Whether pulmonary embolism
can be attributed to clozapine or some characteristic(s) of
its users is not clear (53).
Fatal pulmonary embolism occurred in a 29-year-old

man who was not obese, did not smoke, and had not had
recent surgery, after he had taken clozapine 300 mg/day
for 6 weeks (54).

� A 58-year-old white deaf man, with a history of pul-
monary embolism, two first-degree relatives with a
history of stroke and myocardial infarction, and one
first-degree relative who died suddenly, developed a
new episode of pulmonary embolism shortly after clo-
zapine was begun (55).

The authors pointed out that this case suggests that
susceptibility factors, such as a previous history of
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pulmonary embolism or venous thrombosis or a strong
family history, could be viewed as relative contraindica-
tions to treatment with clozapine; however, in an invited
comment it was pointed out that in this case it was not
mentioned whether the patient was immobile or not,
because a crucial risk factor for thrombosis in psychiatric
patients is reduced physical activity (56).
In another case venous thromboembolism occurred on

two occasions in a 22-year-old man taking clozapine (57).
Resolution of the first episode was most probably due to
treatment with anticoagulants, and the authors thought
that withdrawal of anticoagulants could be regarded as
equivalent to reintroduction of clozapine. They suggested
that, although the interval between the withdrawal of
anticoagulant therapy and the second episode was long
(26 months), the sequence of events suggested a causal
relation between clozapine and venous thromboembo-
lism.

Nervous system

Clozapine has been used to treat benign essential tremor
refractory to the usual drugs (propranolol, primidone,
alprazolam, phenobarbital, and botulinum toxin) in a
randomized, double-blind, crossover study in 15 patients
with essential tremor (58). Responders with more than
50% improvement after a single dose of clozapine
12.5 mg, compared with placebo, subsequently received
39–50 mg unblinded for a mean of 16 months. Tremor
was effectively reduced by a single dose of clozapine in 13
of 15 patients; sedation was the only adverse effect
reported.
Clozapine can cause stuttering (SEDA-27, 56).

� A 57-year-old man developed severe stuttering after
taking clozapine 300 mg/day and sodium valproate
600 mg/day for 8 months (59). It abated 1 week after
clozapine was reduced and finally withdrawn.

Sleep

In a study of the effects of clozapine on the electroen-
cephalogram, 13% of patients developed spikes with no
relation to dose or serum concentration of clozapine;
53% developed electroencephalographic slowing.
Compared with plasma concentrations below 300 ng/ml,
a clozapine serum concentration of 350–450 ng/ml led to
more frequent and more severe electroencephalographic
slowing (60). There were considerable differences in the
electroencephalographic patterns between classical neu-
roleptic drugs and clozapine (61). Clozapine-treated
patients showed significantly more stage 2 sleep, more
stable non-REM sleep (stages 2, 3, and 4), and less
stage 1 than patients treated with haloperidol or flupen-
tixol. In a longitudinal study, clozapine significantly
improved sleep continuity and significantly increased
REM density, but did not affect the amount of REM
sleep (62).

Seizures

Clozapine has a proconvulsant effect. Factors that
increase the likelihood of seizures include high doses of

clozapine, rapid dose titration, the concurrent use of other
epileptogenic agents (such as antidepressants, neuroleptic
drugs, and mood stabilizers) and a previous history of
neurological abnormalities (63).
The prevalence of seizures with clozapine is higher than

average (about 5%) and is dose-dependent (SED-14, 142)
(64,65).

� A tonic-clonic seizure occurred in a 30-year-old man 4
weeks after he started to take clozapine 400 mg/day
(66). This was followed by a large increase in liver
enzymes, which had been normal the week before.

Seizure characteristics and electroencephalographic
abnormalities in 12 patients taking clozapine have been
identified; there was a surprisingly high incidence of focal
epileptiform abnormalities (67). Seizures associated with
clozapine are dose-dependent (SEDA-21, 53) (SEDA-22,
57). However, there have been reports of seizure activity
in patients taking therapeutic or subtherapeutic doses of
clozapine (64,65). Seizures have occasionally been
reported in patients taking low doses.

� A 28-year-old woman, with no history of prior seizures
and not taking concomitant medication, had seizures
while taking clozapine 200 mg/day (65).� A 75-year-old patient developed seizures while taking
clozapine 12.5 mg/day.

However, in the second case the seizure was unlikely to
have been due to clozapine, given the very low dose and
non-recurrence with rechallenge at higher dosages (68).
Despite the risk of seizures in patients without pre-

existing epilepsy, six patients with epilepsy and severe
psychosis taking clozapine had no increases in seizure
frequency, and three had a substantial reduction (69).
Several anticonvulsants have been shown to be helpful

in the prevention and treatment of clozapine-induced
seizures.

� A 15-year-old boy with refractory schizophrenia had
seizures with clozapine; he was given gabapentin, and
several years later was free of seizures (70).

The addition of lamotrigine to clozapine therapy has been
associated with rapid improvement of psychiatric symp-
toms (71); this has been observed in three cases of poor
response or resistance to clozapine monotherapy.
Stuttering has been associated with clozapine (SEDA-

22, 58). The pathogenesis of developmental stuttering, as
well as acquired or neurogenic stuttering, is unclear.
However, since clozapine-induced stuttering can precede
a seizure (SEDA-25, 64) it may be related to an effect on
the brain rather than to a dystonic syndrome, as pre-
viously suggested.

� A 28-year-old man taking clozapine 300 mg/day devel-
oped severe stuttering and subsequently had a general-
ized tonic-clonic seizure while taking 425 mg/day (72).
There were electroencephalographic abnormalities,
especially left-sided slowing.� A 49-year-old woman had prominent stuttering before
a generalized epileptic seizure and recovered after
antiepileptic treatment (73).
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Extrapyramidal effects

Clozapine has a more favorable extrapyramidal effects
profile than other neuroleptic drugs (74) and little or no
parkinsonian effect (75).

Akathisia
The low prevalence of akathisia in patients taking cloza-
pine has led to the proposal that clozapine should be used
to treat patients with neuroleptic drug-induced chronic
akathisia (76,77).

Parkinsonism
The efficacy and safety of treatment with clozapine in
patients with Parkinson’s disease have been discussed
(SEDA-22, 57), and a multicenter retrospective review
of the effects of clozapine in 172 patients with
Parkinson’s disease has been published (78). The mean
duration of clozapine treatment was 17 (range 1–76)
months. Low-dose clozapine improved the symptoms of
psychosis, anxiety, depression, hypersexuality, sleep dis-
turbances, and akathisia. Of the 40 patients, 24% with-
drew as a result of adverse events, mostly sedation
(n = 19). Sedation was reported in 46%, sialorrhea in
11%, and postural hypotension in 9.9%. Neutropenia
was detected in four patients (2.3%).
Six patients who met the criteria for a diagnosis of HIV-

associated psychosis, and who had previously developed
moderate parkinsonism as a result of typical neuroleptic
drugs, were treated with clozapine (79). Parkinsonism
improved by an average of 77%, but one patient did not
complete the trial because of a progressive fall in leuko-
cyte count.
Clozapine has been used to treat psychosis related to

Parkinson’s disease (SEDA-22, 57) (78). In a randomized,
double-blind, placebo-controlled trial of low doses of clo-
zapine (6.25–50 mg/day) in 60 patients (mean age 72
years) with idiopathic Parkinson’s disease and drug-
induced psychosis, the patients in the clozapine group
had significantly more improvement after 14 months
than those in the placebo group in all measures used to
determine the severity of psychosis (80). Clozapine
improved tremor and had no deleterious effect on the
severity of parkinsonism, but in one patient it was with-
drawn because of leukopenia.
In a randomized, double-blind, placebo-controlled, 4-

week trial in 60 patients with similar drug-induced psy-
chosis in Parkinson’s disease, assigned to clozapine
(n = 32) or placebo (n = 28), the initial clozapine dose
of 6.25 mg/day was titrated over at least 10 days to a
maximum of 50 mg/day and was rapidly effective (81).
Somnolence and worsening of parkinsonism were signifi-
cantly more frequent in the clozapine group, seven of
whom reported worsening of Parkinson’s disease, usually
mild or transient, which was confirmed by aggravation of
the Schwab and England score by 10–20% in three
patients; however, no-one withdrew for this reason.
Of 32 patients with Parkinson’s disease and psychosis

(mean age 73 years; mean disease duration 12.3 years)
who were followed for 5 years in a non-randomized,
open study 19 (eight with dementia) continued to take

clozapine (mean dose 50 mg/day) and 13 stopped taking it
(82). The average duration of treatment in those in whom
medication was stopped was 8.5 (range 1-24) months; the
reasons for withdrawal were: symptoms improved and did
not return after weaning off clozapine (n ¼ 9), somno-
lence (n ¼ 3), and personal reasons (n ¼ 1). There was no
correlation between age, sex, duration and severity of
disease, the presence of dementia, and the response to
clozapine. Also, the Parkinsonian Psychosis Rating Scale
scoring did not influence clozapine response.

Tardive dyskinesia
It is said that clozapine causes less tardive dyskinesia than
haloperidol and even that it can improve pre-existing
tardive dyskinesia (83–87).
Patients with schizophrenia with (n = 15) and without

(n = 11) tardive dyskinesia differed markedly in their
dopaminergic response to haloperidol, assessed by
means of plasma homovanillic acid variations, which
increased, whereas this difference was not observed
after clozapine (88).
Nevertheless, 46 patients taking clozapine had higher

tardive dyskinesia scores compared with 127 taking typi-
cal neuroleptic drugs (89). In a multiple regression analy-
sis, there was a significant relation between the total score
on the Abnormal Involuntary Movement Scale (AIMS)
as a dependent variable and current neuroleptic drug
dose, duration of treatment, age, sex, diagnosis, current
antiparkinsonian therapy, and illness duration. There was
no beneficial effect of clozapine on the prevalence of
tardive dyskinesia, and the authors’ conclusion was that
certain patients develop tardive dyskinesia despite long-
term intensive clozapine treatment; however, since most
clozapine users were past users of typical neuroleptic
drugs, this conclusion must be regarded with caution.

� A 45-year-old woman developed tardive dyskinesia
while taking clozapine (90). She had never had any of
the symptoms before she started to take 223 mg/day
and first experienced involuntary tongue movements
and akathisia 5 months after the start of treatment.� Tardive dyskinesia has been attributed to clozapine in
a 44-year-old man, who had discontinued haloperidol
24 days before the event (91).

Clozapine has been evaluated in an open study in seven
patients (mean age 29 years; mean dose 428 mg/day) with
chronic exacerbated schizophrenia and severe tardive
dyskinesia (92). Extrapyramidal Symptoms Rating Scale
scores fell by 83% after 3 years and 88% after 5 years.
None of the patients had adverse effects related to cloza-
pine: their weight did not change significantly and their
serum glucose, cholesterol, and triglyceride concentra-
tions remained within the reference ranges.

Tardive dystonia
It is generally considered that clozapine has little or no
potential to cause tardive dystonia; it has even been specu-
lated that it may be an effective therapy for this adverse
effect (SEDA-21, 53). The efficacy of clozapine in severe
dystonia was therefore assessed in an open trial in five
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patients (93). All had significant improvement; neverthe-
less, all had adverse effects, such as sedation and ortho-
static hypotension: in one case persistent symptomatic
orthostatic hypotension and tachycardia limited treatment.
However, there was no evidence of a beneficial effect

of clozapine in primary dystonia, the most common form
of dystonia and a difficult disorder to treat, until the
report of a 56-year-old woman with severe and persistent
primary cranial dystonia (Meige’s syndrome), who
responded to clozapine (50–100 mg) (94).
Tardive dystonia, probably associated with clozapine,

has been described (95).

� A 37-year-old man, who had taken numerous neuro-
leptic drugs from 1975 to 1990, was switched to cloza-
pine because of breakthrough psychosis. Clozapine
was effective and was his only neuroleptic drug treat-
ment from that time. In 1996, when his clozapine
dosage was 825 mg/day, he had left torticollis of 60–
70�, mild left laterocollis, and superimposed spasmodic
head movements jerking his head to the left. He had
difficulty rotating his head to the right past the midline.

Two cases of severe oromandibular dystonia refractory to
other antidystonic therapies, including botulinum
toxin, which improved with clozapine have been reported
(96).

Tardive tremor
Tardive tremor is a hyperkinetic movement disorder asso-
ciated with chronic neuroleptic drug treatment. It was
first described in 1991 as a symmetrical tremor, of low
frequency, present at rest and during voluntary move-
ments but most prominent during maintenance of pos-
ture, and often accompanied by tardive dyskinesia.
Tetrabenazine is the current treatment. Sequential
responsiveness to both tetrabenazine and clozapine has
been reported (97).

� A 55-year-old man with a 15-year history of schizo-
phrenia treated with various neuroleptic drugs devel-
oped a tremor and was given tetrabenazine 75 mg/day,
with complete regression of the tremor. Three months
later he developed depression, a known adverse effect
of tetrabenazine, which was discontinued, with subse-
quent partial improvement of his depressive symptoms
but reappearance of the tardive tremor. Clozapine
25 mg/day was started and increased to 75 mg/day;
his tardive tremor again disappeared.

Neuroleptic malignant syndrome
Neuroleptic malignant syndrome has been associated with
clozapine (SEDA-22, 58) (98), although some doubts were
expressed about the features of earlier cases. The presenta-
tion can be different from that associated with traditional
antipsychotic drugs; for example, the patient may not
develop rigidity or a rise in creatine kinase activity
(SEDA-25, 62). In the light of two cases, a 35-year-old
man and a 62-year-old woman, the literature was compre-
hensively reviewed and the characteristics of neuroleptic
malignant syndrome due to clozapine and typical neuro-
leptic drugs were compared (99). Causation with clozapine

was deemed highly probable in 14 cases, of medium prob-
ability in 5 cases, and of low probability in 8 cases. The
most commonly reported clinical features were tachycar-
dia, changes in mental status, and sweating. Fever, rigidity,
and raised creatine kinase activity were less prominent
than in the neuroleptic malignant syndrome associated
with typical neuroleptic drugs. This suggests that the pre-
sentation of clozapine-induced neuroleptic malignant syn-
drome may be different from that of typical neuroleptic
drugs. Two other cases have also illustrated that possibility
(100,101).
Neuroleptic malignant syndrome and subsequent acute

interstitial nephritis has been reported in a 44-year-old
woman (102). This patient met the main criteria for neu-
roleptic malignant syndrome, although she did not
develop rigidity or a rise in creatine kinase activity. On
the other hand, abnormal creatine kinase activity and
signs of myotoxicity were respectively found in 14% and
2.1% of patients who took clozapine for an average of 18
months (n = 94) (103).

� A 22-year-old man developed atypical neuroleptic
malignant syndrome while taking clozapine (104). He
vomited and was sweating and agitated but afebrile,
with mild hypertension (maximum 156/96 mmHg) and
a tachycardia, with marked increases in white blood
cell count (32 x 109/l), neutrophils (25 x 109/l), and
creatine kinase (1442 IU/l); a similar syndrome
occurred while he was taking haloperidol.� A 52-year-old man with risk factors, including a sub-
dural hematoma and three prior episodes of neurolep-
tic malignant syndrome secondary to chlorpromazine,
loxapine, and lithium, developed neuroleptic malig-
nant syndrome while taking clozapine (105).

Delirium

Toxic delirium caused by neuroleptic drugs with potent
anticholinergic properties has been widely reported
(SED-11, 107), and has been reported with low-dose clo-
zapine (106).

Psychological, psychiatric

Suicide, suicidality, and suicidal ideation are very serious
problems in patients with schizophrenia. Based on gen-
eral observations that 1–2% of patients with schizophre-
nia complete suicide within 1 year after initial attempts,
the authors of a retrospective study of 295 neuroleptic
drug-resistant patients with schizophrenia who had
taken clozapine monotherapy for at least 6 months
would have expected as many as 10 or 11 successful
suicides or suicide attempts, but none was observed (107).
Obsessive-compulsive symptoms during clozapine ther-

apy have been suggested to be more common than first
reported (SEDA-21, 54). In a retrospective cohort study,
new or worse obsessiveness has been analysed in 121
consecutive young patients with recent-onset schizophre-
nia or other psychotic disorders taking clozapine and
other neuroleptic drugs (108). More clozapine-treated
subjects (21%) had new or worse obsessiveness than sub-
jects treated with other neuroleptic drugs (1.3%).

268 Clozapine

ª 2009 Elsevier B.V. All rights reserved.



However, there was no information on comparability of
the groups.
Panic disorder has been attributed to clozapine (109).

� A 34-year-old woman taking clozapine 400 mg/day for
psychiatric symptoms had recurrent attacks of sudden
chest pressure, dizziness, fear of dying, and intense
anxiety; reducing the dose of clozapine to 250 mg/day
led to modest improvement. Olanzapine 10 mg/day
was then substituted, without recurrence, and her
panic symptoms progressively improved.

Metabolism

Hyperlipidaemia

Severe clozapine-induced hypercholesterolemia and
hypertriglyceridemia has been reported in a patient tak-
ing clozapine (110).

� A 42-year-old man with a schizoaffective disorder had
new-onset hyperlipidemia while taking clozapine (after
failing therapy with traditional antipsychotic drugs).
Before taking clozapine his total cholesterol measure-
ments were 2.9–5.5 mmol/l and there were no trigly-
ceride measurements. Despite treatment with various
antihyperlipidemic agents, his total cholesterol concen-
tration reached 12 mmol/l and his triglyceride concen-
tration reached 54 mmol/l. His antipsychotic drug
therapy was switched to aripiprazole and his lipid con-
centrations improved dramatically, to the point that
antihyperlipidemic treatment was withdrawn. When
he was given clozapine again his lipid concentrations
again worsened.

Diabetes mellitus

Several cases of de novo diabetes mellitus or exacerbation
of existing diabetes in patients taking neuroleptic
drugs have been reported, including patients taking clo-
zapine (111–114). There was no significant relation to
weight gain.

� A 49-year-old man taking olanzapine developed dia-
betes mellitus and recovered after withdrawal (115).� Diabetic ketoacidosis occurred in a 31-year-old man
who had taken clozapine 200 mg/day for 3 months for
refractory schizophrenia (116). Clozapine was with-
drawn and he remained metabolically stable. Two
months later, clozapine was restarted, and only 72
hours after drug re-exposure he had increased fasting
glycemia and insulinemia, suggesting insulin resistance
as the underlying mechanism. Apart from slight obe-
sity, he had no predisposing factors.

Hyperglycemia occurs at 2 weeks to 3 months after the
start of clozapine treatment and occurs without predis-
posing factors. Clozapine-induced hyperglycemia can be
serious, leading to coma, but it is reversible if clozapine is
withdrawn. In some cases, continuation of clozapine is
possible by controlling blood glucose concentrations
with hypoglycemic drugs. This approach can be useful in
refractory schizophrenia responsive to clozapine. All
patients should be advised to report altered conscious-
ness, polyuria, or increased thirst.

Glucose metabolism has been studied in 17 patients
taking clozapine (117). Six had impaired glucose toler-
ance and eight had a glycemic peak delay.
Diabetes was also more common in 63 patients taking

clozapine than in 67 receiving typical depot neuroleptic
drugs (118). The percentages of type 2 diabetes mellitus
were 12% and 6% respectively. Nevertheless, the
mechanism is not known. In six patients with schizophre-
nia, clozapine increased mean concentrations of blood
glucose, insulin, and C peptide (119). The authors con-
cluded that the glucose intolerance was due to increased
insulin resistance.
However, opposite data have been found in a case-

control study in 7227 patients with new diabetes and
6780 controls, all with psychiatric disorders (120).
Clozapine was not significantly associated with diabetes
(adjusted OR = 0.98; 95% CI = 0.74, 1.31) and there
was no suggestion of relations between larger dosages
or longer durations of clozapine use and an
increased risk of diabetes. Among individual non-
clozapine neuroleptic drugs, there were significantly
increased risks for two phenothiazines: chlorpromazine
(OR = 1.31; 95% CI = 1.09, 1.56) and perphenazine
(OR = 1.34; 95% CI = 1.11, 1.62). The authors suggested
that, in contrast to earlier reports, these results provided
some reassurance that clozapine does not increase the risk
of diabetes. However, cases of diabetes were identified by
the new use of antidiabetic drugs, and it is therefore
possible that clozapine was associated with less pro-
nounced glucose intolerance that did not require drug
therapy.
The effect of clozapine on glucose control and insulin

sensitivity has been studied prospectively in 9 women and
11 men with schizophrenia (mean age 31 years) (121).
Insulin resistance at baseline was unaffected by clozapine,
but 11 of the patients developed abnormal glucose control
(mean age 30 years; five women). Mean fasting and 2-
hour glucose concentrations increased significantly by
0.55 mmol/l. There was no correlation between change
in body mass index and change in fasting glucose concen-
trations. Weight gain with clozapine compared with other
neuroleptic drugs has been studied in in-patients who
were randomly assigned to switch to open treatment
with clozapine (n ¼ 138) or to continue receiving conven-
tional neuroleptic drugs (n ¼ 89) (122). Patients gained
weight at the end of 2 years whether they switched to
clozapine (5.9 kg, 7%) or continued to take first-genera-
tion neuroleptic drugs (2.3 kg, 4%), but weight gain was
significantly greater (1 body mass index unit) in those
taking clozapine, particularly women.

Weight gain

Weight gain is often associated with clozapine (SEDA-21,
54). In 42 patients who took clozapine for at least 1 year,
men and women gained both weight and body mass,
which is more directly related to cardiovascular morbidity
(123). Over 10 weeks, leptin concentrations, which corre-
late with body mass index, increased significantly from
baseline in 12 patients taking clozapine (124).
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The relation between genetic variants of the b3 adreno-
ceptor and the G-protein b3 subunit and clozapine-
induced body weight change has been investigated in 87
treatment-resistant patients with schizophrenia (125).
They gained an average of 2.6 kg. There was no statisti-
cally significant relation between weight gain and either
the b3 adrenoceptor Trp6Arg or the G-protein b3 subunit
C8257 polymorphisms.
In a long-term follow-up study (14 months) of 93

patients with schizophrenia the possible relation between
clozapine-induced weight gain and a genetic polymorph-
ism in the adrenoceptor alpha 2a receptor, -1291 C>G,
has been examined (126). The GG genotype was asso-
ciated with a significantly higher mean body weight gain
(8.4 kg) than the CC genotype (2.8 kg).
The effect of clozapine on serum ghrelin concentrations

has been investigated in 12 patients over 10 weeks after
the start of treatment (127). In contrast to increased body
mass indices and serum leptin concentrations, there were
no significant changes in serum ghrelin concentrations.
The authors claimed that these results do not support a
causal involvement of ghrelin in clozapine-related weight
gain.
The association between clozapine-related weight gain

and increased mean arterial blood pressure has been
examined in 61 patients who were randomly assigned to
either clozapine or haloperidol in a 10-week parallel-
group, double-blind study, and in 55 patients who chose
to continue to take clozapine in a subsequent 1-year open
study (128). Clozapine was associated with significant
weight gain in both the double-blind trial (mean 4.2 kg)
and the open trial (mean 5.8 kg). There was no significant
correlation between change in weight and change in mean
arterial blood pressure.
There were no significant associations between cycle

length and weight change during clozapine treatment in
13 premenopausal women with psychoses (129).
Sleep apnea associated with clozapine-induced obesity

has been reported (130).

� A 45-year-old woman with schizophrenia who took
clozapine 300 mg/day for 16 months gained 18 kg and
had hypertriglyceridemia and glucose intolerance. She
had daytime sedation, difficulty in sleeping at night,
loud snoring, and periods of apnea during sleep.

Nasal continuous positive airway pressure produced
improvement.
Phenylpropanolamine 75 mg/day did not promote

weight loss in a randomized, placebo-controlled study in
16 patients with schizophrenia who had gained at least
10% of their body weight while taking clozapine (131).

� A 29-year-old man taking clozapine 800 mg/day gained
46 kg in weight after 25 months, and had myoclonic
jerks in the hands, arms, and shoulders on both sides
(132). He was treated with topiramate (which causes
weight loss). The myoclonic jerks disappeared comple-
tely. He lost 21 kg over 5 months, with no significant
change in eating habits or food consumption, and felt
more energetic, more active, and more motivated to
exercise.

� The 22-year-old son of healthy parents, with a life-long
history of galactosemia, developed weight gain while
taking an effective dose of clozapine (133).

Because patients with galactosemia need to avoid weight
loss as a result of restrictive dietary measures, the authors
suggested that this is an interesting example of weight
gain as a positive side effect of clozapine, not necessarily
associated with increased appetite and higher caloric
intake.

Hematologic

Neutropenia and agranulocytosis

Incidence
Clozapine-induced agranulocytosis was originally deter-
mined to be 0.21% in a selected Finnish population
(SED-9, 83) (134), and the drug was withdrawn, only to
be cautiously reintroduced in some countries a decade
later, with hematological monitoring. With mandatory
hematological monitoring by the Clozaril Patient
Management System in the USA, the cumulative incidence
of agranulocytosis was 0.8% at 1 year and 0.9% at 1.5 years
of treatment; the risk was not related to dosage (SEDA-18,
54) (135). In France, the incidences of agranulocytosis and
neutropenia in clozapine-treated patients from December
1991 were 0.46 and 2.1% respectively (136). Some of the
available postmarketing data on clozapine-induced agra-
nulocytosis are presented in Table 1 (137).

Mechanism
The underlying mechanisms of agranulocytosis are
unknown, but hemopoietic cytokines, such as granulocyte
colony-stimulating factor (G-CSF), are likely to be
involved (138).

� In a 26-year-old woman who developed granulocyto-
penia twice, first when taking clozapine and again
when taking olanzapine, G-CSF concentrations, but
not those of other cytokines, closely paralleled the
granulocyte count.� In a 73-year-old patient who developed granulocyto-
penia while taking clozapine, G-CSF and leukocyte
counts were reliable indicators of the evolution of the
condition, showing an abortive form of toxic bone-
marrow damage with subsequent recovery (139).

Immune-mediated mechanisms of clozapine-induced agra-
nulocytosis have been reviewed in the context of agranu-
locytosis in a 46-year-old woman (140). Immune and toxic
mechanisms have also been explored in patients taking
clozapine, three who developed agranulocytosis, seven
who developed neutropenia, and five who were asympto-
matic. There was no evidence of antineutrophil antibodies
in the blood of patients shortly after an episode of cloza-
pine-induced agranulocytosis, and an antibody mechanism

DoTS classification (BMJ 2003; 327:1222–1225)

Dose-relation: hypersusceptibility effect

Time-course: intermediate or delayed
Susceptibility factors: genetic; age.
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seems unlikely, in view of the delay in onset of clozapine-
induced agranulocytosis on re-exposure to the drug (141).

� Increased apoptosis of neutrophils has been reported
in a 45-year-old woman with clozapine-induced agra-
nulocytosis (142). Withdrawal of clozapine and treat-
ment with granulocyte colony-stimulating factor led to
normalization of the blood neutrophil count within 3
weeks.

The authors suggested that enhanced apoptosis of blood
neutrophils during the acute phase of clozapine-induced
agranulocytosis could have resulted from enhanced
expression of the pro-apoptotic proteins Bax and Bilk
and from a reduction in the anti-apoptotic proteins BCI-
XLmRNA. The time-course of the fall and recovery of the
neutrophils, as well as the release pattern of endogenous
G-CSF, resembled those of chemotherapy-induced neu-
tropenia. The kinetics of CD 34-positive cells mimic those
of cytotoxic progenitor cell mobilization, for example
after cytostatic drug administration. They suggested that
clozapine-mediated inhibition of release of G-CSF or
granulocyte-macrophage colony-stimulation factor (GM-
CSF) is involved in clozapine-induced agranulocytosis.

Susceptibility factors
Some of the genetic aspects of clozapine-induced agranu-
locytosis have been evaluated (143). Polymorphisms of
specific clozapine metabolizing enzyme systems were
determined in 31 patients with agranulocytosis and in 77
without. Genotyping of a recently discovered G-463 A
polymorphism of the myeloperoxidase gene and
CYP2D6 showed no evidence of an association.
Because of the unusually high incidence of agranulocyto-

sis in Finnish and Jewish patients (SEDA-20, 49), an ethnic
susceptibility factor for agranulocytosis has been suggested.
Human leukocyte antigen (HLA) B38 phenotype was found
in 83% of patients who developed agranulocytosis and in
20% of clozapine-treated patients who did not develop agra-
nulocytosis (144). Gene products contained in the haplotype
may be involved. In an open study in 31 German patients
with clozapine-induced agranulocytosis and 77 controls with
schizophrenia, agranulocytosis was significantly associated

with HLA-Cw*7, DQB*0502, DRB1*0101, and DRB3*020
(145). No other antigens were associated with agranulocyto-
sis, but age was another major susceptibility factor. In
another study in two groups of Finnish patients (19 ‘‘cloza-
pine responders’’ and 26 patients with a history of non-fatal
clozapine-induced granulocytopenia or agranulocytosis), the
frequency of the HLA-A1 allele in the latter was low (12%),
whereas HLA-A1 was associated with a good therapeutic
response at an allele frequency of 58% (the frequency of
HLA-A1 being 20% in the Finnish population) (146).
Concordant clozapine-induced agranulocytosis in

monozygotic twins also suggested a genetic susceptibility;
in both twins there was a low leukocyte count after 9
weeks of treatment (147). Serological typing of the HLA
system showed identical patterns in the twins: HLA-A:
28, 26; HLA-B: 49, 63; DR: 2 (versus 16), 12, 52; DQ: 1.
The authors pointed out that these data suggest that
genetic factors may participate not only in the time of
onset of schizophrenia, but also in the emergence and
timing of agranulocytosis in response to clozapine.

Clinical features
Careful attention should be paid to possible early warn-
ings of agranulocytosis, such as fever, sore throat, and
lymphadenopathy.
Circadian variation in white cell count, with a dip in the

morning, has been misdiagnosed as clozapine-induced
neutropenia (148).

� A 31-year-old man with resistant schizophrenia took
clozapine 500 mg/day. Although this was effective, the
granulocyte count fell to 1.2 � 109/l (total count not
given) and clozapine was withdrawn. During the sub-
sequent year, several neuroleptic drugs were used, with
unsatisfactory results. Careful monitoring showed a
pronounced diurnal variation in both total white cell
count (2.9–4.2� 109/l in the morning and 3.6–7.1� 109/
l in the afternoon) and granulocytes (0.8–1.4 � 109/l in
the morning and 2.9–5.5 � 109/l in the afternoon).

Thus, an apparently low white cell count may simply
reflect the nadir of the diurnal variation and may not
indicate a need to withdraw clozapine.

Table 1 Reported incidences of clozapine-induced agranulocytosis

Country Period

Number of

patients

Incidence

(mortality) (%) Reference

Finland 1975 2260 0.70 (0.35) (SED-9, 83; 105)

USA 1990–1991 11382 0.80 (0.02) (SEDA-18, 54)

France 1992 2834 0.46 (ND) (SEDA-21, 54)

USA 1990–1994 99502 0.38 (0.01) (SEDA-22, 59)

UK and

Ireland

1990–1994 6316 0.80 (0.03) (SEDA-22, 59)

New

Zealand

1988–1995 963 1.15 (0.00) (SEDA-22, 59)

Australia 1993–1996 4061 0.90 (0.00) (99)

Spain 1993–1999 6354 0.16 (0.02) Agencia Española del Medicamento

(personal communication)

Total 133402 0.44 (0.018)
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In over 11 000 patients the risk of agranulocytosis was
higher in the first 3 months of treatment and is greater
among women and elderly patients (149).
Agranulocytosis after very long-term clozapine therapy

has been reported (150).

� A 41-year-old man suddenly developed agranulocyto-
sis after taking clozapine nearly continuously for 89
months. During this time, his white blood cell and
granulocyte counts remained stable. The white blood
cell and granulocyte counts returned to baseline
shortly after withdrawal of clozapine and administra-
tion of sargramostim.

Rechallenge
Cases of negative or positive rechallenge in patients with
agranulocytosis have been reported (SEDA-20, 54;
SEDA-22, 59).

� A 58-year-old man developed agranulocytosis during a
second trial of clozapine, despite a successful previous
trial (151).� A 17-year-old boy with severe clozapine-induced neu-
tropenia had a negative rechallenge; because he had had
an unsatisfactory response to traditional neuroleptic
drugs, clozapine was continued despite a fall in white
blood cell count, since concomitant treatment with
granulocyte colony-stimulating factor was followed by
rapid normalization of the white blood cell count (152).� A 29-year-old woman developed agranulocytosis after
taking clozapine 300 mg/day for 5 years; 4 months after
withdrawal, the clozapine was reintroduced (500 mg/
day), and after 8 months the leukocyte count was still
within the reference range (153).� A 45-year-old woman developed neutropenia after
taking clozapine 500 mg/day for 6 years combined
with other agents (olanzapine 10 mg/day, benzopril
hydrochloride 20 mg/day, and haloperidol 150 mg/
day) (154). Clozapine was withdrawn immediately
and the granulocytes recovered within a few days.
However, 10 weeks later clozapine was restarted and
there was no recurrence over more than 3 years.

Monitoring therapy
Over 10 000 patients have been treated with clozapine in
Australia since its introduction in 1993, and the Clozaril
monitoring system has ensured that since that time there
have been no deaths from agranulocytosis in patients
taking clozapine (155).
An increase in white blood cell count of at least 15%

above previous counts is a sensitive, although not specific,
predictor for the development of agranulocytosis within
75 days (149). Clozapine dosage and baseline white cell
count do not appear to predict agranulocytosis.
Monitoring G-CSF concentrations, if available, may be

useful in following patients in whom clozapine-induced
marrow damage is suspected.
An example of a false sense of security gained by rely-

ing on monitoring monthly blood counts in patients taking
clozapine has been published (156).

� A 61-year-old man who had taken clozapine for 3 years
had normal blood counts. However, one day, his hemo-
globin was 8.5 g/dl, having previously been 13 g/dl,
following a steady asymptomatic fall over 6 months
that had been documented but had gone unnoticed.
He subsequently underwent investigation and treat-
ment for anemia.

However, it is not clear in this case that clozapine was
responsible for the anemia.
In a cohort study, based on a prospective drug exposure

database, the effectiveness of centralized routine moni-
toring of blood counts was evaluated in 1500 patients
taking clozapine between March 2001 and December
2001 (157). Seven patients developed severe neutropenia
while taking clozapine (neutrophil counts below 1.5 x 109/
l). The mean time to withdrawal of therapy was 1.6 days
(maximum 6 days), and neutrophil counts recovered to
normal in all cases after 6.4 days (maximum 13 days).
Based on an estimate of 500 patient-years of exposure,
the frequency of severe neutropenia was one case per 71
patient-years of therapy or 1.4% per annum.
According to the recommended guidelines by Novartis,

neutropenia (a white blood cell count below 3.0 x 109/l or
an absolute neutrophil count below 1.5 x 109/l) during
clozapine treatment is classified as being in the ‘‘red-
alert zone’’; immediate withdrawal of clozapine is recom-
mended and reinstitution prohibited. However, in some
patients, this is not feasible, because of lack of effective
alternatives to clozapine. In five patients who were main-
tained on clozapine despite red-alert zone neutropenia
and two control patients who discontinued clozapine
because of neutropenia, hematological and clinical pro-
gress was followed for more than 600 days (158). In all
five patients, there were no additional episodes of neu-
tropenia despite continued clozapine treatment.

Treatment
Withdrawal of clozapine can lead to resolution of agranu-
locytosis, but not always. Granulocytopenia, presumably
induced by clozapine, persisted in a 53-year-old woman
after she switched from clozapine to quetiapine (159).
Treatment with granulocyte colony-stimulating factor

and granulocyte macrophage colony stimulating factors
was helpful in a case of sepsis and neutropenia induced
by clozapine (160) and in a case of agranulocytosis in a 45-
year-old man (161).
Lithium can be used in combination with clozapine, and

in these patients the possibility of inducing leukocytosis
and increasing the total leukocyte count and the granulo-
cyte count has been considered (SEDA-20, 50). Lithium
has even been used to prevent clozapine-induced neutro-
penia (SEDA-22, 59) (162). It has also been used in a
patient with clozapine-induced neutropenia and in
another with complete agranulocytosis: in both cases
lithium increased the neutrophil count to within the refer-
ence range within 6 days (163). In the patient who had
neutropenia, clozapine was restarted in the presence of
lithium and the neutrophil count did not fall thereafter.
Five other patients who took combined clozapine and
lithium had a significant improvement with this
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combination and there were no cases of agranulocytosis,
neuroleptic malignant syndrome, or other adverse effects
(164).

Eosinophilia

Clozapine-induced eosinophilia and subsequent neutrope-
nia has been reported (165). As the patient had a high IgE
concentration, an allergic cause was proposed. In a previous
study in 70 patients there was no predictive value of eosino-
philia for clozapine-induced neutropenia (166). Eosinophilia
associated with clozapine treatment has been reported in
13% of treated patients in a study in Australia (38).

Platelet count

Thrombocytosis and thrombocytopenia have both been
reported.

� Thrombocytosis (774 � 109/l) occurred in a middle-
aged man taking clozapine (167).� A 43-year-old man developed thrombocytopenia (pla-
telet count 60 � 109/l), which persisted for 40 months
after clozapine treatment (168). There was increased in
vitro platelet serotonin release in the presence of clo-
zapine (169).

In the second case, the authors suggested an immune
mechanism and pointed out that the manufacturers
recommend withdrawing clozapine when the platelet
count falls below 100 � 109/l.

Mouth and teeth

Hypersalivation is a common adverse effect of clozapine
(170), which has been estimated to occur in 10–23% of
patients (SEDA-20, 49). Salivary gland swelling has
been reported in patients treated with clozapine
(SEDA-20, 49; 171).
There is evidence implicating alpha-adrenoceptors in

hypersalivation caused by clozapine, and it has been
hypothesized that a biallelic polymorphism in the promo-
ter region of the alpha2-adrenoceptor gene confers sus-
ceptibility to schizophrenia, which is associated with a
clozapine-induced favorable therapeutic response and/or
clozapine-induced hypersalivation (172). However, the
results in 97 patients showed that the alpha2-adrenoceptor
gene polymorphism did not play a major role in suscept-
ibility to hypersalivation or the therapeutic response of
patients with schizophrenia.
A comprehensive review has been published on the

evidence of the benefit of using antimuscarinic agents,
adrenoceptor antagonists, and adrenoceptor agonists in
treating clozapine-induced hypersalivation (173). There
is a lack of good-quality controlled trials, most papers
having reported series of uncontrolled cases dependent
on subjective measures of improvement reported by
patients; however, the authors suggested that the most
effective treatment may be a combination of terazosin
and benzhexol (174). Ten patients with sialorrhea asso-
ciated with clozapine, who did not respond to anticholi-
nergic or adrenergic drugs, received intranasal
ipratropium bromide; at 6 months, six patients maintained
improvement (175).

Salivary glands

In nine patients with clozapine-induced sialorrhea sublin-
gual ipratropium produced complete responses in two
patients and partial responses in five; the effect wore off
after a few hours (range 2–8 hours) (176).

� A 50-year-old man with clozapine-induced hypersali-
vation was given botulinum toxin injections into each
parotid gland and had a marked reduction in hypersa-
livation, which lasted for more than 12 weeks (177).

In 12 patients clonidine 50–100 micrograms/day relieved
clozapine-induced sialorrhea, with good results in three and
partial results in eight (178). Theoretically, the reduction in
sialorrhea with clonidine could have been due to reduced
plasma noradrenaline concentrations, resulting in less stimu-
lation of unopposed b-adrenoceptors in the salivary glands.

Gastrointestinal

Reflux esophagitis has been reported in patients taking
clozapine (179). It has been speculated that reduced eso-
phageal motility was the mechanism (180).
Constipation is an adverse effect that has often been

associated with clozapine; it can be serious and even fatal
(SEDA-22, 60).

� A 49-year-old man taking clozapine developed a per-
forated colon and peritonitis (181). He survived, albeit
with a markedly reduced quality of life.

The authors suggested that diet modification and regular
exercise should be encouraged in patients taking cloza-
pine, in order to prevent constipation.

� A 43-year-old man took clozapine 750 mg/day for 6
years and developed vomiting and epigastric pain
(182). He had ulcerative esophagitis, and a CT scan
was reportedly normal ‘‘apart from constipation.’’ He
was given omeprazole 20 mg/day and twice-daily psy-
llium. Six months later he developed abdominal pain
with feculent vomiting. Emergency laparotomy
revealed large-bowel obstruction secondary to severe
fecal impaction. He died 3 weeks later with septic
shock and progressive multisystem organ failure.

Liver

Transient asymptomatic liver enzyme rises are common
with clozapine (183).
Hepatitis associated with clozapine has been reported

(SEDA-20, 49) (SEDA-22, 59).

� A 49-year-old woman (184) took clozapine 300 mg/day
and developed lethargy, anorexia, fever, eosinophilia,
leukocytosis, and abnormal liver function tests. The
serum clozapine concentration was 8595 nmol/l.
Clozapine was withdrawn and after 8 days her condi-
tion stabilized and low-dose clozapine treatment was
successfully restarted with serum monitoring.

Obstructive jaundice has been described (185).

� A 48-year-old man with schizophrenia started taking
clozapine 12.5 mg/day, increasing over the next 18 days
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to 150 mg/day. By that time he was icteric, with mild
distress and fever and raised bilirubin 149 mmol/l
(reference range 5–26), direct bilirubin 92 mmol/l,
gamma-glutamyl transpeptidase 446 IU/l (<65), ala-
nine transaminase 100 IU/l (<40), and aspartate trans-
aminase 56 IU/l (<40). Hepatitis serology showed
positive hepatitis B surface antibodies, and HBs anti-
gen was negative, as were hepatitis A, hepatitis C,
Epstein-Barr virus, and cytomegalovirus. He also had
hyperglycemia, pleural effusion, eosinophilia, hema-
turia, and proteinuria, which also resolved on cloza-
pine withdrawal.

A case of fatal liver failure has been reported (186).

Pancreas

Occasional cases of pancreatitis have been related to
clozapine therapy (SEDA-17, 63).

� A 73-year-old woman with a 4-year history of
Parkinson’s disease developed hallucinations and delu-
sions that were interpreted as secondary effects of
levodopa (187). She was given clozapine 25 mg/day
and continued to take levodopa. Four days later she
complained of abdominal pain. She had raised activ-
ities of serum amylase 806 IU/l (reference range <220
IU/l), lipase 2598 IU/l (<190 IU/l), and creatine kinase
464 IU/l (<190 IU/l), and normal concentrations of
total and direct bilirubin. Other causes of pancreatitis
were ruled out.� A 17-year-old man took clozapine in a dose that was
gradually increased to 175 mg/day, and 23 days after
the start of treatment developed mild epigastric pain
(188). He had raised pancreas amylase (140 U/l) and
lipase (463 U/l) activities, and four days later devel-
oped increasing pain in both shoulders and a large
pericardial effusion.

Two other cases have been reported in patients with no
prior history of alcohol abuse or gallstones (189,190). The
authors recommended monitoring serum amylase activity
during slow increases in the dosage of clozapine if there is
leukocytosis or eosinophilia, which may be associated
with asymptomatic pancreatitis.

Urinary tract

Enuresis has been rarely associated with clozapine
(0.23% of patients) (SEDA-19, 54) (191), and has been
successfully treated with benzatropine in patients taking a
variety of psychotropic medications (192).
In a retrospective study, 27 of 61 Chinese patients who

took clozapine for more than 3 months developed urinary
incontinence, persistent in 15 cases (193). The reaction
could not be related to age, sex, clozapine dosage, dura-
tion of clozapine use, duration of hospitalization, duration
of illness, age at onset of schizophrenia, or concurrent
treatment with other psychiatric drugs.
Polymorphisms of the alpha 1a adrenoceptor gene were

found to play no major role in the pathogenesis of schizo-
phrenia or in clozapine-induced urinary incontinence
(194).

Acute interstitial nephritis has been attributed to clo-
zapine (195).

� A 38-year-old woman developed anorexia, lethargy,
and vomiting, and noticed a profound reduction in
urine output about 11 days after starting clozapine
(125 mg bd). Severe renal insufficiency was confirmed
(blood urea 33 mmol/l and creatinine 1200 mmol/l).
There was no history of pre-existing renal or other
systemic disease.

Musculoskeletal

Clozapine-induced myokymia (weakness and reduced
muscle tone, with undulating movements of the muscle
and skin, accompanied by involuntary repetitive firing of
grouped motor unit action potentials) has been reported
(196).

� A 33-year-old woman developed muscle twitching and
spasms of the legs and back after having taken cloza-
pine for 3 years (197). Neurological examination
showed myokymia in both thighs, calves, and the
lower lip. The myokymia disappeared 1 week after
withdrawal of clozapine.

In an open study in 41 patients, strength control was
evaluated before the start of clozapine therapy and
again at the end of the titration period (on average 9
weeks later). The results suggested that the strength def-
icit was primarily due to clozapine and that there were
two distinct effects: an initial transient stage characterized
by ‘‘drowsiness’’ and a subsequent stage with dose-depen-
dent myoclonic features (198).

� Rhabdomyolysis occurred in two men, aged 21 and 42
years, taking clozapine (198,199). The first had no risk
factors, but calcium-dependent potassium efflux, nor-
mally responsible for membrane hyperpolarization and
muscle refractoriness, was severely impaired in his
erythrocytes. The second had marked hyponatremia,
due to psychogenic polydipsia, and developed a
marked rise in creatine kinase activity (62 730 U/l)
after correction of hyponatremia with hyperosmolar
fluids.

Sexual function

The frequency and course of sexual disturbances asso-
ciated with clozapine have been studied in a prospective
open study in 75 men and 25 women, mean age 29 years,
and compared with the effects of haloperidol in 41 men
and 12 women, mean age 26 years (200). There were no
statistically significant differences between the patients
taking haloperidol and those taking clozapine. During 1–
6 weeks of treatment with clozapine, the most frequent
sexual disturbances among women were diminished sex-
ual desire (28%) and amenorrhea (12%), while among
men they were diminished sexual desire (57%), erectile
dysfunction (24%), orgasmic dysfunction (23%), ejacula-
tory dysfunction (21%), and increased sexual desire
(15%). The mean daily doses were haloperidol 16 mg
and clozapine 261 mg.
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Retrograde ejaculation has been associated with cloza-
pine (201).

Immunologic

Allergic reactions associated with clozapine are uncom-
mon; however, a case of rash (SEDA-21, 55) and a case of
pleural effusion (SEDA-22, 60) have previously been
reported. Both rash and pleural effusion have been
reported in a 37-year-old woman about 1 week after
starting clozapine (202).
Lupus erythematosus has been associated with cloza-

pine (203).

� A psychotic 55-year-old woman took clozapine for 15
years because of increasing extrapyramidal adverse
effects with other neuroleptic drugs. When she started
to take it she did not have raised serum inflammatory
markers. She reduced the dosage of clozapine from 400
to 200 mg/day and developed increasing delusions. In
hospital she was discovered to have generalized
arthralgia, myalgia in the proximal limb muscles, a
reticular skin rash, and a raised erythrocyte sedimenta-
tion rate. The syndrome resolved within 2 weeks of
withdrawal of clozapine.

The authors thought that clozapine had caused lupus
erythematosus.

Body temperature

Clozapine often causes a benign transient increase in
body temperature early in treatment (204).
The presentation of neuroleptic malignant syndrome

with clozapine can be different from that associated with
traditional neuroleptic drugs (SEDA-28, 66), and the
authors of a recent report have pointed out the differen-
tial diagnosis with heat stroke, a medical emergency with
the two cardinal features of raised core body temperature
(40�C) and central nervous system dysfunction, which is
fatal in up to 50% of cases (205).

� A 32-year-old man with paranoid schizophrenia taking
clozapine 200 mg bd and in gainful employment as a
builder’s laborer was found unconscious and fitting on
an open building site during a heat wave. He had a
respiratory arrest, a fever of 42.9�C, was hypotensive
(90/60 mmHg), and had the minimum Glasgow coma
scale score of 3. His creatine kinase activity was 6000
(24-195) U/l.

This patient was originally considered to have neuroleptic
malignant syndrome, but the clinical picture was very
much against this and strongly in favor of heat stroke.

Death

The causes of sudden unexpected death in psychiatric
patients are often unknown; however, sudden cardiac
death has been associated with clozapine (SEDA-26,
59). On the other hand, suicide is a common cause of
death among patients with schizophrenia. In a recent
report, the authors claimed that in cases of sudden unex-
pected death, toxic post-mortem drug concentrations can

lead to erroneous conclusions and reported a case of
supposed post-mortem redistribution of clozapine (206).

� A 22 year-old obese woman was found unresponsive
after taking clozapine for about 6 weeks, in an eventual
dose of 350 mg/day. Resuscitation was unsuccessful,
and an autopsy about 8 hours later showed no cloza-
pine in her stomach, but a clozapine concentration in
cardiac blood of 4500 ng/ml; a concentration over
1300 ng/ml is considered toxic. The coroner expressed
concern over the possibility of suicide, but the authors
of the report suspected that suicide was very unlikely,
since there were no overt signs of toxicity and the staff
reported no change in behavior.

Long-Term Effects

Drug withdrawal

Rebound psychosis or delirium or both have been
reported after withdrawal of clozapine (207–212).
Clozapine withdrawal has also been associated with nau-
sea, vomiting, diarrhea, headache, restlessness, agitation,
and sweating (213,214), which occur as the result of cho-
linergic rebound and which may respond to anticholiner-
gic drugs (215), and with dystonias and dyskinesias.
Delirium and the return of dyskinetic movements can
occur within days after clozapine withdrawal.
Four patients had severe dystonias and dyskinesias on

abrupt withdrawal of clozapine (216), and another two
had obsessive-compulsive symptoms during withdrawal;
resumption of clozapine led to the complete disappear-
ance of the obsessive-compulsive symptoms (217).

Second-Generation Effects

Pregnancy

All antipsychotic drugs cross the placenta and reach the
fetus in potentially significant amounts; however, cloza-
pine caused no serious complications or developmental
abnormalities during pregnancy in two cases (218).

Tertatogenicity

Case reports have shown no congenital anomalies with
clozapine in animals or humans (219).

� A 22-year-old woman took clozapine 75 mg/day
throughout pregnancy (220). Her pregnancy was not
detected until the end of the first trimester. She and
her husband were counselled on the possible risk to the
fetus, but decided to continue taking clozapine. She
was brought to the hospital in labor with vaginal leak-
ing at 9 months and 9 days of gestation. Ultrasound
examination confirmed a fetus of 32 weeks gestation,
with intrauterine growth retardation, oligohydramnios,
and absence of fetal heart sounds. She delivered a
macerated still-born boy weighing 2.2 kg with no
gross congenital anomalies.
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Although it is not clear whether clozapine, the disease
process, poor nutrition, lack of antenatal care, or a com-
bination of all these factors, contributed to the outcome
of this pregnancy. The authors suggested that one should
be cautious about using clozapine during pregnancy.

Lactation

Neonatal safety may be compromised during breast feed-
ing by a woman taking clozapine (Ernst 42). The authors
also pointed out that the available data suggest that neo-
nates are at risk during breast-feeding by a mother who is
taking lithium, are at moderate risk from lamotrigine and
clozapine, and are probably at little risk from valproate or
carbamazepine; the risks from most other new anticon-
vulsants and atypical antipsychotic drugs are currently
undetermined.

Susceptibility Factors

Ethnicity

The results of an observational, non-randomized, inter-
ethnic comparison of clozapine dosage, clinical response,
plasma concentrations, and adverse effects profiles have
been published (221). Compared with Caucasian patients
(n ¼ 20), Asian patients (n ¼ 20) appeared to have lower
dosage requirements for clinical efficacy. The Asian
patients scored significantly lower than the Caucasian
patients on the Simpson and Angus Scale for extrapyra-
midal adverse effects, but there were no significant differ-
ences on the Abnormal Involuntary Movement Scale or
the Liverpool University Neuroleptic Side-effect Rating
Scale. Since there was no difference between ethnic
groups in clozapine concentrations, the authors concluded
that the higher extrapyramidal adverse effects scores in
the Caucasian group might be attributed to more chronic
illness duration, more concomitant medications, and the
lack of standardized rating training. Genetic differences
between these ethnic groups were not analysed in this
study. However, it should be emphasized that Asians are
genetically heterogeneous and differences are found
between various Asian ethnic groups.

Age

Children

Since the adverse effects of clozapine may be more com-
mon in children than adults, perhaps reflecting develop-
mental pharmacokinetic differences, clozapine and its
metabolites, norclozapine and clozapine-N-oxide, have
been studied in six youths aged 9-16 years, with childhood
onset schizophrenia (222). Dose-normalized concentra-
tions of clozapine did not vary with age and were similar
to reported adult values. Clinical improvement in five
patients correlated with serum clozapine concentrations,
and clinical response and total number of common
adverse effects (sialorrhea, n ¼ 5; tachycardia, n ¼ 4;
sedation, n ¼ 1; enuresis, n ¼ 1) correlated with norclo-
zapine concentrations. One child had a reduced neutro-
phil count (1.1 x 109/l) and another child had increased
hepatic transaminases.

Elderly people

Data from an open study (n = 329) have suggested that
patients aged 55–64 years may have a better response to
clozapine than those aged 65 and older, but there were no
significant differences between the two age groups in the
number of patients remaining on clozapine therapy and the
number in whom therapy was discontinued (n = 134) (223).
The mean duration of clozapine therapy was 278 days. The
most common adverse effects that required withdrawal
were sedation (n = 12), hematological adverse effects
(n = 7), and cardiovascular adverse effects (n = 6).
In over 11 000 patients the risk of agranulocytosis was

greater among elderly patients (149).

Sex

In over 11 000 patients the risk of agranulocytosis was
greater among women (149).

Other features of the patient

The evidence on predictors and markers of clozapine
response has been reviewed (224). Higher baseline clin-
ical symptoms and functioning in the previous years and
low cerebrospinal homovanillic acid/5-hydroxyindoleace-
tic acid concentrations were identified as reliable, and
three potential measures were also identified: reduced
frontal cortex metabolic activity, reduced caudate
volume, and improvement in P50 sensory gating. The
authors pointed out that none of these is specific to clo-
zapine, but that this does not reduce their value, instead
showing that they do not clarify why clozapine is different
from other antipsychotic drugs, for example in terms of
efficacy in treatment-resistant patients.

Cancer

There is an increased risk of myelosuppression in patients
who develop cancer and require chemotherapeutic agents
while taking a stable dose of clozapine.

� A 46-year-old woman with schizophrenia who was tak-
ing clozapine 700 mg/day developed breast cancer and
underwent segmental mastectomy; she developed neu-
tropenia, which persisted for more than 6 months after
her last radiation treatment (225).

Infection

Clozapine toxicity has been attributed to the effects of
cytokines during an acute infection (226).

� A 51-year-old woman developed toxic serum concen-
trations of clozapine and N-desmethylclozapine (nor-
clozapine) during an acute urinary tract infection and
had a short period of aphasia and akinesia, followed by
incoherence of speech and a gait disturbance.

The authors suspected that, since the prescribed antibio-
tics (trimethoprim, sulfamethoxazole, and ampicillin) did
not seem to be responsible for the large rise in serum
clozapine concentrations, the rise might have been sec-
ondary to cytokine-mediated inhibition of cytochrome
P450.
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Lewy body dementia

Patients with Lewy body dementia may be more intoler-
ant of neuroleptic drugs, including atypical drugs, than
other patients with neurodegenerative dementia.
However, because hallucinations are common in this
form of dementia, it is likely that people with Lewy
body dementia will be exposed to neuroleptic drugs.
Two patients with Lewy body dementia taking clozapine
developed confusion and behavioral symptoms (227).

Drug Administration

Drug formulations

Since clozapine is expensive, it is interesting that generic
clozapine (given as 25 and 100 mg tablets) behaves like
Clozaril, the branded formulation; bioequivalence has
been observed in 30 patients with schizophrenia (228).
Since the patent for Clozaril� (Novartis) expired in

1998, three manufacturers of generic clozapine have sub-
mitted abbreviated new drug applications to the FDA for
review and approval to market generic clozapine. In a
recent review, the authors suggested that until further
studies have been conducted, patients who are refractory
to treatment and stabilized on Clozaril� should not be
switched to a generic formulation; on the other hand, if a
patient is stabilized on Clozaril� and not refractory to
treatment, then cautious switching to a generic formula-
tion may be reasonable; finally, initiating a generic for-
mulation in a clozapine-naïve individual would be
appropriate (229). There has been an open, non-blinded
out-patient study in 20 patients with schizophrenia to
ascertain the effects of switching from branded to generic
clozapine; at the end-point, there were no significant dif-
ferences in the total Positive and Negative Syndrome
Scale (PANSS), the positive symptom subscale, the nega-
tive symptom subscale, or the general psychopathology
subscale, or the Beck Anxiety Inventory (BAI), and there
were no clinically significant changes in any measure;
these results are consistent with data that suggest bioe-
quivalence of these products (230).

Drug dosage regimens

Since up to 17% of patients must discontinue clozapine
because of adverse effects, strategies for minimizing and
managing the adverse effects of clozapine have been
reviewed (231,232). Treatment should begin with a low
dosage, 12.5–25 mg/day.
The optimal plasma concentration of clozapine is 200–

350 ng/ml, which usually corresponds to a daily dose of
200–400 mg (233,234). A nomogram to predict clozapine
steady-state plasma concentrations has been generated
using data from 71 patients (235). Clozapine steady-state
plasma concentrations and demographic variables were
obtained. The model explained 47% of the variance in
clozapine concentrations. Two equations were obtained
to predict steady-state plasma concentrations, one for
men and one for women:

clozapine (ng/ml) = 0.464D + 111S + 145 (men)

clozapine (ng/ml) = 1.590D + 111S – 149 (women)

where D = dosage (mg/day), S = 1 for smokers, and S = 0
for non-smokers.
A further model for optimizing individual dosage regi-

mens using Bayesian methods has been proposed (236).

Drug overdose

Fatal overdoses have been reported with clozapine (237).
Seven patients who took large doses of clozapine (mean

3 g, range 0.4–16 g) have been reported (238). All made a
full recovery and toxicokinetic modelling suggested that
norclozapine was formed by a saturable process but that
clozapine kinetics were linear over the estimated doses.

� Clozapine overdose (2.5 g) in a 67-year-old woman
resulted in seizures, loss of consciousness, metabolic
acidosis, prolonged sedation, and aspiration pneumo-
nia (239). By 9 days after intoxication she had recov-
ered completely.� A 40-year-old man who took 3–4 g of clozapine
became unconscious, with constricted pupils, sinus
tachycardia, and twitching; peak clozapine and norclo-
zapine concentrations were 3.5 mg/l and 0.7 mg/l
respectively, with secondary peaks at about 36 hours
(240). Recovery was uneventful, and he was well 2 days
after admission.� A 41-year-old woman took 12.5 g of clozapine (125
tablets of 100 mg each) in a suicide attempt (241).
She developed agitation, hallucinations, diminished
distrust, and lethargy; she was given physostigmine
2 mg and recovered completely within 1 week.� A 20-year-old woman presented 6 hours after taking
clozapine 3500 mg (242). She had unexpectedly pro-
longed tachycardia and somnolence, and recovered
only after the serum clozapine concentration began to
fall after a 4-day plateau.

Suspected cases of poisoning in which blood clozapine
and N-desmethylclozapine (norclozapine) were measured
have been reviewed (243). There were seven fatal and five
non-fatal clozapine cases of overdose, and 54 other peo-
ple died while taking clozapine. Clozapine poisoning
could not be diagnosed on the basis of blood clozapine
and norclozapine concentrations alone. Analysis of ante-
mortem blood specimens collected for white cell count
monitoring and the blood clozapine:norclozapine ratio
may provide additional interpretative information.

Drug–Drug Interactions

Benzodiazepines

Caution has been recommended when starting clozapine
in patients taking benzodiazepines (SEDA-19, 55). Three
cases of delirium associated with clozapine and benzodia-
zepines (244) have been reported. There have been sev-
eral reports of synergistic reactions, resulting in increased
sedation and ataxia, when lorazepam was begun in
patients already taking clozapine (245).
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Hypotension, collapse, and respiratory arrest occurred
when low doses (12.5–25 mg) of clozapine were added to
a pre-existing diazepam regimen in several patients
(SEDA-22, 41).

� A 50-year-old man developed syncope and electrocar-
diographic changes (sinus bradycardia with deep
inverted anteroseptal T waves and minor ST changes
in other leads) with the concurrent administration of
clozapine (after the dosage was increased to 300 mg/
day) and diazepam (30 mg/day) (246).

Caffeine

Caffeine has been associated with changes in the metabo-
lism of clozapine (SEDA-20, 50; SEDA-22, 61). Seven
schizophrenic patients taking clozapine monotherapy par-
ticipated in a study of the effects of caffeine withdrawal
from the diet (247). After a caffeine-free diet for 5 days,
clozapine plasma concentrations fell by 50%. The authors
suggested that schizophrenic patients treated with cloza-
pine should have their caffeine intake medically super-
vised, and that monitoring of concentrations of clozapine
and its metabolite may be warranted.
The effects of caffeine-containing versus decaffeinated

coffee on serum clozapine concentrations have been
examined in 12 patients in a randomized, placebo-con-
trolled, crossover study (248). Serum clozapine concen-
tration increased, probably because of inhibition of
CYP1A2. However, the effect was minor in most of the
patients, although some individuals may be more sensitive
to this interaction, owing for example to genetic factors.

Ciprofloxacin

A possible pharmacokinetic interaction between cipro-
floxacin, which inhibits CYP1A2, and clozapine, with
moderately increased serum concentrations of clozapine,
has been reported (249).
Ciprofloxacin can alter plasma clozapine concentra-

tions, perhaps by inhibition of cytochrome P450 enzymes
(283).

Cisplatin

There is a potentially dangerous interaction with cancer
treatment in patients with schizophrenia taking clozapine,
because of the unpredictable risk of myelotoxicity.
However, a 37-year-old patient taking clozapine for schi-
zophrenia was given full-dose cisplatin and concomitant
radiotherapy for an undifferentiated nasopharyngeal car-
cinoma, without significant neutropenia (250).

Citalopram and escitalopram

The effect of citalopram on plasma concentrations of
clozapine have been prospectively studied in 15 patients
with schizophrenia taking clozapine 200–400 mg/day
(284). The addition of citalopram 40 mg/day did not
alter plasma clozapine concentrations.
However, in a 39-year-old man with a schizoaffective

disorder, citalopram 40 mg/day appeared to increase

plasma clozapine concentrations and increased adverse
effects (285). The adverse effects settled within 2 weeks
of a reduction in citalopram dosage to 20 mg/day, with a
corresponding 25% fall in clozapine concentrations. It is
possible that at higher doses, citalopram can increase
clozapine concentrations, perhaps through inhibition of
CYP1A2 or CYP3A4.

Cocaine

An interaction between clozapine and cocaine, causing
near syncope, has been reported (251). Eight male
cocaine addicts underwent four oral challenges with
increasing doses of clozapine (12.5, 25, and 50 mg) and
placebo, followed 2 hours later by cocaine 2 mg/kg intra-
nasally (286). Subjective and physiological responses, and
serum cocaine concentrations were measured over 4
hours. Clozapine pretreatment increased cocaine concen-
trations during the study and significantly increased the
peak serum cocaine concentrations dose-dependently.
Despite this rise in blood concentrations, clozapine pre-
treatment significantly reduced subjective responses to
cocaine, including ‘‘expected high,’’ ‘‘high,’’ and ‘‘rush’’
effects, notably at the 50 mg dose. There were also sig-
nificant effects on ‘‘sleepiness,’’ ‘‘paranoia’’ and ‘‘nervous-
ness.’’ Clozapine caused a significant near-syncopal
episode in one subject, requiring withdrawal. Clozapine
had no significant effect on baseline pulse rate or systolic
blood pressure, but it attenuated the significant pressor
effects of a single dose of intranasal cocaine. These data
suggested a possible therapeutic role for clozapine in the
treatment of cocaine addiction in humans, but also sug-
gest caution due to the near-syncopal event and the
increase in serum cocaine concentrations.

Diazepam

Hypotension, collapse, and respiratory arrest occurred
when low doses (12.5–25 mg) of clozapine were added
to a pre-existing diazepam regimen (SEDA-22, 41).

� A 50-year-old man with symptoms of chronic paranoid
schizophrenia resistant to typical neuroleptic drugs had
a brief syncopal attack with significant electrocardio-
graphic changes (sinus bradycardia and deep antero-
septal inverted T waves and minor ST segment
changes) after the dosage of clozapine was increased
to 300 mg/day while he was taking diazepam 30 mg/
day (287).

The mechanism of this presumed interaction is unknown.

Erythromycin

Increased clozapine serum concentrations have been
reported with erythromycin (252,253) and can cause
adverse effects (SEDA-21, 55). However, in 12 healthy
men who took a single dose of clozapine 12.5 mg alone or
in combination with a daily dose of erythromycin 1.5 g,
the metabolism of clozapine was not altered (254). This
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confirms that CYP3A4 is a relatively minor pathway for
clozapine metabolism, in contrast to CYP1A2.
In a case of neutropenia the authors suggested that an

interaction of clozapine with erythromycin had been the
precipitating factor (255).

Fluvoxamine

Fluvoxamine increases clozapine plasma concentrations
(SEDA-27, 58). and the differential effects of steady-
state fluvoxamine on the pharmacokinetics of olanzapine
and clozapine have been studied in healthy volunteers
(256). Fluvoxamine significantly reduced the N-des-
methylclozapine to clozapine ratio, implying reduced
metabolism of clozapine.

� A 34-year-old man, who had taken clozapine for 3
years in a dose that had been gradually increased up
to 900 mg/day, was also given fluvoxamine 100 mg/day
and 6 days later developed dystonia, dysarthria, hyper-
salivation, and dizziness; fluvoxamine was withdrawn
and the adverse effects abated completely within 1
week (257).

Insulin

Severe insulin resistance with ketoacidosis (pH 6.9) has
been reported with clozapine (291). After withdrawal,
insulin requirements fell. Reinstitution of clozapine
induced an identical increase in insulin need.

Interferon alfa

Agranulocytosis was observed after patients taking cloza-
pine were given interferon alfa (SEDA-22, 404; 258). In
one case, agranulocytosis occurred after 7 weeks of com-
bined therapy in a 29-year-old patient who had been
taking clozapine for more than 5 years without developing
hematological abnormalities (258). Even so, it was not
clear in these cases whether the agranulocytosis was due
to the combination of clozapine with interferon-alfa or
the clozapine alone.

Itraconazole

Itraconazole 200 mg had no significant effect on serum
concentrations of clozapine 200–550 mg/day or des-
methylclozapine in 7 schizophrenic patients (292).

Ketoconazole

The interaction of ketoconazole (400 mg/day for 7 days)
with clozapine has been evaluated in five patients with
schizophrenia given a single dose of clozapine 50 mg at
the end of ketoconazole therapy (293). Ketoconazole did
not significantly change the disposition of clozapine or its
metabolism to its principal metabolites, desmethylcloza-
pine and clozapine-N-oxide.

Lisinopril

Raised clozapine blood concentrations have been
reported after the introduction of lisinopril (294).

� A 39-year-old man with schizophrenia and diabetes,
who had taken clozapine 300 mg/day and glipizide
10 mg/day for a year, took lisinopril 5 mg/day for
newly diagnosed hypertension. On several occasions
afterwards he had roughly a doubling of his blood
concentrations of clozapine and norclozapine. He had
typical effects of clozapine toxicity. After replacement
of lisinopril by diltiazem, the blood concentrations of
clozapine and norclozapine returned to the values that
were present before lisinopril was introduced.

The information given here was sketchy and there was no
information on the timing of blood samples relative to the
dose of clozapine. Clozapine is metabolized by CYP1A2
and CYP3A4, but there is no evidence that lisinopril
affects these pathways.

Lithium

Seizures and other neurological effects have been
described in a few cases when lithium was added to clo-
zapine (259), but in other instances the combination was
beneficial in overcoming treatment resistance or attenu-
ating clozapine-induced leukopenia. Five treatment-resis-
tant patients were treated successfully with a combination
of clozapine and lithium with no clinically significant
adverse events (295). However, a 59-year-old woman
developed neurotoxic symptoms 3 days after lithium was
added to clozapine; the symptoms resolved when both
drugs were stopped and recurred with rechallenge (296).

� Multisystem organ failure occurred shortly after cloza-
pine was added to a therapeutic dose of lithium in a 23-
year-old woman (297). Improvement occurred when
clozapine was stopped and the toxicity was attributed
to clozapine.

The combination of clozapine and lithium has been exam-
ined in 44 patients (298). Medical records were retrospec-
tively audited and a subsample of 23 patients was re-
assessed. The mean total duration of combination treat-
ment was 23 months, and the combination was rated as
effective in 84%; however, there were adverse effects in
64%, most often fatigue (32%), hypersalivation (14%),
and, in 7% of patients, orthostatic dysregulation, muscle
fatigue, weight gain, and oral dyskinesias.
The combination of clozapine and lithium has been

studied in a randomized controlled trial in 10 patients
with schizophrenia and 10 with a schizoaffective disorder
taking clozapine with either lithium or placebo for 4
weeks (299). The combination was well tolerated, except
for reversible neurotoxic reactions in two patients with
schizophrenia, and safety measures showed no significant
variations. The authors concluded that the lithium added
to clozapine appears to afford potential benefit in schi-
zoaffective disorders without harmful effects; for schizo-
phrenia, however, it did not afford improvement but
posed a risk of lithium toxicity.

Lorazepam

Caution has been recommended when starting clozapine
in patients taking benzodiazepines (SEDA-19, 55). Three
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cases of delirium associated with clozapine and benzodia-
zepines (300) have been reported. There have been sev-
eral reports of synergistic reactions, resulting in increased
sedation and ataxia, when lorazepam was begun in
patients already taking clozapine (301).

Modafinil

Clozapine toxicity occurred in a 42-year-old man after he
was given modafinil 300 mg/day, a central stimulant, to
combat sedation associated with clozapine (450 mg/day)
(260). He complained of dizziness, had an unsteady gait,
and fell twice. His serum clozapine concentration was
1400 ng/ml, which suggested a metabolic interaction
between clozapine and modafinil. The authors suspected
that inhibition of CYP2C19 by modafinil had reduced
clozapine clearance.

Nefazodone

When nefazodone (400 mg/day for 3 weeks) was added to
clozapine treatment in six patients with schizophrenia
there was no significant change in plasma clozapine con-
centrations (302). This finding suggests that CYP3A4
does not play a major role in the metabolism of clozapine
and that nefazodone may be a suitable adjunctive treat-
ment for depression in clozapine-treated patients.
However, in another case the addition of nefazodone

appeared to produce clozapine toxicity (303).

� A 40-year-old man had taken clozapine 450 mg/day
and risperidone 6 mg/day for several years.
Nefazodone 200 mg/day was added in an attempt to
improve persistent negative symptoms, and after a
week the dosage was increased to 300 mg/day. One
week later, he reported anxiety and dizziness and was
hypotensive. The combined concentrations of cloza-
pine and its active metabolite norclozapine had
increased from 309 ng/ml before nefazodone to 566
ng/ml. The nefazodone dosage was reduced to
200 mg/day and the anxiety, dizziness, and hypoten-
sion resolved over the next 7 days. At the same time
plasma concentrations of clozapine and norclozapine
fell to 370 ng/ml.

These results suggest that in some individuals CYP3A4
plays a significant role in the metabolism of clozapine and
that the combination of nefazodone and clozapine should
therefore be used with caution. It is possible that in this
case concomitant treatment with risperidone may have
increased the effect of nefazodone to reduce the clearance
of clozapine.

Omeprazole

Clozapine is mainly metabolized by CYP1A2, which is
induced by the proton pump inhibitor omeprazole. In two
patients co-medication with omeprazole and clozapine
was associated with reduced plasma concentrations of
clozapine of 42% and 45% (304).

Perphenazine

Perphenazine doubled clozapine concentrations in a 46-
year-old male smoker, with paradoxical myoclonus,
hypersalivation, and worsening of psychosis (261). The
mechanism of this effect is not known; perphenazine is a
substrate for CYP2D6, but that is not important in the
metabolism of clozapine.

Phenobarbital

Phenobarbital can stimulate the metabolism of clozapine,
probably by inducing its N-oxidation and demethylation.
Seven patients taking clozapine in combination with phe-
nobarbital had significantly lower plasma clozapine con-
centrations than 15 controls taking clozapine only (262).

Rifamycins

Rifampicin can reduce plasma concentrations of cloza-
pine and exacerbate psychotic symptoms (306).

Risperidone

Clozapine plasma concentrations increase when risperi-
done is introduced. The effects of risperidone 3.25 mg/day
on cytochrome P450 isozymes have therefore been
assessed in eight patients by determination of the meta-
bolism of caffeine (for CYP1A2), dextromethorphan (for
CYP2D6), and mephenytoin (for CYP2C19) (275). The
results suggested that risperidone is a weak in vivo inhi-
bitor of CYP2D6, CYP2C19, and CYP1A2. The authors
concluded that inhibition by risperidone of those iso-
zymes is an unlikely mechanism to explain increased clo-
zapine concentrations.

SSRIs

Some SSRIs increase clozapine plasma concentrations
(SEDA-20, 50; SEDA-21, 55; SEDA-22, 62) by inhibiting
its metabolism.

Citalopram

Citalopram had no effect on plasma concentrations of
clozapine (n = 8), risperidone (n = 7), or their active
metabolites over 8 weeks (263). However, a possible
interaction of clozapine with citalopram has been
reported, with increased serum clozapine concentrations,
perhaps dose-related (264).

Fluoxetine

In 10 patients stabilized on clozapine (200–450 mg/day)
who took fluoxetine (20 mg/day) for 8 weeks, mean
plasma concentrations of clozapine, norclozapine, and
clozapine N-oxide increased significantly by 58%, 36%,
and 38% respectively (265).
In two cases ingestion of clozapine and fluoxetine had a

fatal outcome (266). The blood fluoxetine concentration
was 0.7 mg/ml, which would be considered a high therapeu-
tic concentration (usual target range 0.03–0.5 mg/ml). The
blood clozapine concentration was 4900 ng/ml, which is
within the lethal concentration range (1600–7100 ng/ml).
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Dual effects were observed in a 44-year-old schizophre-
nic patient taking clozapine with both fluoxetine and
sertraline for mood stabilization (267). Clinical and
motor status improved with both fluoxetine and sertra-
line; cognitive function improved with clozapine and
fluoxetine, but was not sustained with sertraline.

Fluvoxamine

Fluvoxamine increases clozapine plasma concentrations
(265,268). In 16 patients taking clozapine monotherapy,
fluvoxamine 50 mg was added in the hope of ameliorating
the negative symptoms of schizophrenia (269). At steady
state the serum concentrations of clozapine and its meta-
bolites increased up to five-fold (average two- to three-
fold). However, adverse effects were almost unchanged in
frequency and severity, in spite of the pharmacokinetic
interaction.
In another study there were similar increases in plasma

clozapine concentrations and adverse reactions in 18
patients taking fluvoxamine 50 mg (week 5, mean dose
97 mg) (270).
In nine men who were given a single dose of clozapine

50 mg on two separate occasions with a 2-week interval,
fluvoxamine increased clozapine plasma concentrations,
and the total mean clozapine AUC was increased by a
factor of 2.6; all the patients were sedated during com-
bined therapy (271).
Combined therapy with clozapine and fluvoxamine

(n = 11) and clozapine monotherapy (n = 12) have been
monitored before and during the first 6 weeks of medica-
tion (272). The co-administration of fluvoxamine attenu-
ated and delayed the clozapine-induced increase in
plasma concentrations of tumor necrosis factor-alpha,
enhanced and accelerated the clozapine-induced increase
in leptin plasma concentrations without a significant
effect on clozapine-induced weight gain, and reduced
granulocyte counts.
In two studies of short duration (18 patients each) there

were benefits of using low doses of clozapine plus fluvox-
amine, and the authors suggested taking advantage of this
interaction (273). Patients taking fluvoxamine required
relatively low doses of clozapine and had clinically signif-
icant reductions in the symptoms of their illness while
avoiding the sedative adverse effects associated with the
usual doses of clozapine.
In a prospective study fluvoxamine, in a low dosage of

50 mg/day, produced a threefold increase in plasma clo-
zapine concentrations (n = 16) (288).
Other reports have confirmed that fluvoxamine

increases plasma concentrations of clozapine and its
metabolites 289,290 (SEDA-21, 12). The mechanism is
probably inhibition of CYP1A2.

Paroxetine

The effect of paroxetine on steady-state plasma concen-
trations of clozapine and its metabolites has been studied
in 17 patients taking clozapine (200–400 mg/day), nine of
whom took additional paroxetine (20–40 mg/day) (274).
Paroxetine, a potent inhibitor of CYP2D6, inhibited the
metabolism of clozapine, possibly by affecting a pathway

other than N-desmethylation and N-oxidation. After 3
weeks of paroxetine, mean plasma concentrations of clo-
zapine and norclozapine increased significantly by 31%
and 20% respectively, while concentrations of clozapine
N-oxide were unchanged.
In a prospective study, paroxetine (20 mg/day), a

potent inhibitor of CYP2D6, did not increase clozapine
concentrations (n = 14), and the authors therefore sug-
gested that CYP2D6 is not an important pathway of
metabolism of clozapine (305). However, other studies
(SEDA-21, 22) have shown that paroxetine can increase
clozapine concentrations, suggesting that this combina-
tion should be used with caution.

Sertraline

Dual effects were observed in a 44-year-old schizophrenic
patient taking clozapine with both fluoxetine and sertra-
line for mood stabilization (267). Clinical and motor sta-
tus improved with both fluoxetine and sertraline;
cognitive function improved with clozapine and fluoxe-
tine, but was not sustained with sertraline. However, ser-
traline did not affect steady-state plasma concentrations
of clozapine and its metabolites in 17 patients taking
clozapine (200–400 mg/day), 8 of whom took additional
sertraline (50–100 mg/day) (274).

Topiramate

Leukopenia has been reported after combination treat-
ment with two leukopenic agents, clozapine and topira-
mate (307).

� A 28-year-old man with type I bipolar manic disorder
was treated with clozapine 550 mg /day; he gained
25 kg, and topiramate, a mood stabilizer increasingly
used as a weight suppressor, was added (25 mg bd for 1
week increased to 200 mg bd for 5 weeks). His white
blood cell count had been 9–10 x109/l for 2 years while
he was taking clozapine, and his complete blood counts
were normal for 4 weeks after the addition of topira-
mate; however, but at 5 weeks his white blood cell
count was 3.7 x109/l.

Tricyclic antidepressants

Nefazodone had minimal effects on clozapine metabolism
when co-administered in six patients: mean clozapine
concentrations rose by 4% and norclozapine concentra-
tions by 16% (276).

Valproate

Clozapine inhibits the metabolism of valproate (277).
Valproic acid has been reported to increase the sedative
effects of clozapine (SEDA-20, 50) and alter serum con-
centrations of clozapine.

� In a 33-year-old woman taking clozapine and valproic
acid, the serum concentrations of clozapine fell signifi-
cantly (278).

The authors suggested that valproic acid had induced the
metabolism of clozapine.
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However, one study showed only small effects on
plasma clozapine concentrations, which were thought to
be unlikely to be clinically significant (279).

Smoking

Smoking is highly prevalent among patients with schizo-
phrenia, of whom 70–80% smoke tobacco. In a before-and-
after study, 55 smokers smoked less when treatment was
switched to clozapine than when they were taking typical
neuroleptic drugs (280). Nevertheless, it is probable that
heavy smoking can induce CYP1A2, the main enzyme
involved in the metabolism of clozapine, and plasma con-
centrations of clozapine are lower in smokers than in non-
smokers. Conversely, sudden cessation of smoking can
cause a rise in plasma clozapine concentrations. In one
case, seizures have been reported as a result (281).

� A 35-year-old schizophrenic man successfully treated
with clozapine 700–725 mg/day for more than 7 con-
secutive years abruptly stopped chronic heavy cigar-
ette smoking and 2 weeks later suddenly developed
tonic-clonic seizures followed by stupor and coma.
After recovery, he successfully reduced the daily dose
by about 40% before he stopped smoking.

Diagnosis of Adverse Drug Reactions

In an open study in 37 patients (27 men and 10 women;
mean age 35 years) with treatment-resistant schizophre-
nia treated with clozapine for 18 weeks, there was no
correlation between plasma clozapine concentrations
and percentage improvement on the Positive and
Negative Syndrome Scale (282). Plasma clozapine con-
centrations were not significantly different between
those who responded to clozapine (n = 19) and those
who did not (n = 18), nor between patients who smoked
(n = 28) and those who did not (n = 9). Dosages were
adjusted according to clinical response, and plasma con-
centrations of clozapine and its metabolites were mea-
sured weekly. The mean end-point clozapine dosage was
487 mg/day and there was a significant correlation
between the daily dosage of clozapine and the plasma
concentrations of clozapine and its metabolites. Three
patients dropped out of the study owing to adverse effects
(two because of significant sedation and one because of
hypersalivation); there were no cases of agranulocytosis.

Monitoring therapy

The plasma concentrations of clozapine and its metabo-
lite norclozapine (N-desmethylclozapine) have been mea-
sured in samples from 3775 patients (2648 men, 1127
women) (308). Step-wise backward multiple regression
analysis (37% of the total sample) of log plasma clozapine
concentration against log clozapine dose (mg/day), age
(years), sex (male ¼ 0, female ¼ 1), cigarette smoking
(non-smokers ¼ 0, smokers ¼ 1), body weight (kg), and
plasma clozapine/norclozapine ratio (MR) showed that
these co-variates explained 48% of the observed variation

in plasma clozapine concentration (C ¼ ng/ml x 103)
according to the following equation:

log10ðCÞ ¼0:811 log10ðdoseÞ þ 0:332ðMRÞ þ 69:42

� 10–3ðsexÞ þ 2:263� 10–3ðageÞ þ 1:976

� 10–3ðweightÞ–0:171ðsmoking habitÞ
–3:180

The range of serum concentrations that corresponds to
toxicity is unclear, and in three patients taking clozapine,
a high serum concentration was interpreted as showing
that they had a significant risk of toxicity, although they
patients appeared to be well, with no signs of toxicity or
evidence of adverse effects. It has therefore been sug-
gested (Thomas 61) that serum concentration monitoring
of clozapine should be used only in specific circumstances:

� a poor clinical response to routine doses;� signs of toxicity or adverse events that could be linked
to the serum concentration, such as seizures;� the use of concurrent medications that interact with
CYP isozymes, in particular CYP1A2;� a change in the usual consumption of nicotine or caf-
feine;� suspected or known liver disease;� concerns about non-compliance.

However, serum concentrations should be interpreted
with caution in view of significant intra-individual varia-
tion (309).
In contrast, other authors have stated that serum concen-

tration monitoring is recommended during maintenance
treatment with clozapine, in the light of a retrospective,
open, non-randomized study in 86 patients, in which 404
serum concentrations were measured (310). Eight cases of
intoxication were identified, and the conclusions were that
the risk of toxicity is increased at serum concentrations over
750 ng/ml, while the risk of relapse is low at serum concen-
trations over 250 ng/ml, irrespective of concurrent psycho-
tropic drugs, although intoxication was defined only
according to the reason for the request for serum concen-
trations assay, as outlined in the request form.

� Serum concentrations of clozapine were measured 29
times in a 24-year-old woman took clozapine for 3
years (311). Relapses occurred repeatedly at low
serum concentrations of 48, 109, and 138 ng/ml,
because of non-adherence by the patient during out-
patient treatment, and also because the dose was low-
ered too hastily after partial response during in-patient
treatment. However, intoxication was evident at a
serum concentration of clozapine of 1158 ng/ml during
a trial with a dose of 800 mg/day.
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Droperidol

General Information

Droperidol is a butyrophenone with actions similar to
those of haloperidol.
Of 20 volunteers who took droperidol 5 mg orally in

orange juice, none had a neutral or pleasant experience
(1). All reported restlessness, 17 felt sedated, and 11
reported dysphoria, the onset being relatively immediate;
one subject broke down in tears within an hour of taking
droperidol. Suicidal feelings emerged acutely in two sub-
jects and were entertained in two more subjects. Among
other adverse events were skin hypersensitivity (n = 5),
aching in the muscles (n = 6), wheezing consistent with
respiratory dyskinesia (n = 1), change in voice quality
(n = 1), and marked rhinorrhea (n = 1). Mental effort
was difficult, and all subjects reported some problems
with concentration.
Droperidol 5–7.5 mg given during induction of anesthe-

sia was associated with impaired well-being scores 6 hours
postoperatively in a randomized double-blind comparison
of similar doses of droperidol (n = 78) and midazolam
(n = 72) for preventing postoperative nausea and vomit-
ing (2).
With regard to the benefit to harm balance of the use of

droperidol as an antiemetic, it has been suggested that the
acceptable risk for antiemetic drug administration be
established and that prospective data be collected to
establish the risk associated not only with the administra-
tion of droperidol but also with other commonly used
antiemetics (3). However, according to the FDA (4), a
causal relation between the drug and an adverse effect
need not be established, and reasonable evidence of an
association requires including a warning in the drug label-
ling.

Comparative studies

Prophylactic intravenous droperidol (10, 20, 40, or 80
micrograms/kg) dose-dependently reduced postoperative
nausea and vomiting without increasing the time to dis-
charge in 82 children who underwent strabismus sur-
gery (5). There were no particular adverse effects, but
sedation scores were higher in those who received the
higher doses.
In contrast, the addition of droperidol (2.5 mg bd for 5

days) to granisetron (3 mg bd on the first day) and dex-
amethasone (16 mg bd on the first day, 8 mg bd on days 2
and 3, and 4 mg bd on days 4 and 5) did not reduce the
delayed emesis induced by high-dose cisplatin in a dou-
ble-blind, randomized, parallel study in 180 patients with
lung cancer receiving chemotherapy (6). The incidence of
sleepiness with droperidol was higher (69% versus 30%).
A meta-analysis of 33 trials, with data from 3447 patients,
showed that when only two drugs were used (a 5-HT3
receptor antagonist plus either droperidol or dexametha-
sone), both were similar and significantly more effective
than the 5-HT3 antagonist alone for prophylaxis of post-
operative nausea and vomiting (7). Adverse effects were

reported in seven studies involving the combination with
droperidol and in 13 studies involving the combination
with dexamethasone. The most commonly reported
adverse effects were dizziness, headache, and drowsiness
and the incidences were not different across the groups.

Placebo-controlled studies

In a randomized, double-blind, dose-ranging study in 305
adults receiving droperidol 0.1, 2.75, 5.5, and 8.25 mg for
the acute treatment of migraine, the number of patients
who achieved a pain-free response at 2 hours after treat-
ment was significantly greater than with placebo for dro-
peridol 2.75, 5.5, and 8.25 mg (8). The most frequent
adverse events were akathisia and weakness, and adverse
events were dose related. Anorexia, anxiety, somnolence,
tremor, and confusion were also reported. No patient had
QT interval prolongation.
In a randomized, placebo-controlled trial in140 patients

a combination of metoclopramide 10 mg and droperidol
1.25 mg or two doses of droperidol provided a more
effective antiemetic effect than metoclopramide alone
(9). The level of sedation was significantly greater in the
patients who received two doses of droperidol (8/35) and
metoclopramide followed by droperidol (7/35) than in
those who received only placebo (0/35) or metoclopra-
mide followed by placebo (0/35).

Organs and Systems

Cardiovascular

Droperidol has been associated with QT interval prolon-
gation (SED-14, 141) (10–12) and torsade de pointes has
been reported (13).

� A 59-year-old woman with no history of cardiac pro-
blems, except for hypertension, who was taking amlo-
dipine 5 mg qds, cyclobenzaprine 10 mg qds, and co-
triamterzide 37.5 + 25 mg qds, and who had a QTc

interval of 497 ms, was given intravenous droperidol
0.625 mg and metoclopramide 10 mg 45 minutes
before surgery. About 1.75 hours after surgery she
developed a polymorphic ventricular tachycardia with
findings consistent with torsade de pointes, which
resolved with defibrillation.

In late 2001 the FDA decided to introduce a ‘‘black box’’
warning regarding the use of droperidol because of its
potential cardiac effects (QT prolongation leading to tor-
sade de pointes and death). This decision, based mainly
on post-marketing surveillance (MedWatch program and
other relevant sources), has produced several reactions.
The authors of a review (14) of three clinical studies, one
published abstract, and seven case reports, as well as
MedWatch reports, stressed the following points: there
are several risk factors for dysrhythmias, including under-
lying illnesses, other drug exposures, different clinical
settings (including surgery, emergencies, and psychiatry),
and high doses of the drug (up to 100 mg intramuscu-
larly). Long and widespread clinical use is also mentioned.
They found no convincing evidence of a causal relation

Droperidol 291

ª 2009 Elsevier B.V. All rights reserved.



between droperidol and serious cardiac events. Others
reached the same conclusion after reviewing 10 cases,
reported in the FDA database, that were possibly related
to the administration of droperidol in doses of 1.25 or less
(15).
A review of the cases in which serious cardiovascular

events were probably related to droperidol at doses of
1.25 mg/day or less showed, according to the authors, that
there are many confounding factors, such as the concomi-
tant use of drugs that can cause QT prolongation and
other risk factors (16) (17). It has also been suggested
that using the more expensive 5-HT3 receptor antagonists
as first-line agents for antiemetic prophylaxis has signifi-
cant cost implications, with no evidence that they are any
safer than droperidol (18). On the other hand, several
issues have been raised in defence of the FDA decision
(19); it is assumed, for instance, that cardiovascular events
would be more likely to occur in those with other risk
factors, since such factors would be expected co-variates
of droperidol-induced dysrhythmias.

Nervous system

Intramuscular droperidol 2.5 mg was used to treat 23
consecutive patients with acute migraine who had not
responded to other drugs (20). If no relief was achieved
by 30–60 minutes after treatment, and no significant
adverse effects were reported, a second dose of droper-
idol 2.5 mg was given. Varying degrees of akathisia after
treatment were reported by six patients. Similarly, in a
retrospective series of 37 patients who received droper-
idol 2.5 mg for migraine, 3 developed mild akathisia and 5
had drowsiness (21).
Balance disturbances have been described with droper-

idol in 120 women undergoing gynecological dilatation
and curettage, who were randomly assigned to receive
either 0.9% saline (placebo) or droperidol 0.625 mg intra-
venously before surgery (22). The change in body sway
from the baseline before anesthesia was significantly
greater after droperidol (61%) than after placebo (33%).
In a randomized, double-blind study in 96 patients with

uncomplicated headache, intravenous droperidol 2.5 mg
produced a similar reduction in headache as intravenous
prochlorperazine 10 mg. There was a lower incidence of
akathisia at 24 hours after discharge in those who were
given droperidol (1/40 versus 6/43 of those given prochlor-
perazine), but this did not reach significance (23).

Pancreas

Droperidol is used as an adjunct in conscious sedation for
endoscopic procedures. In one study, basal biliary sphinc-
ter pressures measured in 35 patients before and after
droperidol were 56 and 48 mmHg; the basal pancreatic
sphincter pressures measured in 22 patients before and
after droperidol were 92 and 67 mmHg (24). However, in
another study basal pressures of the biliary sphincter and
of the pancreatic sphincter were not significantly altered
by droperidol (25).

Death

There have been two further reports of sudden death
after the use of droperidol to sedate agitation secondary
to cocaine and phencyclidine intoxication (26). Both
patients were restrained by the police and were then
given droperidol, either 5 mg (a 33-year-old obese man)
or 10 mg (a 22-year-old man). The first patient stopped
breathing 10–15 minutes later, while being transported to
the emergency department; he was pulseless and couldn’t
be resuscitated. The other patient was unresponsive on
arrival at the emergency department, with agonal respira-
tions and no detectable pulse; after 30 minutes of resusci-
tative efforts he was pronounced dead.

Drug–Drug Interactions

Fentanyl

An exception to the relatively safe use of high-potency
agents has been noted in the combination of droperidol
with the narcotic fentanyl, which can cause marked hypo-
tension (27).
The addition of droperidol 2.5 mg to fentanyl 0.4 mg in

40 ml of 0.125% bupivacaine lowered the incidence of
postoperative nausea and vomiting compared with a solu-
tion without droperidol or with butorphanol added
instead in patients undergoing anorectal surgery in a pro-
spective randomized, single-blind study (28).
Fentanyl plus droperidol (neuroleptanalgesia) was

more effective than morphine in relieving anginal pain
during unstable angina. However, the patients who
received the neuroleptanalgesia also had longer hospital
stays, because of significantly more cardiac instability and
anginal episodes, and a higher total mortality (29).

Morphine

A prospective, randomized, double-blind study of 97
women investigated whether droperidol alleviated the
adverse effects of epidural morphine after cesarean sec-
tion (30). All groups received morphine 5 mg epidurally
on delivery, accompanied by no droperidol, or droperidol
2.5 mg epidurally, or droperidol 2.5 mg intravenously.
Pruritus occurred in 70% of patients, starting at 6 hours
after epidural morphine, peaking at 17 hours, and with no
significant difference between the different treatment
regimens. Nausea and vomiting were significantly
reduced by intravenous droperidol, but not by epidural
droperidol. The authors concluded that droperidol acts
systemically to counter the adverse effects of epidural
morphine but is not entirely effective, and they suggested
that its failure to alleviate pruritus may have been due to
the fact that they used larger doses of morphine than
some other investigators.
Droperidol 0.5 micrograms reduced the need for post-

operative morphine delivered via a patient-controlled
analgesia device (31). At these doses it was non-sedating
and caused no dyskinetic movements.
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Neuromuscular blocking agents

Animal studies suggest that large doses of pethidine and
droperidol can augment the myoneural effects of neuro-
muscular blocking agents (32).
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Flupentixol

General Information

Flupentixol is a thioxanthene neuroleptic drug.

Organs and Systems

Nervous system

Autoamputation of the tongue in a patient who was tak-
ing flupentixol has been explained as being secondary to
an acute, atypical, neuroleptic drug-induced orolingual
dyskinesia (1).

� A 21-year-old man, who had been mentally retarded
from birth, was given intramuscular flupentixol 50 mg/
day and oral diazepam 7.5 mg/day for disruptive and
inappropriate behavior, and 84 hours later began
chewing his tongue repetitively, with resultant edema
and bleeding from multiple lacerations. The biting
abated within 2 hours after intravenous biperiden
5 mg and diazepam 5 mg; ampicillin, cloxacillin, and
metronidazole were also given. One week after admis-
sion to hospital, he had an autoamputation of the distal
one-third of his tongue.
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Fluphenazine

General Information

Fluphenazine is a phenothiazine neuroleptic drug.
In a double-blind comparison of a group of stabilized

outpatients taking a low dosage of fluphenazine
enanthate (1.25–5 mg every 2 weeks) with a group taking
a standard dosage (12.5–50 mg every 2 weeks), relapse
rates were higher in the low-dose group (56%) than in the
standard-dose group (7%) (1). However, patients in the
low-dose group had a better outcome in terms of some
measures of psychosocial adjustment and family satisfac-
tion. Patients in the low-dose group had fewer signs of
tardive dyskinesia, and relapses led less often to re-admis-
sion to hospital; they also responded more readily to
treatment with temporary increases in medication than
patients treated with standard doses.
In a comparison of a low dose of fluphenazine decano-

ate (5 mg) with a standard dose (25 mg) every 2 weeks,
there was no significant difference in relapse at 1 year (2),
nor was there a difference in survival at 1 year, but at 2

years, survival was significantly better with the 25 mg
dose (64%) than with the 5 mg dose (31%) (3).

Organs and Systems

Gastrointestinal

Neuroleptic drugs, particularly phenothiazine derivatives,
have been reported to cause colitis (SED-14, 150) (4)
(SEDA-20, 43). The mechanism was thought to be an
anticholinergic effect. Two other cases have been
reported (5,6), one with positive rechallenge.

� A 41-year-old man developed acute abdominal pain
with profuse diarrhea and fever (39�C) while receiving
intramuscular fluphenazine decanoate 125 mg once
every 3 weeks. During the previous 3 months he had
also taken oral alimemazine 50 mg/day, levomeproma-
zine 50 mg/day, and amitriptyline 100 mg/day.
Colonoscopy showed necrotic ulcers in the mucosa of
the sigmoid and descending colon. After three weeks
of parenteral nutrition, there was a marked reduction
in the colonic lesions and he recovered.
Levomepromazine 50 mg/day and fluphenazine decan-
oate 100 mg/day were reintroduced. Two days later he
complained again of abdominal pain, and tomodensi-
tometry confirmed distension.

Second-Generation Effects

Fetotoxicity

Severe rhinorrhea and respiratory distress occurred in a
neonate exposed to fluphenazine hydrochloride prena-
tally (7).

Drug–Drug Interactions

Vitamin C

In one patient, ascorbic acid reduced serum fluphenazine
concentrations, perhaps by liver enzyme induction or by
reduced absorption (8).
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Haloperidol

General Information

Haloperidol is a butyrophenone neuroleptic drug. The
enzymes involved in its biotransformation include oxida-
tive cytochrome P450 isozymes, carbonyl reductase, and
uridine diphosphoglucose glucuronosyltransferase (1). It
is mainly cleared by glucuronidation.
There has been a randomized, placebo-controlled com-

parison of haloperidol (mean dose 1.8 mg/day), trazodone
(200 mg/day), and behavior management techniques in
149 patients with Alzheimer’s disease (2). Although
34% of the subjects improved relative to baseline, there
were no significant differences in outcomes among the
four arms; there were significantly fewer cases of brady-
kinesia and parkinsonian gait in those given behavioral
therapy. These results suggest that other treatments for
agitation in dementia need to be considered and evalu-
ated; likewise, they are consistent with the results of a
meta-analysis (3) and a clinical trial (4).
Haloperidol 2–3 mg/day and 0.50–0.75 mg/day have

been compared in 71 outpatients with Alzheimer’s disease
(5). After 12 weeks, there was a favorable therapeutic effect
of haloperidol 2–3 mg/day, although 25% of the patients
developed moderate to severe extrapyramidal signs.
A thorough review of the pharmacokinetics of haloper-

idol, with special emphasis on interactions, has been pub-
lished (1).

Organs and Systems

Cardiovascular

Intravenous haloperidol is often prescribed to treat agita-
tion, and torsade de pointes has on occasions occurred
(SEDA-20, 36). In a cross-sectional cohort study QTc

intervals were measured before the intravenous adminis-
tration of haloperidol plus flunitrazepam, and continuous
electrocardiographic monitoring was performed for at
least 8 hours after (n = 34) (6); patients who received
only flunitrazepam served as controls. The mean QTc

interval after 8 hours in those who were given haloperidol
was longer than in those who were given flunitrazepam
alone; four patients given haloperidol had a QTc interval
of more than 500 ms after 8 hours. However, none devel-
oped ventricular tachydysrhythmias.
In a case-control study, haloperidol-induced QTc pro-

longation was associated with torsade de pointes (7). The
odds ratio of developing torsade de pointes in a patient
with QTc prolongation to over 550 ms compared with
those with QTc intervals shorter than 550 ms was 33
(95% CI = 6, 195). The sample consisted of all critically
ill adult patients in medical, cardiac, and surgical intensive
care units at a tertiary hospital who received intravenous
haloperidol and had no metabolic, pharmacological, or
neurological risk factors known to cause torsade de
pointes, or if the dysrhythmia developed more than 24
hours after intravenous haloperidol. Of 223 patients who
fulfilled the inclusion criteria, eight developed torsade de
pointes. A group of 41 patients, randomly selected from
the 215 without torsade de pointes, served as controls.
The length of hospital stay after the development of
haloperidol-associated torsade de pointes was signifi-
cantly longer than that after the maximum dose of intra-
venous haloperidol in the control group. The overall
incidence of torsade de pointes was 3.6% and 11% in
patients who received intravenous haloperidol 35 mg or
more over 24 hours.
Several cases of torsade de pointes have been reported

with intravenous haloperidol used with low-dose oral
haloperidol (8).
The effects of haloperidol dose and plasma concentra-

tion and CYP2D6 activity on the QTc interval have been
studied in 27 Caucasian patients taking oral haloperidol
(aged 23–77 years, dosages 1.5–30 mg/day) (9). Three
patients had a QTc interval longer than 456 ms, which
can be considered as the cut-off value for a risk of cardiac
dysrhythmias. There was no correlation between QTc

interval and haloperidol dosage or plasma concentrations
or CYP2D6 activity.
Asystolic cardiac arrest has been reported after intra-

venous haloperidol (10).
In one case, the use of carbamazepine and haloperidol

led to prolongation of the QTc interval and cardiac com-
plications (11).

� A 75-year-old man developed ventricular fibrillation
and cardiac arrest after intravenous haloperidol (12).
His past history included coronary bypass surgery and
coronary angioplasty. As he continued to have severe
chest pain, emergency angioplasty was performed. On
day 3 he received haloperidol by infusion 2 mg/hour,
with 2 mg increments every 10 minutes (up to 20 mg in
6 hours) as needed for relief of agitation. Before halo-
peridol, his QTc interval was normal; after haloperidol
it increased to 570 ms. The next day he developed
ventricular fibrillation. Subsequent electrocardiograms
showed prolonged QTc intervals of 579 and 615 ms,
and haloperidol was withdrawn; the QTc returned to
normal.� A 76-year-old man developed torsade de pointes while
taking tiapride 300 mg/day; the QTc interval 1 day
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after starting treatment was 600 ms; the dysrhythmia
resolved when tiapride was withdrawn (13).� A 39-year-old man died suddenly 1 hour after taking a
single oral dose of haloperidol 5 mg (14). He had
myasthenia, alcoholic hepatitis, and electrolyte
abnormalities due to inadequate nutritional state. His
electrocardiogram showed prolongation of the QTc

interval (460 ms). Autopsy showed a cardiomyopathy
but no explanation for sudden death.

However, malignant dysrhythmias can occur without
changes in the QT interval (SEDA-24, 54).

� A 64-year-old woman underwent coronary artery
bypass surgery and was given intravenous haloperidol
for agitation and to avoid postoperative delirium; she
developed torsade de pointes (15).� Asystolic cardiac arrest occurred in a 49-year-old
woman after she had received haloperidol 10 mg intra-
muscularly for 2 days; no previous QTc prolongation
had been observed (16).

Respiratory

A single case of fatal pulmonary edema was reported in
1982 in association with haloperidol (17).

Nervous system

Three cases of radial nerve palsy were reported in demen-
ted elderly patients confined to wheelchairs who were
treated with haloperidol. The combination of extrapyra-
midal and sedative adverse effects, added to wheelchair
confinement, may have resulted in pressure on the upper
arm with subsequent neuropathy (18).

Extrapyramidal effects� A 28-year-old woman simultaneously developed four
types of tardive extrapyramidal symptoms (dystonia,
dyskinesia, choreoathetotic movements, and myoclo-
nus) while taking haloperidol; the symptoms were sub-
sequently relieved by the use of low-dose risperidone
(3 mg/day) (19).

Akathisia

A nocturnal eating/drinking syndrome secondary to neu-
roleptic drug-induced restless legs syndrome has been
attributed to low-dose haloperidol in a 51-year-old schi-
zophrenic woman (20).

Neuroleptic malignant syndrome

Neuroleptic malignant syndrome has been reported with
haloperidol (21).

� A 21-year-old Turkish man with succinic semialdehyde
dehydrogenase deficiency and mental retardation
developed neuroleptic malignant syndrome after a sin-
gle dose of haloperidol 10 mg for anxiety and agitation,
having never received a neuroleptic drug before.

Several reports have suggested a higher incidence and
severity of extrapyramidal symptoms during haloperidol
treatment in congenitally poor metabolizers of substrates

of CYP2D6 and a patient with a poor metabolizer poly-
morphism of the CYP2D6 gene developed neuroleptic
malignant syndrome after receiving haloperidol (22). All
frequent polymorphisms of CYP2D6 were therefore
investigated in the second patient, who was a carrier of
the wild-type genotype CYP2D6 *1/ *1, which is common
in subjects of Caucasian origin. The authors concluded
that a genetic defect of haloperidol metabolism via
CYP2D6 was unlikely as a reason for the neuroleptic
malignant syndrome in this case.

Tardive Tourette’s syndrome

Tardive Tourette’s syndrome is characterized by multiple
motor and vocal tics.

� A 48-year-old woman, who had been taking haloper-
idol 10 mg/day for 8 years, suddenly stopped taking it
and about 2 weeks later developed a Tourette-like
syndrome (23). Her symptoms did not respond to
increased doses of typical or atypical neuroleptic
drugs, but she derived significant sustained improve-
ment from clonazepam 3 mg/day. At review 6 months
later, her symptoms remained controlled, with just
occasional facial grimaces, and there was no recur-
rence of her psychotic symptoms.

Endocrine

The prevalence of hyperprolactinemia in patients with
chronic schizophrenia taking long-term haloperidol has
been studied in 60 patients in Korea (28 women; illness
mean duration, 15.5 years) (24). There was hyperprolac-
tinemia, defined as a serum prolactin concentration over
20 ng/ml in men and 24 ng/ml in women, in 40; the pre-
valence of hyperprolactinemia in women (93%) was sig-
nificantly higher than in men (47%). There was also a
significant correlation between haloperidol dose and
serum prolactin concentration in women, but not in men.
The relation of prolactin concentrations and certain

adverse events has been explored in large randomized,
double-blind studies. In 813 women and 1912 men, halo-
peridol produced dose-related increases in plasma prolac-
tin concentrations in men and women, but they were not
correlated with adverse events such as amenorrhea, galac-
torrhea, or reduced libido in women or with erectile dys-
function, ejaculatory dysfunction, gynecomastia, or
reduced libido in men (25).
No further rise in plasma prolactin concentration was

observed with dosages of haloperidol over 100 mg/day,
which was explained as being related to saturation of the
pituitary dopamine receptors by a modest amount of
haloperidol (26).
The time-course of the prolactin increase has been

examined in 17 subjects whose prolactin concentrations
rose during the first 6–9 days of treatment with haloper-
idol (27). The increase was followed by a plateau that
persisted, with minor fluctuations, throughout the 18
days of observation. Patients whose prolactin concentra-
tions increased above 77 ng/ml (n = 2) had hypothyroid-
ism, and it is known that TRH (thyrotropin) stimulates
the release of prolactin (28).
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The effects of haloperidol and quetiapine on serum
prolactin concentrations have been compared in 35
patients with schizophrenia during a drug-free period for
at least 2 weeks in a randomized study (29). There was no
significant difference in prolactin concentration between
the groups at the start of the study; control prolactin
concentrations were significantly lower with quetiapine
than with haloperidol. Two patients taking haloperidol
had galactorrhea related to hyperprolactinemia.

Metabolism

Glucose metabolism has been studied in 10 patients tak-
ing haloperidol; none had impaired glucose tolerance and
only one had a glycemic peak delay (30).

Liver

Occasional reports of cholestatic jaundice with haloper-
idol have been published (31,32).

Urinary tract

Retroperitoneal fibrosis has been attributed to haloper-
idol; since this condition affects the kidney, it should be
differentiated from other causes of obstructive uropathy
(33).

Skin

Haloperidol has been reported to have caused skin rashes.

� A 41-year-old man who had been taking weekly meth-
otrexate 15 mg for 10 months for psoriasis started to
take haloperidol 1.5 mg bd for a psychotic illness, and
2 weeks later developed sudden redness and swelling
of the face and hands accompanied by redness and
watering of both eyes (34). He had diffuse erythema,
edema, scaling, and erosions over his face, the anterior
aspect of the neck, and the backs of both hands. A skin
biopsy showed parakeratosis, acanthosis, spongiosis,
focal epidermal cell degeneration, and dermal edema,
accompanied by a moderate lymphomononuclear infil-
trate, consistent with subacute dermatitis. A diagnosis
of pellagra-like photosensitivity dermatitis, caused by
combined deficiency of niacin, riboflavin, and other
water-soluble vitamins, probably precipitated by halo-
peridol, was therefore considered. Haloperidol was
withdrawn, vitamins were administered, and the con-
dition resolved in the next 5 days.� A 55-year-old man who had been treated for a manic-
depressive disorder for about 5 years developed toxic
epidermal necrolysis after being given carbamazepine
and haloperidol (35).

Sexual function

Sexual dysfunction can occur with neuroleptic drugs
(SED-14, 149; SEDA-22, 54; 36,37).

� A 49-year-old man with bipolar disorder had erectile
dysfunction shortly after starting to take haloperidol
50 mg/day and lithium 1500 mg/day (38). Before this
he had had normal sexual function. After 2 months, the
dosage of haloperidol was reduced to 20 mg/day, but

the sexual dysfunction persisted and did not improve
with sildenafil. He was then switched to olanzapine
10 mg/day and lithium 1200 mg/day and 1 week later
his sexual dysfunction had disappeared.

Second-Generation Effects

Pregnancy

Although studies have failed to identify an increased rate
of malformations with haloperidol, isolated cases have
been reported (SED-14, 152) (39) (SEDA-22, 54) (40,41).

Teratogenicity

Several instances of limb reduction after the use of halo-
peridol during pregnancy suggest that it would be prudent
not to use this drug during the first trimester, the period of
limb development (39). There is also reason to argue that
prenatally administered drugs of this class influence the
offspring after the drug has been eliminated, and can
produce behavioral teratogenicity; since neurotransmitter
systems continue to develop long after birth, such drugs
might influence behavior in an adverse way over a very
long time (42).

Fetotoxicity

� A neonate had severe hypothermia after antenatal
exposure to haloperidol (43). He weighed 3710 g at
birth and did not need resuscitation; his axillary tem-
perature was 35�C and he had severe generalized
hypotonia. His temperature rose to 36.5�C after 6
hours of rewarming with an overhead radiant heater.

Drug Administration

Drug additives

General allergic reactions have also been reported follow-
ing injections of parabens-containing formulations of lido-
caine and hydrocortisone and after oral use of barium
sulfate contrast suspension, haloperidol syrup, and an
antitussive syrup, all of which contained parabens (44).

Drug–Drug Interactions

General

Based on published data in humans, concomitant medica-
tions were classified as potential inhibitors (cimetidine,
fluoxetine, levopromazine, paroxetine, and thioridazine)
or inducers of haloperidol metabolism (carbamazepine,
phenobarbital, and phenytoin).

Alcohol

Haloperidol increased blood alcohol concentrations (45).

Anticoagulants

Haloperidol has been reported to lower anticoagulant
effectiveness through enzyme induction (46).
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Antiparkinsonian drugs

In a study of the interindividual variation in serum halo-
peridol concentrations, Japanese patients taking conco-
mitant antiparkinsonian drugs (n ¼ 145) had a mean
haloperidol concentration:dose ratio that was 25% higher
than in patients who were not taking antiparkinsonian
drugs (n ¼ 95) (47).

Buspirone

Buspirone increases haloperidol concentrations in some
patients (SEDA-21, 39).

Carbamazepine

Haloperidol inhibits the metabolism of carbamazepine. In
Japanese patients with schizophrenia, serum concentra-
tions of carbamazepine were about 40% lower in the
absence of haloperidol (48).

Chlorpromazine

� A 40-year-old man with schizophrenia developed a
raised plasma concentration of haloperidol in combi-
nation with chlorpromazine and during overlap treat-
ment with clozapine (49). Like haloperidol,
chlorpromazine is a competitive inhibitor of
CYP2D6; however, clozapine appears to be largely
metabolized by CYP1A2.

Fluvoxamine

The addition of low-dose fluvoxamine (50–100 mg/day) to
neuroleptic drug treatment may improve the negative
symptoms in patients with schizophrenia, but involves a
risk of a drug interaction. In 12 in-patients with schizo-
phrenia receiving 6 mg/day of haloperidol, incremental
doses of fluvoxamine (25, 75, and 150 mg/day for 2
weeks each) respectively increased haloperidol plasma
concentrations by 120%, 139%, and 160% of those before
fluvoxamine co-administration; in spite of the increase,
there were no particular adverse effects (50).

Itraconazole

Adverse effects can result from increased plasma concen-
trations of haloperidol during itraconazole treatment.
This has been observed in 13 schizophrenic patients trea-
ted with haloperidol 12 or 24 mg/day who took itracona-
zole 200 mg/day for 7 days (51). Plasma concentrations of
haloperidol were significantly increased and neurological
adverse effects were more common. Itraconazole is a
potent inhibitor of CYP3A4.
The effects of itraconazole 200 mg/day for 7 days on

the steady-state plasma concentrations of haloperidol and
its reduced metabolite have been investigated in schizo-
phrenic patients receiving haloperidol 12 or 24 mg/day
(51). Itraconazole significantly increased trough plasma
concentrations of both haloperidol and reduced haloper-
idol (17 versus 13 ng/ml and 6.1 versus 4.9 ng/ml respec-
tively). There was no change in clinical symptoms, but
neurological adverse effects of haloperidol were signifi-
cantly increased during itraconazole co-administration.

Similar findings in a similar study were reported for brom-
peridol and its reduced metabolite, although there were
no differences in clinical symptoms or neurological
adverse effects during concomitant itraconazole therapy
(52).

Ketamine

The interaction of the dopamine antagonist haloperidol
5 mg orally with subanesthetic doses of ketamine has
been studied in a placebo-controlled study in 20 healthy
volunteers over 4 days (53). Haloperidol pretreatment
reduced impairment of executive cognitive functions pro-
duced by ketamine and reduced the anxiogenic effects of
ketamine. However, it failed to block the ability of keta-
mine to produce psychosis, perceptual changes, negative
symptoms, or euphoria, and it increased the sedative and
prolactin responses to ketamine. These results imply that
ketamine may impair executive cognitive functions via
dopamine receptor activation in the frontal cortex, but
that the psychoactive effects of ketamine are not
mediated via dopamine receptors, but rather via NMDA
receptor antagonism.

Lithium

Persistent dysarthria with apraxia has been reported with
a combination of lithium carbonate and haloperidol (54).
The neuroleptic malignant syndrome has been

described when lithium was added to haloperidol (55).

� A pharmacodynamic drug interaction could not be
excluded when a 60-year-old man developed delirium
at a serum lithium concentration of 0.97 mmol/l when
taking lithium and haloperidol (56).

Lorazepam

Several cases of torsade de pointes have been reported
with intravenous haloperidol used with lorazepam to treat
delirium (SEDA-18, 30) (SEDA-18, 47). Acid mucopoly-
saccharide deposition may be associated with neuroleptic
drug treatment as a possible mechanism contributing to
rare cardiovascular adverse events (57).
A thorough review of the pharmacokinetics of haloper-

idol, with special emphasis on interactions, has been pub-
lished (58). The interactions include one with lorazepam.

Methyldopa

Dementia occurred when methyldopa was combined with
haloperidol (59).

Nefazodone

Hepatic enzyme inhibition by nefazodone can signifi-
cantly raise concentrations and toxicity of haloperidol (1).

Rifamycins

Blood concentrations of haloperidol are reduced during
rifampicin administration, owing to shortening of the half-
life of haloperidol (SEDA-12, 258) (60).
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Valproate

An interaction between valproate and haloperidol has
been reported (61).

� A 30-year-old man with bipolar affective disorder was
given intravenous sodium valproate 20 mg/kg/day
without any major problem. Later, he was given oral
haloperidol 10 mg bd for persistent aggressive beha-
vior and manic symptoms. The next day he developed
a sense of imbalance and started swaying. He was
drowsy and had cerebellar ataxia. Haloperidol was
withdrawn and within 1 day his ataxia had disappeared
completely in spite of continuing valproate.

Food–Drug Interactions

Grapefruit inhibits CYP3A4, but in one study there was
no interaction with haloperidol (62).

Smoking

The extent to which smoking, the genotype for CYP2D6,
and the concomitant use of enzyme inducers or inhibitors
can explain variations in steady-state plasma concentra-
tions of haloperidol has been evaluated in 92 patients
(63). Smokers were treated with higher doses of haloper-
idol than non-smokers, supporting the view that smokers
require larger doses of neuroleptic drugs than non-smo-
kers to achieve therapeutic effects. Poor metabolizers had
higher concentrations of haloperidol metabolites, but not
of haloperidol, than extensive metabolizers. Altogether,
the patients took about 150 different drugs; compared
with the rest of the group, there was a tendency for
patients taking inducers to be treated with slightly higher
doses of haloperidol on average and to have lower dose-
normalized plasma concentrations of haloperidol,
although the differences were not significant.
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Loxapine

General Information

Loxapine is a dibenzoxazepine neuroleptic drug.
After 6 and 12 weeks of treatment with loxapine,

patients with schizophrenia (n ¼ 24; aged 18–70 years)
showed both lymphocyte D2 dopamine-like and 5HT2A

platelet receptor binding down-regulation, which suggests
that both receptors are involved in the mechanism of
action of the drug, as well as its possible extrapyramidal
adverse effects (1).

Organs and Systems

Hematologic

Three cases of leukocytosis attributed to loxapine have
been reported; all resolved when loxapine was withdrawn
(2).

Drug Administration

Drug overdose

A review of acute loxapine overdosage suggested that it
has a high potential for causing serious neurological pro-
blems and cardiotoxicity (3).
In a study of overdosages of different neuroleptic drugs,

loxapine had the highest fatality index (the number of
deaths divided by the number of prescriptions) (4).
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Olanzapine

General Information

Several reviews have echoed the efficacy and tolerability
of olanzapine (1–3). In several reviews it has been empha-
sized that the most common adverse effects are somno-
lence and weight gain, since about 40% of patients gain
weight (especially if on a high starting dose and if they
were underweight before treatment); sexual dysfunction
can also be a problem for many patients (4–6).

Clinical trials

A thorough and extensive review has summarized five
pivotal clinical trials comprising 3252 patients (7). In
some studies olanzapine has failed to show efficacy in
treatment-resistant schizophrenia (8,9).
In addition to clozapine (10,11), olanzapine has also

been reported to improve tardive dyskinesia (12–14).

� An elderly woman who developed moderately severe
neuroleptic drug-induced dyskinetic movements
responded to olanzapine 10 mg/day (15).

Observational studies

Olanzapine, mean dose 5.4 mg/day, has been given to 21
patients with apathy in the absence of depression after
long-term treatment with selective serotonin reuptake
inhibitors for non-psychotic depression in an open, flex-
ible-dose study (16). The more frequent adverse effects
were sedation (n = 12), increased appetite (n = 8), stiff-
ness (n = 7), edema (n = 6), and dry mouth (n = 5).
The efficacy and safety of switching 108 Asian patients

from their regimen of neuroleptic medications to olanza-
pine (initial dose 10 mg/day) for 6 weeks has been studied
in an open, multicenter, randomized study (17). They
were randomly assigned to one of two groups: the direct
switch group (n = 54) received only olanzapine, while the
start-taper switch group (n = 54) received olanzapine and
their usual neuroleptic drug in decreasing doses for the
first 2 weeks. There were statistically significant improve-
ments from baseline to end-point in both switch groups in
the Clinical Global Impressions—Severity of Illness Scale
score and the Positive and Negative Syndrome Scale total
score. Nevertheless, there were no significant differences
between the switch groups in any measure of efficacy.
Weight gain occurred in both switch groups and both
showed statistically significant improvement from base-
line to end-point on the Simpson–Angus Scale and Barnes
Akathisia Scale.
In 19 patients previously treated with clozapine, olan-

zapine was used instead (9). Eight were considered to be
responders and the rest decompensated, seven of them
enough to require hospitalization. Overall Brief
Psychiatric Rating Scale (BPRS) scores increased signifi-
cantly from baseline to final assessment.
In an open trial to determine the efficacy of olanzapine

in the treatment of bipolar mixed state (n = 9), the results
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showed improvement in acute symptoms and the drug
was well tolerated (18).
In a study supported by Eli Lilly and Company it was

concluded that olanzapine may be effective in a signifi-
cant number of neuroleptic drug-resistant schizophrenic
patients (19). However, of 25 patients who entered an
open trial for 6 months, 14 discontinued olanzapine, one
because of an adverse effect (depression), two because of
lack of compliance, and 11 because of lack of efficacy.
Of 14 consecutive patients with bipolar I disorder, who

were inadequately responsive to standard psychotropic
agents and who were given olanzapine, 8 improved (20).
The most common adverse effects were sedation, tremor,
dry mouth, and increased appetite with weight gain.
The response to olanzapine in 150 consecutive patients

has been assessed by reviewing their records (21). Patients
with a moderate-to-marked response to olanzapine were
more likely to be younger, to be female, and to have a
diagnosis of bipolar disorder. No information on adverse
effects was provided.
The efficacy of olanzapine in treatment-refractory child-

hood-onset schizophrenia has been examined in eight
patients (mean age 15 years) over 8 weeks (22). There was
a 17% improvement in the BPRS total score. Olanzapine
was moderately well tolerated. The most common adverse
events were increased appetite (n = 6), constipation
(n = 5), nausea/vomiting (n = 6), headache (n = 6), somno-
lence (n = 6), insomnia (n = 7), difficulty in concentrating
(n = 5), sustained tachycardia (n = 6), transient rises in liver
transaminases (n = 7), and increased agitation (n = 6).

In contrast, olanzapine was discontinued in five prea-
dolescent children (aged 6–11 years) within the first 6
weeks because of adverse effects or lack of therapeutic
response (23). The adverse effects included sedation
(n = 3), weight gain (n = 3), and akathisia (n = 2).
Substance abuse is a major complication in the treat-

ment of schizophrenia. Of 60 patients with schizophrenia
in an open 7-week trial of olanzapine up to 25 mg/day,
there was substance abuse in 23 (24). There were no
differences in response between the substance-abusing
patients and the others. Baseline rates of extrapyramidal
adverse effects did not differ between the groups. Overall
the patients did not improve significantly.
The medical records of 151 hospitalized elderly psy-

chiatric patients (mean age 71 years) have been analysed
(25). Of 37 patients treated with olanzapine (mean dura-
tion of treatment 20 days, mean dose 10 mg/day), 75%
responded. Adverse effects were reported in six patients:
sedation in four patients and extrapyramidal signs and
postural hypotension in one each.
In 16 patients with treatment-resistant schizophrenia

(defined as non-responsiveness to at least three antipsycho-
tic drugs from at least two different chemical classes), olan-
zapine was effective treatment in a significant proportion;
no serious adverse events were associated with maintenance
doses of 10–40 mg/day, and no subjects dropped out (26).
In five consecutive cases, olanzapine was effective for

treatment-refractory psychosis in patients previously
responsive to, but intolerant of, clozapine (27).

Olanzapine was effective in an open trial in 10 patients
with obsessive-compulsive disorder refractory to selective
serotonin reuptake inhibitors, who were given additional
olanzapine; they had minimal adverse effects, primarily
sedation (27).
In 23 patients with obsessive-compulsive disorder who

had not responded to a 6-month course of fluvoxamine
(300 mg/day), olanzapine (5 mg/day) was added in an
open comparison (28). There was a significant reduction
in the mean score on the Yale–Brown Obsessive–
Compulsive Scale; concomitant schizotypal personality
disorder was the only factor significantly associated with
a response. The most common adverse effects were mild
to moderate weight gain and sedation.
The use of olanzapine for the psychiatric manifestations

of hereditary coproporphyria has been studied (29).
In an open study, eight patients with Lewy body

dementia associated with psychotic and behavioral diffi-
culties were given olanzapine 2.5–7.5 mg (30). Three of
the eight could not tolerate olanzapine, even at the lowest
dose, two had a clear improvement in psychotic and
behavioral symptoms, and three tolerated olanzapine
but gained only minimal benefit. The authors concluded
that olanzapine in the doses used conferred little advan-
tage over conventional neuroleptic drugs and should be
given only with great caution to patients with Lewy body
dementia.
In a prospective open 12-week study in eight children,

adolescents, and adults with developmental disorders, the
most significant adverse effects of olanzapine were
increased appetite and weight gain in six patients and
sedation in three (31).
The efficacy and adverse effects of high doses of olan-

zapine (up to 30 mg/day) have been assessed in seven
patients with schizophrenia and schizoaffective disorder
(32). None discontinued olanzapine because of adverse
effects; the only adverse effects were weight gain and self-
limited diarrhea. However, poor design and small sample
size precluded definitive conclusions.
In an observational prospective study sponsored by

Lilly, 2128 patients were treated with olanzapine as
monotherapy (mean dose 13 mg/day) or combined with
other drugs, and 821 were treated with other neuroleptic
drugs as monotherapy or combined with other drugs (con-
trol group) (33). Olanzapine was well tolerated and effec-
tive, and the overall incidence of adverse events was
significantly lower than in controls, although weight gain
(6.9%) was significantly more frequent. Dropouts were
statistically similar in the two groups.
To evaluate anticholinergic effects, differences among

patients taking olanzapine (n = 12; average dose, 15 mg/
day) or clozapine (n = 12; average dose, 444 mg/day) for
at least 8 weeks were measured in an unblinded study
(34). Altered salivation was significantly more common
with clozapine (increased salivation) and olanzapine
(decreased salivation), whereas constipation, urinary dis-
turbances, and tachycardia/palpitation were significantly
more common with clozapine. There were no global cog-
nitive problems in either group.
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Olanzapine has fewer extrapyramidal effects than typi-
cal neuroleptic drugs such as haloperidol (SEDA-24, 66).
Even some cases of tardive dystonia have been success-
fully managed with atypical neuroleptic drugs. The anti-
dystonic efficacy of olanzapine has been studied in an
open video-blinded study in four patients with tardive
cervical dystonia after several years of neuroleptic drug
treatment (35). There was moderate to marked improve-
ment in dystonia in all of them, and no serious adverse
effects at the maximum dosage reached (7.5 mg/day).
Two patients, one with treatment-resistant rapid

cycling bipolar disorder (36) and the other with severe
mood changes during corticosteroid therapy (37),
improved with olanzapine.
Data from 904 patients with schizophrenia have been

collected in a prospective, comparative, non-randomized,
open, observational study funded by Eli Lilly (38). In all,
483 patients took olanzapine and 421 took typical anti-
psychotic drugs. Somnolence was reported in 3.3% of
cases in the olanzapine group and in 2.9% in the typical
antipsychotic drug group; weight gain was more common
in the olanzapine group than in the typical antipsychotic
group (1.7% versus 0.2%), although there was no sys-
tematic recording of weights and participating clinicians
reported weight changes as adverse events when they
deemed it appropriate. The incidence of extrapyramidal
symptoms was significantly lower in the olanzapine group,
and the incidences of dystonia, hypertonia, hypokinesia,
tremor, akathisia, and dyskinesia with olanzapine were
also significantly lower; the open and non-randomized
design of this study limited its conclusions.
In a retrospective study in 499 in-patients with schizo-

phrenia or schizoaffective disorder (39); 259 subjects were
taking olanzapine and 240 risperidone. Treatment was
considered effective in most cases (74% with olanzapine
and 78% with risperidone). There were adverse effects in
19% of the patients taking olanzapine and 22% of those
taking risperidone; they were mainly somnolence (n ¼ 15
and n ¼ 17 respectively) and extrapyramidal symptoms (n
¼ 9 and n ¼ 6 respectively); there were also three cases of
weight gain with olanzapine.
The efficacy of olanzapine monotherapy for the acute

hypomania or mania has also been studied in a consecu-
tive series of 15 patients entering an open, uncontrolled,
8-week trial of olanzapine monotherapy (40). Most of the
patients had significant reductions in mania rating and
more limited improvement in depression rating, but
more reported adverse events, consistent with other stu-
dies The most commonly reported adverse effects were
moderate to severe dry mouth (80%), weight gain (77%),
mild dizziness (60%), edema (53%), mild to moderate
drowsiness (53%), and constipation (47%).
The efficacy and safety of olanzapine in particular dis-

orders or particular groups of patients have been pre-
viously studied (SEDA-24, 67), and new studies have
been published. For example, in a 4-week open trial, 94
elderly psychiatric in-patients (aged 65 years or older)
were treated with a mean daily dose of olanzapine of
10 mg (range 2.2–20). The most common adverse effects
were somnolence (18%), dizziness (18%), and weakness

of the legs or bradykinesia (16%); body weight and fast-
ing triglyceride and glucose concentrations were signifi-
cantly increased (41).
In a review of the charts of 98 oncology patients who

were given olanzapine, 28 took it specifically for preven-
tion of delayed emesis (42). The authors claimed that
olanzapine was well tolerated and might reduce the inci-
dence of delayed emesis in patients receiving emetogenic
chemotherapy.
In 18 patients with trichotillomania given olanzapine

(maximum dose 10 mg/day) in a 3-month open study the
most common adverse effects were sedation and weight
gain (43). The authors claimed that olanzapine may be
effective monotherapy for trichotillomania.
Three patients with chronic pain were successfully trea-

ted with olanzapine as an adjunct therapy; two had fatigue
associated with olanzapine (44).
Two patients with refractory panic attacks (45) and five

patients with long-lasting and untreatable nightmares and
insomnia (46) benefited from olanzapine with no adverse
effects after several months of treatment.
In a recent non-randomized, open study in 37 patients

(21 women, 16 men) with essential tremor, the most com-
mon movement disorder, olanzapine significantly reduced
the median tremor score from 3.3 to 1.1 (47); seven of the
patients reported adverse effects such as sedation, which
disappeared in about 7 days, and three complained of
weight gain.
In a 7-month open study 39 patients (mean age 52

years; 26% men) taking olanzapine (mean dose 15 mg/
day) had limited non-significant improvement in the
Wisconsin Card Sorting Test for cognitive assessment
(48). The following adverse events were considered to
have been treatment-related: weight gain (n ¼ 6), extra-
pyramidal disorders (n ¼ 2), and increased appetite,
weakness, and confusion (n ¼ 1 each).

Comparative studies

Olanzapine has been compared with other typical and
atypical antipsychotic drugs in a 3-year prospective obser-
vational investigation, the European Schizophrenia Out-
patient Health Outcomes (SOHO) study, sponsored by
the market authorization holder of olanzapine, in 10
European countries (49). From the initial sample of 10
972 patients who started or changed antipsychotic drug
medication for schizophrenia, 8400 were given only one
antipsychotic drug at the baseline visit and composed the
reference sample (olanzapine 4636; risperidone 1671; que-
tiapine 651; amisulpride 278; clozapine 291; oral typical
499; and depot typical 374). There were significantly
fewer patients with extrapyramidal symptoms in all treat-
ment groups after 6 months, the largest improvements
being observed in patients taking olanzapine or clozapine.
Conversely, there were increases in weight and body mass
index (BMI) in all treatment groups; these were signifi-
cantly greater in patients taking olanzapine or clozapine
(mean body weight increases 2.4 and 2.3 kg respectively;
mean BMI changes 0.9 and 0.8 kg/m2 respectively). In all
groups the patients with a lower BMI at baseline had a
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greater increase in weight and BMI than patients with a
higher BMI at baseline; there were no sex-related differ-
ences in weight or BMI. Mean doses of all the antipsy-
chotic drugs increased from baseline to 6 months and
most patients maintained treatment for 6 months with
the single antipsychotic drug that was prescribed at base-
line. Reasons for drop-outs (12%) were not given.

Olanzapine versus amisulpride

Two atypical antipsychotic drugs, olanzapine and amisul-
pride, which have different receptor occupancy profiles,
have been compared in a double-blind, randomized, 6-
month study in 72 different centers in 11 European and
African countries (50). Schizophrenic patients, mainly
with acute psychotic symptoms, were assigned to olanza-
pine (mean dose 13 mg/day; mean age 37 years, 64%men;
n ¼ 188) or amisulpride (mean dose 504 mg/day; mean
age 38 years, 66% men; n ¼ 189). The incidence and
reasons for withdrawal were similar in both groups (63
patients in the olanzapine group and 72 in the amisulpride
group left the study prematurely). The two drugs pro-
duced similar symptomatic improvement and similar
adverse event frequencies (56% with olanzapine and
57% with amisulpride); patients taking olanzapine had
more weight gain (50 versus 30 patients; mean weight
gain 3.9 versus 1.6 kg), but less amenorrhea (0 versus 4),
extrapyramidal symptoms (1 versus 11), insomnia (10
versus 14), and constipation (5 versus 10); there was som-
nolence in 12 patients in each group and serum transami-
nase activities were raised in 32 patients taking
olanzapine and seven taking amisulpride. Three patients
(two taking amisulpride and one taking olanzapine) left
the study because of extrapyramidal symptoms. Diabetes
was aggravated in one patient taking olanzapine. Two
patients died during the study, one from cerebral hemor-
rhage (taking amisulpride) and one because of suicide
(taking olanzapine).
There were moderate but significant improvements in

neurocognition (including executive function, working
memory, and declarative memory) in a randomized, dou-
ble-blind, 8-week study in 52 patients with schizophrenia
assigned either to olanzapine (10–20 mg/day; n ¼ 18) or
amisulpride (400–800 mg/day; n ¼ 18) (51). Of 16 drop-
outs, six were due to adverse events: olanzapine—seda-
tion (n ¼ 2) and increased transaminases (n ¼ 1);
amisulpride—rash, extrapyramidal symptoms, and galac-
torrhea (n ¼ 1 each).

Olanzapine versus clozapine

Compared with clozapine, considered the gold standard
for treatment of patients with refractory schizophrenia,
olanzapine had the same level of efficacy (according to
the Positive and Negative Syndrome Scale (PANSS), and
the Brief Psychiatric Rating Scale (BPRS)) in 150 patients
(mean age, 38 years; 60% men) who had failed to respond
to conventional neuroleptic drugs because of either insuf-
ficient effectiveness or intolerable adverse effects (52). Of
these, 147 patients, 52 from Hungary and 95 from South
Africa, were randomized to olanzapine (n ¼ 75) or cloza-
pine (n ¼ 72); there were no statistically significant

differences in demographic or baseline illness character-
istics; the final mean doses were 17 mg/day of olanzapine
and 108 mg/day of clozapine. Adverse events occurred in
9.2% of those taking olanzapine and 9.5% of those taking
clozapine. There were two cases of leukopenia in those
taking clozapine. Patients taking olanzapine had signifi-
cantly more back pain than those taking clozapine (4
versus 0), but also significantly less somnolence (2 versus
11) and dizziness (1 versus 6); there was similar weight
gain with the two drugs (olanzapine 3.3 kg; clozapine
4.1 kg, n ¼ 7 in both groups). Akathisia, parkinsonism,
and dyskinesia (measured by specific scales) did not
change significantly from baseline to the study endpoint
in either group; there were clinically insignificant changes
in laboratory measures (urinary pH and phosphate).

Olanzapine versus divalproex

The efficacy and safety of olanzapine in disorders other
than schizophrenia have been studied (SEDA-24, 67;
SEDA-25, 64; SEDA-26, 61). In a 3-week, randomized,
double-blind trial, the effects of a flexible dose of olanza-
pine (5–20 mg/day) and divalproex (500–2500 mg/day)
for the treatment of patients with acute bipolar manic or
mixed episodes have been compared (53). The olanzapine
treatment group (n = 125) had significantly greater mean
improvements in mania rating and a significantly greater
proportion of patients achieved protocol-defined remis-
sion. With olanzapine there was significantly more weight
gain (12 versus 7.9%), dry mouth (34 versus 6.3%),
increased appetite (12 versus 2.4%), and somnolence (39
versus 21%), while more cases of nausea (29 versus 10%)
were reported with divalproex.

Olanzapine versus fluphenazine

Weight gain and fewer extrapyramidal symptoms were
the major adverse events in 60 patients who were ran-
domly assigned to olanzapine (n ¼ 30) or fluphenazine (n
¼ 30) (54). In this 22-week study, final doses were 15 mg/
day of olanzapine and 12 mg/day of fluphenazine; adverse
events were more frequent in patients taking fluphena-
zine (n ¼ 23) than in those taking olanzapine (n ¼ 15);
adverse effects in the fluphenazine group included akathi-
sia (n ¼ 9), insomnia (n ¼ 6), hypertonia (n ¼ 3), and
tremor (n ¼ 2); and in the olanzapine group, weight gain
(n ¼ 5), akathisia (n ¼ 3), tremor (n ¼ 3), and hypertonia
(n ¼ 1). Patient satisfaction, measured with the Drug
Attitude Inventory, was better with olanzapine than
with fluphenazine, perhaps also because of less daytime
sedation.

Olanzapine versus haloperidol

In a multicenter, double-blind, randomized, controlled
trial in patients with schizophrenia or schizoaffective dis-
order, 159 received olanzapine (mean age 47 years) and
150 received haloperidol (mean age 46 years); they were
almost exclusively men (97% in the olanzapine group and
96 in the haloperidol group) (55). During the first 6 weeks
of the 12-month trial, mean doses were 11.4 mg/day for
olanzapine and 11.2 mg/day for haloperidol; for the rest
of the first 6 months they were 14.7 and 13.5 mg/day, and
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during the last 6 months, 15.8 and 14.3 mg/day.
Prophylactic benzatropine 1–4 mg/day was added in
those taking haloperidol. There were no significant differ-
ences in efficacy between the two groups when consider-
ing positive, negative, or total symptoms of schizophrenia
or quality of life. Several reasons accounted for dropouts
(olanzapine n ¼ 86; haloperidol n ¼ 91). They included:
adverse effects (10% haloperidol and 4% olanzapine);
lack of efficacy or worsening of symptoms; loss to fol-
low-up, missed appointments, or moving out; consent
withdrawal or unhappiness with blinded treatment.
There were no significant differences between the two
groups in reasons for treatment withdrawal. Olanzapine
was associated with significantly overall lower scores on
the Barnes scale for akathisia, but not on the AIMS
measure of tardive dyskinesia or the Simpson–Angus
scale for extrapyramidal symptoms. Motor functioning
and memory significantly improved in patients taking
olanzapine. However, weight gain was significantly more
common with olanzapine than haloperidol at 3 months
(17% versus 28%), 6 months (13% versus 33%), and 12
months (8.3% versus 25%). Medication costs were 4–5
times higher with olanzapine; several measures of service
use and health costs were also significantly higher in
patients taking olanzapine.
Accelerated dose titration of olanzapine with adjunc-

tive lorazepam has been used in acutely agitated patients
with schizophrenia and other related disorders in a dou-
ble-blind study, in which newly admitted acutely agitated
patients were randomized to olanzapine (10 mg/day; n ¼
52) or haloperidol (10 mg/day; n ¼ 48) (56). Baseline
characteristics were similar in the two groups (olanzapine,
age 39 years, 71% men; haloperidol, age 40 years, 71%
men). The same drug titration regimen was followed with
the two drugs: on the first day the dose was 10 mg/day, on
the second day an increase of 5 mg was allowed, and the
maximum dose of 20 mg/day was reached on day 3; lor-
azepam was permitted only if it was considered clinically
necessary; mean daily doses throughout the whole study
were 2.6 mg in the olanzapine group and 2.9 mg in the
haloperidol group. Both drugs significantly reduced agita-
tion from baseline as early as 1 hour after the first dose;
however, haloperidol doses were relatively high. Of the 57
patients who completed the study, there were more taking
olanzapine than haloperidol (67% versus 46%); adverse
events were the only reasons for withdrawal, with signifi-
cantly different rates between the treatment groups (17%
with haloperidol versus 1.9% with olanzapine).
Dystonia, hypertonia, and increased salivation were

reported significantly more often in patients taking halo-
peridol (8.3% versus 0% for the three effects); somno-
lence (25%), anxiety (12%), and headache (12%) were
the most frequent events in patients taking olanzapine.
There was a different adverse effects profile in a 16-

week, double-blind study in 63 out-patients with schizo-
phrenia, who had previously been receiving fluphenazine,
when comparing olanzapine (n ¼ 29; mean age 42 years;
22 men) and haloperidol (n ¼ 34; mean age 46 years; 24
men) (57). Patients taking olanzapine had significantly

fewer extrapyramidal symptoms than those taking halo-
peridol. However, they had significantly higher systolic,
but not diastolic, blood pressure. Weight gain was also
greater in the patients taking olanzapine.

Olanzapine versus lithium

In a comparison of olanzapine and lithium in 87 patients
with bipolar disorder in a 12-month, randomized, double-
blind trial olanzapine was equally effective in preventing
recurrence of depression and more effective than lithium
in preventing recurrence of manic and mixed episodes
(58). Weight gain was significantly greater with olanza-
pine (mean 1.8 kg). One patient committed suicide during
the initial open phase and two taking lithium died during
the double-blind period.

Olanzapine versus risperidone

In an 8-week study, pre-school-age children with bipolar
disorder (aged 4–6 years) took either olanzapine (n ¼ 15;
mean age 5.0 years; 10 boys; mean dose 6.3 mg/day) or
risperidone (n ¼ 16; mean age 5.3 years; 12 boys; mean
dose 1.4 mg/day) (59). There were significantly more
dropouts with olanzapine (6 versus 1), including one
patient who withdrew because of adverse events
(increased appetite and hand tremor). The main adverse
events, found with both treatments, were significant
increases in prolactin concentrations and weight gain.
With both treatments, increased appetite, flu-like symp-
toms, headaches, and sedation were the most commonly
reported adverse effects.

Olanzapine versus valproate

Although mania has been associated with olanzapine
(SEDA-24, 68; SEDA-25, 68; SEDA-26, 62), it has also
been used in the treatment of acute mania. In a 12-week,
double-blind, double-dummy, randomized trial, 120
patients with bipolar disorder type I hospitalized for an
acute manic episode were randomly assigned to either
sodium valproate (n ¼ 63) or olanzapine (n ¼ 57) and
were followed in hospital for up to 21 days (60).
Valproate and olanzapine had similar short-term effects
on clinical or health-related quality of life outcomes in
bipolar disorder; adverse effects that occurred in a higher
percentage of olanzapine-treated than valproate-treated
patients included somnolence (47% versus 29%), weight
gain (25% versus 10%), rhinitis (14% versus 3%), edema
(14% versus 0%), and slurred speech (7% versus 0%); no
adverse events occurred significantly more often with
valproate.
In a recent pooled analysis, three previously published

trials have been reviewed to compare the efficacy, safety,
and tolerability of oral-loaded valproate with standard-
titration valproate, lithium, olanzapine, or placebo in
patients with acute mania associated with bipolar I dis-
order (61). Valproate loading was as well tolerated as the
other active treatment or better tolerated, as measured by
adverse events and changes in laboratory parameters, and
was of better efficacy than placebo; however, there were
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no efficacy differences between valproate loading and
olanzapine.

Olanzapine versus ziprasidone

In a 28-week multicenter, randomized, double-blind, par-
allel-group study sponsored by Eli Lilly, the market
authorization holder of olanzapine, in 548 patients with
schizophrenia, 277 were assigned to olanzapine (mean
15.3 mg/day) and 271 to ziprasidone (mean 116 mg/day)
(62). The proportions of men in the two groups were
similar (65 and 64% respectively) and the mean age was
slightly higher in the olanzapine group (40 versus 38
years). Significantly more patients withdrew with ziprasi-
done than olanzapine (58 versus 41%). However, the
patients who took olanzapine had significantly greater
weight gain (13% versus 1.8%; mean changes 3.1 and –
1.1 kg respectively) and increased appetite (7.2 versus
2.6%). There were significant increases in total choles-
terol and low-density lipoprotein cholesterol in those who
took olanzapine. On the other hand, those who took
ziprasidone had more insomnia (22% versus 6.9%), anor-
exia (2.6 versus 0.4%), dystonias (2.2 versus 0%), and
hypotension (1.8 versus 0%).
Patients taking olanzapine (mean dose 12.6 mg/day; n

¼ 71) had significantly more weight gain than those taking
ziprasidone (mean dose 135.2 mg/day; n ¼ 55) in a 6-
month, randomized, double-blind, multicenter study of
126 patients (63c). The mean changes in body weight
and body mass index were 5.0 kg and 1.3 kg/m2 respec-
tively with olanzapine and –0.8 kg and –0.6 kg/m2 with
ziprasidone.

Combination studies

Combination with valproate or lithium

The efficacy of adding olanzapine to either valproate or
lithium alone in acute manic or mixed bipolar episodes
has been studied in a 6-week, double-blind, randomized,
placebo-controlled trial (64). Compared with valproate or
lithium alone, the addition of olanzapine provided better
efficacy. Olanzapine was associated with somnolence, dry
mouth, weight gain, increased appetite, tremor, and
slurred speech.
In another study, 30 patients with mania were rando-

mized to olanzapine or lithium in a double-blind 4-week
study (65). Olanzapine did not differ from lithium in
terms of efficacy or of extrapyramidal adverse effects, as
measured by the Simpson–Angus Scale.

Placebo-controlled studies

A multicenter, double-blind, placebo-controlled study in
patients with Alzheimer’s disease and symptoms of agita-
tion/aggression and/or psychosis but few or no psychotic
symptoms at baseline, and data from a subgroup of
patients have been analysed (66). Three subsets of
patients were identified on the basis of their symptoms
at baseline: those with no clinically significant hallucina-
tions, those with no clinically significant delusions, and
those with no clinically significant delusions or hallucina-
tions. Of the patients without hallucinations or delusions

at baseline (n = 75), the placebo-treated patients had sig-
nificantly more of these symptoms than olanzapine-trea-
ted patients. Similarly, among the patients without
baseline hallucinations (n = 153), the placebo-treated
patients had higher hallucination scores than olanzapine-
treated patients, whereas patients without baseline delu-
sions (n = 87) had no significant treatment effects.
Abnormal gait, a term comprising leaning, limp, stooped
posture, and unsteady gait, occurred in a higher incidence
among olanzapine-treated patients (14/72) than placebo-
treated patients (0/33). Somnolence was also reported at
higher rates with olanzapine (27/72) than placebo (3/33).
Olanzapine has been proposed as a treatment for acute

mania. In a randomized, double-blind, placebo-controlled
study for 3 weeks, patients were assigned to either olan-
zapine 10 mg/day (n = 70) or placebo (n = 69) (67).
Significantly more olanzapine-treated patients responded
(49%) compared with those assigned to placebo (24%).
Somnolence, dizziness, dry mouth, and weight gain
occurred significantly more often with olanzapine, but
there were no statistically significant differences with
respect to measures of parkinsonism, akathisia, and dys-
kinesia.
Promoted by Eli-Lilly, the market authorization holder

of olanzapine, three randomized, double-blind, placebo-
and active medication-controlled trials in agitated
patients have been reanalyzed looking for a calming
effect (68); the studies were conducted in patients with
schizophrenia (n ¼ 311), bipolar mania (n ¼ 201), or
dementia (n ¼ 206) to compare intramuscular olanzapine
with intramuscular haloperidol, lorazepam, or placebo.
There were no significant between-group differences in
Agitation–Calmness Evaluation Scale scores. The inci-
dence of adverse events was not significantly more
reduced with olanzapine versus comparators; haloperi-
dol-treated patients with schizophrenia had more acute
dystonias and akathisia than olanzapine-treated patients,
but no parkinsonism, and no treatment-related adverse
effect had an incidence of 10% or more among olanza-
pine-treated patients, although one had two serious
adverse effects, overdose and psychosis.
Olanzapine has been compared with placebo in differ-

ent mental disorders, including the non-approved indica-
tions of psychotic depression, Alzheimer’s disease,
obsessive-compulsive disorder, and alcohol dependence.
A combination of olanzapine and fluoxetine was used

in two randomized, double-blind simultaneous 8-week
trials in 249 patients with major depression with psychotic
features (trial 1: n ¼ 124, mean age 41 years, 52% women;
trial 2: n ¼ 125, mean age, 41 years, 50% women), which
have been jointly published (69). This multicenter study
was completed by 51 subjects in trial 1 (41%) and 59
subjects in trial 2 (47%). Altogether, there were no sig-
nificant differences in the rates of discontinuation due to
adverse events among the different treatment groups:
placebo (n ¼ 100), monotherapy with olanzapine 5–
20 mg/day (n ¼ 101), and olanzapine 5–20 mg/day plus
fluoxetine 20–80 mg/day (n ¼ 48). Dropout percentages
were 59% in trial 1 (similarly distributed in the three
groups) and 53% in trial 2 (ranging from 40% of dropouts
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in the combined therapy group to 59% in the placebo
group); lack of efficacy accounted for discontinuation in
8–25% of patients in all subgroups; other reasons were
adverse events in patients taking combined therapy, the
subject’s own decision, loss to follow-up in those taking
olanzapine monotherapy, and loss to follow-up in those
taking placebo. There was no significant improvement in
depressive symptoms in patients taking olanzapine mono-
therapy compared with those taking placebo; however,
those taking olanzapine þ fluoxetine had greater
improvement than those taking placebo. Mean weight
gain at the endpoint was significantly higher with both
olanzapine (3.79 kg) and olanzapine þ fluoxetine
(2.74 kg) than placebo (0.39 kg). Dry mouth was signifi-
cantly more common with the drugs than placebo.
Gamma-glutamyl transferase activity increased signifi-
cantly with olanzapine þ fluoxetine compared with olan-
zapine monotherapy or placebo. Prolactin concentrations
increased significantly with both olanzapine þ fluoxetine
and olanzapine monotherapy. There was a mean
increase in cholesterol of 0.35 mmol/l (13.5 mg/dl) with
olanzapine þ fluoxetine (placebo –0.12 mmol/l; olanza-
pine þ0.19 mmol/l). There were no significant differences
in usual laboratory tests or extrapyramidal symptoms.
In a 6-week double-blind study, subjects with obsessive-

compulsive disorder who had failed to respond comple-
tely to fluoxetine alone (43 adults and one adolescent,
mean age, 37 years, 26 women) received either fluoxetine
þ olanzapine (n ¼ 22), or fluoxetine þ placebo (n ¼ 22)
(70). Olanzapine was begun at 5 mg/day and titrated
upwards to a maximum of 10 mg/day by as early as the
second week. There were seven dropouts because of
adverse events —five with olanzapine þ fluoxetine
(weight gain and shakiness) and two with fluoxetine þ
placebo (increased anxiety and emotional numbing).
Mean weight gain was 2.8 kg with olanzapine þ fluoxe-
tine and 0.5 kg with fluoxetine þ placebo.

In a multicenter study, 652 patients with Alzheimer’s
disease and psychotic symptoms from 61 different centers
in Europe, Australia, and Africa (mean age, 77 years;
75% women) were randomly assigned to 10 weeks of
double-blind treatment with either olanzapine (1 mg, n
¼ 129; 2.5 mg, n ¼ 134; 5 mg, n ¼ 125; 7.5 mg, n ¼ 132) or
placebo (n ¼ 129) (71). Overall, 49% of all the patients
had at least one adverse event during the study, with no
significant differences in either prevalence or severity
between the groups. Weight gain, anorexia, and urinary
incontinence were more common with olanzapine.
Prolactin concentrations increased significantly more
with the highest dose of olanzapine, 7.5 mg. No other
individual events, including extrapyramidal symptoms,
cognition, and the usual laboratory measures, differed
significantly from placebo. There were 17 deaths during
the treatment period or in the next 30 days; two taking
placebo, four taking olanzapine 1 mg, three taking
2.5 mg, five taking 5 mg, and three taking 7.5 mg; overall
mortality was 2.9% of those taking olanzapine and 1.5%
of those taking placebo.
In a placebo-controlled study of the addition of olanza-

pine for 6 weeks to lithium or valproate in 344 manic

patients, of whom 85 had dysphoric mania, those who
took olanzapine had significantly greater improvement
than those who took placebo; adverse effects were not
mentioned (72).
In a 12-week, double-blind study 60 patients with bor-

derline personality disorders were randomized to either
olanzapine 5–20 mg/day (n ¼ 30; mean age 26 years; five
men) or placebo (n ¼ 30; mean age 26 years; three men)
(73). Those who took olanzapine had significantly greater
weight gain (mean increase with olanzapine 2.7 kg; range
–9 to 7 kg) than those who took placebo (mean increase –
0.05 kg; range –8 to 3 kg). Olanzapine was also associated
with a small increase in cholesterol concentration (olan-
zapine 8 mmol/l, placebo 3 mmol/l).

Organs and Systems

Cardiovascular

An episode of asystole (at which time olanzapine was
withdrawn), followed 6 days later by a brain stem stroke,
occurred during a double-blind parallel study for 2 weeks
in 39 demented patients with agitation (mean age 83
years) (74); olanzapine (n ¼ 20, mean daily dose
6.65 mg, modal dose 10 mg) or risperidone (n ¼ 19,
mean daily dose 1.47 mg, modal dose 2 mg) were given
once a day at bedtime.

QT interval prolongation

It has been suggested that olanzapine often causes QT
interval prolongation (SEDA-25, 64). However, in an
analysis of electrocardiograms obtained as part of the
safety assessment of olanzapine in four controlled rando-
mized trials (n = 2700) the incidence of maximum QTc

prolongation beyond 450 ms during treatment was
approximately equal to the incidence of prolongation of
the QTc beyond 450 ms at baseline (75). The authors
therefore suggested that olanzapine does not contribute
to QTc prolongation. This has been supported by the
report of a patient in whom QTc prolongation while he
was taking clozapine reversed when he switched to olan-
zapine (76).
There are multiple susceptibility factors for olanzapine-

induced prolongation of the QT interval: female sex, old
age, concomitant medications, and underlying cardiac
conduction disorder.

� A 66-year-old woman taking chlorpromazine and que-
tiapine had QTc interval prolongation, which improved
when these drugs were withdrawn (77). However, pro-
longation later recurred while she was taking high-
dosage olanzapine (60 mg/day), which had not
occurred with a smaller dosage (40 mg/day).� QTc prolongation occurred in a 28-year-old woman
while she was taking olanzapine 40 mg/day; after olan-
zapine withdrawal, the QTc interval returned to nor-
mal (78).� A 61-year-old woman with Wolff–Parkinson–White
syndrome, who had previously had QTc interval pro-
longation with both sulpiride 1200 mg/day and
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clozapine 50 mg/day, had a QTc interval of 390 ms,
which increased to 466 ms when she took olanzapine
5 mg/day and returned to 395 ms in 2 days when olan-
zapine was withdrawn (79). When she was given olan-
zapine again in the same dose, the QTc interval
increased to 473 ms in 2 weeks and returned to base-
line when olanzapine was withdrawn. She was also
taking daily valproate 1500 mg/day, lithium 300 mg/
day, lorazepam 2 mg/day, and propranolol 40 mg/day.

Two cases of light-headedness or ‘‘fainting’’ in patients
taking olanzapine have been reported (80).
Electrocardiograms showed first-degree heart block and
AV conduction delay, which normalized after dosage
reduction.

� A 44-year-old man took clozapine 10 mg/day and the
dose was increased to 50 mg/day, after which he com-
plained of episodes of light-headedness. An electrocar-
diogram showed prolongation of the PR interval to
227 ms. The dosage was reduced to 30 mg and the
PR interval returned to 187 ms within 2 days.� A 36-year-old man took clozapine 20 mg/day and
within 2 weeks began to complain of intermittent,
unpredictable ‘‘fainting’’ attacks. An electrocardio-
gram showed a prolonged PR interval at 230 ms. The
dose of olanzapine was reduced to 17.5 mg/day, and a
repeat electrocardiogram 1 week later was normal.

Hypertension

Subclinical cases of increased blood pressure related to
olanzapine have previously been reported (SEDA-25,
64).

� A 29-year-old man developed transient rises in systolic
and diastolic blood pressures (160/90; previous blood
pressure 130/84 mmHg) with raised transaminases and
dependent pitting edema of both feet (81).

Nervous system

Extrapyramidal effects

To ascertain to what extent olanzapine occupies 5-HT2

and dopamine D2 receptors, a positron emission tomogra-
phy study has been conducted in 12 patients with schizo-
phrenia randomly assigned to 5, 10, 15, or 20 mg/day of
olanzapine (82). Olanzapine is a potent 5-HT2 antagonist
and has higher 5-HT2 than D2 occupancy at all doses. Its
D2 receptor occupancy is higher than that of clozapine
and similar to that of risperidone. At the usual clinical
dose range of 10–20 mg/day, D2 receptor occupancy is 71–
80%, and this restricted range may explain its freedom
from extrapyramidal adverse effects. However, doses of
30 mg/day and higher are associated with more than 80%
D2 receptor occupancy and may have a higher likelihood
of extrapyramidal adverse effects.
The relation between extrapyramidal adverse effects

and the negative symptoms of schizophrenia has been
studied (83). Correlation analysis after 6 weeks of treat-
ment showed that extrapyramidal symptoms correlated
significantly in patients taking haloperidol (n = 10) but
not in those taking olanzapine (n = 13). The results of

multiple regression analysis suggested that ratings of
negative signs were confounded by extrapyramidal symp-
toms in patients treated with haloperidol. This confusion
occurred to a lesser extent with olanzapine.

Acute dystonia
Patients taking olanzapine reported a low incidence of
dystonias, which may be about 0.3% (SEDA-22, 56). In
the light of two new cases of acute dystonia associated
with olanzapine in patients with previous history of dys-
tonia or parkinsonism related to antipsychotic treatment,
comparative figures have been reported. Acute dystonia
occurred in 1.4% of patients who took olanzapine, com-
pared with 5.0–6.3% of those taking haloperidol (84).
Two patients developed acute dystonias while taking

the lowest therapeutic dose of olanzapine (5 mg/day)
(85), and tardive dyskinesia and tardive dystonia have
also been reported.

� A 29-year-old woman with paranoid schizophrenia
took olanzapine 20 mg/day for 3 months, stopped tak-
ing it, restarted it within 2 months, and 2.5 months later
developed involuntary intermittent choreoathetoid
knee movements and foot squirming in both legs; the
movements persisted for more than 4 weeks (86). She
denied any subjective sense of restlessness; other rea-
sons for symptoms were excluded and tardive dyskine-
sia was diagnosed. The movements ceased after 4
months of treatment with quetiapine 300 mg/day later
increasing to 600 mg/day. Some months later, her psy-
chotic symptoms increased and she was given addi-
tional risperidone 1 mg/day. This resulted in writhing
lower limb movements, which disappeared with risper-
idone withdrawal.

As a possible mechanism of these effects, the authors
proposed dopamine D2 receptor hypersensitivity.

Akathisia
Akathisia has been reported in 16% of patients taking
olanzapine (SEDA-21, 56). Three patients developed
severe akathisia during treatment with olanzapine (20–
25 mg/day) (87). In two, the akathisia resolved after with-
drawal of olanzapine and in one of those olanzapine was
well tolerated when reintroduced in combination with
lorazepam. In the third patient, the akathisia was con-
trolled by dosage reduction. A 33-year-old man with
AIDS and a prior history of extrapyramidal symptoms
with both typical antipsychotic drugs and risperidone
developed dose-dependent akathisia with olanzapine 15–
19 mg/day; the akathisia responded to dosage reduction
and beta-blockade (88).

� A 30-year-old woman with obsessive-compulsive dis-
order, who took olanzapine 10 mg/day titrated to
15 mg/day, developed severe akathisia after 3 weeks;
the condition resolved on withdrawal and reappeared
on rechallenge (89).

Of 10 patients with refractory panic disorder (mean age
35 years; three men) who were given olanzapine (mean
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dose 12.3 mg/day) one (no age and sex data given) devel-
oped significant akathisia at week 4 while taking 17.5 mg/
day; it did not resolve at a lower dose of 12.5 mg/day
(90A).
Restless legs syndrome shares clinical features with

akathisia.

� A 41-year-old man complained of paresthesia in both
legs at rest, much worse at night, and was relieved by
walking around (91). The reaction occurred during the
sixth week of treatment, 36 hours after an increase in
dose from 10 to 20 mg/day; no other drug was adminis-
tered.

Neuroleptic malignant syndrome
Several reports of neuroleptic malignant syndrome asso-
ciated with olanzapine have been published (92–98).

� A 67-year-old man with bipolar disorder became con-
fused, delirious, and manic (99). His only medications
were olanzapine 10 mg/day and divalproex sodium
500 mg bd. On day 6, typical neuroleptic malignant
syndrome developed. He had a fever (39.9�C), obtun-
dation, rigidity, tremor, sweating, fluctuating pupillary
diameter, labile tachycardia and hypertension, hyper-
natremia, and raised serum creatine kinase.
Olanzapine was withdrawn and the syndrome resolved
by day 12.

This patient had all of the major manifestations of this
condition and there was no other likely explanation for
his illness; he had taken no other drug likely to be asso-
ciated with the syndrome.

� Another case of possible neuroleptic malignant syn-
drome associated with olanzapine has been reported
in a patient who had taken clozapine for 3 years with-
out incident (100). Symptoms suggestive of neuroleptic
malignant syndrome appeared 19 days after the addi-
tion of olanzapine.

This severe reaction could have resulted from clozapine
alone or from an interaction of clozapine with olanzapine.

� A 16-year-old boy developed fever, generalized rigid-
ity, leukocytosis, and increased serum transaminase
and creatine kinase activities while taking olanzapine
and lithium; when both drugs were withdrawn, his
fever and rigidity subsided and the biochemical tests
returned to normal, without any complications (101).� A 75-year-old man developed typical neuroleptic
malignant syndrome while taking olanzapine; he had
previously had haloperidol-associated neuroleptic
malignant syndrome (102).� A 39-year-old woman with no previous psychiatric
history, who was given cefuroxime and gentamicin
intravenously for a suspected pneumonia, became
manic and delirious; she was given olanzapine 15 mg/
day and then 30 mg/day and oxazepam 45 mg/day
(103). During the next month she developed a fluctu-
ating fever up to 40.9�C, including a 10-day normother-
mic period; she also developed autonomic instability,
with a labile blood pressure and slight rigidity.

However, serum creatine kinase activity did not
increase. The symptoms disappeared when olanzapine
was withdrawn.� A 23-year-old woman had some of the features of the
serotonin syndrome (mental status changes, sweating,
tremor, and fever); however, the large rise in creatine
kinase activity, extreme lead-pipe rigidity, and the
abrupt onset suggested neuroleptic malignant syn-
drome rather than the serotonin syndrome (104).� An 85-year-old man developed fever, muscle rigidity,
and changes in mental state, but his serum creatine
kinase activity was not increased (105).� A 42-year-old man took olanzapine for 3 weeks and
developed hyperpyrexia, tremor, labile blood pressure,
and mental changes; he had a metabolic acidosis and
an escalating creatine kinase activity (106).� A 78-year-old woman developed fulminant neuroleptic
malignant syndrome complicated by pneumonia while
taking olanzapine and levomepromazine. When the
neuroleptic drugs were withdrawn she recovered;
however, when the combination was restarted
later, because of severe agitation and hallucinations,
the symptoms of neuroleptic malignant syndrome
recurred (107).� A 30-year-old man who had taken olanzapine 20 mg/
day for 10 days developed typical neuroleptic malig-
nant syndrome with raised body temperature (39.7�C),
obtundation, tremor, rigidity, sweating, fluctuating
pupillary diameter, tachycardia, labile hypertension,
raised serum creatine kinase activity, and severe hyper-
natremia (190 mmol/l) (108).� A 53-year-old man developed atypical neuroleptic
malignant syndrome, with fever, altered mental status,
and autonomic dysfunction, but without rigidity (a usual
feature of this condition) while taking olanzapine (109).

The authors of the last report pointed out that such aty-
pical cases may support either a spectrum concept of
neuroleptic malignant syndrome or the theory that neu-
roleptic malignant syndrome secondary to atypical neu-
roleptic drugs differs from that caused by conventional
neuroleptic drugs. They suggested that more flexible diag-
nostic criteria than currently mandated in DSM-IV may
be warranted.
Following a case of olanzapine-associated weight gain,

hyperglycemia, and neuroleptic malignant syndrome in a
64-year-old woman the authors suggested that neuroleptic
malignant syndrome might occur more often in patients
aged 60 years or older (110). However, this patient had
previously had well-documented neuroleptic malignant
syndrome secondary to haloperidol, and on another occa-
sion fluphenazine decanoate.
In contrast to these cases, a 34-year-old man, who had

had clozapine-induced neuroleptic malignant syndrome,
was successfully treated with olanzapine (111).

Parkinsonism
Whether treatment with olanzapine is useful in psychotic
patients with neuroleptic drug-induced parkinsonism, or
even in dopaminergic psychosis in Parkinson’s disease,
remains unclear. In a retrospective study of 19 patients
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with parkinsonism, 10 had some worsening of their par-
kinsonism after taking olanzapine, 3 had some motor
benefit, and 7 had improvement in their psychosis (112).
Olanzapine was given to five patients with idiopathic

Parkinson’s disease and hallucinosis, and after initial
treatment for 9 days, the frequency of hallucinations was
significantly reduced; during this early phase of treatment,
parkinsonian motor disability increased, which resulted in
medication discontinuation in two of the patients (113).
Worsening parkinsonism was observed in two patients

after treatment with olanzapine 5 mg/day (114). In con-
trast, coarse tremors induced by fluphenazine or haloper-
idol disappeared in three patients within days of the start
of treatment with olanzapine (10 mg/day), without dis-
continuation or reduction in the dosage of fluphenazine
or haloperidol (115). Olanzapine is active at muscarinic
cholinergic receptors, which may account for the
observed suppression of neuroleptic drug-induced tremor;
however, two of the three patients had been taking ben-
zatropine, an antagonist at muscarinic acetylcholine
receptors, with little tremor relief, suggesting that olanza-
pine could suppress tremor by means of an action other
than muscarinic blockade.
Whether treatment with olanzapine is useful in psycho-

tic symptoms in patients with Parkinson’s disease is
unclear (SEDA-23, 66). Nine patients of twelve with
drug-induced psychosis in Parkinson’s disease had wor-
sening of motor function while taking olanzapine (2.5 mg/
day and increased in 2.5 mg increments as needed); this
worsening was considered dramatic in six of these
patients, and only one was still taking olanzapine at the
time of the analysis (12 months) (116). In addition, two
elderly patients, one with and one without pre-existing
parkinsonism, had marked rigidity induced by olanzapine
5 mg/day (117).

Tardive dyskinesias
Anecdotal reports of olanzapine-induced tardive dyskine-
sia have been described as occurring in 1% of treated
patients (SEDA-22, 65). Data from three pivotal trials
of olanzapine (SEDA-21, 56) have been reanalysed by
investigators from the manufacturers, Eli Lilly, with a
focus on tardive dyskinesia (118). In a previous study,
they had presented the percentage of patients developing
dyskinesia without regard to the time to development:
tardive dyskinesia occurred in 1.0% and 4.6% with olan-
zapine and haloperidol respectively (SEDA-22, 65). They
subsequently calculated the number of cases per patient
exposure time. When patients were stratified by abnormal
involuntary movement scale (AIMS) at baseline, the inci-
dence rate ratios for those with AIMS = 0 was 5.67
(CI = 2.45, 13.1) and for those with AIMS > 0 it was
2.55 (CI = 1.15, 5.68), both favorable to olanzapine.
However, since only the highest dosages of olanzapine
were as effective as haloperidol in the trials, choosing all
the patients treated with olanzapine without regard to the
dosages yielded an underestimation of the risk. Since
olanzapine has a better profile of extrapyramidal adverse
effects, it has been proposed as an alternative in the long-
term treatment of schizophrenia (119).

Two cases of olanzapine-induced tardive dyskinesia
have been described (120).

� A 55-year-old man with Huntington disease took olan-
zapine 5 mg/day and rapidly developed tardive dyski-
nesia (121). After 2 months, his chorea improved
markedly, but orofacial dyskinesia, which he had
never had in the past, appeared. Olanzapine was with-
drawn, and 1 week later the orofacial dyskinesia
improved while the chorea worsened.

However, olanzapine may also improve pre-existing tard-
ive dyskinesia (SEDA-22, 65) (SEDA-23, 66) (14,122). A
case of remission of tardive dyskinesia after changing
from flupenthixol to olanzapine has been reported (124).

� A 59-year-old man with a long history of neuroleptic
drug exposure improved markedly when given olanza-
pine (2.5 mg/day, titrated within 5 days to 17.5 mg/
day) (14).� Respiratory dyskinesia, which was conceptualized as a
form of tardive dyskinesia, including grunting, tachyp-
nea, and impaired vocalization, improved after the
patient started to take olanzapine 2.5 mg/day (122).

Tardive dystonia� A 40-year-old woman with bipolar disorder developed
tardive dystonia after taking olanzapine 10 mg at bed-
time for 7 months (124).� A30-year-old womanwith a schizophrenic disorder had a
recurrenceof tardivedystoniawhile takingolanzapineand
was successfully treated with clozapine 150 mg/day (125).

Seizures

The incidence of seizures with olanzapine, which has been
estimated at 0.9% of treated patients, is probably compar-
able to that with other antipsychotic drugs.

� A 32-year-old woman with genetically confirmed
Huntington’s disease of 6 year’s duration, who was
treated with increasing doses of olanzapine and
responded well to 30 mg/day, had a seizure (126).

The author pointed out that seizures are common in
juvenile-onset Huntington’s disease but rare in adult-
onset Huntington’s disease.
Myoclonic status can be triggered in susceptible

patients (127).

� A 54-year-old woman, with probable Alzheimer’s dis-
ease, who was taking citalopram 20 mg/day and donepe-
zil 5 mg/day and had paranoid ideas and agitation, was
also given olanzapine 5 mg/day. During the next 48 hours
she developed spontaneous and action-induced myoclo-
nus in the trunk and limbs, which responded to clonaze-
pam 1 mg/day and stopped when olanzapine was
withdrawn. Electroencephalography showed slower
background activity, with high-amplitude generalized
spikes and continuous spike–wave and polyspike–wave
complexes. She remained seizure free after withdrawal of
clonazepam and when 9 months later she was given
haloperidol 3 mg/day for new neuropsychiatric symp-
toms.
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Fatal status epilepticus occurred in a patient taking
olanzapine with no known underlying cause or predispos-
ing factor for seizures.

� A 41-year-old woman developed seizures that pro-
gressed to status epilepticus, and died from secondary
rhabdomyolysis and disseminated intravascular coagu-
lation (128). She had been taking olanzapine 10 mg/
day for 5 months. No other toxic, metabolic, or anato-
mical abnormalities were identified pre- or postmor-
tem to explain the seizures. However, her medications
also included levothyroxine 0.15 mg/day, clonazepam
1.0 mg qds, and propranolol 20 mg tds.

Non-fatal seizures have also been reported.

� A 31-year-old woman with multiple psychiatric and
medical disorders, including a generalized seizure dis-
order (a probable confounding factor in this case),
developed seizures when she switched from haloperi-
dol to olanzapine (129).� A 27-year-old woman had a seizure while taking a
stable dosage of olanzapine 15 mg/day 1 day after the
introduction of quetiapine 100 mg in the evening (130).
She suddenly fell to the ground and had generalized
shaking and inarticulate vocalization for about 30–60
seconds.

Seizures associated with olanzapine in premarketing stu-
dies have been estimated to occur in 0.88% of patients, a
reported incidence probably comparable to that found
with many conventional agents.

Speech dysfunction

Four patients taking olanzapine developed speech dys-
function (131). The authors suggested that the incidence
of speech abnormalities may be higher than listed in the
package insert of olanzapine (impairment of articulation
2% and voice alteration less than 1%).
Sleep-related eating disorder consists of partial arousal

from sleep followed by rapid ingestion of food, commonly
with at least partial amnesia for the episode on the next
day; this disorder has been reported, purportedly for the
first time, in association with an atypical neuroleptic drug
(132).

� A 52-year-old man with bipolar I disorder and a family
history of sleepwalking took olanzapine 10 mg/day and
after several days had episodes of sleep-related eating
disorder, witnessed by his wife; he had no memory of
these episodes. After olanzapine withdrawal, the epi-
sodes disappeared rapidly.

Sensory systems

Esotropia (an inward squint) has been reported in a
patient taking olanzapine and fluoxetine for psychosis; it
resolved promptly on withdrawal of olanzapine (133).

� A 14-year-old girl with psychotic depression took
fluoxetine 40 mg/day and olanzapine 5 mg/day, and 6
months later developed a severe headache, menorrha-
gia, diplopia, and eye irritation; her mother had also
noted a ‘‘lazy eye.’’ She had corrected visual acuity of

20/20 in both eyes, and intermittent esotropia of 14–16
diopters when fixing at 6 meters, and 8 diopters when
fixing at 1/3 meters. A month later, her deviation had
increased to 20 and 14 diopters respectively.
Olanzapine was withdrawn and within 1 week the
diplopia and headaches cleared, and the esotropia
resolved.� A 37-year-old man who had taken olanzapine 10 mg/
day at bedtime for 1 week developed an excessive
whitish discharge from the eyes (134).

The authors suggested that in some patients olanzapine
may cause heavy mucus secretion in any of the mucus-
secreting surfaces of the body.

Psychological, psychiatric

Hypofrontal symptoms, with problematic discourtesy and
socially inconsiderate conduct, occurred in a 31-year-old
man shortly after the introduction of olanzapine 20 mg/
day; he had taken typical neuroleptic drugs for 13 years
without such symptoms (135).

Anxiety and panic attacks

Anxiety has been reported as a common adverse
effect (in 36% of patients) associated with olanzapine
(SEDA-22, 65).

� A 36-year-old woman taking olanzapine 5 mg tds had
new-onset panic attacks, with feelings of severe anxi-
ety, shortness of breath, trembling, palpitation, and
sweating, and felt that she was going to die (136). She
had no previous history of panic attacks, which
responded to the addition of alprazolam. The authors
hypothesized that the 5-HT2 antagonist action of olan-
zapine had triggered the onset of this condition.

Mania

Mania has rarely been associated with classic neuroleptic
drugs, but has been described in patients treated with new
antipsychotic drugs, especially risperidone (SEDA-22,
69). Several cases of mania, presumably associated with
olanzapine, have been reported (99,137–144). The
mechanism is not clear. It has been suggested that olan-
zapine could lead to manic symptoms in patients with
schizophrenia because of its potent anti-5HT2A action.

� An 85-year-old woman with a 3-year history of delu-
sional disorder developed florid manic symptoms,
which resolved 2 weeks after withdrawal (145).� A 36-year-old woman with paranoid schizophrenia was
given olanzapine 15 mg/day and 3 weeks later she had
a hypomanic episode (Young Mania Rating Scale,
YMRS, score 30). The dosage of olanzapine was
reduced to 10 mg/day and then to 5 mg/day, with mini-
mal improvement of her manic symptoms (YMRS
score 27). Olanzapine was withdrawn and a conven-
tional neuroleptic drug given instead. The manic epi-
sode resolved over the next 4 days (YMRS score 5).� Mania and hypomania occurred in four men and one
woman aged 18–36 years taking olanzapine 10–20 mg/
day (146).
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Obsessive-compulsive disorder

Olanzapine-induced de novo obsessive-compulsive disor-
der has been reported in two cases (147). One of the
patients developed de novo obsessive-compulsive symp-
toms with the introduction of olanzapine, whereas in the
other case the patient had undisturbing obsessive symp-
toms before olanzapine treatment.
Olanzapine-induced worsening of obsessive-compul-

sive symptoms has also been reported.

� Obsessive-compulsive symptoms worsened in a 35-
year-old man who had had a similar response to both
clozapine and risperidone in previous trials (148).� A 35-year-old woman developed obsessive-compulsive
symptoms after starting to take olanzapine (149). Her
symptoms remitted after withdrawal and recurred on
rechallenge, which provides evidence for de novo pro-
vocation of obsessive-compulsive symptoms by olanza-
pine.� A 42-year-old woman with bipolar II disorder who had
taken olanzapine 5 mg/day for 5 weeks began to have
severe enduring panic-like anxiety and serious obses-
sive-compulsive symptoms (150).

In three other cases, olanzapine caused significant exacer-
bation of obsessive-compulsive symptoms in schizophre-
nia (two cases) and obsessive-compulsive disorder (one
case) (151).
The aims of a prospective study in 113 consecutively

hospitalized young patients (mean age 22 years) were to
determine whether the severity of obsessive-compulsive
symptoms differs during treatment with olanzapine or ris-
peridone and to establish whether the duration of neurolep-
tic treatment is related to the severity of obsessive-
compulsive symptoms (152). At baseline and week 6 assess-
ments, obsessive-compulsive symptoms were found in 32 of
106 evaluable cases and 16 met DSM-IV criteria for obses-
sive-compulsive disorder, but there were no differences in
patients taking olanzapine or risperidone. However, the
severity of obsessive-compulsive symptoms was associated
with the duration of treatment with olanzapine.

Paranoia

Paranoia and agitation occurred in two patients, a 34-
year-old man and a 30-year-old woman, who had taken
olanzapine for a few weeks (153). Their symptoms
improved when olanzapine was withdrawn.

Stuttering

Stuttering, which has previously been described with sev-
eral neuroleptic drugs, has also been described with olan-
zapine. After they had seen one case, the authors of a
recent study searched for this particular adverse effect in
both out-patients and in-patients who had attended their
clinic over the previous 3 years (154). Of 2100 new
patients per year, 600 were taking neuroleptic drugs and
there were seven patients with drug-induced stuttering,
six taking olanzapine and one clozapine. The stuttering
occurred on average 2–21 days after the start of treatment
and ceased 2–5 days after withdrawal. Pre-existing brain
pathology or concomitant antidepressants may have

contributed to this effect; only one of the seven patients
had a history of stuttering.

Endocrine

Prolactin

Olanzapine can cause increased serum prolactin concen-
trations and galactorrhea, but probably to a lesser extent
than haloperidol (SEDA-22, 65).

� A depressed 27-year-old woman taking mirtazapine
developed hyperprolactinemia and galactorrhea after
taking olanzapine 10 mg/day for 5 weeks (155).� A 19-year-old woman with mild mental retardation
and a history of birth anoxia who took olanzapine
15 mg/day for 3 weeks developed euprolactinemic
galactorrhea (156). Laboratory tests were all normal,
including a normal thyroid-stimulating hormone con-
centration and a prolactin concentration of 13 ng/ml
(reference range 3–30 ng/ml). She had mild to moder-
ate akathisia. Both the galactorrhea and the akathisia
abated after substitution by quetiapine.

The authors stated that the reason why galactorrhea
occurred is unclear but suggested that it may have been
due to structural damage and greater sensitivity to pro-
lactin resulting from the patient’s anoxia at birth.
However, paradoxical cases of improvement in galac-

torrhea have also been observed (SEDA-23, 67).
Two women with neuroleptic-drug induced hyperpro-

lactinemia, menstrual dysfunction, and galactorrhea had
improvement in these adverse effects during treatment
with olanzapine (157).

� A 35-year-old woman developed hyperprolactinemia
after 2 months of risperidone treatment; the effects
persisted after she switched to olanzapine, mean dose
2.5 mg/day (158).� A 34-year-old woman, who developed amenorrhea
while taking risperidone, regained her normal men-
strual pattern along with a marked fall in serum pro-
lactin concentration 8 weeks after being switched to
olanzapine, whereas amantadine had failed to normal-
ize the menses and had apparently reactivated the
psychotic symptoms (159).

The authors suggested that olanzapine may offer advan-
tages for selected patients in whom hyperprolactinemia
occurs during treatment with other antipsychotic drugs.
Improvement in galactorrhea has also been observed in a

case of trichotillomania refractory to a selective serotonin
reuptake inhibitor (160). The patient only had a positive
response with risperidone in combination with fluoxetine,
but developed hyperprolactinemia and an intolerable galac-
torrhea. Olanzapine in combination with fluoxetine was
started, with significant clinical improvement and without
symptoms of galactorrhea; however, the patient had unde-
sired weight gain of 3.6 kg after 22 weeks.

Metabolism

Diabetes mellitus

Hyperglycemia associated with olanzapine has a fre-
quency of 1/100 to 1/1000. Hyperglycemia and diabetes
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have been associated with olanzapine, and published
cases have suggested that these adverse effects may be
caused by a mechanism related to weight gain (SEDA-23,
67; SEDA-24, 69; SEDA-25, 65). However, several cases
of de novo onset or exacerbation of existing diabetes
mellitus in patients treated with neuroleptic drugs have
been reported and were not significantly related to weight
gain. These included patients taking clozapine (161,162)
or olanzapine (162,163).

� A 51-year-old woman with an 18-year history of type II
diabetes mellitus developed glucose dysregulation with
persistent hyperglycemia within 3 weeks of starting
treatment with olanzapine, in the absence of weight
gain (164).

The author suggested that olanzapine can cause glucose
dysregulation by a mechanism other than weight gain.

� A 32-year-old African-American man with no prior
history of diabetes mellitus or glucose intolerance had
a raised blood glucose concentration after 6 weeks of
olanzapine therapy, and required insulin (165).
Olanzapine was withdrawn and blood glucose concen-
trations returned to normal about 2 weeks later. At
rechallenge hyperglycemia occurred again.� A 50-year-old man developed acute ketoacidosis with
de novo diabetes mellitus after 8 months of adjunctive
olanzapine (166). His dosage was then gradually
titrated to 30 mg/day over 6 months, and after with-
drawal of olanzapine his diabetes mellitus disappeared
completely.� A 31-year-old man taking olanzapine 10 mg/day, who
had no family history of diabetes and had never had
any laboratory evidence of diabetes or glucose intoler-
ance, developed diabetic ketoacidosis; obesity was the
only predisposing factor, his BMI being 40 kg/m2

(167).� A 45-year-old man with a 4-year history of diet-con-
trolled diabetes had hyperglycemia with polyuria,
polydipsia, and blurred vision associated with the use
of olanzapine 10 mg/day. Within 1 week after olanza-
pine was withdrawn his blood glucose returned to nor-
mal and insulin was discontinued.� A 54-year-old woman developed severe glucose dysre-
gulation with exacerbation of type 2 diabetes 12 days
after starting to take olanzapine 10 mg/day; she also
gained 13 kg (168).� A 39-year-old woman developed hyperglycemia after
the dose of olanzapine was increased from 10 to 15 mg/
day (169).

Six patients with new-onset diabetes mellitus in patients
taking olanzapine (from 10 mg for 2 months to 25 mg for
22 months) were switched to quetiapine (170). Five of the
six had known risk factors for diabetes mellitus (positive
family history, obesity, race, and hyperlipidemia); only
one gained significant body weight with olanzapine.
There was a close temporal relation between the onset
of therapy and the appearance of diabetes in three
patients. The authors made recommendations about the
detection and management of this effect in patients taking

neuroleptic drugs; they suggested that consideration
should be given to testing for diabetes mellitus 3–7
months after starting neuroleptic drug treatment and
that screening is ideally carried out by measuring the
fasting plasma glucose concentration.
The effects of olanzapine on glucose–insulin homeos-

tasis have been studied in 14 patients in an attempt to
elucidate the possible mechanisms of olanzapine-asso-
ciated weight gain (171). Olanzapine caused weight gain
of 1–10 kg in 12 patients and raised concentrations of
insulin, leptin, and blood lipids, as well as insulin resis-
tance; three patients developed diabetes mellitus. The
authors concluded that both increased insulin secretion
and hyperleptinemia may be mechanisms behind olanza-
pine-induced weight gain. They also suggested that the
metabolite N-desmethylolanzapine has a normalizing
effect on the metabolic abnormalities.
In an open study in seven men and four women taking

olanzapine (mean daily dose 12 mg and mean treatment
duration 23 months), although the mean fasting triglycer-
ide concentrations and mean fasting plasma glucose con-
centrations were similar to those found in the previous
study, the mean fasting insulin concentrations were lower
(143 pmol/l versus 228 pmol/l), and four of the subjects
had hyperinsulinemia, compared with ten in the other
study (172). However, the small sample sizes precluded
any clear conclusions.
Susceptibility factors, such as family history, obesity,

and concomitant medications can predispose an indivi-
dual taking olanzapine to diabetes mellitus. New-onset
diabetes mellitus developed after olanzapine was given
to a 31-year-old man and a 44-year-old man (173). In both
cases, the family history included diabetes mellitus, type
unknown. The patients were taking various psychotropic
drugs. In the first case body weight increased by about
12 kg (BMI 32 kg/m2) 6 weeks after starting olanzapine,
when his diabetes mellitus started; in the second case
(BMI 26 kg/m2, weight 81 kg) the previous weight was
unknown.
Olanzapine-induced non-ketotic hyperglycemia has

also been reported in the absence of obesity (174).

� A non-obese 51-year-old man without a history of
diabetes mellitus had a serum glucose concentration
of 89 mmol/l and was non-ketotic. Treatment with
olanzapine had been started less than 6 months before;
about 2 months before the event, his blood glucose
concentration was 6.0 mmol/l, and 8 days after with-
drawal the glucose concentration returned to normal;
he no longer required insulin nor any other hypogly-
cemic drug.

The authors suggested that olanzapine can cause hyper-
glycemia by a mechanism other than weight gain.
Glucose concentrations have been studied in 47

patients with non-responsive schizophrenia taking olanza-
pine (175). Three of them, who had taken olanzapine for
3–6 months, had persistently high blood glucose concen-
trations. However, this is similar to what would be
expected on the basis of the prevalence of diabetes melli-
tus in US adults.
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Death from olanzapine-induced hyperglycemia has
been reported (176).

� A 31-year-old man took olanzapine 10 mg/day for 1
week, and his fasting blood glucose rose to 11 mmol/l
(200 mg/dl). For more aggressive treatment of his psy-
chosis, the dosage of olanzapine was increased to
20 mg/day, and his fasting blood glucose rose to
16 mmol/l (280 mg/dl). He became progressively
weaker and developed polydipsia and polyuria and
died 3 weeks after starting to take olanzapine. He
had no personal or family history of diabetes mellitus
and was taking no other drugs at the time of his death.
Death was attributed to hyperosmolar non-ketotic
hyperglycemia.

The authors recommended including vitreous glucose and
gammahydroxybutyrate analysis as part of postmortem
toxicology work-up when the drug screen reveals either
olanzapine or clozapine.
On the other hand, seven cases of asymptomatic low-

ered blood glucose concentrations have also been
reported in patients with Tourette’s syndrome who were
taking olanzapine (mean dose 12 mg/day) during an 8-
week, open-label trial (177). The mean serum glucose
concentration was 4.8 mmol/l at baseline and 4.1 mmol/l
during the study; the average weight gain was 4.5 kg. The
authors suggested that increased insulin release may have
been responsible for the changes observed; however, non-
insulin mechanisms, such as a low carbohydrate intake,
may also have played a role.

Weight gain

Significant weight gain occurs more often with olanzapine
than with either haloperidol or risperidone (SEDA-22, 64).
Weight gain of 38.5 kg occurred in a 15-year-old ado-

lescent who had taken olanzapine 5–10 mg/day for 14
months (178).
The medical records of ten patients with a DSM-IV

diagnosis of cluster B personality disorder (narcissistic
personality disorder) who had taken olanzapine 2.5–
20 mg/day for 8 weeks have been reviewed (179). The
mean Social Dysfunction and Aggression Scale score
was 29 for the 8 weeks before olanzapine therapy and
improved to 14 after 8 weeks of treatment. Five of the
ten patients developed severe weight gain.
In 15 patients with excessive weight gain associated

with olanzapine the mean weight gain was 11 (range
3.6–25) kg and the mean duration of treatment was 7
(range 2–11) months (180).
In a retrospective study of 16 patients (7 men, 9

women) taking olanzapine (mean dose 14 mg/day, range
10–30) there was weight gain of over 7% in 15 of them; no
change in diet, access to food, or change in exercise pat-
tern had occurred (181).
Weight gain was observed in nine patients (seven men,

two women, mean age 41 years) treated with olanzapine
(mean dose 19, range 10–30, mg/day) (182). The patients
had a mean weight gain of 9.9 kg and triglyceride concen-
trations (reference range 0.3–2.3 mmol/l) increased from

a mean of 1.9 mmol/l (range 0.8–4.3) to a mean of
2.7 mmol/l (range 1.5–4.2).
Average weight gain was 8 kg in patients with refrac-

tory schizophrenia (n = 8) who were taking olanzapine in
high doses (20–40 mg over an average of 40 weeks) (183).
In a retrospective chart review, 20 consecutive patients,

who requested a switch from their previous neuroleptic
drug therapy to olanzapine, were monitored over 12
months to note changes in weight. After 12 months of
olanzapine treatment, 13 had a mean weight gain of
7.3 kg and three had no significant change in weight
(184). Paradoxically, four patients lost weight when taking
olanzapine, and the authors claimed that this is the first
report of patients who had weight loss with olanzapine,
although in these cases it is difficult to determine which
factors contributed to the weight loss.
Long-term olanzapine has been assessed in 27 outpati-

ents with schizophrenia or schizoaffective disorders
(mean age 40 years; 13 men) (185). At entry to the study
the mean dose of olanzapine was 8.52 mg/day and the
mean body mass index (BMI) 25 (range 19–35). At the
end (mean treatment duration 22 months, range, 6–42)
the mean dose of olanzapine was 8.70 mg/day and the
mean BMI was 29 (range 20–40). Weight gain was more
pronounced in the first year than in the second (7.7 versus
1.7 kg), especially during the first 3 months. Weight gain
per month was significantly higher in patients with lower
BMIs, but the greatest weight gain was in the most obese
patient (BMI 35, weight gain 29 kg).
Weight gain has also been reported in 26 patients with

bipolar affective disorder who were followed for 1 year
while taking the combination of topiramate þ olanzapine
(mean modal doses 271 and 9.9 mg/day respectively).
Although most of them gained weight during the first
month of combined therapy (mean weight gain 0.7 kg),
there was slight weight loss after 12 months (0.5 kg);
weight loss was more pronounced in the obese patients
(n ¼ 5), and no patient with a low BMI (n ¼ 3) lost weight
(186). Patients who were switched to quetiapine from
olanzapine lost weight after 10 weeks (mean weight loss
2.02 kg; n ¼ 16 (187); although most of the patients lost
weight, four gained about 2.6 kg.
In a randomized double-blind study therewas weight gain

in nine of 29 patients with alcohol dependence treated with
olanzapine versus four of 31 taking placebo (188).
There was a mean weight gain of 7.9 kg (range 0–25 kg)

between baseline and end-point weights in eight adoles-
cents with psychoses (age range 12–18 years) who took
olanzapine for 17.5 (range 4–26) weeks (189).
In contrast, in a study sponsored by Eli Lilly, there was

improvement in 21 hospitalized elderly patients with schi-
zophrenia or schizoaffective disorder who were taking
olanzapine, mean final dose 13 mg/day. There was no
significant weight gain (mean baseline weight 73.6 kg,
mean final weight, 72.8 kg; mean treatment duration
around 10 months) (190). However, the propensity for
studies that are sponsored by pharmaceutical companies
to be more favorable to their drug is well known (191).
In a study supported by the market authorization

holder risperidone data from two double-blind trials in
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552 adult and elderly patients with schizophrenia or schi-
zoaffective disorders, weight gain after 8 weeks was
higher with olanzapine than risperidone (mean doses not
stated) in the adult and elderly patients and in smokers
and non-smokers (192). For example, among the elderly
patients, weight gain with olanzapine was 1.18 kg on aver-
age in smokers (n ¼ 27) and 1.30 kg in non-smokers (n ¼
35); with risperidone weight gain was 0.08 kg in smokers
(n ¼ 20) and 1.06 kg in non-smokers (n ¼ 31).
Famotidine did not prevent or attenuate weight gain in

14 patients taking olanzapine who were randomly
assigned to either famotidine 40 mg/day (n ¼ 7) or pla-
cebo (n ¼ 7) in addition to olanzapine 10 mg/day for 6
weeks (mean weight gain 4.8 kg versus 4.9 kg respec-
tively) (193).
There was significant weight gain in 12 drug-naive

patients with a first-episode of psychosis who took olan-
zapine for 3–4 months (mean dose 10.7 mg/day) com-
pared with a control group of four healthy volunteers
(8.8 kg versus 1.2 kg) (194).
In 55 subjects randomized to olanzapine10 mg/day, ris-

peridone 4 mg/day, or placebo for 2 weeks, there were
significant increases in weight with olanzapine (2.25 kg)
and risperidone (1.05 kg) (195).
Taking advantage of this effect on weight, olanzapine

10 mg has been used in an open trial in 20 patients with
anorexia nervosa (196). Of the 14 patients who completed
the 10-week study, 10 gained an average of 3.9 kg and
three of these attained their ideal body weight. The other
four patients who completed the study lost a mean of
1.0 kg. The most common adverse effects were sedation
(n = 13), headache (n = 5), fatigue (n = 4), and hypogly-
cemia (n = 4).
The genetic basis of some reactions associated with

neuroleptic drugs is of particular interest. Different poly-
morphisms have been studied in connection with atypical
neuroleptic drug-induced weight gain (SEDA-26, 57).
The relation between the CYP2D6 genotype and weight
gain in patients taking atypical neuroleptic drugs has been
addressed in a study in 11 Caucasian patients taking a
fixed dose of olanzapine 7.5–20 mg/day for up to 47
weeks (197). They had their DNA analysed for the
CYP2D6*1, CYP2D6*3, and CYP2D6*4 alleles; six had
two *1 alleles and the other five had either *1/*3 or *1/*4.
Subjects with a heterozygous genotype (*1/*3 or *1/*4) had
a statistically significantly larger percentage change in
body mass index than those who were homozygous for
the *1 allele.
Histamine H2 receptor antagonists, like nizatidine, can

control appetite in overweight patients (198).

� A 23-year-old man, who had had repeated episodes of
weight gain during olanzapine treatment, had good
control and subsequent weight reduction after 4–5
weeks of therapy with nizatidine.

In a double-blind trial, the efficacy of nizatidine in limit-
ing weight gain has been evaluated in 175 patients with
schizophrenia and related disorders who took olanzapine
5–20 mg, nizatidine 150 mg or 300 mg, or placebo for up
to 16 weeks (199). There was significantly less weight gain

on average at weeks 3 and 4 with olanzapine plus nizati-
dine 300 mg compared with olanzapine plus placebo, but
the difference was not statistically significant at 16 weeks.

Electrolyte balance

Hyponatremia has been reported in patients treated with
olanzapine (200).

Fluid balance

Peripheral edema might be more frequent than expected
in patients taking olanzapine. In a recent open, non-ran-
domized study in 49 subjects taking olanzapine, 28
reported edema, which was severe in five (201). There
were no significant differences regarding sex, dose of
olanzapine or duration of treatment, concomitant diag-
noses, or other psychotropic drugs, but there was a ten-
dency toward greater frequency of thyroid abnormalities
and older age in those with edema, in whom there was a
positive correlation between age and severity.

Hematologic

Neutropenia and agranulocytosis

Although hemotoxicity was not observed during premar-
keting studies of olanzapine (202), cases of neutropenia
(neutrophil count below 1.5 � 109/l) (203) or agranulocy-
tosis (neutrophil count below 0.5 � 109/l) (204) have been
published.
Six cases of hematological reactions, including leuko-

penia, granulocytopenia, and neutropenia, were reported
in Canada in the 2 years after the approval of the drug in
1996 (205).

� A 20-year-old man with schizophrenia took olanzapine
5 mg/day increasing to 10 mg/day after 3 days (206).
His total leukocyte count fell to 3.9 � 109/l on the fifth
day, with an absolute neutrophil count of 1.52 � 109/l.
Olanzapine was withdrawn and the leukocyte count
normalized within 72 hours. A few days later rechal-
lenge was positive. He was given lithium 900 mg/day
and continued to take olanzapine 20 mg/day.� A 17-year-old woman who was taking valproate
1000 mg/day and olanzapine 20 mg/day was changed
to olanzapine monotherapy 25 mg/day; after 12 days
her white blood cell count fell to 3.9 x 109/l and the
absolute neutrophil count to 1.2 x 109/l; the counts
returned to baseline when olanzapine was withdrawn
(207).� Neutropenia occurred in a 21-year-old man taking
olanzapine 20 mg/day, haloperidol 10 mg/day, and lor-
azepam 2 mg/day (208). The white cell count was 2.6 x
109/l, with a 22% differential neutrophil count.

The authors of the second case stated that, in spite of
decades of experience with haloperidol, an associated
literature search has revealed only very rare instances of
hemotoxicity, and since lorazepam is not known to cause
leukopenia, olanzapine may have been the more likely
offender; the simultaneous effect of both antipsychotic
drugs, olanzapine and haloperidol, is unknown.
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Mechanism
Some explanations of the lower risk of agranulocytosis
have been advanced after an in vitro cytotoxicity study
(209). Like clozapine, olanzapine is oxidized to a reactive
nitrenium ion by HOCl, the major oxidant produced in
activated neutrophils. However, the olanzapine-reactive
metabolite has a lower propensity to cause toxicity to
human neutrophils, monocytes, and HL-60 cells than the
reactive clozapine nitrenium ion. The lower toxic poten-
tial of the olanzapine reactive metabolite, in conjunction
with the lower therapeutic plasma concentrations of olan-
zapine compared with clozapine, may help to explain this
difference between the drugs.

Dose relation
In three cases of leukopenia with olanzapine, a reduction
in dose was followed by normalization of the leukocyte
count and allowed continued treatment (210). Two of the
patients had a previous history of neutropenia and agra-
nulocytosis associated with typical neuroleptic drugs and
the third developed neutropenia for the first time while
taking olanzapine.

Time course
Of two cases of olanzapine-induced neutropenia, one
occurred 17 days after the first dose of olanzapine and
the other more than 5 months after the first dose (203); in
the second patient, re-exposure to olanzapine caused the
neutrophil count to fall again. In neither case was there
evidence of infection, and the white blood cell counts
increased immediately to the reference ranges after with-
drawal of olanzapine, no special treatment being neces-
sary. In addition, two cases of reversible leukopenia
during treatment with olanzapine have also been reported
(211).

Susceptibility factors
Genetic

Susceptibility factors for neutropenia and agranulocytosis
have been investigated in two patients, one of whom had
neutropenia after taking other drugs and one of whom was
also taking amitriptyline (212). The risk of clozapine-
induced agranulocytosis was significantly higher in patients
with the HLA haplotypes DQB*01, DQB*05, and DQB*02.
One of the patients who had neutropenia had HLA-
DQB*05 and both patients had haplotype HLA-A2.
If there is an HLA association for olanzapine, it seems

to be different from the HLA antigens incriminated for
clozapine (SEDA-25, 66).

� In a 46-year-old man taking olanzapine 10 mg/day,
leukopenia and neutropenia were associated with
HLA types A1 24, B7, B35, DRB1*15, DRB1*11,
DRB3*01–03, DRB5*01–02, a haplotype distinct from
that previously observed in clozapine-induced hemo-
toxicity (213).

Cross-reaction with clozapine

Olanzapine-induced blood disorders have been reviewed
and compared with clozapine-induced agranulocytosis

(214). Whether clozapine-induced granulocytopenia or
leukopenia predisposes a patient to hematological
adverse effects during treatment with olanzapine is
unclear: three patients who had previously stopped cloza-
pine owing to hematologic adverse effects had improve-
ment with olanzapine that equated to a 16–31 point
reduction in rating scale scores during 1 year of follow-
up without any hematological abnormalities (215). In
contrast, one case associated with clozapine worsened
when olanzapine was given (216).

� In a 31-year-old woman clozapine monotherapy
75 mg/day caused neutropenia (neutrophil count
1.1 � 109/l); 5 days after clozapine withdrawal the neu-
trophil count normalized (2.6 � 109/l). Olanzapine was
then introduced at 5 mg/day and the next day
increased to 10 mg/day. After a week the neutrophil
count fell to 0.9 � 109/l and olanzapine was withdrawn.
The neutrophil count was normal 4 weeks after olan-
zapine withdrawal.

In another case, olanzapine caused agranulocytosis after
clozapine had had no effect on the white cell count (204).

� A 27-year-old man taking clozapine, benperidol, and
risperidone developed severe extrapyramidal adverse
effects and had insufficient antipsychotic effects and
was given olanzapine, rapidly increasing to 40 mg/day.
After 9 days of treatment with olanzapine, his total
white cell count fell from 5.8 � 109/l to 3.4 � 109/l,
and olanzapine was withdrawn; 3 days later his neutro-
phil count was 0.39 � 109/l. He developed a fever of
39.5�C and was treated with granulocyte colony-stimu-
lating factor.

Prolonged granulocytopenia due to olanzapine occurred
in a 39-year-old woman after clozapine withdrawal (217).
In contrast, two patients with severe clozapine-induced
granulocytopenia and agranulocytosis were successfully
treated with olanzapine in a dose greater than 25 mg/
day (218). Furthermore, a 65-year-old man who had pre-
viously developed leukopenia and neutropenia, first with
clozapine and then also with risperidone, took olanzapine
(20 mg/day for 2 years with only a transient reduction in
leukocyte and neutrophil (but not erythrocyte or platelet)
counts) during a flu-like illness (219).
Seven patients, after developing eosinophilia (n = 1),

agranulocytosis (n = 2), or neutropenia (n = 4) during
neuroleptic drug therapy, were given olanzapine, with
improvement and without evidence of blood dyscrasias
(220,221). In a review it was suggested that this might
reflect the fact that olanzapine shares many pharmacolo-
gical properties with clozapine, which might make it more
likely to prolong the clozapine-induced effect on white
cells (222).

Thrombocytopenia

Thrombocytopenia, with a platelet count of 20 � 109/l,
possibly associated with olanzapine and subsequently
with benzatropine mesylate, has been reported in a 38-
year-old woman (223).

316 Olanzapine

ª 2009 Elsevier B.V. All rights reserved.



A fatal case has also been reported (224).

� There was a fall in platelet count to 4000 x 109/l in a 78-
year-old man who had taken olanzapine 10 mg/day for
the last 3 weeks. He had massive spontaneous nasal
and gingival bleeding and died from progressive bleed-
ing complications. His plasma olanzapine concentra-
tion was 230 ng/ml (about 10 times higher than the
usual target concentrations. He had had idiopathic
thrombocytopenic purpura 13 years before.

Pancytopenia

Pancytopenia associated with exacerbation of motor dis-
ability induced by olanzapine (10 mg/day) in a patient
with Parkinson’s disease has been reported (225).
Olanzapine withdrawal increased the neutrophil, total
granulocyte, erythrocyte, and platelet counts to normal
in 3 weeks, while the motor disability improved only
moderately.

Eosinophilia

Eosinophilia occurred in a 30-year-old man taking olan-
zapine 22.5 mg/day (226). After 5 weeks, the white blood
cell count increased to 15 � 109/l, of which 7.9 � 109/l
were eosinophils. Olanzapine was withdrawn, and 5
weeks later the white blood cell count was 8.5 � 109/l
with 14% eosinophils.

Salivary glands

While hypersalivation is a common adverse effect of clo-
zapine (SEDA-22, 60), dry mouth is associated with olan-
zapine (SEDA-21, 57; SEDA-22, 64). Drooling as an
adverse effect of olanzapine has been reported in a 20-
year-old woman (227). Excessive, chalky-white, frothy,
sticky salivation has been reported in a 27-year-old man
who had taken olanzapine 10 mg/day at bedtime for 4
days (134).

Gastrointestinal

Olanzapine-induced fecal incontinence has been reported
(228).

� A 65-year-old man who had had primary insomnia for
20 years, was given olanzapine 2.5 mg/day at night-
time because of lack of response to various anxiolytics;
he developed fecal incontinence during the 20 days of
olanzapine treatment in combination with two anxio-
lytic drugs. The frequency of incontinence varied from
1 to 3 times a day, and withdrawal of olanzapine
resulted in complete recovery.

Liver

Initial trials and other observational studies with olanza-
pine detected transient rises in liver transaminases
(SEDA-23, 65). Several other cases have further illu-
strated this.

� There were significantly raised transaminases, up to 5
times the reference range, in a 37-year-old woman
taking olanzapine 10 mg/day and in a 62-year-old
woman taking 15 mg/day (229).

� A 29-year-old man had raised transaminases, pitting
edema of both feet, and transient rises in systolic and
diastolic blood pressures after taking olanzapine
20 mg/day; 14 days after olanzapine withdrawal, the
transaminases returned to baseline, the edema cleared
completely, and the blood pressure returned to normal
(Farooque 203).� Olanzapine caused increased transaminases in a 38-
year-old man with hereditary coproporphyria; the
enzyme changes were not associated with symptoms
or evidence of either acute liver failure or exacerbation
of his porphyria (230).

Olanzapine-induced acute hepatitis has been reported,
supposedly for the first time (231).

� A 78-year-old woman with no history of liver disease,
alcohol intake, intravenous drug use, or blood transfu-
sions, took olanzapine 10 mg/day; her only other med-
ications were calcium þ vitamin D, multivitamins, and
occasional paracetamol. After 13 days she developed
symptoms of acute hepatitis with abnormal liver func-
tion tests; hepatobiliary ultrasonography showed sev-
eral gallstones without dilatation of the biliary ducts or
changes of acute cholecystitis. The plasma paracetamol
concentration was less than 7 mmol/l, and serological
tests for hepatitis A, B, and C viruses, cytomegalovirus,
Epstein–Barr virus, and antimitochondrial and anti-
nuclear antibodies were negative.

Pancreas

Acute pancreatitis has been reported in a patient who did
not take alcohol and who had undergone a cholecystect-
omy in the past; other medical causes of pancreatitis were
ruled out (232).
Acute pancreatitis was subsequently discussed

(233,234). The main points of debate were the interpreta-
tion of attributability and the use of the Naranjo prob-
ability scale in a case in which the patient was taking
another drug that could not be completely excluded as
at least a partial contributor to the acute pancreatitis.

Urinary tract

Urinary incontinence has been attributed to olanzapine.

� A 61-year-old man with bipolar disorder treated with
olanzapine and lithium developed urinary inconti-
nence 4 days later (235). He was successfully treated
with ephedrine 25 mg/day.

The authors suggested that the alpha-blocking effect of
olanzapine was involved and that an alpha-adrenoceptor
agonist (such as ephedrine) would reduce urinary incon-
tinence in such cases.

Sexual function

Priapism has been attributed to olanzapine.

� A 68-year-old taking olanzapine 5 mg at bedtime
developed priapism and required emergency surgery
(236).
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� In a 46-year-old man taking olanzapine 15 mg/day,
priapism remitted after withdrawal (237).� A 27-year-old man had taken olanzapine 15 mg at
bedtime for 12 days for hallucinations and then devel-
oped priapism (238). Partial detumescence was fol-
lowed by recurrence, and he required an operation to
insert a glandular shunt. He subsequently required
mechanical support to achieve an erection.� Recurrent priapism during clozapine and then olanza-
pine therapy occurred in a 43-year-old man (239).� A 26-year-old man, who had previously taken a variety
of psychotropic medications, including typical neuro-
leptic drugs and risperidone, without sexual adverse
effects, took olanzapine 10 mg at bedtime (240). Soon
after, he developed priapism; 24 hours after withdra-
wal of olanzapine, the adverse effect disappeared.� A 51-year-old man developed priapism 16 hours after
attempting suicide by taking olanzapine 100 mg and
gabapentin 1500 mg (241). Detumescence was pro-
duced by two injections of lidocaine and 8 hours later
an intracorporeal shunt.

Irreversible priapism has been reported during treat-
ment with olanzapine and lithium.

� A 30-year-old man with bipolar disorder who had pre-
viously taken haloperidol and lithium was also given
trihexyphenidyl (benzhexol) because of rigidity, tre-
mor, and akathisia, but persistent symptoms led to his
being given olanzapine in place of haloperidol; 6 days
later he developed priapism (242).

Olanzapine, was the likely causal agent; lithium was not
thought to be causative in this instance.

Immunologic

Hypersensitivity syndrome, defined as a drug-induced
complex consisting of fever, rash, and internal organ
involvement, has been associated with olanzapine (243).

� A 34-year-old man took clozapine for several months,
but developed a cardiomyopathy. Clozapine was with-
drawn and olanzapine 20 mg/day was given instead; 60
days later he developed a recurrent high fever, rash,
and pruritus. There was bilateral periorbital edema
and generalized erythroderma without target lesions
or bullae and no mucosal involvement. He also had
an eosinophilia and hepatitis.

A Guillain–Barré-like syndrome has been associated
with olanzapine hypersensitivity in a patient who already
had an immunological disorder (244).

� A 58-year-old man with Vogt–Koyanagi–Harada syn-
drome, alopecia, vitiligo, and poliosis started to take
olanzapine 5 mg/day for hypomania; he was also taking
clonazepam 6 mg/day, valproic acid 600 mg/day, and
prednisone 5 mg/day. Three weeks later he developed
rapidly progressive numbness and weakness culminat-
ing in paresis of all four limbs, a generalized erythe-
matous macular rash on the trunk and limbs, and
hepatic dysfunction. He improved after withdrawal of
olanzapine and 5 courses of plasma exchange over 10

days, and 6 months later his strength had returned to
normal.

Body temperature

Neuroleptic drugs can cause a reduction in body tempera-
ture, and several cases of hypothermia, defined as a body
temperature lower than 35�C, have been reported
(SEDA-26, 58). Now hypothermia related to olanzapine
has been published (245).

� A 54-year-old man with end-stage renal disease on
hemodialysis took olanzapine 2.5 mg/day for 21 days
because of night-time delirium, including visual hallu-
cinations and abnormal behaviors; the delirium disap-
peared completely and his body temperature returned
to normal. However, the delirium reappeared 7 days
later and he took olanzapine again for 10 days; his
body temperature suddenly fell to below 34� C after
the first dose.

Susceptibility factors

Genetic

Gilbert’s syndrome has been reported to increase suscept-
ibility to the adverse effects of olanzapine.

� A 19-year-old man with Gilbert’s syndrome took olan-
zapine 2.5 mg/day for 2 days, then increased the
dosage to 5 mg/day on day 3 (246). On the day 4,
because of a suicide attempt and extreme agitation,
the patient was admitted to a psychiatric center. He
was given oral olanzapine 10 mg and lorazepam 5 mg.
On day 6, he was conscious but did not respond to
verbal stimuli, and his symptoms of mutism persisted
over the next few days. Communication was only pos-
sible by monosyllables on day 8. On day 10 he was
bradypsychic, oriented, and able to articulate short
sentences with great effort. Speech returned to normal
on day 12. He described his experience as a sensation
of not being able to find the words in his head. He had
not previously had speech alterations, nor did they
occur later.

Since mutism with olanzapine has been reported in
cases of overdose, and detoxification of bilirubin by con-
jugation with glucuronic acid, the pathway olanzapine
uses, is altered in Gilbert’s syndrome, which affects 10%
of the population, the authors claimed that we should
keep in mind idiopathic unconjugated hyperbilirubinemia
when prescribing olanzapine.
The role of the –759C/T polymorphism in the 5HT2C

receptor gene, located at q24 of the X chromosome, in
weight gain from olanzapine has been examined in 42
subjects (age data not provided; 34 men) with schizophre-
nia who took olanzapine 7.5–20 mg/day for 4 weeks
(mean endpoint serum concentration 24 ng/ml) (247).
There was no difference in mean olanzapine dose
between patients with the alleles T or C. Of the 42
patients, 15 gained more than 10% of their body weight
and there were no T alleles in those subjects; of the other

318 Olanzapine

ª 2009 Elsevier B.V. All rights reserved.



27 patients without a 10% weight gain, 11 had a T allele
(41%). Conversely, subjects with a C allele gained a mean
of 12% over their initial body weight compared to those
with a T allele, who gained a mean of 4.7%. These sig-
nificant differences suggest a possible protective effect of
the T allele on weight gain associated with olanzapine,
although other confounding variables (such as diet and
exercise) were not recorded in this study.

Smoking

Plasma concentrations of olanzapine are lower in smokers
than in non-smokers, mainly because of induction of cyto-
chrome CYP1A2 (SEDA-27, 62). In addition, in a recent
study it has been investigated whether the smoking-indu-
cible cytochrome CYP1A2 and the polymorphic CYP2D6
play significant roles in the metabolism of olanzapine and
its clinical effects at steady-state; caffeine and debriso-
quine were used as measures of CYP1A2 and CYP2D6
respectively (248). Psychiatric patients, smokers (n ¼ 8)
and non-smokers (n ¼ 9), took oral olanzapine for 15
days. The mean urinary caffeine indexes of non-smokers
and smokers indicated that smoking had induced a six-
fold higher activity of CYP1A2; likewise, the dose-cor-
rected plasma olanzapine concentration was about five-
fold lower in smokers than in non-smokers. The authors
suggested that a simple caffeine test might assist in indi-
vidualization of the dosage of olanzapine.

Drug Administration

Drug overdose

Fatal overdoses in which novel antipsychotic drugs were
the sole ingestant have been reported with olanzapine
(249). In two cases blood olanzapine concentrations
were 237 ng/ml in one and 675 ng/ml in the other (250).
The usual target range for plasma olanzapine concentra-
tions is 9–23 ng/ml.

� A 59-year-old woman died after taking an unknown
quantity of olanzapine; the blood concentration was
4900 ng/ml (249).� A 43-year-old man (251) died within hours of ingestion
of 600 mg of olanzapine; the drug concentration in a
postmortem analysis of the blood was 12 400 ng/ml.� A 24-year-old man took a presumed cumulative dose
of 420 mg of olanzapine and 10 mg of alprazolam
(252). He had a cardiac arrest with asystole, from
which he was initially resuscitated. Recurrent cardiac
arrest, probably caused by hyperkalemia, occurred in
the intensive care unit and he died within 1 hour.

In a fatal case of olanzapine overdose a cardiac dys-
rhythmia, non-convulsive status epilepticus, and persis-
tent choreoathetosis occurred consecutively (253).

� A 62-year-old man with bipolar disorder taking olan-
zapine 30 mg/day and lithium 1200 mg/day attempted
suicide with an estimated 750 mg of olanzapine. He
developed delirium, a ventricular tachycardia, and car-
diac asystole, which responded to resuscitation. On day

3 electroencephalography showed generalized fre-
quent small amplitude spike and wave complexes
with no limb movements, which resolved with intrave-
nous fosphenytoin. His consciousness improved over
the next 2 weeks, but he then lapsed progressively into
coma and had choreoathetosis and dystonia in his head
and all limbs. He died on day 57 from congestive heart
failure and pneumonia. Post-mortem findings showed
bilateral bronchopneumonia, mild cortical atrophy,
and enlargement of the lateral ventricles without
other major lesions; at microscopy, there was reactive
astrocytosis in the striatum, globus pallidus, and thala-
mus bilaterally.

Several non-fatal cases have also been published.

� Profound central nervous system depression and tachy-
cardia without other dysrhythmias occurred within 2
hours of an olanzapine overdose (800 mg; the highest
serum concentration was 991 ng/ml) (254). The patient
recovered after intubation, gut decontamination, and
supportive care.� A patient took an overdose of 1110 mg of olanzapine
and had tachypnea, sinus tachycardia, fluctuating
blood pressure, and brief hypoxemia; respiratory and
cardiovascular function returned to normal within 16
hours of ingestion with minimal interventions (255).� A patient attempted suicide by taking 120 mg of olan-
zapine, but had no serious clinical adverse effects, and
only fatigue, dizziness, and headache (256).� A 22-year-old man took about 800 mg of olanzapine;
his olanzapine serum concentration reached a maxi-
mum of 200 ng/ml (257). His vital signs were stable at
all times, but he started to become progressively som-
nolent, with short periods of aggressive agitation.
Gastric lavage was performed and after 10 hours he
was alert and oriented.

In four cases of overdose with up to 1000 mg there was
significant central nervous system depression and miosis
after acute overdosage of olanzapine (258). Olanzapine
concentrations were over 250, 59, 54, and 151 ng/ml. All
four patients recovered with supportive care and two
required advanced airway support. The authors pointed
out that all the patients had marked miosis and depressed
mental status, findings that are usually associated with
intoxication with opioids or alpha2-adrenoceptor agonists.
Overdose of olanzapine has reportedly caused diabetes

insipidus.

� A 17-year-old who took olanzapine 75 mg and praze-
pam 7.5 mg in a suicide attempt developed polyuria
(5400 ml/24 hours), reduced urine osmolality (166 mos-
mol/kg H2O), normal plasma osmolality, and an
increasing serum sodium concentration, consistent
with a diagnosis of diabetes insipidus (259).

Several cases of olanzapine overdose have been
reported in children.

� An 11-kg, 1-year-old child developed agitation fol-
lowed by prolonged lethargy after accidental ingestion
of an unknown amount of olanzapine (260).
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� An 18-month-old boy took 30–40 mg of olanzapine
and had respiratory distress and mental status changes
(261).� Prolonged central nervous system depression occurred
after a medication error in a 17-kg, 6-year-old girl who
was given Zypresa (olanzapine 10 mg) instead of
Zyrtec (cetirizine 10 mg) (262).� In a dispensing error a 14-year-old boy was given olan-
zapine 80 mg/day, eight times the recommended dose
in adults (263).� A 2.5-year-old boy took one or two tablets of 7.5 mg
and exhibited agitation, aggressive behavior, miosis,
hypersalivation, tachycardia, and ataxia (264). A simi-
lar dose was well tolerated by an 8-year-old autistic
boy (265).

Drug–Drug Interactions

General

Pharmacokinetic and pharmacodynamic profiles of olan-
zapine have been extensively reviewed (266). Olanzapine
does not inhibit CYP isozymes, and no clinically signifi-
cant metabolic interactions were found of olanzapine with
aminophylline, biperiden, diazepam, ethanol, fluoxetine,
imipramine, lithium, or R/S-warfarin.

Carbamazepine

Patients co-medicated with carbamazepine had a median
dose-corrected plasma olanzapine concentration 36%
lower than those taking monotherapy (267).
The pharmacokinetics of two single therapeutic doses

of olanzapine have been determined in 11 healthy volun-
teers, before and after carbamazepine (268). The dose of
olanzapine given after pretreatment with carbamazepine
for weeks was cleared more rapidly than olanzapine given
alone. Olanzapine Cmax and AUC were significantly
lower after the second dose, the half-life was significantly
faster, and the clearance and volume of distribution were
significantly increased. This interaction may be attributed
to induction of CYP1A2 by carbamazepine, leading to
increased first-pass and systemic metabolism of olanza-
pine.
The effect of carbamazepine on the glucuronidation of

olanzapine has been studied in 30 patients taking olanza-
pine monotherapy (dosage 2.5–30, median 15, mg/day)
and in 15 patients being co-medicated with carbamaze-
pine (dosage 5–50, median 20, mg/day) (269). The median
ratio of unbound olanzapine concentration to daily dose
in the carbamazepine group was 38% lower than in the
monotherapy group, confirming that carbamazepine
accelerates the metabolism of olanzapine. Furthermore,
in the carbamazepine group, the median glucuronidated
olanzapine fraction was 79% of the unbound fraction,
compared with 43% in the monotherapy group, which
suggests that an increased rate of olanzapine glucuronida-
tion contributes to the increased rate of metabolism of
olanzapine induced by carbamazepine.

Ciprofloxacin

The plasma concentration of olanzapine doubled in a
patient who also took ciprofloxacin, a potent inhibitor of
CYP1A2 (270). The magnitude of the interaction was
surprising, because available data suggest that CYP1A2-
mediated oxidation of olanzapine accounts for only a
small portion of the biotransformation of olanzapine rela-
tive to glucuronidation.

Diazepam

There were orthostatic changes when olanzapine and dia-
zepam were co-administered (266).

Ethanol

There were orthostatic changes when olanzapine and
ethanol were co-administered (266).

Inhibitors of CYP2D6

Of 56 patients, 22 of whom took olanzapine monotherapy
and the rest took other psychotropic drugs, those co-
medicated with inhibitors of CYP2D6 and other drugs
had a median dose-corrected concentration about 40%
higher than those taking monotherapy.

Insulin

Olanzapine has been reported to have precipitated dia-
betes (271).

� A 31-year-old man with a treatment-refractory psy-
chiatric disorder without prior diabetes was given olan-
zapine 10 mg/day. After 3 months he developed
hyperglycemia and an acidosis (pH 7.11). After treat-
ment he needed at least 64 U/day of insulin, but 15
days after stopping olanzapine his insulin requirements
fell and 15 days later insulin was withdrawn.

Lithium

The neuroleptic malignant syndrome occurred when
lithium was added to olanzapine (272).

� A 13-year-old boy with rhabdomyolysis ascribed to
olanzapine was also taking lithium, so that a drug
interaction could not be excluded (273).� A 16-year-old boy developed the neuroleptic malig-
nant syndrome when his olanzapine dose was increased
(274).

In a double-blind study of 344 patients inadequately
responsive to lithium or valproate who were randomized
to olanzapine or lithium for 6 weeks, 21% gained weight
on lithium plus olanzapine compared with 4.9% taking
lithium and placebo (275). Whether lithium contributed
to weight gain in the olanzapine group is unclear.

Selective serotonin re-uptake inhibitors (SSRIs)

Fluoxetine

Pharmacokinetic and pharmacodynamic profiles of olan-
zapine have been extensively reviewed (266). Olanzapine
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does not inhibit CYP isozymes, and no clinically signifi-
cant metabolic interaction was found with fluoxetine.

Fluvoxamine

The atypical antipsychotic drug olanzapine is also meta-
bolized by CYP1A2.

� A 21-year-old woman with schizophrenia and depres-
sion, who had been taking fluvoxamine (150 mg/day)
and olanzapine (15 mg/day) for several months,
developed an extrapyramidal movement disorder,
including rigidity and tremor (276). The plasma flu-
voxamine concentration was 70 ng/ml (usual target
range is 20–500 ng/ml), while that of olanzapine was
120 ng/ml (usual target range is 9–25 ng/ml). The
dosage of olanzapine was reduced to 5 mg/day and
the plasma olanzapine concentration fell to 38 ng/ml,
with resolution of the tremor and rigidity. When
fluvoxamine was replaced with paroxetine (20 mg/
day) the olanzapine concentration fell further to
22 ng/ml.

Of the SSRIs, fluvoxamine is the most potent inhibitor
of CYP1A2 and is therefore likely to increase plasma
olanzapine concentrations. The extrapyramidal effects in
this case were presumably due to excessive blockade of
dopamine D2 receptors by raised olanzapine concentra-
tions.
Fluvoxamine under steady-state conditions increases

the systemic availability of olanzapine and inhibits the
metabolism of clozapine, as shown in 21 male non-smok-
ing Chinese volunteers (mean age 27 years) (277). This
could be related to the different metabolic pathways and
secretion rates of the two drugs; it would be advisable to
reduce the dosage of olanzapine and to extend the dosing
interval of clozapine when they are combined with flu-
voxamine.
Similar results and recommendations have been pub-

lished in a study of 71 patients with schizophrenia (mean
age 33 years, range 18–63, 40 men who were given olan-
zapine monotherapy or olanzapine þ flupentixol, benper-
idol, carbamazepine, and other drugs (278).
To determine whether a subtherapeutic dose of flu-

voxamine, a potent inhibitor of CYP1A2, could affect
the metabolism of olanzapine, male smokers with stable
psychotic illnesses taking olanzapine (mean dose
17.5 mg/day) were switched to a mean dose of
13.0 mg/day and were given fluvoxamine 25 mg/day
(279). At 2, 4, and 6 weeks there were no significant
changes in olanzapine plasma concentration, antipsycho-
tic response, or metabolic indices (for example serum
glucose and lipids). The ratio of 49-N-desmethylolanza-
pine:olanzapine fell from 0.45 at baseline to 0.25 at
week 6, suggesting inhibition of CYP1A2-mediated
olanzapine 49-N-demethylation by fluvoxamine. In con-
clusion, these results suggested that a 26% reduction in
olanzapine therapeutic dose requirement may be
achieved by co-administration of a subtherapeutic oral
dose of fluvoxamine.

Paroxetine

There have been reports that selective serotonin reuptake
inhibitors, which inhibit CYP1A2, increase plasma olanza-
pine concentrations (SEDA-24, 71; SEDA-26, 63). In a
recent open add-on trial, 21 patients with obsessive-compul-
sive disorder unresponsive to treatment with paroxetine
60 mg/day for at least 12 weeks, took additional olanzapine
10 mg/day (280). Steady-state plasma concentrations of par-
oxetine were not changed, and 7 patients were rated as
responders at final evaluation. Sedation (n ¼ 12), weight
gain up to 3 kg (n¼ 8), dry mouth (n¼ 6), and constipation
(n ¼ 3) were the most frequent adverse effects.

Tricyclic antidepressants

Clomipramine and olanzapine are both metabolized by
CYP1A2 and CYP2D6, and it is therefore possible that
raised concentrations of both compounds can result from
co-administration.

� Seizures in a 34-year-old man were attributed to an
interaction of olanzapine with clomipramine (281).

A pharmacodynamic interaction occurred between olan-
zapine and imipramine (266).

Smoking

Plasma concentrations of olanzapine and clozapine are
lower in smokers than in non-smokers, mainly because
of induction of CYP1A2. Two patients who smoked
tobacco and cannabis have been reported (282). One
took olanzapine and had extrapyramidal motor symptoms
after reducing his consumption of tobacco. The second,
who was taking clozapine, developed confusion after he
stopped smoking tobacco and cannabis, related to
increased clozapine concentrations. The authors recom-
mended that when patients stop smoking, appropriate
dosage adjustments should be made to ensure that the
plasma neuroleptic drug concentrations remain within the
usual target range.

Management of adverse drug reactions

Various therapies have been used to avoid or to control
weight gain during olanzapine treatment, including nizati-
dine (SEDA-25, 65), famotidine (SEDA-29, 74), and beha-
vioral therapy (SEDA-26, 58). Topiramate has also been
used to treat weight gain in 43 women who had taken
olanzapine for at least 3 months in a 10-week, double-
blind, placebo-controlled study (283). Thosewho took topir-
amate lost on average 5.6 kg (95% CI¼ 3.0, 8.5).
Sibutramine up to 15 mg/day has also been assessed in

37 subjects with schizophrenia or schizoaffective disorder
and olanzapine-associated weight gain in a 12-week, dou-
ble-blind, randomized study (284). Those who took sibu-
tramine had significantly greater mean weight loss than
those who took placebo (3.76 kg versus 0.82 kg).
However, the patients who took sibutramine had a mean
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increase in systolic blood pressure of 2.1 mmHg, antic-
holinergic adverse effects, and sleep disturbances.

Monitoring therapy

In an open 2-week study in 54 in-patients with schizophre-
nia (aged 18–75 years; 38 men), olanzapine had a bene-
ficial effect at a plasma concentration of 20–50 ng/ml
(285); the authors suggested that olanzapine plasma con-
centration measurement may be useful in optimizing
acute treatment in some patients.
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the treatment-resistant, combat-related PTSD–a series of

case reports. Acta Psychiatr Scand 2003;107:394-6.

47. Yetimalar Y, Irtman G, Gürgör N, Başoğlu M. Olanzapine
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Perphenazine

General Information

Perphenazine is a phenothiazine neuroleptic drug.

Placebo-controlled studies

Following remission of manic symptoms in 37 patients
who had taken perphenazine and a mood stabilizer
(lithium, carbamazepine, or valproate), treatment was
randomly assigned double-blind to perphenazine or pla-
cebo for 6 months, while continuing the mood stabilizer
(1). Those who took perphenazine had worse outcomes
than those who took placebo, in that they were more
likely to have a shorter time to a depressive relapse,
were more likely to discontinue treatment, or were more
likely to have depression or extrapyramidal symptoms.
The authors tentatively concluded that perphenazine
may not be beneficial in maintenance treatment for bipo-
lar I patients.

Organs and Systems

Hematologic

Aplastic anemia, defined by the presence of pancytopenia
and a hypocellular bone marrow in the absence of any
abnormal blood cells, is a serious reaction that has been
attributed to perphenazine in a single case (2).

� A 23-year-old man with schizophrenia taking perphena-
zine 4 mg bd, benzatropine mesylate 2 mg/day, lithium
carbonate 600 mg each morning and 900 mg at bedtime,
and famotidine 40 mg/day developed fatigue, shortness
of breath, dizziness, light-headedness, and general
debility. He had a pancytopenia, which persisted in
spite of blood transfusions. Bone-marrow aspiration
showed hypocellularity, absent megakaryocytes, reduced
erythropoiesis and myelopoiesis, increased iron storage,
and a relative excess of lymphoid cells. All medications
were withdrawn and he was given lorazepam 2 mg bd.
He recovered after 8 months.
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Pimozide

General Information

Pimozide is a diphenylbutylpiperidine neuroleptic drug,
structurally similar to the butyrophenones.

Organs and Systems

Cardiovascular

Pimozide can cause QT interval prolongation and torsade
de pointes; a total of 40 reports (16 deaths) of serious
cardiac reactions, mainly dysrhythmias, were reported to
the Committee on Safety of Medicines in the UK from
1971 to 1995 (1).

Drug Administration

Drug overdose

In a study of overdosages of different neuroleptic drugs,
pimozide had the lowest fatality index (the number of
deaths divided by the number of prescriptions) (2).

Drug–Drug Interactions

Clarithromycin

In 12 healthy volunteers given oral pimozide 6 mg after 5
days of treatment with clarithromycin (500 mg bd) or
placebo, pimozide significantly prolonged the QTc inter-
val in the first 20 hours in both groups (maximum changes
in QTc 16 and 13 ms respectively) (3).
Clarithromycin inhibits the metabolism of

pimozide, pimozide plasma concentrations increase, and
there is an increased risk of cardiotoxicity through pro-
longation of the QT interval and fatal ventricular dys-
rhythmias (3).
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Prochlorperazine

General Information

Prochlorperazine is a phenothiazine derivative.

Organs and Systems

Nervous system

In 192 consecutive patients attending an emergency
department for nausea/vomiting or headache, akathisia
occurred in 16% of those treated with prochlorperazine
(5–10 mg intravenously or intramuscularly); 4% (all of
them women) developed dystonias (1).
Slow infusion of prochlorperazine has been used to try

to minimize the risk of akathisia in 160 patients randomly
assigned to two groups; akathisia developed in 31 of 84
who were given a 2-minute infusion and in 18 of 76
patients who were given a 15-minute infusion (2).

Liver

Phenothiazines can cause cholestatic jaundice.

� Cholestasis occurred in a woman with alpha-1 antitryp-
sin deficiency (phenotype PiZZ) who had taken pro-
chlorperazine 5-10 mg qds for 27 months (3). She
developed jaundice and ascites. Liver biopsy con-
firmed diffuse advanced chronic cholestasis, moderate
portal and periportal inflammation, and bridging
necrosis. Her liver function tests normalized within
days of withdrawal of prochlorperazine.
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Quetiapine

General Information

The pharmacology, efficacy, and safety of quetiapine, an
atypical neuroleptic drug, have been extensively reviewed
(1). Quetiapine interacts with a broad range of neurotrans-
mitter receptors and has a higher affinity for serotonin
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(5-HT2A) receptors than dopamine (D2) receptors in the
brain. In a meta-analysis, quetiapine was as effective as
haloperidol with fewer extrapyramidal adverse effects (2).
Data from short-term clinical trials (6 weeks) suggest

that quetiapine may be useful for the management of
psychotic disorders in patients who do not tolerate the
adverse effects of the typical antipsychotic drugs or clo-
zapine (3). The most common adverse effects of quetia-
pine were dizziness, hypotension, somnolence, and weight
gain. Raised hepatic enzymes have also been reported. In
addition, two patients with idiopathic Parkinson’s disease
and psychosis were treated with quetiapine for 52 weeks
(4). Psychotic symptoms were successfully controlled
without worsening of motor disability.

Observational studies

A post-hoc analysis of the Spectrum trial, an international
open non-comparative study, sponsored by AstraZeneca
Pharmaceutical, has recently been published; this study
was purportedly carried out to evaluate improvements in
efficacy and tolerability gained by switching to quetiapine in
patients who had previously taken haloperidol (n ¼ 43),
olanzapine (n ¼ 66), or risperidone (n ¼ 55) (5). Switching
to quetiapine produced improvements from baseline in
Positive and Negative Syndrome Scale and in Calgary
Depression Scale for Schizophrenia scores. There were sig-
nificant reductions in extrapyramidal adverse effects on the
Simpson–Angus scale and Barnes Akathisia scale. Patients
who switched to quetiapine from haloperidol had a mean
weight gain of 2 kg, while those who switched from olanza-
pine had a mean loss of 1 kg and those who switched from
risperidone had a mean gain of 0.7 kg.
In seven patients with refractory schizophrenia taking

high-dose quetiapine 1200–2400 mg/day, there were mild
to marked improvements in positive symptoms, violent
behavior, behavioral disturbances, and sociability (6).
Sedation, orthostasis, dysphagia, and a nocturnal startle
reaction were reported and were responsive to dosage
reduction. Weight gain was 4.1 kg and there were no
significant electrocardiogram abnormalities.

Placebo-controlled studies

Quetiapine has been approved by the FDA as monother-
apy for the treatment of acute mania. It has been evalu-
ated in combination with lithium or divalproex in 191
patients who had recently been manic (7). After treat-
ment with quetiapine plus lithium or divalproex for 7–28
days, the patients were randomized to either additional
quetiapine or placebo and followed for 3 weeks more.
Early discontinuation was more frequent with placebo
than with quetiapine. The intention-to-treat population
included 81 taking quetiapine and 89 taking placebo.
The mean dose during the last week in patients taking
quetiapine was 504 mg/day. Patients taking quetiapine
had a greater improvement in the Young Mania Rating
Scale score (YMRS) than patients taking placebo. The
response rate (50% or greater improvement from base-
line using the YMRS) was significantly higher in the
group with added quetiapine than added placebo.

Common adverse events included somnolence, dry
mouth, weakness, and postural hypotension.
In 542 outpatients with bipolar I or II disorder experien-

cing a major depressive episode, who were randomly
assigned to 8 weeks of quetiapine (300 or 600 mg/day; n ¼
181 and n ¼ 180 respectively) or placebo (n ¼ 181), both
doses produced statistically significant improvement in
Montgomery–Asberg Depression Rating Scale (MADRS)
total scores compared with placebo from week 1 onward
(8). There were extrapyramidal symptoms in 8.9% of those
who took 600 mg/day, 6.7% of those who took 300 mg/day,
and 2.2% of those who took placebo. Patients who took
quetiapine 600 mg/day had a mean weight gain of 1.6 kg,
compared with 1.0 kg in those who took 300 mg/kg and
0.2 kg in those who took placebo.

Organs and Systems

Nervous system

Although quetiapine seems to cause a lower incidence of
extrapyramidal symptoms, a case of neuroleptic malig-
nant syndrome has been described (9).

� A 40-year-old man with chronic schizophrenia and
borderline intelligence presented with acute psychotic
decompensation. He had previously taken several dif-
ferent neuroleptic drugs and had had significant extra-
pyramidal symptoms but never neuroleptic malignant
syndrome. He was given quetiapine 25 mg bd, increas-
ing to 250 mg bd by day 13. He then had increasing
symptoms of restlessness, agitation, and episodic
sweating. Loxapine 25 mg and lorazepam 2 mg were
added. On day 14 he developed confusion, lead-pipe
muscle rigidity, a temperature of 38.2�C, a labile blood
pressure, tachypnea, and tachycardia; creatine kinase
activity was 18 354 IU/l and he had myoglobinuria.
Quetiapine was withdrawn and supportive treatment
was instituted. He recovered 5 days after withdrawal.

Two patients with schizophrenia who developed focal
tardive dystonia with atypical antipsychotic drugs (risper-
idone and olanzapine) had marked sustained improve-
ment when quetiapine was gradually introduced and the
other antipsychotic drugs were withdrawn; there was no
loss of control of psychotic symptoms (10).

Psychiatric

Two patients developed resistant auditory hallucinations
when taking quetiapine (11). One of these patients, a 39-
year-old woman who took 600 mg/day, developed mild
sedation, which resolved spontaneously by week 4.

Endocrine

The effects of haloperidol and quetiapine on serum pro-
lactin concentrations have been compared in 35 patients
with schizophrenia during a drug-free period of at least 2
weeks in a randomized study (12). There was no signifi-
cant difference in prolactin concentration between the
groups at the start of the study, and control prolactin
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concentrations were significantly lower with quetiapine
than haloperidol. No patients taking quetiapine had
galactorrhea.
Dose-dependent decreases in total T3 and T4 and free

T4, without an increase in TSH, have been reported
(13,14). Such changes have not been observed with other
neuroleptic drugs.

Long-Term Effects

Drug abuse

An unusual case of quetiapine abuse has been reported
(15).

� A 34-year-old woman with a history of polysubstance
dependence (alcohol, cannabis, and cocaine), depres-
sive episodes associated with multiple suicide attempts,
and borderline personality disorder, who had been
incarcerated after conviction on charges of physical
assault and possession of controlled substances, com-
plained of difficulty in sleeping, poor impulse control,
irritability, and depressed mood. She was given oral
quetiapine 600 mg/day. On one occasion, she crushed
two 300-mg tablets, dissolved them in water, boiled
them, drew the solution through a cotton swab, and
injected the solution intravenously. Apart from having
‘‘the best sleep I ever had’’ she described no dysphoric,
euphoric, or other effects. She admitted to previous
intranasal abuse of crushed quetiapine tablets.

Drug withdrawal

Incapacitatingquetiapinewithdrawal has been reported (16).

� A 36-year-old woman with rapid-cycling bipolar II dis-
order and premenstrual mood exacerbation was treated
as an out-patient with lamotrigine 400 mg/day, clonaze-
pam 0.5 mg tds, and quetiapine 100 mg/day. She gained
9 kg in 6 months and was advised to reduce the dose of
quetiapine to 50 mg/day. After 1 day, she reported nau-
sea, dizziness, headache, and anxiety severe enough to
preclude normal daily activities. She was instructed to
take quetiapine 75 mg/day, but her symptoms continued
and only resolved when she took 100 mg/day. Slower
reduction in the dose of quetiapine (by 12.5 mg/day
every 5 days) with an antiemetic, ondansetron, also
failed. On a third attempt, prochlorperazine successfully
reduced her withdrawal symptoms, although moderate
nausea persisted for 2 days after complete withdrawal.

No other medications were changed, so quetiapine with-
drawal was the most likely explanation for the symptoms
in this case.

Drug-Drug Interactions

Selective serotonin reuptake inhibitors (SSRIs)

Escitalopram

Among the atypical antipsychotic drugs available in
Europe, quetiapine seems to be associated with less

weight gain. However, severe weight gain can occur and
has been reported in a supposed interaction with escita-
lopram (17).

� A 16-year-old adolescent girl was given quetiapine for
a first psychotic episode for 5 months and had no
weight gain. Because her depressive symptoms were
pronounced after remission of her psychotic symp-
toms, she was given escitalopram and had a dramatic
increase in weight (8 kg over 1 month). Quetiapine was
replaced by amisulpride and there was a transient fall
in weight. However, severe psychotic symptoms led to
reintroduction of quetiapine, and her weight again rose
dramatically (8 kg over 1 month). Withdrawal of esci-
talopram and replacement by topiramate was followed
by weight stabilization.

The authors did not propose a mechanism for this
supposed interaction.

Fluvoxamine

Concomitant administration of quetiapine and fluvoxa-
mine reportedly caused neuroleptic malignant syndrome
(18).

� A 57-year-old man with major depression took fluvox-
amine 150 mg/day for 1 year with no adverse effects
and in remission stopped taking it. He later developed
agitation and was given risperidone, and then, because
of extrapyramidal symptoms, quetiapine 150 mg/day.
However, 2 months later he again became depressed
and fluvoxamine 100 mg/day was added. After 10 days
of he stopped eating and drinking and developed mus-
cle rigidity. On day 13 he had a fever, severe extrapyr-
amidal symptoms, a high blood pressure, and a
tachycardia, and was becoming stuporose. He had a
raised creatine kinase activity (7500 IU/l) and leuko-
cyte count (13 x 109/l). All psychotropic drugs were
stopped and he was given dantrolene by intravenous
infusion. His symptoms gradually improved.

The authors suggested that since the doses of quetiapine
and fluvoxamine were relatively low and since they are
metabolized by different CYP isozymes, this was prob-
ably not a pharmacokinetic interaction. Instead, they
suggested that it may have been caused by dopamine–
serotonin disequilibrium.
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Risperidone

General Information

Risperidone is an atypical benzisoxazole neuroleptic
drug. It is a dopamine D2 receptor antagonist, with

antagonistic actions at 5-HT2 receptors, alpha-adrenocep-
tors, and histamine H1 receptors.

Observational studies

In a Prescription Event Monitoring study of the safety of
risperidone in 7684 patients treated in general practice,
information on risperidone prescriptions issued to
patients in England was gathered between July 1993 and
April 1996 (1). After 6 months, 76% of the patients for
whom data were available were still taking risperidone.
Drowsiness/sedation was the most frequent reason for
stopping risperidone and the most frequently reported
event (4.6 cases per 1000 patient-months).
Extrapyramidal symptoms were rarely reported, the inci-
dence being 3.2 per 1000 patient-months; they were more
frequent in elderly patients (7.8 per 1000 patient-months).
There were only four reports of dyskinesias and one
report of tardive dyskinesia, which resulted in withdrawal
of risperidone. Eight overdoses of risperidone alone were
reported, with no serious clinical sequelae. Nine patients
took risperidone during ten pregnancies, with seven live
births and three early therapeutic terminations. There
were no abnormalities among the live births.
Long-term data on the efficacy and tolerability of ris-

peridone are scant, as most of the clinical trials have been
of short duration (no longer than 12 weeks). However,
some additional data from open studies have emerged. In
one study, 386 patients with chronic schizophrenia took
risperidone 2–16 mg/day for up to 57 weeks; 247 patients
were treated for at least 1 year (2). All but 48 patients
(88%) had been treated with antipsychotic drugs before
entering the study. At the end of the study, 64% of the
patients were rated as having improved on the Clinical
Global Impression change scale, and extrapyramidal
symptoms (scored on the Extrapyramidal Symptom
Rating Scale, ESRS) tended to be lower in severity or
remained unchanged over the course of risperidone treat-
ment; 27% of the patients required antiparkinsonian
medication during the study, and 6.5% discontinued treat-
ment prematurely because of adverse events. One or
more adverse events were reported by 221 patients
(57%) during risperidone treatment. Extrapyramidal
symptoms occurred in 23%. Insomnia and anxiety were
reported by 13% and 12% of patients. Two patients died
during the 1-year study: one patient drowned and another
committed suicide by hanging after 3.5 months. At the
end of the study the mean increase in body weight was
1.8 kg.
In a retrospective study of 97 patients taking risperi-

done, under 30% of the patients were still taking risper-
idone after a mean period of follow-up of 102 (range 13–
163) weeks (3). Reasons for discontinuation included not
achieving the desired therapeutic effect (n = 39), non-
compliance (n = 22), adverse effects (n = 26), the
patient’s not liking the drug and requesting a change to
a different medication (n = 17), and symptom remission
(n = 6). The authors stated that in routine clinical prac-
tice, the use of risperidone is plagued by many of the same
problems of older antipsychotic drugs.
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The efficacy and safety of risperidone have been exam-
ined in special groups of patients, such as those with
psychotic depression (4), autistic disorders (41), bipolar
disorder (5), mental retardation (6), and children and
adolescents (7).
Patients with bipolar disorders may benefit from risper-

idone. This has been observed in an open trial of ten
patients with rapid cycling bipolar disorder who were
refractory to lithium carbonate, carbamazepine, and
valproate; eight improved after 6 months of treatment.
One patient dropped out through non-adherence to ther-
apy and one because of adverse effects (agitation, anxiety,
insomnia, and headache) (5). There was a similar bene-
ficial effect in eight adults with moderate to profound
mental retardation (6). Risperidone was associated with
a significant reduction in aggression and self-injurious
behavior, whereas adverse effects were primarily those
of sedation and restlessness.
Eight of a heterogeneous group of eleven children and

adolescents (mean age 9.8, range 5.5–16 years) with mood
disorders and aggressive behavior, improved with a low
dose of risperidone (0.75–2.5 mg/day) (7). Treatment was
stopped in two children because of drowsiness; the most
bothersome adverse effect of risperidone was weight gain
in two cases (mean increase 4 kg).
The medical records of 151 hospitalized elderly psy-

chiatric patients (mean age 71 years) have been analysed
(8). Of 114 patients treated with risperidone (mean dura-
tion of treatment 17 days; mean dose 3 mg/day), 78%
responded. Adverse events were reported in 20 patients,
including new-onset extrapyramidal effects in four; tre-
mor in four; sedation in three; hypotension in three; diar-
rhea in two; tardive dyskinesia in two; and chest pain,
anxiety, restlessness, itching, insomnia, and falls in one
each.
A review of both core information and new findings

concerning risperidone concluded that it can be asso-
ciated with transient drowsiness (probably no greater
than that observed with haloperidol), postural hypoten-
sion (which is avoided by dose titration), weight gain,
reduced sexual interest, and erectile dysfunction.
Risperidone can also cause dose-dependent hyperprolac-
tinemia (which can cause amenorrhea, sexual dysfunction,
and galactorrhea). Risperidone tends not to cause extra-
pyramidal signs at therapeutic doses (the optimal dose
being 6 mg/day) but they do occur dose-dependently (9).
In an 8-week open prospective study of risperidone in

20 patients, mean age 34 (range 19–53) years, adverse
effects included giddiness (n = 3), headache (n = 2), and
agitation (n = 2); one woman reported galactorrhea and
another developed obsessive-compulsive symptoms; 16 of
20 patients were taking antiparkinsonian drugs before the
study, compared with 12 patients at the end (10).
Objections have been raised on the ways in which some

clinical trials are interpreted (11). Furthermore, it has
been stated that a major problem with the risperidone
literature is that the original data can be very difficult to
decipher or even obtain. Huston and Moher have
described their frustration in trying to perform a meta-
analysis of the effects of risperidone; they found ‘‘obvious

redundancy in the results of a single-center trial being
published twice,’’ as well as problems with ‘‘changing
authorship, lack of transparency in reporting, and fre-
quent citation of abstracts and unpublished reports’’
(12). These concerns were reiterated in an editorial (13).
In a prospective, 6-week open trial in 31 Chinese

patients with acute exacerbation of schizophrenia, risper-
idone doses were titrated to 6 mg/day (if tolerated) over 3
days, but were reduced thereafter if adverse effects
occurred (14). Efficacy and adverse effects were assessed
on days 0, 4, 14, 28, and 42. End-point steady-state plasma
concentrations of risperidone and 9-hydroxyrisperidone
were analysed. Of the 30 patients who completed the
trial, 17 tolerated the 6 mg dose well, while the other 13
received lower final doses (mean 3.6 mg) for curtailing
adverse effects. At end-point, 92% of the 13 low-dose
patients had responded to treatment (a 20% or more
reduction in the total score on the Positive and Negative
Syndrome Scale), compared with 53% of the 17 high-dose
subjects. There were no significant between-group differ-
ences in other minor efficacy measures. End-point plasma
concentrations of the active moieties (risperidone plus 9-
hydroxyrisperidone) were 40 ng/ml in the low-dose group
and 50 ng/ml in the high-dose group; this difference was
not significant, suggesting that the different responses
were pharmacokinetic in origin. The results of this pre-
liminary trial suggest that up to 6 mg/day of risperidone is
efficacious in treating patients with an acute exacerbation
of schizophrenia. Nearly 60% of the patients tolerated
6 mg/day; in the others, reducing the dosage to relieve
adverse effects still yielded efficacy.
The efficacy and safety of long-term risperidone have

been assessed in children and adolescents (n = 11) in a
prospective study (15). Subjects with autism or pervasive
developmental disorder not otherwise specified took ris-
peridone for 6 months, after which their parents were
given the option of continuing for a further 6 months.
Weight gain was common, although the rate of increase
abated with time. After 6 months two patients developed
facial dystonias, which disappeared after reducing the
dosage in one case and after withdrawal in the other.
Amenorrhea was also observed, but there were no
changes in liver function, blood tests, or electroencepha-
lography. The authors concluded that risperidone may be
effective and relatively safe in the long-term treatment of
behavioral disruption in autistic children and adolescents.
Youths with behavioral disorders (16,17), and patients

with disturbing neuroleptic drug-induced extrapyramidal
symptoms (18) have been studied. Ten youths (aged 6–14
years) were randomly assigned to receive placebo and 10
to receive risperidone (0.75–1.50 mg/day) for conduct dis-
order in a preliminary study lasting 10 weeks (16). Of
those assigned to risperidone, six completed the course;
three completed placebo. Those who took risperidone
were significantly less aggressive during the last weeks
of the study than those who did not. Eight youths who
took risperidone and four who took placebo had at least
one adverse effect, including increased appetite (n = 3 for
risperidone), sedation (n = 3 for risperidone; n = 2
for placebo), headache (n = 1 for risperidone; n = 1 for
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placebo), insomnia (n = 1 for risperidone), restlessness
(n = 1 for risperidone), irritability (n = 1 for risperidone),
enuresis (n = 1 for placebo), and nausea/vomiting (n = 1
for risperidone; n = 1 for placebo). These adverse effects
were mild and transient.
There was marked reduction in aggression in 14 of 26

subjects (10–18 years old) in an open study of risperidone
(0.5–4 mg/day) for 2–12 months (17). Two subjects had
marked weight gain (8 and 10 kg) in the first 8 weeks;
another participant who took lithium (1400 mg/day,
serum concentration 0.9 mmol/l) presented with moder-
ate akathisia and hand tremor; in seven, tiredness and
sedation occurred after week 8.

Observational studies

A prospective open study of the effects of risperidone
(mean dose 1.8 mg/day) has been carried out in 21 sites
across Canada in 108 patients (mean age 44 years) with
bipolar I disorder, with manic or mixed episodes (19). The
usual mood stabilizers and antidepressants, but no other
antipsychotic drugs or newer generation anticonvulsants,
were permitted during the 12-week study. There were
significant reductions in manic and depressive symptoms,
as measured by conventional scales (Young Mania Rating
Scale). The antimanic effect was observed from week 1
on: mean baseline score 28 (n ¼ 107); mean change from
baseline on week 1, –11 (n ¼ 103); week 3, –18 (n ¼ 92);
week 12, –23 (n ¼ 77). There were 15 serious unspecified
adverse events in nine patients, resulting in five dropouts;
adverse events that occurred in at least 10% of the
patients included headache (24%), depression (15%),
fatigue (13%), nausea (12%), constipation (10%), and
diarrhea (10%); 27% developed at least one of the fol-
lowing extrapyramidal symptoms: dyskinesia, dystonia,
hyperkinesia, involuntary muscle contractions, and tre-
mor; none developed tardive dyskinesia. At week 12
there was weight gain of 2.4 kg among completers; and
21 had a weight gain of at least 7% during the study.
Risperidone has also been used in combination with

topiramate in a Spanish multicenter study in 58 patients
(28 men and 30 women; mean age 41 years) with bipolar I
disorder, with manic but not mixed episodes (20).
Risperidone (mean dose 2.7 mg/day) and topiramate
(mean dose 236 mg/day) were started with a maximum
48-hour time difference; risperidone was used for acute
manic symptoms and topiramate for longer-term stabili-
zation and prevention of relapse. The incidence of any
adverse event was 64%, mostly somnolence, paresthesia,
dizziness, tremor, weight loss (n ¼ 27; mean change –
1.1 kg), extrapyramidal disorders, gastrointestinal effects,
and cognitive disturbances. One patient developed tard-
ive dyskinesia during the study and there were five drop-
outs because of adverse effects; adverse effects that
required withdrawal of risperidone but not topiramate
were amenorrhea (n ¼ 3) and sexual dysfunction (n ¼ 1).
In 21 Turkish children and adolescents with conduct

disorder (17 boys and 4 girls; mean age 11 years), the
mean dose of risperidone at the 8-week endpoint was
1.27 mg/day (21). There were significant improvements

in several symptoms, including inattention and hyperac-
tivity/impulsivity. There was mild and transient sedation
at the beginning of the study in all patients, and a mean
increase in sleep duration of 0.9 hours (range 0–3 hours).
There were no extrapyramidal symptoms or other severe
adverse events.
Several symptoms of dementia can be improved by

risperidone. In 18 patients with Alzheimer’s disease (no
sex or age data reported), delusions of theft, hallucina-
tions, and agitation/aggression improved significantly
after 12 weeks of treatment (22). The modal optimal
dosage was 1 mg/day, the same already suggested for
this pathology (SEDA-26, 64). There were mild extrapyr-
amidal symptoms at some point during the trial in one
patient.
Risperidone has been used in children with severe dis-

ruptive behavior disorders (SEDA-27, 62; SEDA-28, 74).
In 107 children, aged 5–12 years (86 boys) who entered a
48-week open study and received risperidone (mean dose
1.5 mg/day) there were significant improvements in con-
duct at 4 weeks. The most common adverse events were
somnolence (n ¼ 35), headache (n ¼ 35), rhinitis (n ¼ 30),
and weight gain (n ¼ 22; mean increase from baseline
5.5 kg, half attributable to developmentally expected
growth) (23). Adverse events led to dropouts in 11
patients; they were mainly weight gain (n ¼ 4), depression
(n ¼ 3), and suicide attempts (n ¼ 2); other reasons for
dropouts were loss to follow-up (n ¼ 15), consent with-
drawal (n ¼ 12), insufficient response (n ¼ 11), and non-
adherence to therapy (n ¼ 7). Although uncontrolled
extrapyramidal symptoms were an exclusion criterion,
there were no significant adverse extrapyramidal effects,
and vital signs, cognition, and laboratory analyses were
not found except for transient increases in prolactin con-
centrations at week 4 (maximum of 28 ng/ml in boys and
24 ng/ml in girls).
In a 6-week open study in 146 Chinese in-patients,

risperidone was titrated to 6 mg/day within 7 days; 29
patients withdrew prematurely (24). Higher risperidone
doses did not appear to have greater efficacy in treating
acute schizophrenia and were related to more severe
adverse effects.
In another study only 38 patients out of 79 with chronic

schizophrenia completed 52 weeks of treatment with ris-
peridone; the most common dose was 6 mg/day (25).
In a two-phase long-term multicenter study in 74

patients (mean age 30 years; 56 men), the starting dose
of risperidone was 1 mg/day, increased to 2 mg after 3
days and adjusted to 8 mg/day maximum; treatment dura-
tion was 2 weeks for phase 1 (mean dose at the end
3.8 mg/day) and 1 year for phase 2 (mean dose at the
end 3.5 mg/day) (26). Of 12 patients who did not com-
plete phase 1, two had adverse events (agitation, somno-
lence, and self-harm); there were nine dropouts during
phase 2, but none was apparently due to adverse events.
In a review based on the Medline and PsycINFO data-

bases from 1999 to 2002, six articles focusing on the issue
of adherence to therapy in schizophrenia and two meta-
analyses of depot typical antipsychotic agents in schizo-
phrenia were identified (27). The usual adverse effects
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were often reasons for non-adherence. Clinicians’ fear of
managing adverse effects such as acute dystonia or neu-
roleptic malignant syndrome, which can be prolonged
with long-acting agents, were also related to non-adher-
ence. However, according to this review, with proper
dosing these agents do not increase the occurrence of
adverse events compared with their oral counterparts.
Extrapyramidal symptoms were the most significant com-
plications of typical neuroleptic drug therapy; parkinson-
ism was a generally irreversible long-term complication.
Some studies have suggested that, among other factors,
patients who receive depot neuroleptic drugs are at
increased risk of extrapyramidal symptoms, with
Parkinsonism over the short term being indistinguishable
from negative symptoms and tardive dyskinesia being
usually irreversible.
In a 6-month multicenter study in 96 manic patients

(mean age 41 years; 50% women) who took risperidone
monotherapy 4.2 mg/day, 16 withdrew from the study, in
four cases because of adverse events: akathisia, impo-
tence, drowsiness, and weight gain (28).

Comparative studies

In a 1-year randomized comparison of risperidone (mean
age 39 years; 236 men; n ¼ 349) and conventional neuro-
leptic drugs (mean age 38 years; 231 men; n ¼ 326),
risperidone produced statistically superior scores on the
Positive and Negative Syndrome Scale for Schizophrenia,
Barnes Akathisia Scale, and 36-Item Short Form Health
Survey scale; however, there was no statistically signifi-
cant difference in resource utilization between the two
groups (29). This study, the Risperidone Outcome Study
of Effectiveness (ROSE), was supported by Janssen, the
market authorization holder of risperidone.

Risperidone versus haloperidol

In a randomized comparison of risperidone (mean dose
4.4, range 1–12, mg/day; n ¼ 21) and haloperidol (mean
dose 11, range 2–20, mg/day; n ¼ 20) in patients with
schizophrenia, tremor and rigidity were the most frequent
adverse effects in both groups (risperidone—tremor, 8;
rigidity, 6; haloperidol—tremor, 13; rigidity, 10) (30).
There was akathisia in two patients taking haloperidol
and in none taking risperidone. The higher incidence of
extrapyramidal symptoms in patients receiving haloperi-
dol might have been partly explained by the relatively
higher doses that were used. Serum prolactin concentra-
tions increased significantly in both groups after 8 weeks:
42 ng/ml with risperidone and 41 ng/ml with haloperidol.
In a double-blind, randomized, controlled, flexible-

dose trial of the Early Psychosis Global Working Group,
555 patients (mean age 25 years; 71% men; median treat-
ment length 206 days) with first-episode psychosis were
assigned either to haloperidol (n ¼ 277; mean modal dose
2.9 mg/day) or risperidone (n ¼ 278; mean modal dose
3.3 mg/day). Haloperidol caused significantly more fre-
quent and severe extrapyramidal symptoms (mainly
emergent dyskinesia, parkinsonism, parkinsonian dysto-
nia, and akathisia) associated with more concomitant
medication (mainly anticholinergic drugs and

benzodiazepines) (31). In contrast, risperidone caused
significantly more weight gain than haloperidol at month
3 (4.6 versus 3.5 kg) but not at the end point (7.5 versus
6.5 kg); risperidone caused higher prolactin concentra-
tions (women, n ¼ 73, mean 74 ng/ml; men, n ¼ 185,
mean 34 ng/ml) than haloperidol (women, n ¼ 71, mean
48 ng/ml; men, n ¼ 178, mean 22 ng/ml) (reference pro-
lactin concentrations in women < 25 ng/ml, in men <
18 ng/ml); haloperidol caused hyperprolactinemia in one
patient and risperidone caused it in 14; risperidone also
caused galactorrhea (n ¼ 6), gynecomastia (n ¼ 3), and
moderate hyperglycemia (n ¼ 1).
Similarly, risperidone caused extrapyramidal symptoms

in fewer patients (24%) than haloperidol did (43%) in a
two-phase study in patients with acute bipolar mania
(phase I, 3 weeks, patients receiving either risperidone
1–6 mg/day, haloperidol 2–12 mg/day, or placebo (32).
Plasma prolactin concentration was higher with risperi-
done (no data provided); prolactin-related adverse events
included non-puerperal lactation, breast pain, dysmenor-
rhea, and reduced libido or sexual dysfunction; these
effects occurred in six patients on risperidone (4%) and
in two on haloperidol (1.3%).

Risperidone versus olanzapine

Several adverse events, including one death (no further
information provided), have been described with risper-
idone in a study in which elderly patients with schizophre-
nia (mean age 70 years) were randomly assigned to
risperidone (n ¼ 32) or olanzapine (n ¼ 34) for 4 weeks
(33).

Placebo-controlled studies

Patients with bipolar disorder may benefit from risperi-
done, but this conclusion has mostly come from open
studies with small sample sizes (SEDA-23, 69).
Experience with risperidone has been reviewed with
data from Canadian studies (34).
In a 6-week open study of risperidone (mean dosage

4.7 mg/day) in combination with mood-stabilizing treat-
ments (usually lithium, carbamazepine, or valproate) for
the treatment of schizoaffective disorder in 102 patients,
95 of whom completed the trial, at week 4 most patients
had improved symptom severity and 9.3% were comple-
tely symptom-free (35). There were no statistically signif-
icant differences between baseline and week 4 in the
severity of extrapyramidal symptoms, as measured by
the UKU Side-Effect Rating Scale subscale for neurolo-
gical adverse effects; other adverse effects included
depressive symptoms (n = 13), exacerbation of mania
(n = 5), drowsiness (n = 3), and impotence (n = 2).
The efficacy and safety of risperidone (mean dose 2.9,

range 1.5–4 mg/day) have been examined in a double-
blind, randomized, parallel-group, 6-week study of the
treatment of aggression in 35 adolescents with a primary
diagnosis of disruptive behavior disorder and subaverage
intelligence (36). Risperidone significantly improved
aggression, and extrapyramidal symptoms were absent
or very mild; there was transient tiredness in 11 of the
19 drug-treated subjects compared with one of the 16
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placebo-treated subjects; other adverse effects were sia-
lorrhea (n = 4 for risperidone, n = 0 for placebo), nausea
(n = 3 for risperidone, n = 0 for placebo), and weight gain
(mean of 3.5% of body weight with risperidone). There
were no clinically important changes in laboratory para-
meters, electrocardiography, heart rate, or blood pres-
sure.
In a double-blind, placebo-controlled study of the addi-

tion of low-dose risperidone (mean dosage 2.2 mg/day) to
a 5-HT re-uptake inhibitor in refractory obsessive-com-
pulsive disorder in 70 adults, 18 of 20 risperidone-treated
patients had at least one adverse effect (37). The adverse
effects in both groups included sedation (n = 17 for ris-
peridone, n = 8 for placebo), increased appetite (6 and 3),
restlessness (6 and 6), and dry mouth (5 and 5).
The results of two major controlled clinical trials of

risperidone in patients with dementia were not conclu-
sive, but risperidone was more effective than placebo in
agitated and demented patients (SEDA-25, 68). The long-
term data have been reviewed and they suggest that
although in the two pivotal previous comparisons of ris-
peridone with placebo the risk of adverse events was
similar in the two groups when risperidone was given in
the optimal dosage (1 mg/day), during a 12-month open
extension of these studies, the incidence of de novo tard-
ive dyskinesia was very low, and there were no clinically
important adverse events or changes in vital signs or
laboratory signs (38).
Risperidone has been used in bipolar disorder, demen-

tia, disruptive behavior disorder with subaverage intelli-
gence, Tourette’s syndrome, and autism (SEDA-23, 69)
(SEDA-25, 67) (SEDA-26, 64). The efficacy and safety of
low doses of risperidone in the treatment of autism and
serious behavioral problems have been studied in 101
children aged 5–17 years with autistic disorder accompa-
nied by severe tantrums, aggression, or self-injurious
behavior, who were randomly assigned to risperidone
for 8 weeks (n = 49; dosage 0.5–3.5 mg/day) or placebo
(n = 52) (39). Risperidone produced a 57% reduction in
the Irritability Score, compared with a 14% reduction in
the placebo group; all other parameters were also signifi-
cantly improved. Risperidone was associated with an
average weight gain of 2.7 kg, compared with 0.8 kg
with placebo; increased appetite, fatigue, drowsiness, diz-
ziness, and drooling were more common with risperidone.
In two-thirds of the children with a positive response to
risperidone at 8 weeks, the benefit was maintained at 6
months.

Risperidone was also effective and well tolerated in 118
children aged 5–12 years with subaverage intelligence and
severely disruptive behavior in a 6-week, multicenter,
double-blind, randomized trial (40). Risperidone pro-
duced significantly greater improvement than placebo
on the conduct problem subscale of the Nisonger Child
Behavior Rating Form from week 1 (respective reduc-
tions in score of 15 and 6). The most common adverse
effects of risperidone (mean dose at end-point 1.16 mg/
day) were headache and somnolence; the extrapyramidal
symptom profile of risperidone was comparable to that of
placebo, and there were respective mean weight increases
of 2.2 and 0.9 kg.
Adults with autistic disorder (n = 17) or pervasive

developmental disorder not otherwise specified (n = 14) par-
ticipated in a randomized, 12-week, double-blind, placebo-
controlled trial of risperidone (41). Among those who com-
pleted the study, risperidone (n = 14) was superior to pla-
cebo (n = 16) in reducing the symptoms of autism, and the
most prominent adverse effect was mild transient sedation
during the initial phase of drug administration. Abnormal
gait was reported in one patient taking risperidone.
According to a thorough review, risperidone is more

effective than placebo in patients with dementia (42).
Nevertheless, the results of the two major controlled clin-
ical trials have not been conclusive (see Table 1). There
was no statistical difference between the treatments in the
first study, although there was in the second; extrapyra-
midal symptoms were notably more common with risper-
idone. In both studies, there was a high rate of placebo
response, which implies that these patients responded
favorably to the increased care that is given during a
clinical trial. Long-term data in patients with dementia
are lacking, but they are crucial in identifying tardive
dyskinesia.
In a 9-week double-blind, randomized, placebo-con-

trolled study, subjects were assigned to either risperidone
(n ¼ 14, 13 men and 1 woman; mean age 42 years; dose
titrated upwards up to 2 mg/day) or to placebo (n ¼ 9, 6
men and 3 women; mean age 39 years) (43). Adverse
effects were reported in seven subjects who took risper-
idone, including dry mouth, tiredness, weakness, reduced
sexual arousal and delayed ejaculation, and a mild dys-
tonic reaction. However, five placebo-treated subjects
also reported adverse effects, which might have been
due to the strong tendency of these patients to become
somatically preoccupied. There were no group differences
in dropout rates due to adverse effects.

Table 1 The results of two 12-week, randomized, double-blind studies of risperidone in elderly patients with behavioral symptoms

associated with dementia (28,29)

Mean age (years) Number Dose (mg/day) Response (%) Extrapyramidal symptoms (%)

81 344 Risperidone (1.1) 54 15

Haloperidol (1.2) 63 22

Placebo 47 11

83 625 Risperidone (1) 45 13

Risperidone (2) 50 21

Placebo 33 7.4
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Patients with post-traumatic stress disorder may also
benefit from risperidone. In a randomized study in 40
male Vietnam combat veterans, 37 completed at least 1
week of treatment, of whom 19 took risperidone and 18
took placebo; their mean ages were 51 and 54 years
respectively (44). The dose of risperidone was individu-
ally adjusted (maximum 6 mg/day); the mean dose at
endpoint was 2.5 mg/day. Risperidone was generally
well tolerated; adverse effects included only mild akathi-
sia in one patient taking 3 mg/day and gastrointestinal
effects in one patient taking 4 mg/day; no patient with-
drew because of adverse effects.
Irritable aggression and intrusive thoughts in post-trau-

matic stress disorder are reduced by low-dose risperidone
as adjunctive therapy, according to the results of a dou-
ble-blind, randomized trial in 16 male combat veterans,
who took either risperidone (n ¼ 7; mean age 49 years) or
placebo (n ¼ 8; mean age 54 years) for 6 weeks; one
subject taking risperidone dropped out because of urinary
retention (45). Concurrent antidepressant medication and
anxiolytic drugs were allowed in both groups.
Risperidone also appears to be safe and effective in the

short-term treatment of tics in children or adults with
Tourette syndrome, according to the results of a rando-
mized, double-blind study in 34 subjects (mean age 20,
range 6–62 years), of whom 26 were children (25 boys and
1 girl; mean age 11, range 6–18 years) (46). After 8 weeks
of treatment (mean dose 2.5 mg/day; maximum 4 mg/day
for adults and 3 mg/day for children), those who took
risperidone had significant improvements in tic severity,
as evidenced by a 32% drop in the Yale Global Tic
Severity Scale total score. Furthermore, 12 children ran-
domized to risperidone had a 36% reduction in tic symp-
toms compared with an 11% reduction in the 14 children
who took placebo. The most frequent adverse effects with
risperidone were: increased appetite (n ¼ 7), fatigue (n ¼
6), sedation (n ¼ 3), foggy thinking (n ¼ 2), blurred vision
(n ¼ 2). In and acute social phobia (which might be also
diagnosed as panic attack) (n ¼ 2); the last of these was
managed by dosage reduction in one subject but required
treatment withdrawal in the other. Two men had sexual
adverse effects (either erectile difficulties or reduced
libido); both improved with dosage reduction. There was
a mean weight gain of 2.8 kg.
In a multicenter, randomized, double-blind, 12-week

trial in Australia and New Zealand, 384 patients with
dementia, mainly Alzheimer’s disease, were initially
enrolled and received at least one dose of risperidone (n
¼ 167; 71% women; mean age 83 years; modal dose
0.99 mg/day) or placebo (n ¼ 170; 72% women; mean
age 83 years) (47). Clinical improvement in aggression
and psychotic symptoms was evidenced by means of spe-
cific scales; 45 subjects taking risperidone and 56 taking
placebo did not complete the trial, mainly because of
insufficient responses and adverse effects. In the whole
sample there was a high prevalence and variety of adverse
events (94% of those taking risperidone and 92% of those
taking placebo), mainly injuries, falls, somnolence, and
urinary tract infections; however, only the last two were
more common in those taking risperidone than in those

taking placebo. A total of 39 patients taking risperidone
group (23%) and 36 (21%) taking placebo had at least
one severe adverse effect, including cerebrovascular
events (9% with risperidone, n ¼ 15; 1.8% with placebo,
n ¼ 3). Ten patients (3.6% with risperidone, n ¼ 6; 2.4%
with placebo, n ¼ 4) died during the course of the trial,
pneumonia and stroke being the most frequent causes
(three due to pneumonia and two to stroke in the risper-
idone group; one due to pneumonia in the placebo
group). Nevertheless, the investigators considered that
relations between risperidone and adverse events that
led to death were doubtful or non-existent.
In a multicenter, double-blind, 3-week study, 259

patients with an acute episode of mania were randomly
assigned to risperidone (mean age 38 years; 71 men; n ¼
134; mean modal dose 4.1 mg/day) or placebo (mean age
40 years; 76 men; n ¼ 125) (48). Improvement in the mean
Young Mania Rating Scale total score (adjusted for co-
variates) was significantly greater with risperidone than
placebo at the end-point. The rates of withdrawal due to
adverse events were similar in the two groups (risperi-
done n ¼ 10, placebo n ¼ 7). The most common serious
adverse events were manic reactions (risperidone n ¼ 10,
placebo n ¼ 6), agitation (risperidone n ¼ 3, placebo n ¼
0), and two accidental deaths in the placebo group.
Adverse events that occurred in more than 10% of
patients were somnolence (risperidone n ¼ 38, placebo n
¼ 9), hyperkinesia (risperidone n ¼ 21, placebo n ¼ 6),
headache (n¼ 19 in both groups), dizziness (risperidone n
¼ 15, placebo n ¼ 11), dyspepsia (risperidone n ¼ 15,
placebo n ¼ 8), and nausea (risperidone n ¼ 15, placebo n
¼ 3). Risperidone significantly increased the total score in
the Extrapyramidal Symptom Rating Scale from baseline
to end-point (baseline 1.2; change 0.6). Risperidone
increased plasma prolactin concentrations in both men
and women and five patients had at least a 7% weight
gain.
In a 12-week, double-blind, randomized, placebo-con-

trolled study in 40 patients with treatment-resistant schi-
zophrenia (funded by Johnson & Johnson Pharmaceutical
Research & Development), the addition of risperidone to
clozapine improved overall symptoms and positive and
negative symptoms (49). The adverse events profile of
clozapine þ risperidone was similar to that of clozapine
þ placebo. Clozapine þ risperidone did not cause addi-
tional weight gain, agranulocytosis, or seizures compared
with clozapine þ placebo. All the patients completed 12
weeks of treatment; however, the small sample size pre-
cluded definitive conclusions.
From an initial sample of 36 patients with autism

spectrum disorder (aged 5–17 years) who started an 8-
week open study with risperidone, responders continued
treatment for another 16 weeks (n ¼ 26); two children
withdrew because of unacceptable weight gain and the
other 24 entered a double-blind withdrawal phase and
were assigned to either risperidone (n ¼ 12) or placebo
(n ¼ 12). Increased appetite and weight gain were the
most important adverse events (mean increase 5.7 kg
during 6 months, expected developmental weight gain
2.4 kg) (50).
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In a two-phase placebo-controlled study with an initial
sample of 45 patients, 39 of whom completed the study,
the addition of low doses of risperidone (0.5 mg/day)
appeared to improve symptoms in patients with obses-
sive–compulsive disorder taking fluvoxamine monother-
apy (51). The main adverse events included transient
sedation and mildly increased appetite.
Of 65 men (mean age 52 years) with post-traumatic

stress disorder randomized to risperidone (n ¼ 33) or
placebo (n ¼ 32) in a 4-month double-blind study sup-
ported by the Janssen Research Foundation, 22 and 26
patients respectively completed the study (52). There
were no significant differences in weight.
The success of masking procedures in double-blind

studies has recently been studied by the Research Units
on Pediatric Psychopharmacology Autism Network fol-
lowing an 8-week placebo-controlled trial of risperidone
in 101 autistic children (aged 5–17 years) (53). Clinicians
attributed improvement to risperidone and lack of
improvement to placebo, whether the child was taking
risperidone or placebo; in contrast, the parents attributed
improvement to risperidone only in the placebo group.
Although the parents reported that adverse events influ-
enced their guesses, the presence of adverse events was
not associated with correct guesses. Adverse events there-
fore did not threaten the blindness of the study.

Organs and Systems

Cardiovascular

Cardiac arrest was attributed to risperidone in a patient
with no history of cardiac disease (56).
The possible association of risperidone with QTc inter-

val prolongation is controversial (SEDA-24, 54). There
were no significant changes in 73 patients with schizo-
phrenia (mean age 34 years; 59% men) who took risper-
idone for 42 days (mean dose 3.7, range 4–6 mg/day) (57).
One of two children aged 29 and 23 months with autis-

tic disorder developed a persistent tachycardia and dose-
related QTc interval prolongation while taking risperi-
done (58).
Cardiotoxicity of risperidone has recently been dis-

cussed (59) in the light of a death in a patient taking a
therapeutic dose (SEDA-22, 68).
Acute massive pulmonary thromboembolism has been

attributed to olanzapine in two patients (60):

� a 64-year-old woman taking bromperidol chronically,
who also took risperidone (last dose 6 mg) for 40 days
before the event;� a 48-year-old woman who took risperidone for 6 days
(last dose 2 mg).

The first patient died and the second survived. In the
same series from a Japanese Emergency Center, seven
patients (two men and five women, aged 23–70) who took
chlorpromazine, levomepromazine, or propericiazine also
had thromboembolic disorders; none of them had any
known risk factor for thrombotic disease. Suggested
mechanisms are: reduced movement at night as a

consequence of the sedative effect of neuroleptic drugs
(symptoms developed in all cases in the early morning);
an effect of anticardiolipin antibodies, which can occur in
some patients taking phenothiazines; or increased 5HT2A-
induced platelet aggregation.
The debate about the need to restrict drug therapy in

relation to the risk of cardiovascular events is open, and
some authors have already expressed agreement (61) or
disagreement about it (62), as well as pointing to the need
for individual patient meta-analyses and significant
changes to clinical trial methods in order to better assess
the effectiveness, in contrast to the efficacy, of risperidone
and other drugs in dementia (63).
Hypotension has been associated with risperidone (see

Drug formulations below).

Nervous system

Seizures

Stuttering, a rare adverse effect of neuroleptic drugs, is
thought to be a harbinger of seizures. Stuttering without
seizures has been attributed to risperidone (64).

� A 32-year-old Korean man with delusions took oral
risperidone 1.0 mg/day and lorazepam 0.5 mg bd. The
dose of risperidone was increased to 4 mg/day over 4
days. On day 5, he began to stutter and could not
articulate what he wanted to say without stuttering.
The dose of risperidone was increased to 8 mg/day
and the stuttering became more pronounced.
However, after 1 year of continuous treatment, he did
not stutter any more.

The authors suggested that since the patient had a history
of stuttering risperidone had reactivated the speech pat-
tern.

Extrapyramidal effects

Risperidone produces dose-related extrapyramidal
adverse effects, but at concentrations lower than those
of conventional antipsychotic drugs (SEDA-21, 58); at
equieffective doses it has fewer such effects than haloper-
idol (SEDA-21, 57) (SEDA-22, 67) (SEDA-23, 68). The
relation between the degree of receptor occupancy and
the presence of extrapyramidal symptoms is not clear, as
observed in a SPECT study in 20 patients (65). The fre-
quency of risperidone-induced extrapyramidal signs, on
the other hand, is intermediate between clozapine and
conventional antipsychotic drugs, according to an open
study in patients treated for at least 3 months with cloza-
pine (n = 41; mean dose 426 mg/day), risperidone
(n = 23; 4.7 mg/day), or conventional antipsychotic
drugs (n = 42; 477 mg/day chlorpromazine equivalents)
(66). The point prevalence of akathisia was 7.3% in
those who took clozapine, 13% in those who took risper-
idone, and 24% in those who took conventional antipsy-
chotic drugs; the point prevalences of rigidity and
cogwheeling were 4.9% and 2.4% respectively with clo-
zapine, 17% and 17% with risperidone, and 36% and 26%
with conventional antipsychotic drugs.
A combined analysis of 12 double-blind studies in schi-

zophrenic patients comparing the use of risperidone
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(n = 2074) with placebo (n = 140) or haloperidol
(n = 517) has further stressed the dose-related extrapyr-
amidal effects associated with risperidone (67). After co-
variance analysis to adjust for baseline ESRS
(Extrapyramidal Symptom Rating Scale) scores, sex,
race, age, height, duration of symptoms, age at first hos-
pitalization, hospitalization status, and diagnosis, the
effects of the maximum dose of risperidone on the mean
shift to worse ESRS total scores were 1.4 (CI = 0.73, 2.03)
at 1–4 mg/day (n = 319); 2.1 (CI = 1.65, 2.50) at 4–8 mg/
day (n = 932); 3.3 (CI = 2.61, 3.89) at 8–12.5 mg/day
(n = 439); and 3.8 (CI = 2.99, 4.55) at 13 mg/day or
more (n = 361). The results also showed a significant
dose-dependent increase in the use of antiparkinsonian
drugs; the percentages of those requiring antiparkinso-
nian drugs were 14% at 1–4 mg/day (n = 319); 25% at
4–8 mg/day (n = 900); 27% at 8–12.5 mg/day (n = 407);
and 31% at 13 mg/day or more (n = 335). Of 882 patients
who took risperidone for at least 12 weeks, based on
unsolicited reports, two developed tardive dyskinesia.
In an international, multicenter, double-blind study in

183 patients with a first psychotic episode treated with
flexible doses of risperidone or haloperidol for 6 weeks,
the severity of extrapyramidal symptoms and the use of
antiparkinsonian drugs were significantly lower in
patients taking low doses (up to 6 mg/day) than high
doses (over 6 mg/day) of risperidone or haloperidol (68).
These findings are consistent with the suggestion that
patients with a first psychotic episode may require low
doses of antipsychotic drugs. Furthermore, the severity of
extrapyramidal symptoms was significantly lower in the
risperidone-treated patients. Also, risperidone-treated
subjects were significantly less likely than haloperidol-
treated subjects to require concomitant anticholinergic
drugs after 4 weeks (20 versus 63%); they had signifi-
cantly less observable akathisia (24 versus 53%) and sig-
nificantly less severe tardive dyskinesia. This was
observed in a randomized double-blind comparison of
risperidone 6 mg/day (n = 34) and haloperidol 15 mg/
day (n = 33) (69).
In a 9-week open study of risperidone for agitated beha-

vior in 15 patients with dementia (modal dose 0.5 mg/day),
extrapyramidal symptoms developed at some point during
the trial in 8 patients, and cognitive skills were impaired in 3
patients (70). Similarly, in 22 patients with dementia and
behavioral disturbances, treated with risperidone 1.5 mg/
day (range 0.5 mg qds to 3 mg bd), 50% had significant
improvement, but 50% had some extrapyramidal symptoms
(71). A further case of a severe extrapyramidal reaction in
an old patient with dementia further illustrated these sus-
ceptibility factors (72).
Extrapyramidal symptoms have been reported within

24 hours of an injection of depot risperidone in patients
with schizophrenia (73).

� A 32-year-old man who had been taking olanzapine
15 mg/day for 4 months was switched to injectable
risperidone 25 mg because of poor adherence. On the
next day he had an oculogyric crisis, dysarthria, torti-
collis, dysphagia, tremor, and rigidity, which resolved
with procyclidine.

� A 36-year-old man had worse extrapyramidal symp-
toms.� A 28-year-old man developed akathisia.

In order to limit the risk of extrapyramidal symptoms, the
authors suggested that the dose of the oral neuroleptic
drug should be reduced or omitted in the days after the
injection, and that attention should be paid to the half-life
of any other depot drug that has previously been given.
Although several cases of sensitivity to risperidone with

extrapyramidal signs in Lewy body dementia have been
published (SEDA-20, 52), a case of successful treatment
without extrapyramidal adverse effects has also been
reported (74).

� A 74-year-old man with Lewy body dementia treated
with a combination of donepezil (5 mg in the evening)
and risperidone (0.25 mg/day) had significant improve-
ment, objectively and subjectively, within 2 weeks.

Akathisia
Restless legs syndrome has been reported in association
with risperidone (75).

� A 31-year-old woman with schizoaffective disorder
taking risperidone 6 mg/day complained of uncomfor-
table tingling and tearing sensations deep inside the
calves and less severe sensations in her arms after 5
days; the symptoms vanished after replacement by
quetiapine 400 mg/day.

Parkinsonism
Intolerable exacerbation of parkinsonism with risperi-
done has been reported (SEDA-20, 52), and even a 12-
year-old boy reportedly developed parkinsonian tremor
while taking risperidone (76). However, in contrast, eight
patients (five women, three men) with advanced
Parkinson’s disease, motor fluctuations, and levodopa-
induced dyskinesia took part in an open study with a
low dosage of risperidone (mean 0.187 mg/day); after an
average of 11 months all the patients had moderate to
pronounced reductions in levodopa-induced dyskinesias
(77).
Whether risperidone should be used in patients with

Parkinson’s disease is a subject of debate (78,79).
The efficacy and safety of risperidone have been eval-

uated in 44 patients (25 women and 19 men) with
Parkinson’s disease (80). There was either complete or
near-complete resolution of hallucinations in 23, but an
unsatisfactory response (n = 6) or worsening of parkin-
sonism (n = 6) in 12. Excluding patients with diffuse
Lewy body disease, there was no significant worsening
of scores on the Unified Parkinson’s Disease Rating
Scale after either 3 or 6 months of treatment, and the
presence of dementia did not predict the response to
treatment.
The long-term effect of risperidone on basal ganglia

volume, measured by MRI scanning, has been studied in
30 patients with a first episode of schizophrenia who took
risperidone, 12 patients taking long-term typical neuro-
leptic drugs, and 23 healthy controls (81). Treatment with
risperidone for 1 year (mean dosage 2.7, range 1–6 mg/
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day) did not alter basal ganglia volume, although there
were movement disorders in both groups of treated
patients, suggesting effects of both illness and medica-
tions.

Tardive dyskinesia
Tardive dyskinesia has occasionally been reported with
risperidone (SEDA-20, 53; SEDA-21, 59; SEDA-22, 68)
(82–87).
The incidence of tardive dyskinesia in patients with

chronic schizophrenia taking risperidone is said to be
0.34% per year. Advanced age and dementia may be
contributing factors (SEDA-21, 59; SEDA-22, 68;
SEDA-23, 70).
Tardive dyskinesia/dystonia developed in four patients

treated with risperidone at an early intervention facility
for young people with psychosis (88). Other cases that
have emerged were in:

� a 13-year-old young girl treated with risperidone 6 mg/
day (89);� a 21-year-old woman without previous exposure to
other neuroleptic drugs or systemic illnesses that
affected the central nervous system (90);� a 58-year-old man with chronic alcoholism who devel-
oped tardive dyskinesia after exposure to risperidone
that was aggravated by olanzapine (91).� a 16-year-old girl who developed buccolingual masti-
catory tardive dyskinesia after taking risperidone
6 mg/day (92); when she restarted risperidone 2 mg/
day, increasing to 6 mg/day later on, the dyskinesia
improved.� a 74-year-old woman who developed persistent tardive
dyskinesia following a short trial (3 weeks) of a low
dose (0.5 mg bd) of risperidone (93).

Tardive dyskinesia was studied in 330 elderly patients
with dementia (mean age 83 years) (94). They were
enrolled in a 1-year open study, in which the modal ris-
peridone dose was 0.96 mg/day and the median duration
of use was 273 days. The 1-year cumulative incidence of
persistent tardive dyskinesia among the 225 patients with-
out dyskinesia at baseline was 2.6%, and patients with
dyskinesia at baseline had significant reductions in sever-
ity.
Attention deficit hyperactivity disorder (ADHD) may

be a susceptibility factor for risperidone-induced tardive
dyskinesia and withdrawal dyskinesia. Both conditions
have occurred in patients with a past or recent history of
attention deficit hyperactivity disorder.

� A 34-year-old woman developed dyskinesia after start-
ing risperidone, with a marked increase in prolactin
concentrations (95).� A 13-year-old boy developed mild mouth movements,
neck twisting, and intermittent upward gaze approxi-
mately 2 weeks after withdrawal of risperidone (1.5 mg
and then 0.5 mg) (96).

Tardive dystonia
Dystonia and tardive dystonia have been attributed to
risperidone.

� A 23-year-old man taking risperidone 8 mg/day devel-
oped blepharospasm (97).� A 25-year-old man, who had never taken any other
psychotropic medication, developed tardive dyskinesia
with severe blepharospasm and tardive dystonia 2
months after withdrawal of risperidone (98).� Possible risperidone-induced tardive dystonia has been
reported in a 47-year-old man (99).

Marked improvement of tardive dystonia after replacing
haloperidol with risperidone in a schizophrenic patient
has been reported (100).
Pisa syndrome, a tardive axial dystonia with flexion of

the trunk towards one side, is a rare reaction that occurs
during treatment with neuroleptic drugs (SED-14, 146;
SEDA-24, 57). Two cases related to risperidone have
been published.

� A 24-year-old woman with mental retardation and an
unspecified psychosis took risperidone 2 mg/day and
trihexyphenidyl 2 mg/day and after 2 weeks developed
symptoms that included tilting of her body backwards
and to the left and tremors and cogwheel rigidity of the
limbs (101). Risperidone was withdrawn and olanza-
pine 5 mg/day started; after 4 weeks there was no
improvement and she was then lost to follow-up.� A 25-year-old man with auditory hallucinations took
risperidone 7 mg/day for 15 months plus biperiden
6 mg/day (102). He then complained of leaning to the
right and being unable to straighten up. He had tonic
flexion of the trunk to the right with slight backward
axial rotation. After 5 months of risperidone withdra-
wal, the condition had not resolved; it later improved
with co-beneldopa 400/100 mg/day and then after the
addition of cabergoline 0.75 mg/day.

Rabbit syndrome
Rabbit syndrome has been reported in patients taking
risperidone.

� A 27-year-old man took risperidone 6 mg/day and
after 4 months the dosage was reduced to 4 mg/day; 7
months after the start of treatment he developed fine
rapid pouting and puckering of the lips (103). These
movements were accompanied by a strange, irritating,
involuntary popping sound. The dosage of risperidone
was reduced to 2 mg/day and an anticholinergic drug
was added. Within days, there was symptomatic
improvement, but a trial withdrawal of the anticholi-
nergic drug resulted in worsening of the symptoms and
treatment was renewed.� A 38-year-old man with major depressive disorder and
psychotic features developed rabbit syndrome after
taking risperidone 4 mg/day and paroxetine 40 mg/
day for 4 months; he was also taking simvastatin
10 mg/day, thiamine 100 mg/day, and folic acid 1 mg/
day (104).

Co-administration of lithium and risperidone has been
associated with the rabbit syndrome (105). This reaction
was probably caused by the risperidone, and the role of
lithium was not clear.
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Neuroleptic malignant syndrome

Neuroleptic malignant syndrome has been reported in
patients taking risperidone (106,107); most cases occurred
within the first months, and even as early as 12 hours
(SEDA-22, 68) (SEDA-23, 70).
Delayed risperidone-induced neuroleptic malignant

syndrome has been reported in a 27-year-old man after
21 months (108), and in a 17-year-old girl who took ris-
peridone 0.5 mg bd (109). Risperidone-induced neurolep-
tic malignant syndrome has also been reported in a 63-
year-old woman with probable Lewy body dementia, who
had previously had an episode of neuroleptic malignant
syndrome with trifluoperazine (110).
A patient with schizoaffective disorder, who developed

risperidone-related neuroleptic malignant syndrome,
responded satisfactorily to supportive management and
vitamin E plus vitamin B6 (111).

� A 30-year-old man with a history of bipolar disorder
had substantial weight gain with olanzapine and was
switched to risperidone (dose unknown) and lithium
carbonate (450 mg bd) (112). A few days later he
developed confusion, mild muscle rigidity, a raised
temperature, and increased creatine kinase activity.
The medications were withdrawn and he responded
to supportive therapy.

Catatonia

Catatonia has been reported in relation to risperidone
(SEDA-23, 72) (113,114).

� Catatonia occurred in a 61-year-old woman who was
taking risperidone 5 mg/day for prominent paranoid
delusions after a post-frontal lobotomy some 35 years
ago. The catatonic disorder was dose-dependent and
resolved immediately after changing to clozapine.

Pseudotumor cerebri

Two patients with hydrocephalus and learning difficulties
developed headache, nausea, vomiting, drowsiness,
lethargy, and episodes of collapse after starting to take
risperidone for aggressive outbursts; the condition
mimicked increased intracranial pressure (115).
Withdrawal of the drug resulted in complete resolution
of all the symptoms within 72 hours. The authors pointed
out the striking degree of overlap between the adverse
effects profile of risperidone and the symptoms of raised
intracranial pressure due to shunt malfunction, which has
not been previously highlighted.

Stroke in patients with dementia

Stroke is a matter of increasing concern with some anti-
psychotic drugs, and the Canadian Medicine Agency has
issued a warning that there is a risk of stroke with risper-
idone (116). On April 2005, the FDA issued an alert and
asked the company to add the following information to
both the oral and depot formulations: ‘‘The FDA has
found that older patients treated with atypical neuroleptic
drugs for dementia had a higher chance for death than
patients who did not take the medicine. This is not an
approved use’’ (117). In some countries, the use of

risperidone in demented patients has been restricted
(118). It is important to remember, as the company itself,
Janssen Pharmaceuticals, stated in a letter of April 2003,
that risperidone is not approved for the treatment of
dementia (119).
Based on data from four placebo-controlled trials (n ¼

1230), Janssen warned about cerebrovascular adverse
events, including stroke, in elderly patients with demen-
tia: ‘‘Cerebrovascular adverse events (e.g. stroke, transi-
ent ischemic attack), including fatalities, were reported in
patients (mean age 85 years; range 73–97) in trials of
risperidone in elderly patients with dementia-related psy-
chosis. In placebo-controlled trials, there was a signifi-
cantly higher incidence of cerebrovascular adverse
events in patients treated with risperidone compared to
patients treated with placebo. (Risperidone) has not been
shown to be safe or effective in the treatment of patients
with dementia-related psychosis’’. The higher risk of
stroke with risperidone or olanzapine compared with pla-
cebo has been addressed by the World Health
Organization (120), the European Agency for the
Evaluation of Medicinal Products (EMEA), and other
national agencies, which have also warned of this possible
association (121,122,123). Furthermore, the Medicines
and Healthcare products Regulatory Agency (MHRA)
of the UK has recommended avoiding risperidone and
olanzapine in elderly patients with dementia (124). In
the UK, the Committee on Safety of Medicines (CSM)
has also advised in a message of 9 March 2004 that there is
clear evidence of an increased risk of stroke in elderly
patients with dementia who take risperidone or olanza-
pine (125): ‘‘...the magnitude of this risk is sufficient to
outweigh likely benefits in the treatment of behavioral
disturbances associated with dementia and is a cause for
concern in any patient with a high baseline risk of stroke’’.
Surprisingly, there was no statistically significant

increased risk of stroke with either risperidone or olanza-
pine in a retrospective population-based study of 11 400
patients over the age of 66 years, in which three cohorts
were identified: users of typical antipsychotic drugs (n ¼
1015), risperidone (n ¼ 6964), or olanzapine (n ¼ 3421)
(126). During 13 318 person-years of follow-up, there
were 92 admissions for stroke, distributed as follows:
typical antipsychotic drug users (n ¼ 10), risperidone
users (n ¼ 58), and olanzapine users (n ¼ 24); the crude
stroke rate per 1000 person-years did not differ signifi-
cantly among the patients taking typical antipsychotic
drugs (5.7), risperidone (7.8), or olanzapine (5.7).
Relative to typical antipsychotic drug users, model-
based estimates adjusted for covariates showed risk ratios
for stroke of 1.1 (95% CI ¼ 0.5, 2.3) with olanzapine and
1.4 (95% CI ¼ 0.7, 2.8) with risperidone. Relative to
olanzapine, users of risperidone were not at significantly
increased risk of stroke-related hospital admission
(adjusted risk ratio ¼ 1.3, 95% CI ¼ 0.8, 2.2). Finally,
the authors of this report suggested that the possibility of
a type II error to detect small differences in stroke-related
outcomes between groups could not be excluded; assum-
ing that the relative risk of stroke in risperidone-treated
patients was 1.4, this would translate into about two extra
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strokes per 1000 person-years. Once more, experimental
and observational studies have not yielded consistent
results. Further studies to assess the specific risks of aty-
pical antipsychotic drugs in elderly patients with dementia
are required.

Psychological, psychiatric

Anxiety and behavioral stimulation, characterized by
anxiety, insomnia, and restlessness, during risperidone
treatment have been reported (SEDA-20, 53) (SEDA-
21, 59) (SEDA-23, 71) (127). Six of thirteen outpatients
who took part in a 10-week open trial of risperidone had a
good initial response, followed by intolerable effects,
including feelings of agitation and depression and periods
of crying and insomnia (128). The patients who developed
this syndrome had a significantly higher mean baseline
rating on the Brief Psychiatric Rating Scale anxiety sub-
scale.
Visual distortion with generalized anxiety and panic

attacks has been attributed to risperidone (SEDA-22,
69). Visual disturbance resembling hallucinogen persis-
tent perception disorder occurred after each of three
consecutive risperidone dosage increases in a 55-year-
old woman; there was absence of substance abuse (129).
It has been speculated that the antiserotonergic proper-

ties of risperidone could lead to obsessive and depressive
symptoms, since a patient taking risperidone 4 mg/day
developed major depression and obsessions, which
resolved with fluoxetine 29 mg/day, relapsing when fluox-
etine was withdrawn (130).
Psychomotor performance and cognitive function have

been explored in a double-blind, randomized, four-way,
crossover trial in 12 healthy volunteers (six men, six
women), aged 66–77 years (mean age 69), who took single
doses of risperidone 0.25 or 0.5 mg, lorazepam 1 mg, or
placebo(131). Compared with placebo those who took
risperidone had minor impairment of motor activity
(reduced finger tapping at 6 hours after dosing in both
the 0.25 and 0.5 mg groups), postural instability (displace-
ment from the center of gravity at 3 hours after dosing),
and impaired information processing (impaired digit sym-
bol substitution at 2.5 hours after dosing in the 0.25 mg
group). There were no significant effects on speed of
reaction, vigilance and sustained attention, working and
long-term memory, cortical arousal, or electroencephalo-
graphy. The same study showed detrimental effects of
lorazepam on cognitive function and cortical arousal.

Mania

Mania has rarely been associated with typical neuroleptic
drugs, but has been described in patients treated with new
antipsychotic drugs, especially risperidone (SEDA-22, 69)
(SEDA-23, 71) (132). Risperidone-induced mania
occurred in a 23-year-old man and a 21-year-old woman,
who developed acute mania with euphoria, psychomotor
agitation, and hypersexuality, at dosages of 4–8 mg/day
(133).
Nevertheless, risperidone has been used in the treat-

ment of mania in combination with mood stabilizers
(SEDA-23, 69) (SEDA-26, 64).

Obsessive-compulsive disorder

Obsessive-compulsive symptoms associated with risperi-
done have been reported (SEDA-22, 69).

� Obsessive-compulsive symptoms developed in a 26-
year-old Chinese woman taking risperidone for a
chronic schizophrenic illness (134). She had no history
of obsessive-compulsive symptoms. Risperidone 2 mg/
day, benzhexol 2 mg/day, and diazepam 10 mg at night
had been prescribed after she had had adverse effects
with other antipsychotic drugs.� A man who had taken risperidone 4 mg/day for 18
months developed an obsessional image of a person’s
face that repeatedly appeared in his mind as he went
about his activities; the recurrent images disappeared
after the dosage of risperidone was reduced to 3 mg/
day (135).

In one case, reintroduction of risperidone did not cause
obsessive-compulsive symptoms to re-emerge in a 29-
year-old man who had previously developed obsessive-
compulsive features when first treated with risperidone
(136).

Endocrine

Prolactin

In one study, the prevalence of hyperprolactinemia
among women taking risperidone was 88% (n ¼ 42) ver-
sus 48% (n ¼ 105) in those taking conventional antipsy-
chotic drugs; 48% of these women of reproductive age
taking risperidone had abnormal menstrual cycles (137).
In the whole sample (147 women and 255 men) there
were trends towards low concentrations of reproductive
hormones associated with rises in prolactin; patients tak-
ing concomitant medications known to increase prolactin
had been excluded. Raised prolactin concentrations were
also observed in 13 (9 women and 4 men) of 20 patients
(13 women and 7 men; mean age 36 years) (138). In pre-
menopausal women there was a good correlation between
prolactin concentrations and age, but there was no clear
correlation between duration of treatment, dose, prolac-
tin concentration, and prolactin-related adverse effects.
There was a significant rise in baseline serum prolactin

concentration in 10 patients after they had taken risper-
idone for a mean of 12 weeks compared with 10 patients
who were tested after a neuroleptic drug-free wash-out
period of at least 2 weeks (139). A non-significant
increase in serum prolactin has also been observed in an
open comparison of risperidone with other neuroleptic
drugs in 28 patients (140). However, in a meta-analysis
of two independent studies (n = 404), prolactin was
greatly increased by risperidone (mean change 45–80 ng/
ml), a larger effect than with olanzapine and haloperidol
(141).
Five patients (four women and one man, aged 30–45

years), who were evaluated for risperidone-induced
hyperprolactinemia, had significant hyperprolactinemia,
with prolactin concentrations of 66–209 mg/l (142). All
but one had manifestations of hypogonadism, and in
these four patients, risperidone was continued and a
dopamine receptor agonist (bromocriptine or
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cabergoline) was added; in three patients this reduced the
prolactin concentration and alleviated the hypogonadism.
The relation of prolactin concentrations and certain

adverse events has been explored by using data from
two large randomized, double-blind studies (n = 2725;
813 women, 1912 men) (143). Both risperidone and halo-
peridol produced dose-related increases in plasma prolac-
tin concentrations in men and women, but they were not
correlated with adverse events such as amenorrhea, galac-
torrhea, or reduced libido in women or with erectile dys-
function, ejaculatory dysfunction, gynecomastia, or
reduced libido in men. Nevertheless, in five patients ris-
peridone (1–8 mg/day) caused amenorrhea in association
with raised serum prolactin concentrations (mean 122 ng/
ml, range 61–230 ng/ml; reference range 2.7–20 ng/ml)
(144).
In 41 schizophrenia patients who took either risperi-

done (11 men, 9 women; mean dose 4 mg/day) or peros-
pirone (10 men, 11 women; mean dose 24 mg/day) for at
least 4 weeks, prolactin concentrations increased only in
those taking risperidone (5.3-fold in women and 4.2-fold
in men) (145).
Hyperprolactinemia was found after about 30 months

in 12 premenopausal women with schizophrenia or schi-
zoaffective disorder (aged 15–55 years) taking risperidone
but not in those taking olanzapine (n ¼ 14) (146).
Prolactin concentrations were significantly higher in the
first group than in the second (123 ng/ml versus 26 ng/
ml).
There was a high correlation between prolactin concen-

trations and risperidone in 14 men (mean age 53 years)
(147). In 47 men (mean age 23 years) receiving acute
treatment with several neuroleptic drugs, including risper-
idone (mean dose 3.6, range 1–6, mg; mean duration 45
days; risperidone monotherapy in 35 subjects), there was
hyperprolactinemia, defined as a prolactin concentration
greater than 636 mU/l (male reference range 45–375 mlU/
l), in 27 of the 37 patients who could be assessed (148).
There was neither gynecomastia nor galactorrhea. One
year later, 38 of the 47 patients were reassessed (mean
dose 2.3, range 1–6, mg); prolactin concentrations could
be determined in 20 of these patients, and there was
hyperprolactinemia in six of them. In the 35 patients
taking risperidone monotherapy, two had high prolactin
concentrations at baseline, but this rose to 21 of 29
patients at the end of the acute phase and fell to four of
16 after 1 year. According to the authors, the lower con-
centrations at 1 year might have been due to the devel-
opment of tolerance to prolactin.
Risperidone-induced galactorrhea associated with a

raised prolactin has been reported (149,150,151), as have
amenorrhea and sexual dysfunction (9). It is suggested
that this condition can occur after many weeks of risper-
idone treatment, with small dosages (2–4 mg/day), and at
times even after drug withdrawal.

� Galactorrhea associated with a rise in prolactin
occurred after a few weeks of treatment with risperi-
done in two women aged 24 and 39 (149). One of them
was switched to thioridazine, with an improvement in
the galactorrhea, and the other continued to take

risperidone owing to a robust response; her galactor-
rhea was partially treated with bromocriptine.� A 34-year-old woman, who developed amenorrhea
while taking risperidone, regained her normal men-
strual pattern along with a marked fall in serum pro-
lactin concentration 8 weeks after being switched to
olanzapine, whereas amantadine had failed to normal-
ize the menses and had apparently reactivated the
psychotic symptoms (152).

The authors suggested that olanzapine may offer
advantages for selected patients in whom hyperprolac-
tinemia occurs during treatment with other antipsycho-
tic drugs.

� Galactorrhea and gynecomastia occurred in a 38-year-
old hypothyroid man who took risperidone for 14 days
(153).

The authors suggested that men with primary hypothyr-
oidism may be particularly sensitive to neuroleptic drug-
induced increases in prolactin concentrations.

� A 17-year-old man developed galactorrhea and breast
tenderness within weeks of starting to take risperidone.

The authors suggested that patients who have galactor-
rhea, amenorrhea, or both while taking risperidone
should be gradually switched to olanzapine, quetiapine,
or clozapine (154). Indeed, when 20 women with schizo-
phrenia who were taking risperidone and had menstrual
disturbances, galactorrhea, and sexual dysfunction
(SEDA-24, 72) (SEDA-26, 65) were switched from ris-
peridone to olanzapine over 2 weeks and then took olan-
zapine 5–20 mg/day for 8 further weeks, serum prolactin
concentrations fell significantly (155). Scores on the
Positive and Negative Syndrome Scale, Abnormal
Involuntary Movement Scale, and Simpson–Angus Scale
for extrapyramidal symptoms at the end-point were also
significantly reduced. There were improvements in men-
strual functioning and patients’ perceptions of sexual
adverse effects.
There were no significant adverse effects on growth or

sexual maturation in a retrospective study based on a
sample of 700 children aged 5–15 years who had been
taking risperidone (0.02–0.06 mg/kg/day) for 11 or 12
months because of disruptive behavior disorders (156).
Risperidone-induced hyperprolactinemia has been

reported to resolve with quetiapine, a low-potency dopa-
mine D2 receptor antagonist (157).
In a randomized, double-blind, 12-week study in 78 in-

patients with schizophrenia assigned to either risperidone
6 mg/day (73% men; n ¼ 41) or haloperidol 20 mg/day
(81% men; n ¼ 37), prolactin concentrations increased
significantly in men in both groups (158). Adjusted for
haloperidol dose equivalents (risperidone 6 mg/day
equivalent to haloperidol 12 mg/day), risperidone caused
a significantly larger rise in prolactin than haloperidol.
The study was limited by the small number of women in
the sample, which allowed the comparison of prolactin
concentrations by sex but without consideration of treat-
ment; the women had a significantly larger rise in prolac-
tin than the men.
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Amenorrhea presumed to have been induced by risper-
idone has been successfully treated with Shakuyaku-
kanzo-to, a Japanese herbal medicine that contains
Peoniae radix and Glycyrrhizae radix (159).
The risk of prolactinoma in patients taking risperidone

and other neuroleptic drugs, accompanied by hyperpro-
lactinemia, amenorrhea, and galactorrhea has been dis-
cussed in the light of a case of hyperprolactinemia (160).

� A 35-year-old woman who had taken lithium carbo-
nate 800 mg/day for 2 years was also given risperidone
6 mg/day for a manic relapse. She missed two men-
strual periods and had galactorrhea. A head CT scan
showed a pituitary microadenoma and the prolactin
concentration was 125 mg/l (reference range up to 20
mg/l). Risperidone withdrawal resulted in disappear-
ance of the prolactinoma. Her other symptoms per-
sisted and did not change with olanzapine 2.5 mg/day;
however, bromocriptine 12.5 mg/day for 2 weeks
relieved her symptoms and the prolactin concentration
normalized.

Metabolism

Diabetes mellitus

There has been a report of diabetic ketoacidosis in a 42-
year-old man, without a prior history of diabetes mellitus,
who took risperidone (2 mg bd) (161). The authors
pointed out that in premarketing studies of risperidone,
diabetes mellitus occurred in 0.01–1% of patients.

Weight gain

Pathological weight gain has been increasingly identified
as a problem when atypical neuroleptic drugs are given to
children (SEDA-21, 57) (SEDA-22, 69). In one case,
unremitting weight gain, triggered by risperidone, was
eventually curbed through the use of a diet containing
slowly absorbed carbohydrates and a careful balance of
carbohydrates, proteins, and fats (162).

� A 9-year-old boy with autism and overactivity was
unresponsive to several drugs. Risperidone 0.5 mg bd
was effective, reducing his Aberrant Behavior
Checklist score from 103 to 57 by the end of the first
week. Four weeks later his weight had risen from 34.6
to 37 kg. This rate of weight gain (0.6 kg/week) con-
tinued over the next 12 weeks. His weight was then
contained by the use of the ‘‘Zone’’ diet, with an
emphasis on slowly absorbed carbohydrates (examples
include apples, oatmeal, kidney beans, whole-grain
pasta, and sweet potatoes) in a calorie-reduced diet
containing 30% proteins and 30% fats.

In 37 children and adolescent inpatients treated with ris-
peridone for 6 months, compared with 33 psychiatric
inpatients who had not taken atypical neuroleptic drugs,
risperidone was associated with significant weight gain in
78% of the treated children and adolescents compared
with 24% of those in the comparison group (163).
Risperidone dosage, concomitant medicaments, and
other demographic characteristics (such as age, sex, pub-
ertal status, and baseline weight and body mass index)

were not associated with an increased risk of morbid
weight gain.
Weight gain has been studied in 146 Chinese patients

with schizophrenia (85 men and 61 women; mean age 33
years) who took risperidone in a maximum dose of 6 mg/
day (164). Mean body weight rose gradually from 61 kg at
baseline to 62 kg on day 14, 63 kg on day 28, and 64 kg on
day 42; the mean dose at 6 weeks was 4.3 mg/day. Weight
gain was associated with a lower baseline body weight,
younger age, undifferentiated subtype, a higher dosage of
risperidone, and treatment response (for positive, nega-
tive, and cognitive symptoms and social functioning).
However, a possible ethnic difference might contribute
to the marked weight increase found in these Chinese
patients, since non-white patients reported more weight
gain than white patients.
Risperidone-induced weight gain varies throughout the

age span, young people being the most sensitive;
although preadolescents and adolescents take substan-
tially lower daily doses and lower mg/kg doses than
adults, they gain as much or more weight (corrected for
age-expected growth) (165). This effect is hardly, or not
at all, experienced by those aged over 65. Furthermore,
young people also had a greater percentage of drug-
induced weight gain relative to baseline body weight,
and the percentage increases in body mass index during
risperidone treatment were consistently greater in the
young.
There was weight gain of 17% (mean 5.6 kg) after

risperidone treatment for 6 months in 63 autistic children
and adolescents (mean age 8.6 years), taken from an
initial sample of 101 outpatients; this gain exceeded the
developmentally expected norms and decelerated over
time (166). Body mass index increased by 10.6% (mean
2.0 kg/m2). Changes in serum leptin did not reliably pre-
dict risperidone-associated weight gain.

� Long-term weight gain has been described in a 35-
year-old man with schizophrenia taking risperidone
4 mg/day; weight changed from 94 to 121 kg and
there was also ‘‘carbohydrate craving’’ and persistent
hunger (167).

The underlying mechanism may involve the adipose tissue
hormone leptin or immune modulators such as tumor
necrosis factor a.
In contrast, in a multicenter, open study in 127 elderly

psychotic patients (median age 72, range 54–89 years)
taking risperidone (mean dose 3.7 mg/day) there was no
significant weight gain after 12 months (168).
Risperidone-induced obesity can cause sleep apnea

(169).

� A 50-year-old man with schizophrenia gained 29 kg
over 31 months and developed diabetes while taking
risperidone 6 mg/day. He reported difficulty in sleep-
ing and frequent daytime napping that left him unsa-
tisfied, and his wife reported prominent snoring and
apnea at night.

Nasal continuous positive airway pressure produced
improvement.
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Electrolyte balance

Polydipsia with hyponatremia has been reported in
patients taking risperidone (170,171).

� A 28-year-old man complained of unbearable thirst 2
weeks after starting risperidone 8 mg/day, and would
drink 4–5 liters of water within a variable period of a
few minutes to 8 hours; he did not develop hyponatre-
mia (172). The condition lasted about 2 years and
remitted after withdrawal of risperidone. After a
drug-free interval of 2 weeks, clozapine was started
and the condition had not recurred after 6 months.

The mechanism of this effect was unclear. The authors
thought that SIADH was unlikely, considering the fea-
tures of polyuria, a low urine osmolality (172 mosmol/kg),
and absence of hyponatremia during polydipsia.

Hematologic

Agranulocytosis, leukopenia, neutropenia, lymphopenia,
and thrombocytopenia have been reported in patients
taking risperidone (173–176).

� A 40-year-old woman developed agranulocytosis after
taking risperidone for 2 weeks (175). She had also
developed agranulocytosis after treatment with several
other antipsychotic drugs (chlorpromazine, haloperi-
dol, and zuclopenthixol).� A 90-year-old man with vascular dementia, delusions,
and hallucinations developed a fever of 39.5�C (177).
During the previous 6 months he had been taking
risperidone 2 mg/day for the psychotic symptoms; he
was also given unidentified antibiotics for pneumonia.
His white blood cell count was 1.4 x 109/l (no neutro-
phils). Risperidone was withdrawn and the white cell
count rose to 2.2 x 109/l (30% neutrophils) on day 4, 2.5
x 109/l (33% neutrophils) on day 14, and 5.4 x 109/l
(59% neutrophils) on day 18.

It is not clear whether this event could have been due to
an interaction with other drugs that the patient received.
Two cases of nose bleeding have been described in

association with risperidone, probably for the first time
(178).

� A 57-year-old woman with no history of hypertension
and not taking other medicines began having profuse
nose bleeds and headaches immediately after starting t
o take risperidone 1 mg/day; risperidone was with-
drawn 4 days later and the nose bleeds stopped.� A 42-year-old man began to have spontaneous nose
bleeds while taking risperidone; coagulation tests were
normal.

The authors suggested that the mechanisms of these
bleeding episodes might have been thrombocytopenia, a
recognized adverse effect of certain neuroleptic drugs,
and/or reduced platelet aggregation due to an antagonist
effect on 5HT2A receptors.
The WHO International Drug Monitoring database

contains 54 reports of nose bleeds associated with

risperidone, 37 with an established cause-and-effect rela-
tion (179).

Mouth

Hypersalivation or sialorrhea has been reported with all
neuroleptic drugs, and has been associated with risperi-
done as one of the most frequently mentioned adverse
effects in patients with disturbing extrapyramidal symp-
toms during previous neuroleptic drug treatment (SEDA-
25, 68). Hypersalivation is a troublesome adverse effect
that can contribute to non-adherence to therapy, but it
can be treated with clonidine.

� Hypersalivation in a 22-year-old man was rapidly and
markedly reduced by clonidine 0.1 mg bd over 3 days
(180).

Liver

Several cases of hepatotoxicity have been reported in
adults (181) and boys (SEDA-22, 69) taking long-term
risperidone.

� Hepatotoxicity occurred in an 81-year-old man who
took only two doses of risperidone 0.5 mg (182).� In a 25-year-old woman, liver function tests were 2.6–
7.4 times higher than the upper limit of the reference
range during risperidone therapy (183).� A 13-year-old girl developed liver enzyme rises and
fatty liver infiltration in the context of pre-existing
obesity after taking risperidone 0.5 mg/day for 3 days
(184).� Transient increases in liver enzymes induced by risper-
idone occurred in two men aged 19 and 22 (185).� Cholestatic jaundice occurred in a 37-year-old man
taking risperidone (186).

Urinary tract

Hemorrhagic cystitis has been associated with risperidone
(187).

� An 11-year-old boy developed acute dysuria and
increased frequency accompanied by gross hematuria.
He was taking fluoxetine, valproic acid, benzatropine,
haloperidol, clonidine, trazodone, and nasal desmo-
pressin. One week before presentation, risperidone
had been introduced instead of haloperidol to improve
behavioral control. The risperidone was discontinued
and haloperidol resumed, and his symptoms resolved
during the following week.

Several cases of urinary incontinence have been asso-
ciated with risperidone, and the manufacturers report
that this adverse effect occurs in up to 1% of patients
(SEDA-22, 70). The authors of a report of two patients, in
both of whom the adverse effect was clearly temporally
related to the drug, stated that at least 28% of patients
developed transient urinary incontinence after starting
risperidone (188).
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Skin

Photosensitivity has been attributed to risperidone.

� A 69-year-old woman taking risperidone developed an
erythematous rash with areas of blistering and early
desquamation. It was most pronounced in exposed
areas, although there was some spread beyond (189).

Musculoskeletal

In premenopausal women with schizophrenia or schizoaf-
fective disorder aged 15–55 years, there was a significantly
lower speed of sound transmission in the radius and the
phalanges of the hand in patients taking risperidone (n ¼
12) compared with those taking olanzapine (n¼ 14) (vanOs
229). Furthermore, the speed of sound in bone in this group
correlated inversely with urinary deoxypyridinoline excre-
tion, indicating a high bone turnover rate in this subset of
patients, which is usually considered a risk factor for fragi-
lity fracture, independent of bone mineral density.
Hyperprolactinemia is considered to be a risk factor for
osteoporosis and those taking risperidone had significantly
higher prolactin concentrations than those taking olanza-
pine (123 ng/ml versus 26 ng/ml) (see also Endocrine
above). The relative risks for fragility fracture in the
women taking risperidone compared with those taking olan-
zapine were 1.78 and 1.23 (speed of sound in bonemeasured
at the phalanges and the radius respectively).

Sexual function

The prevalence of sexual dysfunction in patients taking
psychotropic medications, based on spontaneous reports,
has been underestimated on the basis of a randomized
open study of the sexual effects of risperidone (n ¼ 24;
mean age 25 years) and quetiapine (n ¼ 25; mean age 27
years) as assessed by a semistructured interview, the
Antipsychotics and Sexual Functioning Questionnaire
(190). Sexual dysfunction was reported by 12 patients
taking risperidone (mean dose 3.2 mg/day) and four tak-
ing quetiapine (mean dose 580 mg/day), mainly reduced
libido and/or impaired orgasm. Furthermore, there were
significantly higher concentrations of prolactin in men
taking risperidone (47 mg/l, n ¼ 15) than in those taking
quetiapine (12 mg/l, n ¼ 19).
Prolonged erection has been reported with risperidone

(SEDA-24, 71; 196,192,193).

� Priapism associated with risperidone occurred in a 19-
year-old man who had taken 2 mg/day for 4 days (194).� A 32-year-old man who had taken flupentixol (up to
3 mg/day) over 5 years was switched to risperidone
4 mg/day because of recurrent psychotic episodes,
and 2 months later, in view of a partial response, the
dose was increased to 5 mg/day (195). He developed a
persistent, painful penile erection 2 weeks later and
was treated; a second episode occurred on the next
day, and episodes of rigid erection that subsided with-
out surgical intervention were detected during the next
4 days. The results of investigations, a complete hemo-
gram, a sickling test, a penile Doppler study, and a
penile biopsy, were all normal.

� A 26-year-old man who had taken risperidone 3 mg/
day and sodium valproate 1500 mg/day for 1 year
developed a persistent erection, dysuria, and urinary
incontinence, which did not respond to irrigation of the
corpora cavernosa on two occasions and required sur-
gical treatment (196). Prolonged priapism also resulted
in penile fibrosis, associated with a high risk of perma-
nent erectile dysfunction.

In one case priapism followed the use of first risperidone
and then ziprasidone YET TO start HERE(197). In two
other cases, presumed to be due to risperidone (198,199),
penile irrigation with isotonic saline and phenylephrine
injection resulted in detumescence. Risperidone has a
high affinity for alpha-1 adrenoceptors, and alpha-1
blockade leads to direct arteriolar dilatation, which
results in increased blood inflow and reduced outflow
secondary to effacement and subsequent obstruction of
emissary veins.
Ejaculatory dysfunction has also been associated with

risperidone in three cases.

� A 21-year-old patient with bipolar schizoaffective dis-
order developed absent ejaculation with normal
orgasm 3 weeks after starting to take risperidone (200).� A 37-year-old man with paranoid schizophrenia had
ejaculatory difficulty during sexual intercourse with his
wife, compatible with retrograde ejaculation, 1–2
weeks after starting to take risperidone (201). He
reported complete failure to emit semen but a normal
desire, erection, and sense of orgasm. Semen was seen
in postcoital urine. The dosage of risperidone was
reduced to 3 mg/day and anterograde ejaculation was
partially restored.� A 17-year-old man, with a history of paranoid schizo-
phrenia and irregular abuse of cannabis and alcohol,
took risperidone (202). Starting at 0.5 mg/day, the dose
was titrated up to 4 mg/day over 3 weeks. In a few
weeks, he stopped taking risperidone because of a
recurrent inability to ejaculate, despite normal libido,
erection, and sense of orgasm; he also had difficulty in
urinating. These effects disappeared after drug with-
drawal. However, risperidone was restarted because of
relapse of schizophrenia, and the ejaculatory distur-
bance recurred within a few days.

Risperidone may have caused retrograde ejaculation by
altering sympathetic tone and allowing semen to pass
retrogradely into the bladder during ejaculation.

Immunologic

Risperidone has been rarely associated with allergic reac-
tions (SEDA-22, 70).

Long-Term Effects

Drug withdrawal

Serious withdrawal effects have occasionally been
reported with risperidone (SEDA-21, 60; SEDA-22, 70).
Both manic and psychotic symptoms have been described
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in a patient with chronic schizophrenia after risperidone
withdrawal (203).

� A 38-year-old Chinese man responded to risperidone
monotherapy for 2 weeks after 19 years of resistance to
typical neuroleptic drugs. Three days later he lost his
medicine and 2 days later his auditory hallucinations
and persecutory delusions recurred. Meanwhile, vivid
manic symptoms (such as heightened mood, irritabil-
ity, reduced need for sleep, hyperactivity, pressured
speech, flight of ideas, and grandiosity) emerged for
the first time throughout the history of his illness.� Dyskinesia occurred for 5 days in an 82-year-old
woman after withdrawal of risperidone and citalopram,
which she had taken for about 3 months (204).

It is not clear whether this was a withdrawal effect or a
tardive dyskinesia in response to risperidone.
Tardive dyskinesia at multiple sites, including respira-

tory dyskinesia, has been associated with withdrawal of
risperidone (205).

� An 84-year-old Japanese woman with mixed dementia
taking bromperidol and biperiden was switched to ris-
peridone 2 mg/day. After several weeks she began to
have limb and orofacial dyskinesia and staggered while
walking. The risperidone was abruptly withdrawn.
During the following days the previous abnormal
movements increased and extended to the trunk.
There was respiratory dyskinesia with dyspnea. The
symptoms resolved completely in risperidone withdra-
wal and treatment with haloperidol and biperiden.

Second-Generation Effects

Teratogenicity

All neuroleptic drugs cross the placenta and reach the
fetus in potentially significant amounts; the best recom-
mendation is to avoid any drug during the first trimester
and only to use drugs thereafter if the benefits to the
mother and fetus outweigh any possibility of risk (SED-
14, 152) (SEDA-22, 54). Risperidone has been used in
two women before and throughout pregnancy without
developmental abnormalities in the children after 9
months and 1 year; the dosages started at 2 mg/day and
were increased to 4–6 mg/day (206). In a large postmar-
keting study of 7684 patients who took risperidone, nine
women took it during ten pregnancies; there were seven
live births and three therapeutic terminations of preg-
nancy (SEDA-23, 69) (207).

Lactation

The distribution and excretion of risperidone and 9-
hydroxyrisperidone into the breast milk of a young
woman with puerperal psychosis, who was treated with
risperidone, has been reported (208).

� A 21-year-old woman with a 2-year history of bipolar
disorder stopped all of her medication when she dis-
covered that she was pregnant; she was given risper-
idone 2.5 months after childbirth, gradually increasing

to a steady-state dosage of 6 mg/day. Risperidone and
9-hydroxyrisperidone concentrations in plasma and
breast milk were measured, and calculations indicated
that a suckling infant would receive only 0.84% of the
maternal dose as risperidone and 3.46% as 9-hydroxyr-
isperidone.

The transfer to milk of risperidone and its active meta-
bolite 9-hydroxyrisperidone has been examined in two
breast-feeding women and in one woman with risperi-
done-induced galactorrhea (209). The milk:plasma con-
centration ratio was under 0.5 for both compounds; the
calculated relative infant doses were 2.3%, 2.8%, and
4.7% of that of women’s weight-adjusted doses; neither
compound was detected in the plasma of the two babies,
who achieved their developmental milestones satisfacto-
rily and did not have any adverse effect attributable to
risperidone. The authors concluded that maternal risper-
idone therapy is unlikely to pose a significant hazard to
the breast-fed infant in the short term, and recommended
an individual benefit–harm analysis to take decisions
about this issue.

Susceptibility Factors

Genetic factors

Impaired metabolism of risperidone can increase the risk
of adverse effects.

� A homozygous non-functional genotype, CYP2D6*4,
was found in a 17-year-old patient with schizophrenia
who developed severe akathisia, parkinsonism, and
drowsiness after taking risperidone 6 mg/day for 3
months; he had high plasma concentrations of risper-
idone and an active metabolite (210).

The effect of the Ser9Gly polymorphism of the dopamine
D3 receptor (DRD3) gene in response to risperidone has
been studied in 123 Han Chinese with acute schizophrenia
treated for up to 42 days (211). Compared with patients
with the Gly9Gly genotype, after adjusting, those with
Ser9Gly had significant better performance on negative
symptoms and better functioning but not better positive
symptoms.

Age

Elderly people

Elderly patients with dementia have been said to be at
particular risk of developing extrapyramidal adverse
effects, even with very low doses.
Delirium occurs in 1.6% of elderly patients newly trea-

ted with risperidone (SEDA-22, 70), and cases have been
reported in patients of advanced age (212,213). It is sug-
gested that in these patients, treatment should begin with
low dosages (0.25–0.5 mg/day) and that the dosage be
gradually increased over several days, with close monitor-
ing.
The safety, tolerability, and efficacy of risperidone have

been assessed in 103 patients with schizophrenia (52 men
and 51 women) aged 65 years or older in an open,
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multicenter, 12-week study (214). The mean risperidone
dose at end-point was 2.4 mg/day. Adverse events
occurred in 91 patients and included dizziness (n = 23),
insomnia (n = 17), agitation (n = 15), somnolence
(n = 15), injury (n = 12), constipation (n = 11), and extra-
pyramidal disorders (n = 10); 11 patients withdrew
because of adverse events. Among the 91 patients with
normal baseline QTc intervals (below 450 ms), 9 had a
prolonged QTc interval during the study (range 450–
516 ms).
Adverse effects leading to dosage reduction or discon-

tinuation were also observed in a retrospective study in 57
patients mean age 84 (range 66–97) years, who took ris-
peridone (doses 0.5–4 mg/day) for more than 1 year
(average 2 years) for dementia-related behavioral distur-
bances (215). Adverse effects included hypotension
(n = 4), agitation (n = 6), and sedation (n = 5), and six
patients developed a new movement disorder.
In a retrospective study, a substantial proportion of

patients who needed antiparkinsonian medication while
taking risperidone (mean daily dose 4.4 mg) were identi-
fied. Twelve of fifty-five elderly inpatients (aged over 65
years) taking risperidone received antiparkinsonian drugs
(216).
A large proportion of new or worsened extrapyramidal

adverse effects (32%) was observed in a review of the
charts of 41 patients with dementia (mean age 75 years)
treated with risperidone (mean 1.8 mg/day) (217).
In 129 patients (aged 18–93 years) patients over 40

years had higher risperidone total plasma concentrations
(estimated as 35% per decade in patients over 42 years)
(218). According to the authors, this might lead to an
increased incidence of adverse events in elderly subjects.

Children

There was a high incidence (44%) of new movement
disorders in 36 children and adolescents who were treated
with risperidone (the highest dose of risperidone was
6 mg/day and the average maintenance dose was 4 mg/
day) (219). The higher incidence reported in the latter
series has been countered by a contrasting report that the
most common adverse effect was excessive weight gain
(n = 10) in a series of 30 children and adolescents (aged
6–21 years) taking risperidone (0.5–6 mg/day) for atten-
tion-deficit disorder (220). Vomiting and drowsiness each
occurred in one patient; one patient had withdrawal dys-
kinesia, but the reintroduction of risperidone and slower
withdrawal produced no recurrence.
Risperidone has been assessed in children with autistic

disorder and disruptive behavior in a multicenter, two-
part, open study (221). Part one consisted of a 4-month
open phase in 63 children (aged 5–17 years; 49 boys)
taking risperidone 2.0 mg/day; of the 12 dropouts, five
were due to loss of efficacy and one to an adverse event
(constipation); there was a mean weight gain of 5.1 kg,
which was significantly greater than expected from devel-
opmental norms. Part two was a randomized, double-
blind study in which risperidone was either substituted
by placebo (n ¼ 16) or continued (n ¼ 16); there were
more relapses in those who took placebo (n ¼ 10) than in

those who continued to take risperidone (n ¼ 2). One of
six dropouts in the first part of the study was due to an
adverse event (constipation); over the 6 months of the
study there was a mean weight gain of 5.1 kg.

Other features of the patient

Hypothermia associated with hypothalamic and thermo-
regulatory dysfunction has been reported in a patient with
Prader–Willi syndrome taking risperidone and olanzapine
(222). Hypothermia in response to these drugs is said to
result from 5-HT2 receptor blockade, and it is recom-
mended that patients with hypothalamic dysfunction
should be carefully monitored if risperidone or olanza-
pine are used.

Drug Administration

Drug formulations

Depot formulations of neuroleptic drugs are specifically
recommended over oral formulations for long-term treat-
ment in patients with schizophrenia with a history of poor
adherence to therapy; they also improve systemic avail-
ability, maintain stable plasma concentrations, and reduce
the risk of overdose (223). A long-acting injection of
risperidone, a combination of extended-release micro-
spheres and a diluent for parenteral use, has recently
been introduced in several countries, including the USA,
for the treatment of schizophrenia. Long-acting depot
risperidone has been reviewed (Harrison 113).
According to the market authorization holder, the recom-
mended dose is 25 mg intramuscularly (maximum 50 mg)
every 2 weeks, the half-life of absorption being 3–6 days,
and oral risperidone should be given with the first injec-
tion and continued for 3 weeks to establish tolerability
and ensure adequate plasma concentrations (224). The
most common adverse events were insomnia, agitation,
headache, psychosis, rhinitis, pain, dizziness, anxiety,
depression, and hyperkinesia; there were six deaths (sui-
cide, n ¼ 4; cardiac failure, n ¼ 2) (Harrison 113).
Generally, the same rules and warnings as for oral

risperidone must be followed; elderly patients and those
predisposed to orthostatic hypotension should be
instructed in non-pharmacological interventions to reduce
hypotension (for example, rising slowly to the seated
position and sitting on the edge of the bed for several
minutes before trying to stand up in the morning), and
they should avoid circumstances that accentuate hypoten-
sion, including sodium depletion and dehydration (FDA).
Patients with renal impairment may be less able to elim-
inate risperidone and those with impaired hepatic func-
tion may have an increase in the unbound fraction of the
drug, possibly resulting in an enhanced effect. Women
should notify their doctor if they become or intend to
become pregnant during therapy and for at least 12
weeks after the last injection; they should also be advised
not to breast-feed an infant during treatment and for at
least 12 weeks after the last injection. Patients taking
risperidone who start to take carbamazepine or other
hepatic enzyme inducers should be monitored closely
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during the first 4–8 weeks and the dose of risperidone
should perhaps be increased (FDA).
Long-acting risperidone has been used in a multicenter,

open study in 725 patients with schizophrenia or schizoaf-
fective disorders; however, only the data from 46 stable
patients who were initially taking conventional oral neu-
roleptic monotherapy were presented (225). During a 2-
week run-in period, neuroleptic drugs other than risper-
idone were withdrawn, and patients who were not cur-
rently taking risperidone received flexible doses of oral
risperidone 1–6 mg/day. At the start of the 12-month
treatment phase, they were assigned, on the judgement
of the investigator, to intramuscular long-acting risperi-
done 25, 50, or 75 mg every 2 weeks. In all, 18 patients did
not complete the study, for several reasons; two of them
committed suicide. Patients improved during the study;
however, since there was no control group it is not possi-
ble to know whether the improvement was due to the
treatment.
Conventional depot neuroleptic drugs were changed to

long-acting injectable risperidone in 196 patients, of whom
166 (mean age 43 years; 67% men) completed the run-in
period, consisting of two cycles of their current depot neu-
roleptic (226). Of these patients, 152 completed the 12-week
treatment period, although only 62% of the 166 patients
received the six intended injections. The modal doses of
long-acting risperidone were 25 mg in 86% of the patients
and 37.5 mg in 14%; the mean duration of treatment was 68
days. The patients also received oral risperidone (27%),
neuroleptic drugs or sedative/hypnotics (51%), antidepres-
sants (12%), and antiparkinsonian drugs (33%). At least
one adverse effect was reported in 96 patients (58%), most
of them mild or moderate in intensity. They were hyperki-
nesia (n ¼ 3), mild tardive dyskinesia (n ¼ 1), and another
extrapyramidal disorder (n ¼ 1). In 14 patients there was a
serious adverse effect, mainly psychosis. Two of the drop-
outs were due to adverse effects: one attempted suicide and
the other had a severe psychosis. There was hyperprolacti-
nemia in 18 patients; one had ejaculatory failure throughout
the study and another had mild impotence that resolved at
day 31. Adverse effects potentially related to prolactin
(other than hyperprolactinemia) were reported in four
patients, two with reduced libido. Body weight (1.0 kg)
and body mass index (0.3 kg/m2) increased.
In a multicenter trial across 22 European countries, a

total of 715 stable patients (mean age 40 years; 63%men),
most with schizophrenia, who had already participated in
a run-in 6-month trial with the same medication, entered
the 12-month extension phase (227). The subjects
received risperidone injections every 2 weeks; the initial
dose was 25 mg in most cases (84%) and the rest were
given 37.5 mg (9%) or 50 mg (7%); the end point dose
was 25 mg in 39% of patients, 37.5 mg in 23%, and 50 mg
in 37%. There were 207 dropouts (29% of the whole
sample), adverse events being the reason for withdrawal
in 20 patients (2.8%)—exacerbation of the disease (n ¼
3), delirium, relapse, and weight gain (all n ¼ 2); one
patient died with pneumonia. There was weight gain in
54 patients (8%), with significant increases in body weight
(79.1 versus 80.4 kg) and body mass index (27.0 versus

27.5 kg/m2); at endpoint, 20% of patients had an increase
in body weight of 7% or more. One patient developed
new-onset diabetes mellitus and one hyperglycemia.
Other observed adverse events were anxiety (n ¼ 83,
12%), insomnia (n ¼ 73, 10%), depression (n ¼ 52, 7%),
headache (n ¼ 38, 5%), and sexual dysfunction (n ¼ 12,
1.7%).
A similar design was used in 249 patients with schizoaf-

fective disorder who received injectable risperidone for 6
months (initial dose 25 mg in 82% of patients, end-point
doses ranging from 25 mg in 49% of patients to 75 mg in
one); oral risperidone supplementation was needed in
19% (mean modal dose 3 mg/day) (228). Three patients
died during the study with heart attack, stroke, and gas-
trointestinal bleeding; other important adverse events
were increases in body weight and body mass index
(mean increases 1.4 kg and 0.5 kg/m2), sexual dysfunction
(4%), and new-onset diabetes mellitus (0.4%).
In a third study, a 6-month multicenter open trial using

risperidone injections in 382 patients in an early illness
stage (mean age 29 years; 69% men), mainly with schizo-
phrenia; non-adherence was the reason for medication
change in 42% of the patients (229). Of the whole sample,
88% received a starting dose of 25 mg every 2 weeks; at 6
months, 45% were still being treated with this dose, while
27% and 28% received larger parenteral doses (37.5 and
50 mg respectively), and oral risperidone was added in
19% of patients (mean modal dose 2.7 mg/day). A total of
278 subjects (78%) completed the study. Adverse events
accounted for dropouts in 21 cases (6% of the whole
sample). Treatment-related adverse events were reported
by 217 patients (57%), the most frequent being insomnia
(7%), exacerbation of disease (6%), depression (5%),
anxiety (5%), weight increase (4%), and relapse and
headache (3% each); other observed events were injec-
tion site pain (2%), sexual dysfunction (2%), and new-
onset diabetes mellitus, gynecomastia, hyperprolactine-
mia, and non-puerperal lactation (0.3% each); body
weight and body mass index increased by 1.8 and 0.6 kg/
m2 respectively.
In a 12-week, double-blind study, 193 Caucasian, 174

African–American, and 72 subjects from other races, all
of them with schizophrenia or schizoaffective disorder,
were randomized to long-acting injectable risperidone
(25, 50, or 75 mg every 2 weeks) or placebo (230). Race
influenced neither efficacy nor extrapyramidal symptoms
nor body weight.
Finally, of 192 patients who had remained symptoma-

tically stable for at least 1 month with another major
second-generation antipsychotic drug, olanzapine (mean
age 38 years; 63% men), 70% completed a 6-month study
with injectable risperidone; treatment-related adverse
events were reported by 121 patients (63%), mostly anxi-
ety (12%), exacerbation of disease (10%), insomnia
(9%), depression (6%), and akathisia (5%) (231).

Drug dosage regimens

The safety and tolerability of a rapid oral loading regimen
for risperidone, developed to achieve therapeutic doses
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within 24 hours, have been evaluated (232). Risperidone
was begun in a dose of 1 mg, increasing by 1 mg every 6–8
hours up to 3 mg. Dose increases were contingent on the
tolerance of the last administered dose. Of 11 consecutive
inpatients who were treated with this protocol, seven
tolerated the most rapid titration, achieving a dose of
3 mg bd in 16 hours; three required slightly slower titra-
tion and achieved the target dose in 24 hours; one could
not tolerate the 3 mg dose but tolerated 2 mg tds; no
patient had serious extrapyramidal adverse effects, seda-
tion, or any other adverse event during the rapid titration,
and in no case did risperidone have to be withdrawn. The
authors concluded that aggressive dosing with risperidone
is well tolerated in most psychiatric inpatients.
A randomized double-blind comparison of two dosage

regimens of risperidone, 8 mg od and 4 mg bd for 6
weeks, in 211 patients has provided further information
(233). Neither efficacy nor ESRS scores differed signifi-
cantly. At least one adverse event was reported in 72 of
the patients taking once-daily therapy and 87 of the
patients taking twice-daily therapy. The most frequently
reported were insomnia, anxiety, extrapyramidal symp-
toms, agitation, and headache. The only statistically sig-
nificant difference between the groups was in the
incidence of anxiety, which was reported by 31% of
those taking twice-daily therapy and 17% of those taking
once-daily therapy.
The optimal dose of risperidone in first-episode schizo-

phrenia has been studied in 17 drug-naive patients (12
women, 5 men; mean age 29 years) (234). The mean
optimal dosage of risperidone was 2.70 mg/day. All the
patients reached the optimal dose before developing
extrapyramidal adverse effects; four developed parkin-
sonism and one developed akathisia at a mean dosage of
5.20 mg/day. In contrast, acute exacerbations of schizo-
phrenia may require a higher dose.
Of 82 subjects, those who initially took higher oral

doses of risperidone were more likely to have extrapyr-
amidal adverse effects (mean dose 4.3 mg/day) (235).

Drug overdose

During 13 months, a regional poisons center gathered
information by telephone on 31 patients with reported
risperidone overdose (236). Risperidone was the sole
ingestant in 15 cases (1–180 mg). The major effects in
this group included lethargy (n = 7), spasm/dystonia
(n = 3), hypotension (n = 2), tachycardia (n = 6), and
dysrhythmias (n = 1). One patient who co-ingested imi-
pramine died of medical complications, but symptoms
resolved within 24 hours in most of the others; all the
patients were asymptomatic at 72 hours after ingestion.

� A 41-year-old man who took risperidone 270 mg
developed a prolonged QTc interval (480 ms) and
sinus bradycardia (44/minute), without hemodynamic
compromise. After 9 hours, he had episodes of asymp-
tomatic supraventricular tachycardia with a maximum
frequency of 150/minute. After 30 hours he was in
sinus rhythm with a normal QTc interval (360 ms).

He was discharged 72 hours after admission, asympto-
matic and with a normal electrocardiogram.� A 15-year-old who took 110 mg of risperidone in a
suicide attempt developed only transient lethargy,
hypotension, and tachycardia without any other signif-
icant effects (237).
Delayed complications, including respiratory depres-
sion, can occur after risperidone overdose (238).� A 26-year-old woman with schizophrenia who had
taken risperidone 6 mg/day for 3 months was found
unconscious. She later reported having taken 30 mg
of risperidone in a suicidal attempt. On day 3 she
developed transient respiratory distress, with lethargy,
tongue protrusion, and pharyngeal-laryngeal muscle
spasm.

Drug–Drug Interactions

Anesthetics

Interactions with anesthetics should be considered in
patients taking a-adrenoceptor antagonists, such as risper-
idone (239).

� A 32-year-old woman, who had had a previous uncom-
plicated vaginal delivery with epidural anesthesia at
age 21 and a cesarean delivery with a spinal anesthetic
at 28, was at week 39 of her third gestation on treat-
ment with risperidone 2 mg/day and lithium 1200 mg/
day, which she had taken throughout pregnancy. In
preparation for cesarean section she was given a spinal
anesthetic with hyperbaric 0.75% bupivacaine 12 mg,
fentanyl 10 micrograms, and preservative-free mor-
phine 0.2 mg. Two minutes later, her blood pressure
fell from 120/50 to 70/30 mmHg and did not resolve
with 50 mg of ephedrine or 2 liters of Ringer’s lactate
solution, but did rise with phenylephrine 600 micro-
grams.

Carbamazepine

Carbamazepine induces CYP3A, and the metabolism of
risperidone, which mainly involves CYP2D6, may also
involve CYP3A. Carbamazepine can therefore reduce
risperidone plasma concentrations (SEDA-22, 71).
However, since carbamazepine alters the biotransforma-
tion of many agents, non-specific enzyme induction has
been suggested for the risperidone and carbamazepine
interaction (240).
Plasma concentrations of risperidone and 9-hydroxyr-

isperidone were measured in 44 patients (aged 26–63
years) treated with risperidone alone (n = 23) or co-medi-
cated with carbamazepine (n = 11) (241). Carbamazepine
markedly reduced the plasma concentrations of risperi-
done and 9-hydroxyrisperidone.
Mean plasma concentrations of risperidone and 9-

hydroxyrisperidone (5 ng/ml and 35 ng/ml) fell signifi-
cantly during carbamazepine co-administration (2.5 ng/
ml and 19 ng/ml) in 11 schizophrenic patients taking ris-
peridone 6 mg/day and then carbamazepine 400 mg/day
for 1 week; the changes in risperidone concentrations

Risperidone 351

ª 2009 Elsevier B.V. All rights reserved.



correlated positively with the concentration ratio of ris-
peridone/9-hydroxyrisperidone, which was closely asso-
ciated with CYP2D6 genotype (242).
Conversely, carbamazepine concentrations can

increase when risperidone is added; when risperidone
1 mg/day was added in eight patients taking carbamaze-
pine (mean dose 625 mg/day) carbamazepine plasma con-
centrations increased from 6.7 mg/ml at baseline to 8.0 mg/
ml 2 weeks later (243).

� A 23-year-old man had raised 9-hydroxyrisperidone
concentrations in association with carbamazepine
dosage reduction and concomitant fluvoxamine ther-
apy (244).� In a 50-year-old man with deficient CYP2D6 activity, the
addition of carbamazepine to pre-existing risperidone
therapy resulted in a marked reduction in the plasma
concentrations of risperidone and 9-hydroxyrisperidone
and an acute exacerbation of his psychosis (245).

Clozapine

Risperidone increases plasma clozapine concentrations
(246). The effects of risperidone 3.25 mg/day on cyto-
chrome P450 isozymes have therefore been assessed in
eight patients by determination of the metabolism of
caffeine (for CYP1A2), dextromethorphan (for
CYP2D6), and mephenytoin (for CYP2C19) (246). The
results suggested that risperidone is a weak in vivo inhi-
bitor of CYP2D6, CYP2C19, and CYP1A2. The authors
concluded that inhibition by risperidone of those iso-
zymes is an unlikely mechanism to explain increased clo-
zapine concentrations.

Donepezil

Possible interactions between donepezil and risperidone,
which are both metabolized by CYP2D6 and CYP3A4, have
been studied (SEDA-26, 65) (247). Of 24 healthy men (mean
age 40 years) were assigned to risperidone 1 mg/day, donepe-
zil 5 mg/day, or both, 20 reported at least one adverse event,
mostly headache, nervousness, or somnolence. However,
measures of pharmacokinetics showed no interaction.

HIV protease inhibitors

An interaction of risperidone with ritonavir and indinavir
has been reported (248).

� A 34-year-old man with AIDS took risperidone 4 mg/
day for a Tourette-like tic disorder. Ritonavir and
indinavir were added, and 1 week later he developed
significantly impaired swallowing, speaking, and
breathing, and worsening of his existing tremors.

The authors hypothesized that inhibition of CYP2D6 and
CYP3A4 by ritonavir and indinavir may have resulted in
accumulation of the active moiety of risperidone.

Lithium

Dystonia occurred in an 81-year-old man who took
lithium in addition to risperidone 1 mg/day, valproic
acid 2250 mg/day, and benzatropine 4 mg/day (249).

There were no changes in lithium pharmacokinetics
when risperidone was substituted open-label for another
neuroleptic drug in 13 patients (250). On the other hand,
an 81-year-old man had an acute dystonic reaction 4 days
after lithium was added to a regimen of risperidone, val-
proic acid, and benzatropine (251).

� A 17-year-old man had taken risperidone for 2 years
without adverse effects, but 12 weeks after lithium was
added, he reported prolonged erections (lasting 1–3
hours) 2–5 times daily; risperidone was tapered and
withdrawn and the problem resolved (252).

In an in vitro study, there was no visible precipitate
formation when lithium citrate syrup was mixed with
risperidone solution (253).

Macrolide antibiotics

Drugs that inhibit CYP3A, such as the macrolides, can
significantly alter risperidone concentrations, especially in
patients with CYP2D6 deficiency (254).

Maprotiline

In three patients, maprotiline plasma concentrations
increased when risperidone was added (255). The data
suggest that risperidone is a modest inhibitor of
CYP2D6 and should therefore be used with caution in
combination with drugs such as maprotiline, where
increased plasma concentrations have the potential to
cause serious toxicity.

Opioids

Two patients who were hospitalized with a diagnosis
of opioid dependence received concomitant treatment
with methadone 50 mg/day in one case, and levorpha-
nol 14 mg/day in the other, each in association with
risperidone. After several days, both had symptoms of
opioid withdrawal despite having no change in their
opioid doses (256). The withdrawal symptoms resolved
soon after risperidone was withdrawn. According to
the authors, this finding suggests that risperidone may
precipitate opioid withdrawal in opioid-dependent
patients.

Phenytoin

An interaction between risperidone and phenytoin
resulted in extrapyramidal symptoms (257).

Selective serotonin reuptake inhibitors (SSRIs)

The possibility of a pharmacodynamic interaction
between risperidone and serotonin re-uptake inhibitors
has been discussed (258–260). Published cases of ame-
lioration and deterioration have perpetuated the
debate. Amelioration was observed in four patients
with depression that had responded inadequately to
selective serotonin re-uptake inhibitors by the addition
of risperidone 1 mg bd (n = 2) or 0.5 mg at night
(n = 2) (261).
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Citalopram and escitalopram

The effect of citalopram on plasma concentrations of
risperidone has been prospectively studied in 15 patients
with schizophrenia (262). The addition of citalopram did
not alter plasma risperidone concentrations.

Fluoxetine

A pharmacokinetic interaction of risperidone with fluox-
etine has been reported (SEDA-22, 71). When 10 schizo-
phrenic patients stabilized on risperidone 4–6 mg/day
took fluoxetine 20 mg/day for concomitant depression
the mean plasma risperidone concentration increased
from 12 to 56 ng/ml at week 4; the concentration of 9-
hydroxyrisperidone was not significantly affected (263).
One patient dropped out after 1 week because of akathi-
sia associated with a markedly increased plasma risperi-
done concentration.
In an open, 30-day trial, the pharmacokinetics, safety,

and tolerability of a combination of risperidone 4 or 6 mg/
day with fluoxetine 20 mg/day were evaluated in 11 psy-
chotic inpatients (264). CYP2D6 genotyping showed that
three were poor metabolizers and eight were extensive
metabolizers. The mean AUC of risperidone increased
from 83 and 398 h.ng/ml to 341 and 514 h.ng/ml when
risperidone was co-administered with fluoxetine in exten-
sive and poor metabolizers respectively. However, despite
this pharmacokinetic interaction, the severity and inci-
dence of extrapyramidal symptoms and adverse events
did not increase significantly when fluoxetine was added;
10 of the 11 patients improved clinically.

� Catastrophic deterioration, with the severity of obses-
sive-compulsive symptoms returning to pretreatment
levels, was observed in a 21-year-old man when risper-
idone was added to fluoxetine in a dosage that was
stepped up to 3 mg/day (265).

Combined treatment with atypical neuroleptic drugs
and SSRIs is common and case reports have suggested
that SSRIs can increase risperidone concentrations and
increase the risk of extrapyramidal disorders (SEDA-23,
18).

� Severe parkinsonism with urinary retention occurred
when fluoxetine 20 mg/day was added to risperidone
2 mg/day in a 46-year-old man with schizophrenia.
Risperidone had been prescribed at this dose for 1
month without any adverse effects, and the authors
considered that a pharmacokinetic interaction between
fluoxetine and risperidone was the most likely mechan-
ism (266).

In a systematic open study in 11 hospitalized patients
taking a steady dose of risperidone (4–6 mg/day), fluox-
etine (20 mg/day) increased plasma concentrations of
active antipsychotic medication (combined concentra-
tions of risperidone and 9-hydroxyrisperidone) by 50%
after treatment for 25 days (264). Despite this, the treat-
ment was well tolerated and there were improvements in
rating scales of psychosis and depressed mood. Whether
this was due to the introduction of fluoxetine or the
higher plasma concentrations of risperidone is not clear.

Fluoxetine and norfluoxetine would require at least a
further 2 weeks to reach steady state, so additional
increases in risperidone concentrations might be antici-
pated over this time.

Fluvoxamine� A 24-year-old woman with auditory hallucinations tak-
ing risperidone 6 mg/day developed neuroleptic malig-
nant syndrome after adding fluvoxamine 50 mg/day
(267).

Paroxetine

The serotonin syndrome has been reported during treat-
ment with paroxetine and risperidone (268). A case of
edema in a patient taking risperidone and paroxetine has
also been reported (269).
The effects of paroxetine 20 mg/day for 4 weeks on

steady-state plasma concentrations of risperidone and its
active metabolite 9-hydroxyrisperidone have been studied
in 10 patients taking risperidone 4–8 mg/day (270).
During paroxetine administration, mean plasma risperi-
done concentrations increased significantly, while 9-
hydroxyrisperidone concentrations fell slightly but not
significantly; after 4 weeks, the sum of the risperidone
and 9-hydroxyrisperidone concentrations increased signif-
icantly by 45% over baseline, and the mean plasma ris-
peridone/9-hydroxyrisperidone concentration ratio was
also significantly changed. However, the drug combina-
tion was generally well tolerated, with the exception of
one patient who developed parkinsonian symptoms dur-
ing the second week, and whose total plasma risperidone
and 9-hydroxyrisperidone concentrations increased by
62%.
The addition of paroxetine 20 mg/day to risperidone 4–

8 mg/day in 10 patients with schizophrenia produced a
45% increase in plasma concentrations of risperidone
and its active metabolite, 9-hydroxyrisperidone (270).
One of the patients developed signs of drug-induced
Parkinson’s disease following the addition of paroxetine.
The serotonin syndrome occurred in a patient taking

paroxetine plus an atypical antipsychotic drug, risperi-
done (268).

� A 53-year-old man took paroxetine 40 mg/day and
risperidone 6 mg/day, having previously taken lower
doses of both. Within 2 hours he developed ataxia,
shivering, and tremor. He had profound sweating but
was apyrexial, and was confused, with involuntary jerk-
ing movements of his limbs. He recovered without
specific treatment over the next 2 days.

This was the first report of the serotonin syndrome in a
patient taking an SSRI and an atypical antipsychotic drug.
The reaction was unexpected because risperidone, in
addition to being a potent dopamine receptor antagonist,
is also a 5-HT2-receptor antagonist. Subsequent animal
studies suggested that 5-HT2-receptor antagonists
increase the firing of serotonergic neurons, perhaps
through a postsynaptic feedback loop. This could account
for potentiation of the effects of SSRIs by 5-HT2-receptor
antagonists, such as risperidone.

Risperidone 353

ª 2009 Elsevier B.V. All rights reserved.



� A 78-year-old woman with hypertension, angina, dia-
betes, depression, and dementia took venlafaxine
37.5 mg bd for depression and risperidone 0.25 mg at
bedtime for agitation for more than 1 year, as well as
isosorbide dinitrate, lisinopril, and glibenclamide
(271). Because of periods of extreme agitation, her
medication was changed to paroxetine 20 mg and ris-
peridone 0.5 mg at bedtime. Her agitation worsened,
and after 3 days the dose of risperidone was increased
to 0.5 mg bd. Two days later she did not respond to
verbal or tactile stimuli and developed a tremor, dizzi-
ness, and muscle incoordination. The risperidone and
paroxetine were withdrawn and her agitation was man-
aged with low doses of lorazepam. She recovered and 6
months later was stable, taking paroxetine 40 mg/day
and risperidone 0.25 mg at bedtime.

Venlafaxine

In eight patients with major depressive disorder without
psychotic features, who did not respond to serotonin re-
uptake inhibitors therapy when risperidone was added, all
improved within 1 week. Furthermore, risperidone also
seemed to have beneficial effects on sleep disturbance
and sexual dysfunction (272). In an open study in 30
healthy subjects who took risperidone 1 mg orally before
and after venlafaxine dosing to steady state, the oral
clearance of risperidone fell by 38% and the volume of
distribution by 17%, resulting in a 32% increase in AUC;
renal clearance of 9-hydroxyrisperidone also fell by 20%
(273). The authors concluded that these small effects were
consistent with the fact that venlafaxine is unlikely to
alter the clearance of risperidone, which is mainly by
CYP2D6.
Unlike SSRIs, venlafaxine only weakly inhibits

CYP2D6. Venlafaxine (up to 150 mg/day for 10 days)
modestly but significantly increased the plasma AUC of
a single dose of risperidone (1 mg) in 38 healthy volun-
teers in an open longitudinal design, but did not affect its
active metabolite, 9-hydroxyrisperidone (273). The
authors suggested that their study had shown a small
potentiating effect of venlafaxine on risperidone avail-
ability, probably through weak inhibition by venlafaxine
of CYP2D6. Venlafaxine is therefore less likely to
increase risperidone concentrations than are fluoxetine
and paroxetine.

Tetracycline

� A possible interaction of risperidone with tetracycline
has been reported in a 15-year-old adolescent with
Asperger’s syndrome, Tourette’s syndrome, and obses-
sive-compulsive disorder (274). Acute exacerbation of
motor and vocal tics occurred when tetracycline
250 mg bd was introduced for acne; withdrawal of
tetracycline resulted in an improvement in the tics.

Thioridazine

A 23-year-old man had high risperidone plasma concen-
trations secondary to concurrent thioridazine use (244).
Thioridazine 25 mg bd significantly increased the

steady-state plasma concentration of risperidone (3 mg

bd) and reduced 9-hydroxyrisperidone in 12 patients
with schizophrenia (275). Since risperidone mainly
undergoes 9-hydroxylation yielding an active metabolite,
9-hydroxyrisperidone, metabolic inhibition could
account for this increase. Moreover, there was a greater
rise in risperidone concentrations in subjects with more
capacity for CYP2D6-dependent 9-hydroxylation of ris-
peridone.

Valproate

Plasma concentrations of risperidone and 9-hydroxyris-
peridone were measured in 44 patients (aged 26–63
years) taking risperidone alone (n = 23) or co-medicated
with sodium valproate (n = 10) (154). Valproate had no
major effect on plasma risperidone concentrations.
However, an anecdotal report has suggested that some

individuals may be susceptible to an interaction.

� Catatonia occurred in a 42-year-old woman taking val-
proic acid, sertraline, and risperidone (79). The cata-
tonic features evolved for the first time after a single
dose of valproate and were alleviated by lorazepam;
the same catatonic signs recurred after a second dose
of valproate and again remitted after lorazepam.

The authors considered that this was a possible interac-
tion, since catatonia has not been reported with valproate
alone.
The addition of risperidone 10 mg/day over 2 months to

valproate and clonazepam in a 40-year-old woman pro-
voked marked edema in the legs and moderate edema in
the arms (276). The authors considered that this was a
possible interaction, since edema has not been reported
with either of these drugs separately.
In contrast, a beneficial interaction has been observed

when valproic acid was added to risperidone; the previous
addition of valproic acid to treatment with chlorproma-
zine had no effect on psychotic symptoms (277).

Diagnosis of Adverse Drug Reactions

A therapeutic target range for serum risperidone concen-
trations has not been established, but in 20 of 22 patients
taking 6 mg/day, which is considered the optimum dosage
for most patients, risperidone serum concentrations were
50–150 nmol/l (278). Steady-state serum concentrations of
risperidone and 9-hydroxyrisperidone, the active moiety,
were also measured in 42 patients; there was no correla-
tion between the serum concentration of the active moi-
ety and adverse effects.
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Risperidone 357

ª 2009 Elsevier B.V. All rights reserved.



malignant syndrome induced by risperidone.] Ann Fr

Anesth Reanim 1998;17(1):85–6.

107. Aguirre C, Garcia Monco JC, Mendibil B. Sı́ndrome neu-
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Sertindole

General Information

Sertindole is an antipsychotic drug that was approved in
several countries in 1997, but was suspended in January
2000, following concerns about reports of cardiac dys-
rhythmias and sudden death (SEDA-22, 71) (SEDA-25,
71) (1). To gather further information, data collected for

prescription-event-monitoring (PEM) studies have been
analysed (2). Patients taking sertindole (n = 462; 5482
months of observation) were compared with patients tak-
ing risperidone or olanzapine (n = 16 542; 139 987 months
of observation). There were seven deaths in the sertindole
group and 415 in the other, and the death rates were not
significantly different, although the confidence intervals
were wide because of the relatively small number of
patients in the sertindole group. There were six cases of
prolonged QTc interval in the patients taking sertindole
and one in the controls. The authors concluded that the
sertindole group was too small to rule out an association
between sertindole and cardiovascular deaths.
On 28 June 2001 an ad hoc expert committee was con-

vened to review the available clinical and preclinical data
related to the cardiovascular activity of sertindole and to
consider whether such data supported the then current
marketing authorization status of sertindole (3). Based on
a re-evaluation of all the available data, including additional
data submitted by the Marketing Authorization Holder, it
was concluded that the re-introduction of sertindole could
be supported by further clinical safety data, strong safe-
guards (including extensive contraindications and warnings
for patients at risk of cardiac dysrhythmias), a reduction in
the recommended maximum dose from 24 mg to 20 mg in
all but exceptional cases, and extensive electrocardiographic
monitoring before and during treatment. The Committee
for Proprietary Medicinal Products (CPMP) of The
European Agency for the Evaluation of Medicinal
Products later recommended lifting the ban on sertindole-
containing medicinal products on the basis of additional
data provided by the marketing authorization holders (see
monthly report from October, 2001: www.emea.eu.int).

Organs and Systems

Cardiovascular

Sertindole was associated with 27 deaths (16 cardiac) in
2194 patients who were enrolled in premarketing stu-
dies; further fatal cases have been collected, and the
Committee on Safety of Medicines has described
reports of 36 deaths (including some sudden cardiac
deaths) and 13 serious but non-fatal dysrhythmias also
associated with sertindole (4).

Metabolism

Four patients developed tardive dyskinesia while taking
conventional antipsychotic drugs and were switched to
sertindole (5). Three apparently recovered from the
movement disorder. In the other patient sertindole
monotherapy was not sufficient to reduce the move-
ment effects, but combination treatment with tetrabe-
nazine resulted in a greater reduction in extrapyramidal
symptoms. There was no evidence of QTc prolongation
in these patients, but one patient gained 8 kg in
weight.
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Thioridazine

General Information

Thioridazine is a phenothiazine neuroleptic drug.

Organs and Systems

Cardiovascular

Cardiac dysrhythmias

Thioridazine has been associated with QT interval pro-
longation (1,2) and several cases of torsade de pointes
have been reported (3,4).
Two types of T wave changes have also been described

after treatment with thioridazine: type I (with rounded,
flat, or notched T waves) and type II (with biphasic T
waves) (5).
On July 7, 2000, doctors and pharmacists in the USA

were notified about the addition of extensive new safety
warnings, including a boxed warning to the professional
product label for the neuroleptic drug thioridazine
(Melleril, Novartis Pharmaceuticals). The text of the
new boxed warning read: ‘‘Melleril (thioridazine) has
been shown to prolong the QTc interval in a dose-related
manner, and drugs with this potential, including Melleril,
have been associated with torsade de pointes-type
arrhythmias and sudden death. Due to its potential for
significant, possibly life-threatening, prodysrhythmic
effects, Melleril should be reserved for use in the treat-
ment of patients with schizophrenia who fail to show an
acceptable response to adequate courses of treatment
with other neuroleptic drugs, either because of insuffi-
cient effectiveness or the inability to achieve an effective
dose due to intolerable adverse effects from those drugs.’’
The new labelling changes were based primarily on the

FDA’s review of three published studies. The first of
these showed increased blood concentrations of thiorida-
zine in patients with a genetic defect, resulting in the slow
inactivation of debrisoquine (6). In this study, 19 healthy

subjects (six poor and 13 extensive metabolizers of debri-
soquine) took a single oral dose of thioridazine 25 mg.
The poor metabolizers reached higher blood concentra-
tions of thioridazine 2.4 times more quickly than the
extensive metabolizers. There was a 4.5-fold increase in
the systemic availability of the drug in the poor metabo-
lizers, in whom thioridazine remained in the blood twice
as long. The second study showed dose-related prolonga-
tion of the QTc interval from 388 (range 370–406) to 411
(range 397–425) ms 4 hours after an oral dose of thior-
idazine 50 mg (7). The average maximal increase was
23 ms. This change was statistically greater than that for
either placebo or thioridazine 10 mg. In the third study
the effect of the selective serotonin re-uptake inhibitor
(SSRI) fluvoxamine, 25 mg bd for 1 week, on thioridazine
blood concentrations was evaluated in 10 hospitalized
men with schizophrenia (8). The concentrations of thior-
idazine and its two active breakdown products, mesorida-
zine and sulforidazine, increased three-fold after the
administration of fluvoxamine.
The possibility that some of the cardiac effects of thior-

idazine may be related to these metabolites as well as the
parent compound has been explored (5,9) but needs
further investigation.
Several regulatory measures (www.mca.gov.uk;

www.medsafe.govt.nz; www.imb.ie; www.hc-sc.gc.ca;
www.bpfk.org; www.fda.gov; www.who.int/medicines)
have been adopted in different countries with regard to
thioridazine.
The role of cardiac effects of neuroleptic drugs in sud-

den death is controversial (SEDA-18, 47; SEDA-20, 26;
SEDA-20, 36). There may be multiple non-cardiac causes,
including asphyxia, convulsions, or hyperpyrexia.
However, some cases of sudden death in apparently
young healthy individuals may be directly attributable to
cardiac dysrhythmias after treatment with thioridazine or
chlorpromazine (10), and from time to time, cases of
sudden death are reported (SEDA-20, 36; SEDA-22,
46), including four cases in which thioridazine in standard
doses was implicated as the cause of death or as a con-
tributing factor (11).

� A 68-year-old man with a 5-year history of Alzheimer’s
disease was treated with thioridazine 25 mg tds
because of violent outbursts (12). His other drugs,
temazepam 10–30 mg at night, carbamazepine 100 mg
bd for neuropathic pain, and droperidol 5–10 mg as
required, were unaltered. Five days later, he was
found dead, having been in his usual condition 2
hours before. Post-mortem examination showed steno-
sis of the coronary arteries, but no coronary thrombo-
sis, myocardial infarction, or other significant
pathology. The certified cause of death was cardiac
dysrhythmia due to ischemic heart disease.
Thioridazine was considered as a possible contributing
factor.

Hypotension

Hypotension is the most commonly observed cardiovas-
cular adverse effect of neuroleptic drugs, particularly
after administration of those that are also potent alpha-
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adrenoceptor antagonists, such as thioridazine. A central
mechanism involving the vasomotor regulatory center
may also contribute to the lowering of blood pressure.
Severe orthostatic hypotension has been observed in

older volunteers (n = 14; aged 65–77 years) who partici-
pated in a randomized, double-blind, three-period, cross-
over study, in which they took single oral doses of
thioridazine (25 mg), remoxipride (50 mg), or placebo
(13). Compared with placebo, there were falls in supine
and erect systolic and diastolic blood pressures after thior-
idazine, but not remoxipride. Standing systolic blood
pressures fell by a maximum of 26 mmHg. There were
similar falls in blood pressure in young volunteers.
Hypotension has been reported in two other elderly

patients who were taking thioridazine (14). The patients,
men aged 68 and 70 years, had traumatic brain injury and
were taking oral thioridazine 25 mg/day for agitation. A
few days later they developed mild hypotension (100/50
and 100/60 mmHg respectively).

Ear, nose, throat

Epistaxis has been reported in three patients with hyper-
tension taking thioridazine (15).

Nervous system

In one study, there was no significant difference in serum
concentrations of thioridazine, its metabolites, or radio-
receptor activity between patients with and without tard-
ive dyskinesia (16).

Sensory systems

Acute toxic effects of thioridazine on the eyes include
nyctalopia, blurred vision, and dyschromatopsia, which
typically become evident after 2–8 weeks of dosages
over 800 mg/day.

Lens and corneal deposits

Deposits in the lens or cornea probably result from mel-
anin-drug complex deposition and are best detected by
slit-lamp examination. These deposits are probably dose-
and time-related, since they generally occur only after
years of treatment. Fortunately, they are in large part
reversible, but if undetected they may progress to inter-
fere with vision. They are most often reported with chlor-
promazine or thioridazine and can occur in association
with pigmentary changes in the skin.

Pigmentary retinopathy

Pigmentary retinopathy, which can seriously impair
vision, is specifically associated with thioridazine, and
has occurred more often with high and prolonged dosage
(for example 1200–1800 mg/day for weeks to months)
(17), although in one case the daily dose was only
700 mg (18). Large-scale surveys have confirmed the rela-
tive safety of dosages up to 800 mg/day (19); at any
dosage, however, any complaint of brownish discoloration
of vision or impaired dark adaptation requires immediate
evaluation.

� A 28-year-old woman with a long history of psychiatric
problems was taking fluoxetine, diazepam, methylphe-
nidate, and thioridazine 800 mg qds (17). Fluorescein
angiography showed confluent areas of punctate
hyperfluorescence, consistent with diffuse retinal pig-
ment epithelial alteration secondary to acute thiorida-
zine toxic effects.� A 51-year-old woman with a long history of psychiatric
problems and no family history of hereditary retinal
degeneration had reduced vision in both eyes for sev-
eral years while she was taking thioridazine 300 mg/
day and chlorpromazine 600 mg/day (20). She had
large patches of atrophy outside the arcades and within
the macula, with sparing of foveal pigmentation; there
were diffuse increases in hyperpigmentation in the
peripheries of both eyes, and hypopigmented or unpig-
mented retinal epithelium.

The authors thought that the pigmentary changes were
probably due to thioridazine, as adverse effects on the
retina are rare with chlorpromazine.

Fluid balance

Water intoxication has been reported during treatment
with thioridazine and may be due to its pronounced antic-
holinergic properties and/or direct stimulation of the
hypothalamic thirst center (21).

Hematologic

The Committee on Safety of Medicines and the erstwhile
Medicines Control Agency in the UK received 999
reports of hemopoietic disorders related to neuroleptic
drugs between 1963 and 1996; there were 65 deaths (22).
There were 182 reports of agranulocytosis; chlorproma-
zine and thioridazine were associated with the highest
number of deaths—27 of 56 and nine of 24 respectively.

Skin

Photosensitivity reactions have been observed in patients
taking thioridazine (23).

� A 72-year-old woman developed well-delimited hyper-
pigmented papular lesions on exposed areas after 4
years of treatment.� A 63-year-old woman developed maculopapular pig-
mented skin lesions on the face, neck, and forearms
after several years; histology showed a lichenoid der-
matitis.� A 72-year-old woman developed papular pigmented
skin lesions on the face, neck, and the backs of the
hands; a skin biopsy showed a lichenoid reaction.

In all three cases the reaction disappeared after withdra-
wal of thioridazine.

Sexual function

Thioridazine and other highly anticholinergic drugs can
cause male sexual dysfunction, including impotence and
retrograde ejaculation 24,25. A case of thioridazine-
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induced inhibition of female orgasm has also been
reported (26).

Death

A retrospective case-control study conducted by the same
group who first identified a relation effect of pimozide
and thioridazine on the QT interval (SEDA-24, 55) has
been published (27). The study was carried out in five
large psychiatric hospitals in England and included all
inpatients with sudden unexplained death over a period
of 12 years (1984–1995) and two controls for each case
from the same hospital matched for age, sex, and duration
of inpatient stay, one of whom was also matched for
primary psychiatric diagnosis. The patients were aged
18–74 years, and there were 69 cases and 132 controls
(63 matched for diagnosis). Since the presence of an
organic disorder was significantly associated with sudden
unexpected death, this was adjusted for. Sudden death
was associated with hypertension, ischemic heart disease,
and thioridazine therapy (OR = 5.3; 95% CI = 1.7, 15).
Among the limitations of this study was the incomplete-
ness of the records, which often lacked information about
important risk factors, including underlying cardiac dis-
ease, smoking, or the use of alcohol or illicit drugs;
furthermore, the low rate of post-mortem examination
raises the possibility that some of the deaths were from
causes other than cardiac dysrhythmias, although other
causes were found in only three of 30 cases when a post-
mortem examination was done.

Long-Term Effects

Drug withdrawal

The consequences of restricting the indications for thior-
idazine in patients with learning disabilities have been a
matter of reflection (28). Of 155 psychiatric patients, 18
were regularly taking thioridazine at the time of the
directive; all stopped taking it and seven had moderate
or severe difficulties during the following 3 months and
one developed probable neuroleptic malignant syndrome
4 weeks after switching to an alternative drug. According
to the authors, regulatory authorities should take account
of the adverse consequences of drug changes when mak-
ing judgements about the benefit-to-harm balance, espe-
cially in vulnerable patients, such as those with learning
disabilities and psychiatric illnesses.
Other consequences of banning thioridazine have been

reported in a rural general practice in Ireland, in which 29
of 40 GPs responded to a questionnaire and 17 reported
management problems and adverse reactions (29). There
was increased service demand, as 44% of the GPs
described up to a 50% increase in referrals to the mental
health service; although most of the GPs (67%) reported
satisfaction with alternative agents, 37% described
adverse effects associated with the alternative agents. It
seems reasonable that directives should incorporate the
flexibility required to accommodate the needs of patients
who are already successfully stabilized on these drugs.

Susceptibility Factors

Genetic factors

The higher serum concentrations in poor CYP2D6 meta-
bolizers are associated with an increased risk of thiorida-
zine toxicity (11).

Age

Age increases the risk of thioridazine toxicity (11).

Sex

Female sex increases the risk of thioridazine toxicity (11).

Other features of the patient

Several factors increase the risk of thioridazine toxicity:
pre-existing cardiac disease, hypokalemia, a glucose load,
alcohol, exercise, and concomitant therapy with tricyclic
antidepressants, erythromycin, co-trimoxazole, cisapride,
risperidone, hydroxyzine, and drugs that inhibit CYP2D6
(some SSRIs, fluphenazine, and perphenazine) (11).

Drug Administration

Drug overdose

Brugada-like electrocardiographic abnormalities have
occurred after thioridazine overdose (30).

� A previously healthy 58-year-old woman whose blood
concentration of thioridazine was 1480 mg/l (usual ther-
apeutic concentrations are up to 200 mg/l) became
comatose and had muscular rigidity. An electrocardio-
gram showed sinus rhythm with significant QT prolon-
gation and 1 day later evolved into a Brugada-like
pattern. Over the next 72 hours, both the electrocar-
diogram and the clinical abnormalities resolved.

Drug–Drug Interactions

Beta-adrenoceptor antagonists

Lipophilic beta-adrenoceptor antagonists are metabo-
lized to varying degrees by oxidation by liver microsomal
cytochrome P450 (for example propranolol by CYP1A2
and CYP2D6 and metoprolol by CYP2D6). They can
therefore reduce the clearance and increase the steady-
state plasma concentrations of other drugs that undergo
similar metabolism, potentiating their effects. Drugs that
interact in this way include thioridazine (31).
The combination of propranolol or pindolol with thior-

idazine should be avoided if possible (32).

Diuretics

Diuretic-induced hypokalemia can potentiate thiorida-
zine-induced cardiotoxicity (10).

Fluvoxamine

Fluvoxamine increased thioridazine concentrations three-
fold (8) in 10 patients with schizophrenia taking steady-
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state thioridazine who were given fluvoxamine (25 mg
bd) for 1 week. Fluvoxamine interferes with the metabo-
lism of thioridazine, probably via CYP2C19 and/or
CYP1A2.
Fluvoxamine inhibits CYP1A2, and a low dosage

(50 mg/day) produced a 225% increase in plasma thior-
idazine concentrations in 10 patients with schizophrenia
(8). This was not reflected in an increased incidence of
clinical adverse events; however, thioridazine prolongs
the QTc interval, which was not measured.

Lithium

Several cases of neurotoxicity in patients taking lithium
and thioridazine have been reported. The cause of this
interaction has not been resolved, but lithium seems com-
patible with all neuroleptic drugs, although patients
should be carefully monitored (33–35).

Methylphenidate

Multiple involuntary movements, consisting of jaw grind-
ing, oral dyskinesias, bilateral hand rolling, vermiform ton-
gue movements, and bilateral choreiformmovements of the
digits, have been described in an 11-year-old boy taking
thioridazine 150 mg/day and methylphenidate 10 mg bd
(36). The methylphenidate was discontinued and within 4
weeks his movement disorder had completely disappeared.

Quinidine

Concurrent administration of quinidine with neuroleptic
drugs, particularly thioridazine, can cause myocardial
depression (10).

Risperidone

A 23-year-old man had high risperidone plasma concen-
trations secondary to concurrent thioridazine use (37).
Thioridazine 25 mg bd significantly increased the

steady-state plasma concentration of risperidone (3 mg
bd) and reduced 9-hydroxyrisperidone in 12 patients
with schizophrenia (38). Since risperidone mainly under-
goes 9-hydroxylation yielding an active metabolite, 9-
hydroxyrisperidone, metabolic inhibition could account
for this increase. Moreover, there was a greater rise in
risperidone concentrations in subjects with more capacity
for CYP2D6-dependent 9-hydroxylation of risperidone.

Tricyclic antidepressants

The interaction of thioridazine with a tricyclic antidepres-
sant is particularly dangerous, since both cause cardiac
toxicity. One report concerned two young patients who
developed ventricular dysrhythmias, from which they
recovered (39).
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Tiapride

General Information

Tiapride is a substituted benzamide related to sulpiride, a
selective dopamine D2 and D3 receptor antagonist with
little propensity for causing catalepsy and sedation. It has

antidyskinetic activity, reflecting its antidopaminergic
action, and also anxiolytic activity mediated by mechan-
isms that are poorly understood. Unlike the benzodiaze-
pines, tiapride does not affect vigilance and has a low
potential for interaction with ethanol, and possibly for
abuse. From a clinical point of view, it can be considered
as an atypical neuroleptic drug. It has reported efficacy in
neuroleptic-drug induced tardive dyskinesia, levodopa-
induced dyskinesias, psychomotor agitation in elderly
patients, and chorea (1).
Tiapride appears to be useful in alcohol withdrawal as

an alternative to the benzodiazepines (2). It facilitates the
management of ethanol withdrawal, but its use in patients
at risk of severe reactions in acute withdrawal should be
accompanied by adjunctive therapy for hallucinosis and
seizures. Since it may prove difficult to identify such
patients and since there is also a small risk of the neuro-
leptic malignant syndrome (particularly with parenteral
administration), the usefulness of tiapride in this setting is
likely to be limited. The potential risk of tardive dyskine-
sia at the dosage used in alcoholic patients following
detoxification (300 mg/day) requires evaluation and
necessitates medical supervision. It is unlikely to produce
problems of dependence or abuse.
Tiapride has been assessed for the treatment of agitation

and aggressiveness in elderly patients with cognitive impair-
ment in a multicenter, double-blind study, in which patients
were randomly allocated to tiapride 100 mg/day (n = 102),
haloperidol 2 mg/day (n = 101), or placebo (n = 103) (3).
The percentage of responders after 21 days, according to
the Multidimensional Observation Scale for Elderly
Subjects (MOSES) irritability/aggressiveness subscale, was
significantly greater in both of the active treatment groups
(haloperidol 63%, tiapride 69%) than in the placebo group
(49%). There were 10 dropouts in the tiapride group, 21 in
the haloperidol group, and 16 in the placebo group. The
number of patients with at least one extrapyramidal symp-
tom was significantly smaller with tiapride (16%) than with
haloperidol (34%) and identical to that with placebo
(17%); there was no significant difference across the groups
in the numbers of patients with endocrinological adverse
events. Four deaths were reported: one with placebo
(stroke), one with tiapride (pneumonia), and two with
haloperidol (stroke and heart failure).

Organs and Systems

Cardiovascular

Torsade de pointes has been attributed to tiapride.

� A 76-year-old man developed torsade de pointes while
taking tiapride 300 mg/day; the QTc interval 1 day
after starting treatment was 600 ms; the dysrhythmia
resolved when tiapride was withdrawn (4).
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Tiotixene

General Information

Tiotixene is a thioxanthene neuroleptic drug.

Organs and Systems

Nervous system

Neuroleptic malignant syndrome has been reported as a
severe complication of tiotixene (SEDA-21, 49).

� A 42-year-old man with a history of paranoid schizo-
phrenia developed confusion and emesis. His medica-
tions included buspirone and tiotixene. He also had a
generalized seizure that resolved spontaneously. His
serum sodium concentration was 114 mmol/l, which
was thought to be secondary to psychogenic polydipsia
and which was corrected. The next day his temperature
rose to 40�C and the day after that he became lethargic
and non-verbal and developed generalized muscle
rigidity. A diagnosis of probable neuroleptic malignant
syndrome was made, and he was given dantrolene
sodium 1 mg/kg intravenously; neuroleptic drugs
were withdrawn. The serum creatine kinase activity
was over 234 500 U/l. Urinalysis showed more than
3 g/l of protein, a trace of ketones, and hemoglobin
and leukocytes. By the following day, his muscle rigid-
ity and fever had resolved and his mental status was
markedly improved.

Skin

Cutaneous lesions consisting of telangiectatic macules
have been reported with tiotixene (1).
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Ziprasidone

General Information

Ziprasidone is a dibenzotheolylpiperazine compound
with a receptor binding profile similar to that of other
atypical antipsychotic drugs, and a high affinity for sero-
tonin (5-HT2A) receptors and a lower affinity for dopa-
mine (D2) receptors; it also has high affinities for 5-HT1A,
5-HT1D and 5-HT2C receptors and inhibits serotonin and
noradrenaline reuptake. Two extensive reviews of the
clinical pharmacology of ziprasidone have appeared (1,2).
On February 5, 2000, the FDA approved ziprasidone for

the treatment of schizophrenia (www.fda.gov). However,
the FDA has been concerned with the possibility that zipra-
sidone and a number of other drugs might increase the risk
of the specific potentially fatal cardiac dysrhythmia, torsade
de pointes. The FDA did not approve ziprasidone in 1998,
because of evidence that it can cause prolongation of the
QT interval, and they asked that specific safety data be
gathered. The safety data were submitted in 1999.
Although QT prolongation is still a theoretical concern,
over 4000 patients have been treated in clinical trials without
evidence of torsade de pointes. In addition, overall mortality
in the trials was similar to that seen with placebo and other
neuroleptic drugs. The FDA labelling does not include a so-
called ‘‘black-box warning’’ and does not require an electro-
cardiogram before or during treatment. However, the label-
ling does warn physicians and patients about QT interval
prolongation and the possible risk of sudden death. The
labelling suggests that doctors use their best judgment,
based on the health status of the individual, as to whether
to use ziprasidone as first-line treatment or only after other
available drugs have failed. There is no requirement that
patients have regular heart check-ups while taking this drug.

Observational studies

In a PET study in the brain region of interest, intended to
delineate receptor occupancy, 16 patients with schizo-
phrenia or schizoaffective disorders were randomly
assigned to receive the recommended dosage of ziprasi-
done: 40, 80, 120, or 160 mg/day (19). Ziprasidone was
more like risperidone and olanzapine in its receptor occu-
pancy profile than clozapine and quetiapine; the optimal
effective dose of ziprasidone is closer to 120 mg/day than
to the lower doses suggested by previous PET studies.
One subject taking 120 mg/day withdrew because of
severe somnolence, and another developed oculogyric
crises. Given concerns about prolongation of the QTc

interval with ziprasidone, this was reported in some detail.
The number of individuals who had shortening of the QTc

interval was the same as the number who had prolonga-
tion (n ¼ 8). In subjects in whom the interval was pro-
longed the ranges were as follows: 0–25 msec (n ¼ 4), 26–
50 msec (n ¼ 2), and over 50 msec (n ¼ 2); the two
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individuals with increases of over 50 msec were taking
120 mg/day. Only one subject had a QTc interval greater
than 450 msec; (due to prolongation by 51 msec).
Ziprasidone is apparently well tolerated, with a limited

potential to cause extrapyramidal adverse effects or
weight gain (4). Out-patients who partly respond to con-
ventional antipsychotic drugs, risperidone, or olanzapine
may have improved control of psychotic symptoms after
switching to ziprasidone, according to the results of a re-
analysis of 6-week, multicenter, randomized, open, paral-
lel-group studies in patients with schizophrenia who had
previously taken conventional antipsychotic drugs (n ¼
108), olanzapine (n ¼ 104), or risperidone (n ¼ 58); these
results have been published in two different journals (5,
6).
In an open 12-week study of ziprasidone in 12 patients

with Parkinson’s disease and psychosis, two withdrew
because of adverse effects; one had increased diurnal
sedation on day 5 and the other had deterioration of gait
at 1 week (7c). The other 10 patients reported significant
improvement in psychiatric symptoms and no deteriora-
tion in motor symptoms. The small sample size and lack
of a control group precluded definitive conclusions.
In an open study nine patients with treatment-resistant

schizophrenia took clozapine þ ziprasidone for 6 months
(8). Mental state improved in seven, with significant
reductions in the mean Brief Psychiatric Rating Scale
score. The combination allowed an 18% reduction in the
daily dose of clozapine. All had some adverse effects
before combination treatment (each had been unsuccess-
fully treated with at least two first-generation antipsycho-
tic drugs and/or two second-generation drugs as
monotherapy) and during combination treatment, but
the co-administration of ziprasidone did not result in a
corresponding increase in adverse effects; for example,
there was neither further weight gain (n ¼ 5) nor weight
loss in patients with previous weight gain (n ¼ 2).
However, the small sample size and the lack of a control
group precluded definitive conclusions.
Published and unpublished studies from 1995 to 2004,

in which intramuscular ziprasidone was assessed, have
been reviewed (9). The most common adverse events in
the 921 patients were nausea, headache, dizziness, anxi-
ety, somnolence, insomnia, and injection-site pain; 1.1 to
6.1% withdrew because of treatment-related adverse
events.

Comparative studies

Ziprasidone 20 mg (n = 30) has been compared with dia-
zepam 10 mg (n = 30) and placebo (n = 30) in a rando-
mized, parallel-group, double-blind study in non-psychotic
subjects who were anxious before undergoing minor dental
surgery (10). The peak anxiolytic effect of ziprasidone
compared with placebo was similar to that of diazepam
but had a later onset. However, at 3 hours after the dose,
the anxiolytic effect of ziprasidone was significantly greater
than that of placebo and somewhat greater than that of
diazepam. The sedative effect of ziprasidone was never
greater than that of placebo, whereas diazepam was signifi-
cantly more sedative than placebo 1–1.5 hours after the

dose. Ziprasidone was generally well tolerated; only one
patient reported treatment-related adverse events (nausea
and vomiting) and, unlike diazepam, ziprasidone did not
reduce the blood pressure. Dystonia, extrapyramidal syn-
drome, akathisia, and postural hypotension were not seen
with ziprasidone. Ziprasidone may therefore have anxioly-
tic effects in addition to its neuroleptic properties.

Placebo controlled studies

Ziprasidone has been used in 28 children and adolescents
(aged 7–17 years) with Tourette’s syndrome in an 8-week
pilot study (11). They were randomly assigned to ziprasi-
done (5–40 mg/day; n = 16) or placebo (n = 12).
Ziprasidone significantly reduced tic frequency. There
was one case each of somnolence and akathisia, both
with the highest dose of ziprasidone; these were consid-
ered to be severe but did not necessitate withdrawal.
Ziprasidone is the first atypical antipsychotic drug to be

available in both intramuscular and oral formulations in
the USA. These two formulations have been compared
with haloperidol in a 6-week, multicenter, parallel-group,
flexibly dosed study in patients with an acute exacerba-
tion of schizophrenia or schizoaffective disorder (12).
They were randomized to ziprasidone (n ¼ 427; intramus-
cularly for 3 days, then orally 40–80 mg bd) or haloperidol
(n ¼ 138; intramuscularly for 3 days then orally 5–20 mg/
day). At the end of the intramuscular phase the patients
who had receiving ziprasidone had significantly better
Brief Psychiatric Rating Scale Total scores than those
who had received haloperidol, but at end point there
were no significant between-group differences. However,
ziprasidone produced significantly greater improvement
in negative subscale scores, both at the end of the intra-
muscular phase and at the end of the study. Haloperidol
caused more extrapyramidal effects, including akathisia
and movement disorders. At end of the study, mean
weight change in the ziprasidone group was 0.25 kg com-
pared with –0.15 kg in the haloperidol group; mean QTc

changes from baseline were þ3.2 ms versus –3.5 ms
respectively.
In a double-blind study, 144 agitated patients who

required emergency sedation were randomized to zipra-
sidone 20 mg (n ¼ 46), droperidol 5 mg (n ¼ 50), or
midazolam 5 mg (n ¼ 48) (13). Those who were sedated
with droperidol or ziprasidone required rescue medica-
tions to achieve adequate sedation less often than those
who were sedated with midazolam; more remained agi-
tated at 15 minutes after ziprasidone. There was akathisia
in one patient who received droperidol, one who received
midazolam (and subsequently droperidol rescue seda-
tion), and four who received ziprasidone. There were no
other adverse events.

Organs and Systems

Cardiovascular

Three extensive reviews of ziprasidone have devoted par-
ticular attention to the possibility of QT interval prolon-
gation (14–16). Ziprasidone up to 160 mg/day prolongs
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the QTc interval on average 5.9–9.7 ms (data from 4571
patients); a QTc interval of over 500 ms was seen in two of
2988 ziprasidone recipients and in one of 440 placebo
recipients. In an open study in 31 patients with schizo-
phrenia, ziprasidone given for 21–29 days prolonged the
QTc interval by 20 ms (95% CI = 14, 26).

� A38-year-old womanwith a psychosis who took 4020 mg
of ziprasidone had borderline intraventricular conduction
delay (QRS duration 111 ms); the QTc interval was
445 ms (17). She oscillated between being drowsy and
calm, and alert and agitated; her blood pressure fell
from 129/81 to 99/34 mmHg 4 hours later. She also had
diarrhea and urinary retention.

The question of the effect of ziprasidone on the QTc

interval has been analysed in an extensive review (18). It
is generally accepted that 440 ms is the upper limit of
normality, and the authors concluded that ziprasidone
clearly prolongs the QTc interval, but that the clinical
consequences of this effect are uncertain, and that so far
no direct association with torsade de pointes, sudden
death, or increased cardiac mortality has been observed.
However, they provided recommendations about its use.

1. Before starting treatment, conditions that might pre-
dispose to a higher risk of QTc interval prolongation or
torsade de pointes (either cardiac, metabolic, or
others) should be ruled out; a careful medical history
is recommended.

2. In people with stress, shock, and extreme or prolonged
physical exertion already taking ziprasidone, therapy
can be continued, but electrocardiographic monitoring
is advised when episodes are severe or prolonged.

3. Although no special precautions are suggested when
ziprasidone is co-prescribed with metabolic inhibitors,
drugs that do not inhibit hepatic enzymes should be
preferred.

4. Ziprasidone should be avoided in the following cases:
a. when there is evidence of long QT syndrome, a

history of myocardial infarction or ischemic heart
disease, and persistent or recurrent bradycardia; a
cardiologist should be consulted if uncertain.

b. in conditions often associated with electrolyte dis-
turbance, including anorexia or bulimia; electrolyte
disturbance should be always ruled out by means of
a blood sample, and low concentrations of calcium,
potassium, or magnesium should be corrected
before treatment.

c. in patients taking other drugs that prolong the QT
interval, including certain antidysrhythmic drugs,
antidepressants, antihistamines, antimicrobial
drugs, and others; if co-prescription is unavoidable,
electrocardiographic monitoring by a specialist is
advised.

d. in patients taking thioridazine, droperidol, sertin-
dole, or pimozide; these drugs should be always
withdrawn before starting ziprasidone.

e. in patients taking other antipsychotic drugs; this is
permissible only when cross-tapering and excessive
doses of antipsychotic drugs should not be used in
combination.

Ziprasidone is probably the only antipsychotic drug not
to be unequivocally associated with weight gain, which
might result in a relatively reduced effect on cardiac
mortality compared with some other antipsychotic drugs.
However, reports of cardiovascular adverse events led the
FDA to include a ‘‘black box’’ warning in the official
labeling of the product. Furthermore, in a warning letter
the FDA stated that the manufacturers, Pfizer Inc, had
promoted the product in a misleading manner, because
they had minimized the greater capacity of ziprasidone to
cause QT prolongation, as well as its potential to cause
torsade de pointes and sudden death (19). The Indications
and Usage section of the manufacturers’ approved pro-
duct labelling stated that ziprasidone has a ‘‘greater capa-
city to prolong the QT/QTc interval compared with
several other antipsychotic drugs’’ and that this effect ‘‘is
associated in some other drugs with the ability to cause
torsade de pointes-type arrhythmia, a potentially fatal
polymorphic ventricular tachycardia, and sudden death.
Whether ziprasidone will cause torsade de pointes or
increase the rate of sudden death is not yet known.’’
Although torsade de pointes was not observed in pre-
marketing studies, experience is too limited to rule out
an increased risk. Furthermore, the FDA has received
several spontaneous reports of QT interval prolongation
greater than 500 ms, all suggestive of a potential risk of
this dysrhythmia. There are also reports of sudden death
of unknown cause, which could have been due to unrec-
ognized torsade de pointes.

Nervous system

In a randomized, Phase III, double-blind study, ziprasi-
done 80 mg/day and 160 mg was more effective than pla-
cebo in patients with acute exacerbations of schizophrenia
or schizoaffective disorders (n = 302) (20). After 6 weeks,
somnolence (19%) and akathisia (13%) were more fre-
quent with ziprasidone 160 mg than with placebo (5 and
7% each). Benzatropine was required at some time dur-
ing the study by 20% of the patients taking ziprasidone
80 mg/day, 25% of those taking ziprasidone 160 mg/day,
and 13% of those taking placebo. The long-term safety of
ziprasidone is unknown.
Tardive dyskinesia has been associated with ziprasi-

done in a 49-year-old man with bipolar disorder (21)
and in a 70-year-old woman within 2 months of starting
ziprasidone treatment (22).
Neuroleptic malignant syndrome has been reported in a

52-year-old woman with Parkinson’s disease and psycho-
tic symptoms who took ziprasidone (23).

Psychiatric

Three cases of hypomania in patients with depression
have been reported (24).
In four other cases the symptoms occurred within 7

days of the start of ziprasidone therapy and improved
substantially when the drug dosage was lowered or the
drug was withdrawn (25).

� An association between mania and ziprasidone has
been suggested in a 20-year-old man taking 160 mg at
bedtime who suddenly had increased energy, elated
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mood, and agitation (26). The symptoms resolved after
48 hours when ziprasidone was substituted by olanza-
pine.

Metabolism

Ziprasidone is said to be associated with less weight gain
than the other atypical neuroleptic drugs and than most
typical ones (1,2).
However, significant weight gain can occur.

� A 12-year-old boy had significant weight gain within 3
months of starting to take ziprasidone, from 63 kg
(BMI ¼ 26.5) before treatment to 69 kg (BMI ¼
28.2) after treatment (27).

Musculoskeletal

Rhabdomyolysis with pancreatitis and hyperglycemia has
been reported in a middle-aged woman with schizoaffec-
tive disorder (28).� A 50-year-old man who was treated with ziprasidone

40 mg bd for 3 weeks had a substantial rise in creatine
kinase activity without any evidence of muscle trauma,
stiffness, or swelling or any signs of neuroleptic malig-
nant syndrome (29). There was no renal insufficiency
or compartment syndrome.

The authors suggested that ziprasidone may enhance
muscle cell permeability leading to rhabdomyolysis.

Sexual function

Priapism has been attributed to ziprasidone.

� A 32-year-old patient with schizophrenia taking zipra-
sidone 40 mg bd developed several spontaneous invo-
luntary erections, which lasted about 20–30 minutes
and did not resolve with ejaculation (30). No physical
or laboratory abnormalities were found.

A possible explanation of this event would be that
novel antipsychotic drugs are antagonists at a1-adreno-
ceptors with very high affinities.

Drug administration

Drug overdose

Various reports of overdose of ziprasidone have been
published. In a retrospective chart review of isolated
cases reported to a Poisons Center during 2001 to 2003,
30 patients met the criteria among about 150 000 expo-
sures that were reviewed (31). Eight patients accidentally
took ziprasidone and 22 intentionally. The average dose
of ziprasidone was 205 mg (recommended dose 80–
160 mg/day) and only one required significant medical
intervention.

� A 17-year-old man with a 5-year history of severe
depression took 120 tablets of ziprasidone 20 mg
(2400 mg), 15–20 tablets of bupropion SR 150 mg
(2250–3000 mg), 15 tablets of clonazepam 0.5 mg, and
4 tablets of lorazepam 0.5 mg (32). He was somnolent
but responded to vocal commands. Over the next 45

minutes he became lethargic and was intubated. The
initial electrocardiogram 1 hour after ingestion was
normal, with a QTc interval of less than 440 ms, but
2.5 hours after ingestion he developed a widened QRS
interval (200 ms), which resolved with intravenous
lidocaine 75 mg. A subsequent 12-lead electrocardio-
gram showed a QTc interval of 480 ms and a QRS
interval of 120 ms. He was alkalinized to maintain a
pH of 7.45–7.50. The QTc interval varied from 420 to
480 ms. About 40 hours after ingestion, the QTc inter-
val finally stabilized at around 440 ms.� In a 37-year-old woman, ingestion of 1200 mg of zipra-
sidone was associated with a QTc interval of 459 ms
(33).� In a 17-month-old girl who was given ziprasidone
400 mg, the QTc interval was 480 ms (Bryant 81).� In a 50-year-old woman, 1760 mg of ziprasidone and
1000 of quetiapine caused an increase in the QTc inter-
val to 638 ms (Bryant 81).

All the last three patients had somnolence, which
resolved completely in a few days.

Drug–Drug Interactions

Pfizer, the marketing authorization holder of ziprasidone,
has promoted several pharmacokinetic studies. Oral con-
traceptives (ethinylestradiol 30 mg/day plus levonorgestrel
150 mg/day) (34), lithium 900 mg/day (35), ketoconazole
400 mg/day (36), and carbamazepine (100–400 mg/day)
(37) had no effects on the pharmacokinetics of ziprasi-
done (40 mg/day).

Ketoconazole

Ziprasidone is oxidatively metabolized by CYP3A4, but it
does not inhibit CYP3A4 or other isoenzymes at
clinically relevant concentrations. The effect of ketocona-
zole 400 mg qds for 6 days on the single-dose pharmacoki-
netics of ziprasidone 40 mg has been evaluated in an open,
placebo-controlled, crossover study in healthy volunteers
(38). Ketoconazole caused a modest increase in the mean
AUC (33%) and the mean Cmax (34%) of ziprasidone. This
effect was not considered clinically relevant and suggests
that other inhibitors of CYP3A4 are unlikely to affect the
pharmacokinetics of ziprasidone significantly. Most of the
reported adverse events were mild. The adverse events that
were most commonly reported in subjects who took the
drugs concomitantly were dizziness, weakness, and somno-
lence. There were no treatment-related laboratory abnorm-
alities or abnormal vital signs during the study and at the 6-
day follow-up evaluation.

Lithium

In 34 healthy men, ziprasidone did not alter serum lithium
concentrations or renal lithium clearance (39).
In a placebo-controlled, open-label study in 25 healthy

subjects there were no changes in serum lithium concen-
tration or renal lithium clearance when ziprasidone (40–
80 mg/day) was added for 7 days (39).
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Zotepine

General Information

Zotepine is a dibenzothiepine neuroleptic drug, an
antagonist at D1 dopamine receptors and at 5-HT1 and
5-HT2 receptors (1). It rarely causes extrapyramidal dis-
turbances, and when they do occur they are usually mild.
The efficacy and safety of zotepine have been

explored in a 1-year open study in 253 patients with
schizophrenia (mean age 38 years, range 18–65) who
took zotepine 75–450 mg/day (2). The mean total
BPRS score was reduced from 52 at baseline to 41.
Since concomitant treatment was allowed, 173 patients
reported 205 ongoing and 448 new neuroleptic medica-
ments during the study. A total of 826 adverse events
were reported by 220 patients; 50 had serious adverse
events and 5 died during the study, 2 taking zotepine;
one death was a suicide and the other was due to a
ventricular dysrhythmia. In all, 138 patients (55%) with-
drew from the study; 60 withdrawals were due to
adverse events. The most frequently reported adverse
events were weight gain (28%; mean weight gain
4.3 kg), somnolence (15%), and weakness (13%).
There were adverse events that could be related to
extrapyramidal effects in 5%. In 14 patients with normal
baseline electrocardiography there were abnormalities
at the end of the study, most commonly sinus tachycar-
dia; there were no reports of torsade de pointes. No
clinically important hematological abnormalities have
been reported to date.
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Zuclopenthixol

General Information

Zuclopenthixol is a thioxanthene neuroleptic drug.

Organs and Systems

Hematologic

Neutropenia has been associated with zuclopenthixol (1).

� A 66-year-old man with schizophrenia took zuclo-
penthixol 10 mg tds for 18 days and developed a mild
leukopenia (2.9 � 109/l) and thrombocytopenia
(109 � 109/l). He was asymptomatic, with no evidence
of infection or a bleeding tendency. Zuclopenthixol
was withdrawn, without any change in the rest of his
drug therapy (glibenclamide 5 mg tds, biperiden 2 mg
bd, oxazepam 10 mg tds, dipyridamole 75 mg tds, and
ranitidine 150 mg/day). The leukocyte and platelet
counts rose over the next 5 days.

Sexual function

Priapism, although infrequent, can occur during treat-
ment with neuroleptic drugs and necessitates prompt uro-
logical consultation and sometimes even surgical
intervention (SEDA-14, 149). A case has been associated
with zuclopenthixol (2).

� A 31-year-old man developed priapism after taking
zuclopenthixol 30 mg/day for 8 days, the dose having
been increased to 75 mg the day before, while he was
still taking oral carbamazepine 600 mg/day and clora-
zepate dipotassium 30 mg/day. He had a history of
perinatal anoxic encephalopathy with severe motor
sequelae and dyslalia, alcohol dependence, and a per-
sonality disorder. On the day before the priapism
occurred, he had been physically restrained and given
an extra dose of intramuscular clorazepate dipotassium
50 mg. When priapism occurred, all drugs except clor-
azepate were withdrawn and about 6 hours later the
corpora cavernosa were washed and infused with nor-
adrenaline in glucose (8 doses of 40 mg), after which
the priapism resolved.
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BENZODIAZEPINES

General Information

The benzodiazepines typically share hypnotic, anxiolytic,
myorelaxant, and anticonvulsant activity. Because their
efficacy and tolerability are generally good, especially in
the short term, they have been used extensively and are
likely to continue to be used for many years to come.
However, their less specific use in the medically or psychia-
trically ill, and in healthy individuals experiencing the stres-
ses of life or non-specific symptoms has often been
inappropriate and sometimes dangerous (SEDA-18, 43).
The pharmacoepidemiology of benzodiazepine use has
been carefully studied in various countries (1), including
the USA (2) and France, where 7% of the adult population
(17% of those over 65 years) are regular users (3). In Italy,
consumption of benzodiazepines remained stable (50
defined daily doses per 1000 population) from 1995 to
2003, while expenditure increased by 43% to E565M per
annum (4). The need to limit spending on pharmaceutical
products, as well as the very real likelihood of inducing
iatrogenic disease (for example cognitive impairment, acci-
dents, drug dependence, withdrawal syndromes), has
prompted many reviews and policy statements aimed at
discouraging inappropriate use. Despite this, the available
evidence suggests that there continues to be expensive and
inappropriate use in several countries (5).
A comprehensive review of manufacture, distribution,

and use has described the rather marked international
variation in use of the drugs and the role of the
International Narcotics Control Board, a United Nations
agency, in the restriction of these drugs (1). Most coun-
tries are signatories to the UN Convention on
Psychotropic Substances 1971, and are thus obliged to
implement controls on the international trade in abusable
drugs, including benzodiazepines. Some countries, such as
Australia and New Zealand, have imposed further strin-
gent controls on certain drugs, such as flunitrazepam,
which are thought to have particular abuse liability (6).
A wide-ranging discussion of benzodiazepine regulation
has pointed out both the potential merits of the approach
and the fact that some restrictions in the past have turned
out to be counterproductive (7).
A comprehensive review of benzodiazepine-induced

adverse effects and liability to abuse and dependence, in
which it was concluded that most benzodiazepine use is
both appropriate and helpful (2), has been challenged (8–
10). Balanced clinical reviews of benzodiazepine use
(11,12) include sets of recommendations on appropriate
prescribing and avoiding adverse effects, including toler-
ance/dependence. Similarly, guidelines for the manage-
ment of insomnia and the judicious use of hypnotics
have been reviewed (13,14). Benzodiazepines are often
over-prescribed in hospital (SEDA-17, 42), and their con-
tinued prescription after discharge constitutes a signifi-
cant source of long-term users. Anxiety symptoms and
insomnia are common in the medically ill population

and can be due to specific physical causes, a reaction to
illness, or a co-morbid psychiatric illness, such as depres-
sion. Moreover, caffeine, alcohol, nicotine, and a variety
of medications can cause insomnia (15). Accordingly, the
systematic assessment of such patients allows remediable
causes to be identified and the use of hypnosedatives to
be minimized. Elderly people and medically ill patients
are susceptible to the adverse effects of benzodiazepines,
and alternatives are worth considering (11,16), particu-
larly given evidence that behavioral therapies can be
more effective and more durable than drug therapy (17).
The important advantages of the benzodiazepines over

their predecessors are that they cause relatively less psy-
chomotor impairment, drowsiness, and respiratory inhibi-
tion, and are consequently relatively safe in overdose.
However, it must be emphasized that these advantages
are relative, and that the low toxicity potential does not
apply when they are combined with other agents, particu-
larly alcohol (18) and opioids (19).
As well as the added toxicity seen in co-administration

with other CNS depressants, benzodiazepines facilitate
self-injurious behavior by disinhibiting reckless or suicidal
impulses (20). Benzodiazepines are commonly used in
both attempted and completed suicide (21). A German
study has suggested that hypnosedatives are the common-
est drugs used in self-poisoning, that most are prescribed
by physicians, and that in nearly half of those taking them
chronically, adverse effects were considered to be a pos-
sible cause of self-poisoning (22). Before prescribing any
drugs of this class, clinicians are exhorted to assess both
suicidality and alcohol problems; there is a quick screen
for the latter, the Alcohol Use Disorders Identification
Test (AUDIT), which consists of a 10-item questionnaire
and an 8-item clinical procedure (23).
Hypersensitivity reactions are rare. A few cases of ana-

phylaxis have been described, although usually these have
been with the injectable forms and may have involved the
stabilizing agents (24). Serious skin reactions to clobazam
(SEDA-21, 38) and tetrazepam (25) have been reported.
Lesser reactions have also been reported with diazepam,
clorazepate (via N-methyldiazepam) (26), and midazolam
(SEDA-17, 44, 45).
Tumor-inducing effects have been observed in animals

(SEDA-6, 39), but human reports are essentially negative.
First-trimester exposure appears to confer a small but

definite increased risk (from a baseline of 0.06% up to
0.7%) of oral cleft in infants (27). However, second-gen-
eration effects are infrequent and usually reversible (28),
although some doubt remains about the extent of devel-
opmental delay in children who have been exposed in
utero (27). A review has emphasized that concerns
about second-generation effects are mainly theoretical,
and has concluded that some agents (for example chlor-
diazepoxide) are probably safe during pregnancy and
lactation and that others (for example alprazolam) are
best avoided (29).
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Pharmacokinetics

As far as is currently known, benzodiazepines and similar
drugs (zopiclone, zolpidem) act by a single mechanism,
interacting at the GABA receptor complex to enhance
the ability of GABA to open a chloride ion channel and
thereby hyperpolarize the neuronal membrane. It is usual,
therefore, to classify benzodiazepines, and recommend
their clinical use, on the basis of their duration of action
or their half-life. While this is without doubt a useful
classification, it is simplistic and does not take into
account other important pharmacokinetic factors.
The first factor that is considered significant is the

metabolism of benzodiazepines to pharmacologically
active metabolites. Many newer benzodiazepines
intended for use as long-acting anxiolytic or sedative
agents were in fact intended to be so metabolized to
ensure stable blood concentrations over prolonged peri-
ods. Drugs with long durations of effect, attributable at
least in part to the formation of active metabolites, are
listed in Table 1. Individuals vary considerably in their
metabolism of benzodiazepines, and interpatient varia-
tion in concentrations of the parent compounds and of
(generally active) metabolites is usual. In addition, ethni-
city plays a major role in determining the frequency of
poor and extensive metabolizers, with notable differences
between Caucasians and East Asians (30).
Another, often neglected, aspect of the pharmacoki-

netics of benzodiazepines is their rate of onset of action,
since their properties and therapeutic benefits depend to
a considerable degree on the rapidity of onset of their
perceived effects. Within a given drug class, the more
rapidly the hypnotic effect occurs, the greater the abuse
potential. For most drugs of abuse, it is the affective and
behavioral changes associated with a rapid rise in drug
blood concentration that is sought, whether the drug is
abused by intravenous injection, nasal or bronchial
absorption, or (as with alcohol) rapid oral absorption
from an empty stomach (31). Diazepam and flunitraze-
pam are effective hypnotics because they are rapidly
absorbed and there is a quick rise in blood concentrations,
even though after tissue redistribution and loss of their
immediate effects they have long half-lives. It also
explains the preference, and so the increased liability for
abuse, for drugs like diazepam (31) and flunitrazepam,
especially when the latter is snorted (32). In general, polar
molecules, such as lorazepam, oxazepam, and temazepam
(all of which have a hydroxyl group), gain access to the

CNS more slowly than their more lipophilic cousins. Since
temazepam is much more quickly absorbed from a soft
gelatin liquid-containing capsule than from a hard capsule
or tablet, it is the preferred form for both hypnotic use
(Table 2) and recreational use (and for this reason is
restricted in some countries). Kinetic differences between
drugs and between formulations partially explain why
comparing equipotent doses of benzodiazepines is diffi-
cult.
The route of metabolism can also be significant, parti-

cularly in those with liver disease or who are taking con-
comitant hepatic enzyme inhibitors, such as erythromycin
(SEDA-20, 31). The complex interaction between hepatic
dysfunction and benzodiazepines has been reviewed (33);
these drugs more readily affect liver function in indivi-
duals with liver disease and may also directly contribute
to hepatic encephalopathy, as shown by the ability of
benzodiazepine antagonists to reverse coma transiently
in such patients (33). Elderly people appear to be at
increased risk only if they are physically unwell, and
particularly if they are taking many medications.
Rapid absorption, often followed by rapid redistribu-

tion to tissue stores with consequent falls in brain and
blood drug concentrations, plays a significant role in the
quick onset and cessation of perceived effects, but long-
term actions, for example mild sedative and antianxiety
effects, are a consequence of slow hepatic clearance,
either by hydroxylation and subsequent conjugation to a
glucuronide or by microsomal metabolism to other possi-
bly pharmacologically active metabolites. Agents that are
subject to microsomal metabolism and/or oxidation accu-
mulate more rapidly in patients with reduced liver func-
tion (for example frail elderly people); only the
metabolism of drugs such as oxazepam, lorazepam, and
temazepam, which predominantly undergo glucuronida-
tion, is not affected by liver function (Table 3) nor suffer
from interference by drugs, such as cimetidine, estrogens,
or erythromycin, which compete for the enzyme pathways
(see Drug–Drug Interactions).

Pharmacodynamics

The use of techniques of molecular biology to clone the
benzodiazepine receptor and the other components of the
GABA receptor/chloride channel complex has shown
that there are likely to be many variant forms of the
receptor, owing to the multiplicity of protein subunits
that constitute it. This has given rise to the hope that
more selective agonist drugs, for example the ‘‘Z drugs’’
(zaleplon, zolpidem, and zopiclone), may produce fewer
adverse effects (35,36); however, this hope appears to
have been over-optimistic (10). There are also many
ways in which different drugs interact with receptor sites
to produce their effects, including agonism, partial agon-
ism, antagonism, inverse agonism (contragonism), and
even partial inverse agonism; this increases the complex-
ity considerably. The suggestion that partial agonists
(such as alpidem and abecarnil) have greater anxiolytic
than sedative potency (37), or that they will be less likely
to give rise to abuse (35) or dependence (38), is yet to be
established.

Table 1 Benzodiazepines with active metabolites that have

long half-lives; metabolism and predominant metabolite half-lives

To

desmethyldiazepam*
t1/2
(hours)

To other

metabolites

t1/2
(hours)

Lorazepate 40–100 Chlordiazepoxide 40–100

Diazepam 36 Clobazam 30–150

Halazepam 20 Flurazepam 40–120

Medazepam 2 Quazepam 40–75

Prazepam 120þ
*Half-life about 60 hours.
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Medicolegal considerations

Medicolegal problems, especially with the use of triazo-
lam, have been discussed (SEDA-13, 33); debate
continues on the interpretation of evidence that
points to an increased incidence of adverse behavioral
effects with triazolam (39), flunitrazepam, and other
short-acting high-potency agents (12). A review has high-
lighted a substantial rate (0.3–0.7%) of aggressive reac-
tions to benzodiazepines, and the fact that a majority so
affected may have intended a disinhibitory effect, with
clear forensic implications (40). High rates of benzodia-
zepine consumption, much of it illicit, continue in prison
populations.
Efforts to restrict benzodiazepines in New York State

(2,7) and to ban triazolam (Halcion) in the UK (7,41)
and the Netherlands (SEDA-4,v; 42) have likewise been
fraught with controversy. For example, the requirement
to use triplicate prescription forms in New York has been
effective in reducing prescription volumes, including
arguably necessary and appropriate prescriptions (43). A
1979 suspension of triazolam availability in the
Netherlands was overturned in 1990, while a 1993 formal
ban in the UK has remained in force (44). Two extensive
reports have included recommendations for resolving the
special problems posed by the Halcion controversy
(44,45).

Table 2 Rates of absorption and half-lives of benzodiazepines

tmax

(hours)

t1/2
(hours)

Slow absorption

Clonazepam 2–4 20–40

Loprazolam 2–5 5–15

Lorazepam 2 10–20

Oxazepam 2 5–15

Temazepam (hard capsules) 3 8–20

Intermediate absorption and elimination

Alprazolam 1–2 12–15

Bromazepam 1–4 10–25

Chlordiazepoxide 1–2 10–25

Intermediate absorption, slow elimination (with active metabolites)

Flurazepam 1.5 40–120

Clobazam 1–2 20–40

Chlorazepate 1 40–100

Quazepam 1.5 15–35

Rapid absorption, slow elimination, but rapid redistribution

Diazepam 1 20–70

Flunitrazepam 1 10–40

Nitrazepam 1 20–30

Rapid absorption, rapid elimination, rapid redistribution

Lormetazepam (soft capsules) 1 8–20

Temazepam (soft capsules) 1 8–20

Rapid absorption, rapid elimination

Brotizolam 1 4–7

Zolpidem 1.5 2–5

Zopiclone 1.5 5–8

Rapid absorption, very rapid elimination

Midazolam 0.3 1–4

Triazolam 1 2–5

Table 3 Predominant metabolic pathways for benzodiaze-

pines and related agonists

Via CYP3A oxidation Via glucuronidation

Alprazolam Lorazepam

Anidazolam Oxazepam

Bromazepam Temazepam

Brotizolam

Chlordiazepoxide

Clobazam (also CYP2C19)

Clonazepam

Chlorazepate

Diazepam (also CYP2C19)

Estazolam

Flunitrazepam

Flurazepam

Halazepam

Loprazolam

Lormetazepam

Medazepam

Midazolam

Nitrazepam

Prazepam

Quazepam

Triazolam

Zaleplon

Zolpidem

Zopiclone
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General adverse effects

Benzodiazepines have a high therapeutic index of safety,
with little effect on most systems (other than the CNS) in
high doses. However, their toxicity increases markedly
when they are combined with other CNS depressant
drugs, such as alcohol or opioid analgesics. Medically ill
and brain injured patients are particularly susceptible to
adverse neurological or behavioral effects (SEDA-18, 43;
SEDA-20, 30; 46).
The most frequent adverse effect which occurs in at

least one-third of patients is drowsiness, often accompa-
nied by incoordination or ataxia. Problems with driving,
operating machinery, or falls can result, particularly in the
elderly, and can be an important source of morbidity, loss
of physical function, and mortality (47,48). Memory
impairment, loss of insight, and transient euphoria are
common; ‘‘paradoxical’’ reactions of irritability or aggres-
sive behavior have been well documented (11) and appear
to occur more often in individuals with a history of impul-
siveness or a personality disorder (40), and in the context
of interpersonal stress and frustration (49). Tolerance to
the sedative and hypnotic effects generally occurs more
rapidly than to the anxiolytic or amnestic effects (1).

Physical dependence on benzodiazepines is recognized
as a major problem, and occurs after relatively short
periods of treatment (50,51), particularly in patients with
a history of benzodiazepine or alcohol problems. Abrupt
withdrawal can cause severe anxiety, perceptual changes,
convulsions, or delirium. It can masquerade as a return of
the original symptoms in a more severe form (rebound),
or present with additional features (SEDA-17, 42; 11). Up
to 90% of regular benzodiazepine users have adverse
symptoms on withdrawal. The differences between
rebound, withdrawal syndrome, and recurrence have
been reviewed in detail (3).
Rebound insomnia or heightened daytime anxiety can

occur, particularly after short-acting benzodiazepine hyp-
notics (12,52,53), and constitute a major reason for con-
tinuing or resuming drug use (11).

The use of intravenous benzodiazepines administered
by paramedics for the treatment of out-of-hospital status
epilepticus has been evaluated in a double-blind, rando-
mized trial in 205 adults (54). The patients presented
either with seizures lasting 5 minutes or more or with
repetitive generalized convulsive seizures, and were ran-
domized to receive intravenous diazepam 5 mg, loraze-
pam 2 mg, or placebo. Status epilepticus was controlled
on arrival at the hospital in significantly more patients
taking benzodiazepines than placebo (lorazepam 59%,
diazepam 43%, placebo 21%). The rates of respiratory
or circulatory complications related to drug treatment
were 11% with lorazepam, 10% with diazepam, and
23% with placebo, but these differences were not signifi-
cant.
Intranasal midazolam 0.2 mg/kg and intravenous diaze-

pam 0.3 mg/kg have been compared in a prospective ran-
domized study in 47 children (aged 6 months to 5 years)
with prolonged (over 10 minutes) febrile seizures (55).
Intranasal midazolam controlled seizures significantly
earlier than intravenous diazepam. None of the children

had respiratory distress, bradycardia, or other adverse
effects. Electrocardiography, blood pressure, and pulse
oximetry were normal in all children during seizure activ-
ity and after cessation of seizures.

Organs and Systems

Cardiovascular

Hypotension follows the intravenous injection of benzo-
diazepines, but is usually mild and transient (SED-11, 92)
(56), except in neonates who are particularly sensitive to
this effect (57). Local reactions to injected diazepam are
quite common and can progress to compartment syn-
drome (SEDA-17, 44). In one study (58), two-thirds of
the patients had some problem, and most eventually pro-
gressed to thrombophlebitis. Flunitrazepam is similar to
diazepam in this regard (59). Altering the formulation by
changing the solvent or using an emulsion did not greatly
affect the outcome (60). Midazolam, being water-soluble,
might be expected to produce fewer problems; in five
separate studies there were no cases of thrombophlebitis,
and in two others the incidence was 8–10%, less than with
diazepam but similar to thiopental and saline (61).

Respiratory

Respiratory depression has been reported as the com-
monest adverse effect of intravenous diazepam (56), espe-
cially at the extremes of age. Midazolam has similar
effects (62). All benzodiazepines can cause respiratory
depression, particularly in bronchitic patients, through
drowsiness and reduction in exercise tolerance (63).
Rectal administration of, for example, diazepam can
offer advantages in unconscious or uncooperative
patients, and is less likely than parenteral administration
to produce respiratory depression.
A previous report that rectal and intravenous diazepam

can cause respiratory depression in children with seizures
(SEDA-24, 84) has been challenged (64,65). The authors
of the second comment stated that this complication does
not occur when rectal diazepam gel is used without other
benzodiazepines; they also recommended that during
long-term therapy families should be instructed not to
give rectal diazepam more than once every 5 days or
five times in 1 month.
In a prospective study of children admitted to an accident

and emergency department because of seizures, there were
122 episodes in which diazepam was administered rectally
and/or intravenously; there was respiratory depression in 11
children, of whom 8 required ventilation (66). The authors
questioned the use of rectal or intravenous diazepam as
first-line therapy for children with acute seizures.

Nervous system

Falls

The role of different types of benzodiazepines in the risk
of falls in a hospitalized geriatric population has been
examined in a prospective study of 7908 patients, conse-
cutively admitted to 58 clinical centers during 8 months
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(67). Over 70% of the patients were older than 65 years,
50% were women, and 24% had a benzodiazepine pre-
scription during the hospital stay. The findings suggested
that the use of benzodiazepines with short and very short
half-lives is an important and independent risk factor for
falls. Their prescription for older hospitalized patients
should be carefully evaluated.
In a case-control study using the Systematic Assessment

of Geriatric Drug Use via Epidemiology (SAGE) data-
base, the records of 9752 patients hospitalized for fracture
of the femur during the period 1992–1996 were extracted
and matched by age, sex, state, and index date to the
records of 38 564 control patients (68). Among older indi-
viduals, the use of benzodiazepines slightly increased the
risk of fracture of the femur. Overall, non-oxidative ben-
zodiazepines do not seem to confer a lower risk than
oxidative agents. However, the latter may be more danger-
ous among very old individuals (85 years of age or older),
especially if used in high dosages.
In a similar case-control study, 245 elderly patients

were matched with 817 controls (69). Benzodiazepines
as a group were not associated with a higher risk of hip
fracture, but patients who used lorazepam or two or more
benzodiazepines had a significantly higher risk.

Effects on performance

All benzodiazepines can cause drowsiness and sedation,
and can affect motor and mental performance. Driving is
one motor and mental task that is particularly likely to be
impaired (SEDA-7, 46), with dangerous consequences;
hypnosedatives, like alcohol, impair both actual driving
performance (70) and laboratory psychomotor tests (35),
and are over-represented in blood samples from delin-
quent drivers (71). As with alcohol, the maximal impair-
ment occurs while the drug blood concentrations are
rising (72), rather than when they have peaked, are stable,
or are falling. Somewhat surprisingly, zopiclone 7.5 mg,
but not triazolam 0.25 mg, produced deficits in simulated
aircraft flight performance 2 and 3 hours after the dose
(73). The motor and mental performance reductions
induced by hypnotics, especially in elderly people (74),
result in an increased incidence of falls (SEDA-21, 38)
which can cause hip fractures (75). Agents with short half-
lives, including the ‘‘Z drugs’’, were previously thought to
carry a reduced risk or even none, but earlier reassuring
data have been supplanted by convincing evidence of
harm, particularly during the first 2 weeks of prescription
(48,76).
Fit young subjects had no impairment of their exercise

ability after temazepam or nitrazepam, although nitraze-
pam caused a subjective feeling of hangover (77).

Seizures

Benzodiazepines can provoke seizures and occasionally
precipitate status epilepticus.

� A 28-year-old man with complex partial status, which
lasted for 2 months, had a paradoxical worsening of
seizure activity in response to diazepam and midazo-
lam (78).

Of 63 neonates receiving lorazepam, diazepam, or both in
an intensive care unit, 10 had serious adverse events,
including 6 with seizures (57).

Psychological, psychiatric

Cognition

The amnestic effects of benzodiazepines are pervasive
and appear to derive from disruption of the consolidation
of short-term into long-term memory (79). Amnesia
appears to underlie the tendency of regular hypnotic
users to overestimate their time asleep, because they
simply forget the wakeful intervals (80); in contrast, the
same patients underestimate their time spent asleep when
drug-free. This amnestic property (SEDA-17, 42)
(SEDA-19, 33) has been used to advantage in minor
surgery, particularly with midazolam and other short-act-
ing compounds (although male doctors and dentists are
advised to have a chaperone present when performing
benzodiazepine-assisted procedures with female
patients). However, unwanted amnesia can occur, parti-
cularly with triazolam, when used as a hypnotic or as an
aid for travelers (81,82). The combination of a short half-
life and high potency, especially when it was used in the
higher doses that were recommended when the drug was
initially launched, makes triazolam particularly likely to
cause this problem. Studies of low-dose lorazepam (1 mg)
in healthy young adults have shown specific deficits in
episodic memory (SEDA-21, 38) (SEDA-19, 35).
Flurazepam and temazepam have initiated relatively few
reports of adverse effects on memory, although fluraze-
pam did cause daytime sedation. Temazepam was uncom-
monly mentioned in adverse reaction reports, but was also
reported more often as being without adequate hypnotic
effect. Ironically, temazepam produces more, and oxaze-
pam less, sedation than other benzodiazepines in over-
dose (83).
The role of benzodiazepines in brain damage has been

reviewed (SEDA-14, 36). Cognitive impairment in long-
term users can be detected in up to half of the subjects,
compared with 16% of controls, but the issue of reversi-
bility with prolonged abstinence is unresolved. Cognitive
toxicity is more common with benzodiazepines than other
anticonvulsants, with the possible exception of phenobar-
bital (84).
Patients often have memory deficits after taking ben-

zodiazepines and alcohol. In a study of hippocampal pre-
synaptic glutamate transmission in conjunction with
memory deficits induced by benzodiazepines and ethanol,
reductions in hippocampal glutamate transmission closely
correlated with the extent of impairment of spatial mem-
ory performance. The results strongly suggested that pre-
synaptic dysfunction in dorsal hippocampal glutamatergic
neurons would be critical for spatial memory deficits
induced by benzodiazepines and ethanol (85).
When the relation between benzodiazepine use and

cognitive function was evaluated in a prospective study
of 2765 elderly subjects, the authors concluded that cur-
rent benzodiazepine use, especially in recommended or
higher dosages, is associated with worse memory among
community-dwelling elderly people (86).
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In a prospective study, 1389 people aged 60–70 years
were recruited from the electoral rolls of the city of
Nantes, France (Epidemiology of Vascular Aging Study)
(87). A range of symptoms was examined, including cog-
nitive functioning and symptoms of depressive anxiety, and
data were also collected on psychotropic and other drugs,
as well as tobacco use and alcohol consumption at baseline
and thereafter at 2 and 4 years. Users of benzodiazepines
were divided into episodic users, recurrent users, and
chronic users. Chronic users of benzodiazepines had a sig-
nificantly higher risk of cognitive decline in the global
cognitive test and two attention tests than non-users.
Overall, episodic and recurrent users had lower cognitive
scores compared with non-users, but the differences were
not statistically significant. These findings suggest that
long-term use of benzodiazepines is a risk factor for
increased cognitive decline in elderly people.
A detailed review has confirmed a relation between

impaired memory and benzodiazepine use (88).
Different drugs had a similar profile in relation to mem-
ory impairment and this was independent of sedation. The
benzodiazepines produced anterograde amnesia but not
retrograde amnesia, and retrieval processes remained
intact.

Delirium

Excessive anxiety and tremulousness, hyperexcitability,
confusion, and hallucinations were all reported more
often with triazolam than with temazepam or flurazepam,
when spontaneous reporting was analysed (81). Whether
this is dose-related, and perhaps related to the rapid
changes in blood concentration with triazolam, is not
clear. Delirium is common, particularly in elderly people,
who may have impaired drug clearance, and must always
be regarded as possibly drug-induced. Of considerable
relevance to hospital practice is the finding of a three-fold
increased risk of postoperative delirium in patients given a
benzodiazepine (89). Dose- and age-related increases in
adverse cognitive and other central nervous effects from
benzodiazepines (82) are well documented. The use of
these drugs in elderly people has been reviewed, with
recommendations about maximizing the benefit-to-harm
balance in this group of individuals who are susceptible to
cognitive and other adverse effects (90,91).

Sleep

The benzodiazepines typically suppress REM sleep, with
consequent rebound dreaming and restlessness on withdra-
wal, leading to poorer sleep patterns (SEDA-12, 42) (92).
The use of benzodiazepines, particularly the short-act-

ing compounds such as triazolam, for the induction of
sleep has provoked much discussion (SEDA-17, 42). The
debate rages over the risks and benefits of short-acting
compounds, in inducing bizarre behavior or rapid with-
drawal with daytime anxiety, compared with the possibi-
lity of hangover sedation and performance deficits with
longer-acting compounds (93). The treatment of sleep
disorders is multifaceted, because of the complex nature
of sleep and the variety of factors that can give rise to
sleep disorders (82). Consequently, such treatment should

be selected and proffered carefully, with due regard for all
the factors, not treated cavalierly with the latest flavor-of-
the-month benzodiazepine receptor agonist. Non-drug
treatments are effective (17) and should be considered
first; pharmacological treatment should take into consid-
eration any pre-existing factors, for example anxiety,
depression, the duration and nature of medical problems
(including any painful condition), concomitant medica-
tions, and other substance use (13).

Psychoses

Depression is commonly seen (94), either during benzo-
diazepine treatment or as a complication of withdrawal
(SEDA-17, 42). Relief of anxiety symptoms can uncover
pre-existing depression, rather than causing depression
per se. In addition to their euphoriant effects in some
individuals, benzodiazepines can directly increase irrit-
ability and depression and, less commonly, lead to full-
blown manic episodes (95,96).
Review of a Canadian adverse drug reactions database

showed several cases of previously unreported benzodia-
zepine-induced adverse effects, including hallucinations
and encephalopathy (97), although whether benzodiaze-
pines alone were responsible is difficult to confirm. Visual
hallucinations have also been reported in association with
zolpidem (98).
Benzodiazepine withdrawal, like alcohol withdrawal,

can cause schizophreniform auditory hallucinations (99).

Behavior

While they are generally regarded as being tranquillizers,
benzodiazepines and related hypnosedatives can release
aggression and induce antisocial behavior (100), particu-
larly in combination with alcohol (101) and in the pre-
sence of frustration (49). Aggression can occur during
benzodiazepine intoxication and withdrawal (100). Non-
medical use of flunitrazepam (102) seems particularly
likely to reveal paradoxical rage and aggression, with
consequent forensic problems. The combination of abnor-
mal disinhibited behavior and amnesia produced by ben-
zodiazepines can be singularly dangerous. Anecdotal
cases suggest that hypnosedatives can also disinhibit vio-
lent behavior in individuals taking antidepressants. A
literature review of behavioral adverse effects associated
with benzodiazepines (clonazepam, diazepam, and lora-
zepam) has shown that 11–25% of patients with mental
retardation have these adverse effects (103). In two con-
trolled studies, lorazepam was more likely to provoke
aggression than oxazepam (104,105).

Gastrointestinal

Nausea due to benzodiazepines has been reported as
being commoner in children, but the incidence does not
usually greatly exceed that found with placebo.
Gastrointestinal disturbances are more common with the
newer non-benzodiazepine agents, for example zopiclone
and buspirone (106,107).
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Liver

Jaundice has been reported after benzodiazepines,
although in only a few cases have they been the only
drugs involved (SED-12, 97).

Sexual function

Female orgasm is inhibited by some central depressant
and psychotropic drugs, including antipsychotic drugs,
antidepressants, and anxiolytic benzodiazepines (108). A
survey of patients with bipolar affective disorder taking
lithium showed that the co-administration of benzodiaze-
pines was associated with a significantly increased risk
(49%) of sexual dysfunction in both men and women
(109). Reduced libido is uncommonly reported, as is sex-
ual inhibition, but the actual incidences of these compli-
cations may be considerably higher. Hypnosedatives,
particularly flunitrazepam and gammahydroxybutyrate,
are implicated in sexual assault and ‘‘date rape’’ (110).

Long-Term Effects

Drug tolerance

Animal studies have suggested a possible mechanism for
tolerance, in that chronic treatment of rats with triazolam
reduced the mRNA coding for certain GABA receptor
proteins (111).

Drug dependence

The likelihood and possible severity of dependence on
benzodiazepines has been discussed (50).
In 1048 consecutive patients attending 20 primary care

health centers in the Canary Islands, who had taken ben-
zodiazepines for 1 month or more, 47% developed depen-
dence (112). Benzodiazepine dependence was more
prevalent among women who were middle-aged, sepa-
rated, of low educational background, unemployed, or
housewives. Benzodiazepine dependence was closely
related only to three of the variables considered: the
dose, the duration of use, and the concomitant use of
antidepressants.

Drug withdrawal

The likelihood and possible severity of withdrawal from
benzodiazepines has been discussed, especially with
regard to the newer short-acting compounds (50).
Withdrawal symptoms occur in at least one-third of

long-term users (over 1 year), even if the dose is gradually
tapered (113). Symptoms come on within 2–3 days of
withdrawal of a short-acting or medium-acting benzodia-
zepine, or 7–10 days after a long-acting drug; short-acting
benzodiazepines tend to produce a more marked with-
drawal syndrome (35). Lorazepam and alprazolam are
particularly difficult to quit. Symptoms usually last 1–6
weeks, but can persist for many months, leaving the
patient in a vulnerable state, with likely recurrence of
the original disorder and of self-medication. Withdrawal
symptoms can occur within 4–6 weeks of daily long-acting

benzodiazepine use (114), and possibly earlier in suscep-
tible individuals.
Symptoms on withdrawal are variable in nature and

degree. Rebound insomnia can occur one or two nights
after withdrawal of short-acting drugs. Anxiety is common,
with both psychological and physical manifestations,
including apprehension, panic, insomnia, palpitation,
sweating, tremor, and gastrointestinal disturbances.
Irritability and aggression also occur, notably after triazo-
lam. Depression has been reported after benzodiazepine
withdrawal (115). There may be increased or distorted
sensory perceptions, such as photophobia, altered (metal-
lic) taste, and hypersensitivity to touch and pain. Flu-like
muscle aches and spasms, unsteadiness, and clumsiness are
common. Perceptual distortions include burning or creep-
ing of the skin and apparent movement or changes in
objects or self (113). General malaise with loss of appetite
can occur. As with alcohol, paranoid psychosis, delirium,
and epileptic fits are possible on withdrawal (SED-12, 97).
With careful handling, often involving psychological and
sometimes adjunctive pharmacological support, motivated
patients who depend on benzodiazepines can usually be
successfully withdrawn. In particular, the combination of
gradual dose-tapering and cognitive behavioral therapy
can be helpful (116). Guidelines on the management of
such patients have been concisely presented (51).

Second-Generation Effects

Teratogenicity

Benzodiazepines readily pass from the mother to fetus
through the placenta (117). There may be a risk of con-
genital malformations, particularly oral cleft, if a pregnant
woman takes a benzodiazepine during the first trimester,
but the data are inconsistent across drugs (alprazolam
having the most clearly defined risk), and any overall
effect is probably small (27,28). The risk of benzodiaze-
pine-induced birth defects thus remains uncertain (118),
despite two cases of fetal-alcohol syndrome reported after
benzodiazepine exposure alone (119).
The occurrence of congenital abnormalities associated

with the use of benzodiazepines (alprazolam, clonazepam,
medazepam, nitrazepam, and tofisopam) during pregnancy
has been analysed in a matched case-control study (120).
The cases and controls were drawn from the Hungarian
Case-Control Surveillance of Congenital Abnormalities
from 1980 to 1996. Of the 38 151 pregnant women who
delivered babies without congenital anomalies, 75 had
taken benzodiazepines during pregnancy, compared with
57 of 22 865 who delivered offspring with anomalies. Thus,
treatment with these benzodiazepines during pregnancy
did not cause a detectable teratogenic risk. However, the
true relevance of these findings needs to be supported by
prospective case ascertainment.

Fetotoxicity

Benzodiazepines readily pass from the mother to fetus
through the placenta (117). There is a further concern
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about cognitive development after in utero exposure to
benzodiazepines. It now appears that the slowed intellec-
tual progress seen in some children exposed in utero will
‘‘catch up’’ in most cases by age 4 (28). Unfortunately, the
impact of sedative-hypnotic use during pregnancy is often
complicated by the abuse of multiple agents and poor
maternal nutrition and antenatal care, and may be further
confounded by social and environmental deprivation,
which the infant often faces after birth (28,121). More
definite but short-lived problems occur with benzodiaze-
pines given in late pregnancy and during labor; here flop-
piness, apnea, and withdrawal in the infant can pose
problems (28,122) but usually resolve uneventfully
(SEDA-21, 38). Pregnant women should avoid benzodia-
zepines if possible, especially during late pregnancy and
labor; if required, chlordiazepoxide appears to have the
best established record (29). On the other hand, alprazo-
lam should be avoided, and temazepam plus diphenhy-
dramine appears to be a particularly toxic combination in
late pregnancy, based on animal research and one case
report of fetal activation followed by stillbirth (123).

Lactation

Benzodiazepines are secreted into the milk in relatively
small amounts (28). During lactation, longer-acting
agents are relatively contraindicated, particularly with
continued administration beyond 3–5 days, owing to the
likelihood of infant sedation (122,124). Short-acting ben-
zodiazepines and zopiclone are probably safe, especially if
restricted to single doses or for short courses of therapy
(28,125). Zopiclone and midazolam, for example,
become undetectable in breast milk 4–5 hours after a
dose (126).

Susceptibility Factors

Age

The safety of benzodiazepines in neonates has been
assessed in a retrospective chart review of 63 infants
who received benzodiazepines (lorazepam and/or mida-
zolam) as sedatives or anticonvulsants (57). Five infants
had hypotension and three had respiratory depression. In
all cases of respiratory depression, ventilatory support
was initiated or increased. Significant hypotension was
treated with positive inotropic drugs in two cases. Thus,
respiratory depression and hypotension are relatively
common when benzodiazepines are prescribed in these
patients. However, both depression and hypotension
could also have been due to the severe underlying ill-
nesses and concomitant medications. Matched controls
were not studied.

Other features of the patient

Benzodiazepines are more likely to cause adverse effects
in patients with HIV infection and other causes of organic
brain syndrome (46).

Drug Administration

Drug overdose

Overdosage of benzodiazepines alone is generally
thought to be safe, but deaths have occasionally been
reported (127–129). In 204 consecutive suicides seen by
the San Diego County Coroner during 1981–1982, drugs
were detected in 68%, and anxiolytics and hypnotics in
11% and 12% respectively; although benzodiazepines
were found in under 10% of the group as a whole, they
were found in one-third of those who died by overdose
(130). In one series of 2827 intentional cases of poisoning,
in which there were ten deaths, three were associated with
benzodiazepines; death was related to a delay between
ingestion and medical intervention (131), and advanced
age has also been described as a risk factor (132). In other
cases death has been attributed to combined overdose
with other drugs, such as alcohol (128), oxycodone
(133,134), tramadol (135), and amitriptyline (136).
Concomitant benzodiazepine overdose has also been

reported to be an independent risk factor in the develop-
ment of hepatic encephalopathy (OR = 1.91; CI = 1.00,
3.65) and renal dysfunction (OR = 1.81; CI = 1.00, 3.22)
in patients who take a paracetamol overdose (137).

Drug–Drug Interactions

Antibiotics

Antibiotics (erythromycin, chloramphenicol, isoniazid)
compete for hepatic oxidative pathways that metabolize
most benzodiazepines, as well as zolpidem, zopiclone, and
buspirone (SEDA-22, 39) (SEDA-22, 41).
Macrolides cause increases in the serum concentra-

tions, AUCs, and half-lives and reductions in the clear-
ance of triazolam and midazolam (138–140). These
changes can result in clinical effects, such as prolonged
psychomotor impairment, amnesia, or loss of conscious-
ness (141). Erythromycin can increase concentrations of
midazolam and triazolam by inhibition of CYP3A4, and
dosage reductions of 50% have been proposed if conco-
mitant therapy is unavoidable (142).

Antifungal imidazoles

Antifungal imidazoles (ketoconazole, itraconazole, and
analogues) compete for hepatic oxidative pathways that
metabolize most benzodiazepines, as well as zolpidem,
zopiclone, and buspirone (SEDA-22, 39, 41–43).

Antihistamines

The potentiation of sedative effects from benzodiazepines
when combined with centrally acting drugs with antihista-
mine properties (for example first-generation antihista-
mines, tricyclic antidepressants, and neuroleptic drugs)
can pose problems (143). Antihistamines that do not have
central actions do not interact with benzodiazepines as in
the case of mizolastine and lorazepam (144), ebastine and
diazepam (145), and terfenadine and diazepam (143).
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Calcium channel blockers

Diltiazem and verapamil compete for hepatic oxidative
pathways that metabolize most benzodiazepines, as well
as zolpidem, zopiclone, and buspirone (SEDA-22, 39)
(SEDA-22, 41).

Central stimulants

Caffeine and other central stimulants can reverse daytime
sedation from benzodiazepine use. There was a positive
effect of caffeine (250 mg) on early-morning performance
after both placebo and flurazepam (30 mg) given the
night before (146,147), particularly in terms of subjective
assessments of mood and sleepiness. However, one can-
not assume that the alerting effect of caffeine necessarily
reverses the amnestic, disinhibiting, or insight-impairing
effects of benzodiazepines. Indeed, caffeine can actually
worsen learning and performance already impaired by
lorazepam (148). Other drugs with direct or indirect
CNS stimulant activity (theophylline, ephedrine, amphe-
tamine, and their analogues) have similar effects and can
counteract the effects of benzodiazepines, at least subjec-
tively. Another worrying feature of stimulant use, parti-
cularly in drug misusers, is that it commonly increases the
perceived need for hypnosedatives.

Cimetidine

Cimetidine can impair benzodiazepine metabolism and
lead to adverse effects (SEDA-18, 43). In contrast, a few
benzodiazepines are metabolized exclusively by glucuro-
nide conjugation (lorazepam, oxazepam, temazepam),
and are therefore unaffected by concomitant therapy
with cimetidine and other oxidation inhibitors (123).

Clozapine

Caution has been recommended when starting clozapine
in patients taking benzodiazepines (SEDA-19, 55). Three
cases of delirium associated with clozapine and benzodia-
zepines (149) have been reported. There have been sev-
eral reports of synergistic reactions, resulting in increased
sedation and ataxia, when lorazepam was begun in
patients already taking clozapine (150).

� Syncope and electrocardiographic changes (sinus bra-
dycardia of 40/minute with deep anteroseptal inverted
T waves and minor ST changes in other leads) have
been observed with the concurrent administration of
clozapine (after the dosage was increased to 300 mg/
day) and diazepam (30 mg/day) in a 50-year-old man
(151).

CNS depressants

The interactions of benzodiazepines with other nervous
system depressants, especially alcohol and other GABA-
ergic drugs, have been reviewed (152). Other drugs with
nervous system depressant effects (opioids, anticonvul-
sants, general anesthetics) also can add to, and compli-
cate, the depressant action of benzodiazepines.
Phenothiazines and butyrophenones can counteract

intoxication from lysergic acid diethylamide (LSD);

benzodiazepines can inhibit this useful effect of antipsy-
chotic drugs (153).

Disulfiram

Disulfiram competes for hepatic oxidative pathways that
metabolize most benzodiazepines, as well as zolpidem,
zopiclone, and buspirone (SEDA-22, 39) (SEDA-22, 41).

Enzyme inducers

Enzyme induction can be problematic with co-adminis-
tration of benzodiazepines and rifampicin or certain
anticonvulsants (phenobarbital, phenytoin, carbamaze-
pine). However, despite enzyme stimulation, the net
effect of adding these anticonvulsants can be augmenta-
tion of benzodiazepine-induced sedation.
Rifampicin, and presumably other enzyme inducers,

reduces concentrations of zolpidem, zopiclone, and bus-
pirone (SEDA-22, 42). Drugs that are solely glucuroni-
dated (lorazepam, oxazepam, and temazepam) are not
affected.

HIV protease inhibitors

Some protease inhibitors (saquinavir) compete for hepa-
tic oxidative pathways that metabolize most benzodiaze-
pines, as well as zolpidem, zopiclone, and buspirone
(SEDA-22, 39) (SEDA-22, 41).

Levodopa

The question of whether starting a benzodiazepine in
patients taking levodopa is followed by a faster increase
in antiparkinsonian drug requirements has been studied
using drug dispensing data for all the residents in six
Dutch cities (154). All were 55 years old or older and
had used levodopa for at least 360 days. There were 45
benzodiazepine starters and 169 controls.
Antiparkinsonian drug doses increased faster in the ben-
zodiazepine group, but the difference was not significant
(RR = 1.44; 95% CI = 0.89, 2.59).

Lithium

In 18 patients treated with benzodiazepines and/or anti-
psychotic drugs there were increased chromosomal aber-
rations and increased sister chromatid exchange, but
there were no significant differences between this group
and another group of 18 patients taking lithium in addi-
tion to benzodiazepines and/or antipsychotic drugs (155).

Moxonidine

Moxonidine can potentiate the effect of benzodiazepines
(156).

Muscle relaxants

Laboratory investigations have shown that some benzo-
diazepines can produce biphasic effects on the actions of
neuromuscular blocking agents (157,158), higher doses
potentiating the effects (157,159); however, several
human investigations have failed to show a significant
effect (160–162). It has been suggested that agents that
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are added to commercial formulations of some benzodia-
zepines to render them more water-soluble may mask the
benzodiazepine effect (162).
Nevertheless, some interactions of benzodiazepines

with muscle relaxants used in anesthesia have been
described. Diazepam has been reported to potentiate
the effects of tubocurare (163) and gallamine (164) and
to reduce the effects of suxamethonium (164). However,
in 113 patients undergoing general anesthesia, intrave-
nous diazepam 20 mg, lorazepam 5 mg, and lormetaze-
pam 2 mg did not potentiate the neuromuscular blocking
effects of vecuronium or atracurium (162).
In 113 patients undergoing general anesthesia, intrave-

nous midazolam 15 mg slowed recovery of the twitch
height after vecuronium and atracurium compared with
diazepam. The recovery index was not altered (162).
However, in another study in 20 patients, midazolam
0.3 mg/kg did not affect the duration of blockade, recov-
ery time, intensity of fasciculations, or adequacy of
relaxation for tracheal intubation produced by suxa-
methonium 1 mg/kg, nor the duration of blockade and
adequacy of relaxation for tracheal intubation produced
by pancuronium 0.025 mg/kg in incremental doses until
99% depression of muscle-twitch tension was obtained
(161). Furthermore, in 60 patients undergoing mainte-
nance anesthesia randomly assigned to one of six regi-
mens (etomidate, fentanyl, midazolam, propofol,
thiopental plus nitrous oxide, or isoflurane plus nitrous
oxide), midazolam did not alter rocuronium dosage
requirements (165).

Neuroleptic drugs

Because of the frequency of co-administration of benzo-
diazepines with neuroleptic drugs, it is important to con-
sider possible adverse effects that can result from such
combinations. In a brief review, emphasis has been placed
on pharmacokinetic interactions between neuroleptic
drugs and benzodiazepines, as much information on
their metabolic pathways is emerging (166). Thus, the
enzyme CYP3A4, which plays a dominant role in the
metabolism of benzodiazepines, also contributes to the
metabolism of clozapine, haloperidol, and quetiapine,
and neuroleptic drug plasma concentrations can rise.
Intramuscular levomepromazine in combination with an
intravenous benzodiazepine has been said to increase the
risk of airways obstruction, on the basis of five cases of
respiratory impairment; the doses of levomepromazine
were higher in the five cases that had accompanying air-
ways obstruction than in another 95 patients who did not
(167).

Omeprazole

Omeprazole can impair benzodiazepine metabolism and
lead to adverse effects (SEDA-18, 43).

Opioids

Fentanyl competes for hepatic oxidative pathways that
metabolize most benzodiazepines, as well as zolpidem,
zopiclone, and buspirone (SEDA-22, 39) (SEDA-22, 41).

Oral contraceptives

Oral contraceptives alter the metabolism of some benzo-
diazepines that undergo oxidation (alprazolam, chlordia-
zepoxide, diazepam) or nitroreduction (nitrazepam)
(168). For these drugs, oral contraceptives inhibit enzyme
activity and reduce clearance. There is nevertheless no
evidence that this interaction is of clinical importance. It
should be noted that for other benzodiazepines that
undergo oxidative metabolism, such as bromazepam or
clotiazepam, no change has ever been found in oral con-
traceptive users. Some other benzodiazepines, such as
lorazepam, oxazepam, and temazepam, are metabolized
by glucuronic acid conjugation. The clearance of temaze-
pam was increased when oral contraceptives were co-
administered, but the clearances of lorazepam and
oxazepam were not (169). Again, it is unlikely that this
is an interaction of clinical importance.

Selective serotonin reuptake inhibitors (SSRIs)

Some SSRIs (notably fluvoxamine and to a lesser extent
fluoxetine) and their metabolites inhibit hepatic oxidative
enzymes, particularly CYP2C19 and CYP3A, that meta-
bolize most benzodiazepines, as well as zaleplon, zolpi-
dem, zopiclone, and buspirone (SEDA-22, 39) (SEDA-
22, 41) (170,171). Apart from fluvoxamine, SSRIs do not
generally have a clinically prominent effect on hypnose-
dative effects; studies vary from those that have found
that fluoxetine has a moderate but functionally unimpor-
tant impact on diazepam concentrations (172) to results
that suggest significant aggravation of the cognitive
effects of alprazolam when co-prescribed with the
SSRI (173).

Tricyclic antidepressants

Four patients developed adverse effects attributable to
combinations of benzodiazepines with tricyclic antide-
pressants, including exacerbations of delusional disorder
(174).
Nefazodone competes for hepatic oxidative pathways

that metabolize most benzodiazepines, as well as zolpi-
dem, zopiclone, and buspirone (SEDA-22, 39) (SEDA-
22, 41).
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Medikamente und Betäubungsmittel. Blutalkohol

2004;41:117–27.

72. Ellinwood EH Jr, Linnoila M, Easler ME, Molter DW.

Onset of peak impairment after diazepam and after alco-

hol. Clin Pharmacol Ther 1981;30(4):534–8.

73. Jing BS, Zhan H, Li YF, Zhou YJ, Guo H. [Effects of

short-action hypnotics triazolam and zopiclone on simu-

lated flight performance.]Space Med Med Eng (Beijing)

2003;16(5):329–31.

74. Kruse WH. Problems and pitfalls in the use of benzodia-

zepines in the elderly. Drug Saf 1990;5(5):328–44.

75. Ray WA, Griffin MR, Schaffner W, Baugh DK, Melton LJ

3rd. Psychotropic drug use and the risk of hip fracture. N

Engl J Med 1987;316(7):363–9.

76. Vermeeren A. Residual effects of hypnotics: epidemiology

and clinical implications. CNS Drugs 2004;18(5):297–328.

77. Charles RB, Kirkham AJ, Guyatt AR, Parker SP.

Psychomotor, pulmonary and exercise responses to sleep

medication. Br J Clin Pharmacol 1987;24(2):191–7.

78. Al Tahan A. Paradoxic response to diazepam in complex

partial status epilepticus. Arch Med Res 2000;31(1):101–4.

79. Ghoneim MM, Mewaldt SP. Benzodiazepines and human

memory: a review. Anesthesiology 1990;72(5):926–38.

80. Schneider-Helmert D. Why low-dose benzodiazepine-

dependent insomniacs can’t escape their sleeping pills.

Acta Psychiatr Scand 1988;78(6):706–11.

81. Bixler EO, Kales A, Brubaker BH, Kales JD. Adverse

reactions to benzodiazepine hypnotics: spontaneous

reporting system. Pharmacology 1987;35(5):286–300.

82. Gillin JC, Byerley WF. Drug therapy: the diagnosis and

management of insomnia. N Engl J Med 1990;322(4):239–48.

83. Buckley NA, Dawson AH, Whyte IM, O’Connell DL.

Relative toxicity of benzodiazepines in overdose. BMJ

1995;310(6974):219–21.

84. Meador KJ. Cognitive side effects of antiepileptic drugs.

Can J Neurol Sci 1994;21(3):S12–6.

85. Shimizu K, Matsubara K, Uezono T, Kimura K, Shiono H.

Reduced dorsal hippocampal glutamate release signifi-

cantly correlates with the spatial memory deficits produced

by benzodiazepines and ethanol. Neuroscience

1998;83(3):701–6.

86. Hanlon JT, Horner RD, Schmader KE, Fillenbaum GG,

Lewis IK, Wall WE Jr, Landerman LR, Pieper CF,

Blazer DG, Cohen HJ. Benzodiazepine use and cognitive

388 Benzodiazepines

ª 2009 Elsevier B.V. All rights reserved.



function among community-dwelling elderly. Clin

Pharmacol Ther 1998;64(6):684–92.

87. Paterniti S, Dufouil C, Alperovitch A. Long-term benzo-

diazepine use and cognitive decline in the elderly: the

epidemiology of vascular aging study. J Clin

Psychopharmacol 2002;22(3):285–93.

88. Ghoneim MM. Drugs and human memory (Part 2).

Clinical, theoretical and methodological issues.

Anaesthesiology, 2004;100:1277-97.

89. Marcantonio ER, Juarez G, Goldman L, Mangione CM,

Ludwig LE, Lind L, Katz N, Cook EF, Orav EJ, Lee TH.

The relationship of postoperative delirium with psychoac-

tive medications. JAMA 1994;272(19):1518–22.

90. Shorr RI, Robin DW. Rational use of benzodiazepines in

the elderly. Drugs Aging 1994;4(1):9–20.

91. Madhusoodanan S, Bogunovic OJ. Safety of benzodiaze-

pines in the geriatric population. Expert Opin Drug Saf

2004;3(5):485–93.

92. Gillin JC, Spinweber CL, Johnson LC. Rebound insomnia:

a critical review. J Clin Psychopharmacol 1989;9(3):161–72.

93. McClure DJ, Walsh J, Chang H, Olah A, Wilson R,

Pecknold JC. Comparison of lorazepam and flurazepam

as hypnotic agents in chronic insomniacs. J Clin Pharmacol

1988;28(1):52–63.

94. Patten SB, Williams JV, Love EJ. Self-reported depressive

symptoms following treatment with corticosteroids and

sedative-hypnotics. Int J Psychiatry Med 1996;26(1):15–24.

95. Strahan A, Rosenthal J, Kaswan M, Winston A. Three case

reports of acute paroxysmal excitement associated with alpra-

zolam treatment. Am J Psychiatry 1985;142(7):859–61.

96. Rigby J, Harvey M, Davies DR. Mania precipitated by

benzodiazepine withdrawal. Acta Psychiatr Scand

1989;79(4):406–7.

97. Patten SB, Love EJ. Neuropsychiatric adverse drug reac-

tions: passive reports to Health and Welfare Canada’s

adverse drug reaction database (1965–present). Int J

Psychiatry Med 1994;24(1):45–62.

98. Tsai MJ, Huang YB, Wu PC. A novel clinical pattern of

visual hallucination after zolpidem use. J Toxicol Clin

Toxicol 2003;41(6):869–72.

99. Roberts K, Vass N. Schneiderian first-rank symptoms

caused by benzodiazepine withdrawal. Br J Psychiatry

1986;148:593–4.

100. Bond AJ. Drug-induced behavioural disinhibition. CNS

Drugs 1998;9:41–57.

101. Brahams D. Iatrogenic crime: criminal behaviour in patients

receiving drug treatment. Lancet 1987;1(8537):874–5.

102. Dobson J. Sedatives/hypnotics for abuse. NZ Med J

1989;102(881):651.

103. Kalachnik JE, Hanzel TE, Sevenich R, Harder SR.

Benzodiazepine behavioral side effects: review and impli-

cations for individuals with mental retardation. Am J Ment

Retard 2002;107(5):376–410.

104. Kochansky GE, Salzman C, Shader RI, Harmatz JS,

Ogeltree AM. The differential effects of chlordiazepoxide

and oxazepam on hostility in a small group setting. Am J

Psychiatry 1975;132(8):861–3.

105. Bond A, Lader M. Differential effects of oxazepam and

lorazepam on aggressive responding. Psychopharmacology

(Berl) 1988;95(3):369–73.

106. Monchesky TC, Billings BJ, Phillips R. Zopiclone: a new

nonbenzodiazepine hypnotic used in general practice. Clin

Ther 1986;8(3):283–91.

107. Newton RE, Marunycz JD, Alderdice MT, Napoliello MJ.

Review of the side-effect profile of buspirone. Am J Med

1986;80(3B):17–21.

108. Shen WW, Sata LS. Inhibited female orgasm resulting

from psychotropic drugs. A five-year, updated, clinical

review. J Reprod Med 1990;35(1):11–4.

109. Ghadirian AM, Annable L, Belanger MC. Lithium, ben-

zodiazepines, and sexual function in bipolar patients. Am J

Psychiatry 1992;149(6):801–5.

110. Smith KM, Larive LL, Romanelli F. Club drugs: methyle-

nedioxymethamphetamine, flunitrazepam, ketamine

hydrochloride, and gamma-hydroxybutyrate. Am J

Health Syst Pharm 2002;59(11):1067–76.

111. Ramsey-Williams VA, Carter DB. Chronic triazolam and

its withdrawal alters GABAA receptor subunit mRNA

levels: an in situ hybridization study. Brain Res Mol

Brain Res 1996;43(1–2):132–40.

112. De las Cuevas C, Sanz E, De la Fuente J. Benzodiazepines:

more ‘‘behavioural’’ addiction than dependence.

Psychopharmacology 2003;167:297-303.

113. Lader M, Morton S. Benzodiazepine problems. Br J

Addict 1991;86(7):823–8.

114. Miller NS, Gold MS. Benzodiazepines: tolerance, depen-

dence, abuse, and addiction. J Psychoactive Drugs

1990;22(1):23–33.

115. Olajide D, Lader M. Depression following withdrawal

from long-term benzodiazepine use: a report of four

cases. Psychol Med 1984;14(4):937–40.

116. Baillargeon L, Landreville P, Verreault R, Beauchemin JP,

Gregoire JP, Morin CM. Discontinuation of benzodiaze-

pines among older insomniac adults treated with cognitive-

behavioural therapy combined with gradual tapering: a

randomized trial. CMAJ 2003;169(10):1015–20.

117. Ashton H. Disorders of the foetus and infant. In: Davies

DM, editor. Textbook of Adverse Drug Reactions. 3rd ed..

Oxford: Oxford University Press, 1985:77.

118. Rosenberg L, Mitchell AA, Parsells JL, Pashayan H,

Louik C, Shapiro S. Lack of relation of oral clefts to

diazepam use during pregnancy. N Engl J Med

1983;309(21):1282–5.

119. Laegreid L, Olegard R, Wahlstrom J, Conradi N.

Abnormalities in children exposed to benzodiazepines in

utero. Lancet 1987;1(8524):108–9.

120. Eros E, Czeizel AE, Rockenbauer M, Sorensen HT,

Olsen J. A population-based case-control teratologic

study of nitrazepam, medazepam, tofisopam, alprazolum

and clonazepam treatment during pregnancy. Eur J Obstet

Gynecol Reprod Biol 2002;101(2):147–54.

121. Thadani PV. Biological mechanisms and perinatal expo-

sure to abused drugs. Synapse 1995;19(3):228–32.

122. Boutroy MJ. Drug-induced apnea. Biol Neonate

1994;65(3–4):252–7.

123. Anonymous. Benzodiazepines: general statement. AHFS

Drug Information 1998;1934.

124. Spigset O. Anaesthetic agents and excretion in breast milk.

Acta Anaesthesiol Scand 1994;38(2):94–103.

125. Pons G, Rey E, Matheson I. Excretion of psychoactive

drugs into breast milk. Pharmacokinetic principles and

recommendations. Clin Pharmacokinet 1994;27(4):270–89.

126. Matheson I, Lunde PK, Bredesen JE. Midazolam and

nitrazepam in the maternity ward: milk concentrations

and clinical effects. Br J Clin Pharmacol 1990;30(6):787–93.

127. Michalodimitrakis M, Christodoulou P, Tsatsakis AM,

Askoxilakis I, Stiakakis I, Mouzas I. Death related to mid-

azolam overdose during endoscopic retrograde cholangiopan-

creatography. Am J Forensic Med Pathol 1999;20(1):93–7.

128. Drummer OH, Syrjanen ML, Cordner SM. Deaths invol-

ving the benzodiazepine flunitrazepam. Am J Forensic

Med Pathol 1993;14(3):238–43.

Benzodiazepines 389

ª 2009 Elsevier B.V. All rights reserved.



129. Aderjan R, Mattern R. Eine tödlich verlaufene
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Abecarnil

General Information

Abecarnil is a partial agonist at the benzodiazepine-
GABA receptor complex, and is used in generalized
anxiety disorder. Its pharmacology suggests that it may
be less likely to produce sedation and tolerance, but data
thus far have not shown clear differences in its adverse
effects from those of classical benzodiazepines, such as
alprazolam, diazepam, and lorazepam. As expected, both
acute adverse effects and tolerance are dose-related.
In a multicenter, double-blind trial, abecarnil (mean

daily dose 12 mg), diazepam (mean daily dose 22 mg),
or placebo were given in divided doses for 6 weeks to
310 patients with generalized anxiety disorder (1). Those
who had improved at 6 weeks could volunteer to continue
double-blind treatment for a total of 24 weeks. Slightly
more patients who took diazepam (77%) and placebo
(75%) completed the 6-week study than those who took
abecarnil (66%). The major adverse events during abe-
carnil therapy were similar to those of diazepam, namely
drowsiness, dizziness, fatigue, and difficulty in

coordination. Abecarnil and diazepam both produced
statistically significantly more symptom relief than pla-
cebo at 1 week, but at 6 weeks only diazepam was super-
ior to placebo. In contrast to diazepam, abecarnil did not
cause withdrawal symptoms. The absence of a placebo
control makes it difficult to interpret the results of
another study of the use of abecarnil and diazepam in
alcohol withdrawal, which appeared to show comparable
efficacy and adverse effects of the two drugs (2).
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Alprazolam

General Information

Alprazolam, a triazolobenzodiazepine, has been mar-
keted as an anxiolytic with additional antidepressant
properties; an analogue, adinazolam, also has partial anti-
depressant activity (1) and is useful in panic disorder.
Like other benzodiazepines, alprazolam is effective in
acute and generalized anxiety; its efficacy in panic disor-
der (2,3), premenstrual syndrome (4), and chronic pain
(5) is complicated by high rates of adverse effects (6). On
the other hand, low-dose alprazolam (1.4 mg/day) is use-
ful and well tolerated in the treatment of anxiety asso-
ciated with schizophrenia (SEDA-19, 34).
The value of the Saskatchewan data files in an acute

adverse event signalling scheme has been evaluated using
two benzodiazepines (7). The first 20 000 patients taking
lorazepam and the first 8525 patients taking alprazolam
were followed for 12 months after the initial prescription.
The most frequent adverse drug reactions associated with
these benzodiazepines were drowsiness, depression,
impaired intellectual function and memory, lethargy,
impaired coordination, dizziness, nausea and/or vomiting,
skin rashes, and respiratory disturbance. Sleep disorders,
depression, dizziness and/or vertigo, respiratory depres-
sion, gastrointestinal disorders, and inflammatory skin
conditions occurred significantly more often during the
first 30 days after the initial prescription than during the
next 6 months.

Comparative studies

In a randomized, crossover, open study of the control of
nausea and vomiting in 19 patients with operable breast
cancer, granisetron alone was compared with granisetron
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plus alprazolam (8). Alprazolam increased the efficacy of
granisetron. The addition of alprazolam did not increase
the incidence of adverse reactions to granisetron, but
neither the adverse effects nor their frequencies were
specified.

Placebo-controlled studies

Alprazolam 0.25 mg or 1 mg has been evaluated in 47
otherwise healthy subjects, selected for a moderate to
high degree of anxiety before oral surgery in a three-
arm, parallel design, double-blind, randomized, placebo-
controlled study (9). There were 27 adverse events in the
interval between dosing and surgery: 2, 10, and 15 events
each with placebo, alprazolam 0.25 mg and alprazolam
1 mg respectively. The most common events were drowsi-
ness with placebo and drowsiness, dizziness, lightheaded-
ness, and nausea with alprazolam. There were also single
reports of trembling, feeling cold, anxiety, panic attacks, a
desire to smoke, increased appetite, sleepiness, and dry
mouth with alprazolam. There were no serious adverse
events and no subject withdrew from the study because of
adverse events.

Organs and Systems

Cardiovascular

Alprazolam has been associated with hypotension (10).

� A 76-year-old woman, who had a history of hyperten-
sion, valvular heart disease (mitral regurgitation) with
chronic atrial fibrillation, chronic obstructive airways
disease, diverticular disease of the sigmoid colon, and
generalized anxiety disorder, developed severe hypo-
tension with a tachycardia after taking alprazolam for 7
days. She also had severe weakness, depressed mood,
and impaired gait and balance, without clinical fea-
tures of neuromuscular disease.

Psychological, psychiatric

Rapid and sometimes serious mood swings to mania or
depression, and other adverse effects, including enuresis,
aggression, impaired memory, sedation, and ataxia, can
occur in patients with panic disorder treated with alpra-
zolam (SEDA-19, 34; SEDA-20, 31).
Disinhibition has been reported as a major problem

with alprazolam, particularly in patients with borderline
personality disorder (11). Several case reports have sug-
gested that alprazolam can cause behavioral disinhibition
(12), in common with other benzodiazepines that are
occasionally used for recreational or criminal purposes
(13). In one study, covering the period January 1989 to
June 1990, the medical records of 323 psychiatric inpati-
ents treated with alprazolam, clonazepam, or no benzo-
diazepine were reviewed (14). The frequencies of
behavioral disturbances were not significantly different
in the different groups, suggesting that alprazolam does
not have unique disinhibitory activity and that disinhibi-
tion with benzodiazepines may not be an important

clinical problem in all psychiatric populations. The study
design did not allow the establishment of a relation
between the prescription of the benzodiazepine and wor-
sening behaviors, and the findings need to be interpreted
conservatively, because it was a retrospective review of a
heterogeneous population.
Agoraphobia/panic disorder occurred in 31 patients, 15

of whom had originally been treated with alprazolam and
16 with placebo, had been previously followed during an
8-week treatment period, and had alprazolam-induced
memory impairment (15). These patients were reviewed
3.5 years after treatment to determine whether the mem-
ory impairment persisted. Those who had used alprazo-
lam performed as well as those who had taken placebo on
the memory task and other objective tests. The perfor-
mances in both groups were similar to pretreatment
values. However, there were differences in subjective
ratings: those who had used alprazolam rated themselves
as less attentive and clear-headed and more incompetent
and clumsy. Memory impairment found while patients
were taking alprazolam did not persist 3.5 years later.
Abrupt withdrawal of alprazolam after prolonged treat-

ment of panic disorder is associated with panic attacks.

� A 77-year-old married woman with panic attacks did
not experience them while she took alprazolam
0.5 mg bd for 5 months; however, the attacks recurred
after an increase in dose to 0.5 mg qds (16).

The authors suggested that the duration of action of
alprazolam is too brief to prevent rebound anxiety with
administration four times a day, but this explanation is
highly speculative. This case illustrates the potential
severity of alprazolam rebound and how its long-term
use can exacerbate the symptoms for which it was origin-
ally administered.
In a placebo-controlled, within-subject, repeated-mea-

sures study of the effects of alprazolam on human risk-
taking behavior, 16 adults were given placebo or alprazo-
lam 0.5, 1.0, and 2.0 mg (17). Alprazolam produced dose-
related changes in subjective effects and response rates
and dose-dependently increased selection of the risky
response option. At a dose of 2.0 mg there was an
increased probability of making consecutive risky
responses following a gain on the risky response option.
Thus, alprazolam increased risk-taking under laboratory
conditions. In agreement with previous studies, the
observed shift in trial-by-trial response probabilities sug-
gested that sensitivity to consequences (for example over-
sensitivity to recent rewards) may be an important
mechanism in the psychopharmacology of risky decision
making. Additionally, risk-seeking personality traits may
predict the acute effects of drugs on risk-taking behavior.
In a double-blind, crossover, placebo-controlled study

in 12 healthy men of the impact of alprazolam 0.25 and
1.00 mg on aspects of action monitoring, i.e. the monitor-
ing of response conflict and the detection and correction
of errors by means of neurophysiological measures, alpra-
zolam significantly reduced the amplitude of the error-
related negativity (ERN) and therefore affected brain
correlates of error detection (18). It increased reaction
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time and the latencies of lateralized readiness potentials
(LRP), thereby affecting motor preparation. It had no
effect on amplitude differences in the N2 amplitude com-
ponent between congruent and incongruent trials, and
therefore did not disturb conflict monitoring on correct
trials. Alprazolam did not disturb post-error adjustments
of behavior.
The cognitive effects of a single dose of alprazolam 0.5

or 1 mg on measures of psychomotor function, visual
attention, working memory, planning, and learning have
been assessed in 36 healthy adults in a double-blind,
parallel-group study (19). Alprazolam 0.5 mg reduced
only the speed of attentional performance, although the
magnitude of this reduction was large (d ¼ 0.8). At a dose
of 1.0 mg, there was impairment of psychomotor function,
equivalent to that seen for attentional function at the
lower dose. In addition, there was moderate impairment
(d approx ¼ 0.5) in working memory and learning. These
results suggest that low-dose alprazolam primarily alters
visual attentional function. At the higher dose psychomo-
tor functions also became impaired, and it is likely that a
combination of these led to the observed moderate
impairment of higher-level executive and memory pro-
cesses.
In a double-blind, placebo-controlled, repeated-mea-

sures design 16 healthy volunteers took alprazolam
1 mg, L-theanine 200 mg, or placebo (20). The acute
effects of alprazolam and L-theanine were assessed
under relaxed conditions and in experimentally induced
anxiety. Subjective self-reports of anxiety were obtained
during both task conditions before and after drug treat-
ment. The results showed some evidence for a relaxing
effect of L-theanine during the baseline condition.
Alprazolam did not have any anxiolytic effects compared
with placebo on any of the measures during the relaxed
state. Neither L-theanine nor alprazolam had any signifi-
cant anxiolytic effects during experimentally induced
anxiety. Adverse events were not reported.

Endocrine

Alprazolam can alter dehydroepiandrosterone and corti-
sol concentrations. Of 38 healthy volunteers who received
a single intravenous dose of alprazolam 2 mg over 2 min-
utes (phase I), 15 of 25 young men (aged 22–35 years) and
all 13 elderly men (aged 65–75 years) responded to alpra-
zolam and agreed to participate in a crossover study of
placebo and alprazolam infusion to plateau for 9 hours
(21). Plasma samples at 0, 1, 4, and 7 hours were assayed
for steroid concentrations. Alprazolam produced:

(a) significant increases in dehydroepiandrosterone con-
centrations at 7 hours in both the young and elderly
men;

(b) significant reductions in cortisol concentrations;
(c) no change in dehydroepiandrosterone-S concentra-

tions.

These results suggest that alprazolam modulates peripheral
concentrations of dehydroepiandrosterone and that

dehydroepiandrosterone and/or dehydroepiandrosterone-S
may have an in vivo role in modulating GABA receptor-
mediated responses.
The acute and chronic effects (3 weeks) of alprazolam

and lorazepam on plasma cortisol have been examined in
68 subjects (aged 60–83 years), who took oral alprazolam
0.25 or 0.50 mg bd, or lorazepam 0.50 or 1.0 mg bd, or
placebo according to a randomized, double-blind, pla-
cebo-controlled, parallel design (22). Plasma cortisol con-
centrations were significantly affected compared with
placebo, but only by the 0.5 mg dose of alprazolam.
During the first and last days of treatment, there was a
significant fall in cortisol at 2.5 hours after alprazolam
compared with placebo. The predose cortisol concentra-
tions increased significantly during chronic alprazolam
treatment, and there were correlations between the corti-
sol changes and changes in depression, anxiety, and mem-
ory scores. These findings suggest that even a short period
of chronic treatment with alprazolam, but not lorazepam,
may result in interdose activation of the hypothalamic–
pituitary–adrenal axis in the elderly, consistent with drug
withdrawal. If confirmed, this effect may contribute to an
increased risk for drug escalation and dependence during
chronic alprazolam treatment.
In a parallel, double-blind, placebo-controlled study in 13

elderly women and 12 elderlymen, alprazolam 0.5 mg bd for
3 weeks caused significant rises in inter-dose morning
plasma cortisol concentrations in the women but not in the
men (23). In addition, higher morning plasma cortisol con-
centrations were significantly associated with better cogni-
tive performance. The authors concluded that elderly
women had greater inter-dose activation of the hypothala-
mic–pituitary–adrenal axis during treatment with therapeu-
tic doses of alprazolam than men, but they stated that this
could have been related to drug withdrawal.
In a double-blind, crossover, placebo-controlled study

of the effects of alprazolam 5 mg and dehydroepiandros-
terone (DHEA) 100 mg/day, alone and in combination,
on hypothalamic–pituitary–adrenal axis activity in 15 men
(aged 20–45 years; body mass index 20–25 kg/m2), alpra-
zolam significantly increased basal growth hormone and
blunted the responses to exercise of plasma cortisol,
ACTH, AVP, and DHEA (24). DHEA and alprazolam
in combination significantly increased the growth hor-
mone response to exercise. The authors concluded that
DHEA and alprazolam up-regulate growth hormone dur-
ing exercise, perhaps by blunting a suppressive (HPA
axis) system and potentiating an excitatory (glutamate
receptor) system.

Skin

Alprazolam, which is lipid-soluble, can cause photosensi-
tivity after a long duration of administration.

� A 65-year-old man developed pruritic erythema on
sun-exposed areas (photosensitivity) due to alprazo-
lam (25). A photopatch test was negative, but an oral
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photochallenge test with UVA irradiation was positive
after he had taken alprazolam for 17 days.

Long-Term Effects

Drug dependence

Dependence on alprazolam and withdrawal symptoms
appear to present greater problems than with other ben-
zodiazepines (SED-12, 98).

Drug withdrawal

Withdrawal symptoms have been described with alprazo-
lam.

� A woman with paranoid schizophrenia developed cat-
atonia 5 days after the abrupt withdrawal of olanzapine
and alprazolam (26). The catatonic symptoms included
mutism, prostration, waxy flexibility, oculogyric move-
ments, and an inability to swallow. Her symptoms dis-
appeared after administration of alprazolam and
haloperidol, and there was no recurrence.� A 39-year-old woman had withdrawal symptoms after
her dose of alprazolam was reduced (27). Cognitive
symptoms made it almost impossible for her to stop
taking alprazolam or to continue psychotherapeutic
treatment. The medication was stopped by means of
a behavioral experiment, in which both patient and
therapist were unaware of the way in which the med-
ication was reduced, after which continuation of treat-
ment became possible.

Pharmacological strategies for withdrawing alprazolam,
by switching to a longer-acting agent, have been proposed
(28).
The potential interaction of paroxetine 20 mg/day and

alprazolam 1 mg/day for 15 days on polysomnographic
sleep and subjective sleep and awakening quality has
been evaluated in a randomized, double-blind, double-
dummy, placebo-controlled, repeated-dose, four-period,
crossover study in 22 young subjects with no history of
sleep disturbances (29). There were subjective withdrawal
symptoms after abrupt discontinuation of alprazolam,
including increased subjective sleep latency and reduced
subjective sleep efficiency.

Drug Administration

Drug overdose

The effects of alprazolam overdose have been reported
(30,31).

� A 28-year-old African-American man took alprazolam
12 mg. He denied using alcohol, other prescription
medications, over-the-counter medications, or illicit
drugs. He denied any suicidal intent. He stated that
he had taken this large dose because his usual dose of
1–2 mg had failed to relieve his anxiety. He was
drowsy and his heart rate was 58/minute. He had

marked first-degree atrioventricular block, with a PR
interval of 500 ms.� A 30-year-old woman, with a history of depression, was
found dead after taking an unknown quantity of alpra-
zolam, tramadol, and alcohol. At autopsy, only slight
decomposition and diffuse visceral congestion were
observed. Blood concentrations of alprazolam, alcohol,
and tramadol were 0.21 mg/l, 1.29 g/kg, and 38 mg/l
respectively.

The relative toxicity of alprazolam compared with
other benzodiazepines has been assessed from a database
of consecutive poisoning admissions to a regional toxicol-
ogy service (32). There were 2065 admissions for single
benzodiazepine overdose: alprazolam 131 overdoses, dia-
zepam 823 overdoses and other benzodiazepine 1109
overdoses. The median length of stay for alprazolam
overdoses was 19 hours, which was 1.27 times longer
than for other benzodiazepines. Of patients with alprazo-
lam overdoses, 22% were admitted to ICU, which was
2.06 times more likely than with other benzodiazepines.
Flumazenil was given to 14% of alprazolam patients and
16% were ventilated, which was significantly more than
for other benzodiazepine overdoses (8% and 11% respec-
tively). Of those with alprazolam overdoses 12% had a
Glasgow Coma Scale score under 9, compared with 10%
for other benzodiazepines. The authors concluded that
alprazolam was significantly more toxic after overdose
than other benzodiazepines.

Drug–Drug Interactions

Alcohol

In common with other benzodiazepines, alprazolam pro-
duces additional impairment of performance when it is
taken together with alcohol (33). The combination can
also produce behavioral disturbance and aggression
(13,34).

Alosetron

In an open, randomized, crossover study in 12 healthy
men and women, alosetron 1 mg bd did not affect the
pharmacokinetics of a single oral dose of alprazolam
1 mg (35).

Amfetamine

Six healthy volunteers learned to recognize the effects of
oral D-amfetamine 15 mg and then the effects of a range of
doses of D-amfetamine (0, 2.5, 5, 10, and 15 mg), alone and
after pre-treatment with alprazolam (0 and 0.5 mg), were
assessed (36). Amfetamine alone functioned as a discrimi-
native stimulus and produced stimulant-like self-reported
drug effects related to dose. Alprazolam alone did not have
amfetamine-like discriminative stimulus effects, nor did it
increase ratings of sedation or impair performance.
Alprazolam pre-treatment significantly attenuated the dis-
criminative stimulus effects of amfetamine, and some of
the self-reported drug effects. The authors suggested that
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future human laboratory-based studies should compare the
behavioral effects of amfetamine alone and after pre-treat-
ment with alprazolam, using other behavioral arrange-
ments, such as drug self-administration. They also
suggested that benzodiazepines with lower abuse potential
(for example oxazepam) might also attenuate the
behavioral effects of amfetamine.

Dextropropoxyphene

Inhibition of alprazolam metabolism by dextropropoxy-
phene has been reported (37).

Grapefruit juice

There have been two studies of the effects of repeated
ingestion of grapefruit juice on the pharmacokinetics and
pharmacodynamics of both single and multiple oral doses
of alprazolam in a total of 19 subjects (38). Grapefruit
juice altered neither the steady-state plasma concentra-
tion of alprazolam nor its clinical effects.

Ketoconazole

In a double-blind, crossover, pharmacokinetic and phar-
macodynamic study of the interaction of ketoconazole
with alprazolam and triazolam, two CYP3A4 substrate
drugs with different kinetic profiles, impaired clearance
by ketoconazole had more profound clinical conse-
quences for triazolam than for alprazolam (39).

Miocamycin

Hydroxylation of miocamycin metabolites is mainly per-
formed by CYP3A4. Some macrolide antibiotics cause
drug interactions that result in altered metabolism of
concomitantly administered drugs by the formation of a
metabolic intermediate complex with CYP450 or compe-
titive inhibition of CYP450 (40). The resulting interac-
tions can cause rhabdomyolysis (associated with the
coadministration of some statins, for example lovastatin
or simvastatin), hypoprothrombinemia (associated with
warfarin), excessive sedation (associated with certain ben-
zodiazepines, for example alprazolam, diazepam, midazo-
lam, or triazolam), ataxia (associated with
carbamazepine), and ergotism (associated with ergota-
mine).

Moclobemide

� A 44-year-old man developed the serotonin syndrome
after taking moclobemide and alprazolam for 1 year
(41). The symptoms developed after 4 days of extreme
heat, which was thought to have contributed.

Nefazodone

Nefazodone is a weak inhibitor of CYP2D6 but a potent
inhibitor of CYP3A4 and it increases plasma concentra-
tions of drugs that are substrates of CYP3A4, such as
alprazolam, astemizole, carbamazepine, ciclosporin, cisa-
pride, terfenadine, and triazolam.

Oral contraceptives

Oral contraceptives alter the metabolism of some benzo-
diazepines that undergo oxidation (alprazolam, chlordia-
zepoxide, and diazepam) or nitroreduction (nitrazepam)
(42). Oral contraceptives inhibit enzyme activity and
reduce the clearances of these drugs. There is neverthe-
less no evidence that this interaction is of clinical impor-
tance. It should be noted that for other benzodiazepines
that undergo oxidative metabolism, such as bromazepam
or clotiazepam, no change has ever been found in oral
contraceptive users. Some other benzodiazepines are
metabolized by glucuronic acid conjugation. The clear-
ance of temazepam was increased when oral contracep-
tives were administered concomitantly, but the clearances
of lorazepam and oxazepam were not (43). Again, it is
unlikely that this is an interaction of clinical importance.

Ritonavir

The inhibitory effect of ritonavir (a viral protease inhibi-
tor) on the metabolism of alprazolam, a CYP3A-
mediated reaction, has been investigated in a double-
blind study (44). Ten subjects took alprazolam 1.0 mg
plus either low-dose ritonavir (four doses of 200 mg) or
placebo. Ritonavir reduced alprazolam clearance by 60%,
prolonged its half-life, and magnified its benzodiazepine
agonist effects, such as sedation and impairment of per-
formance.

Selective serotonin reuptake inhibitors (SSRIs)

Fluoxetine

A within-subject, double-blind, placebo-controlled, paral-
lel design has been used to measure the effects of citalo-
pram (20 mg/day) and fluoxetine (20 mg/day) on the
pharmacokinetics and pharmacodynamics of alprazolam
(1 mg/day) (45). Fluoxetine significantly impaired the
metabolism of a single oral dose of alprazolam 1 mg,
leading to prolongation of the half-life and an increased
AUC, whereas citalopram did not. Neither SSRI signifi-
cantly affected the pharmacodynamic effects of alprazo-
lam. This experiment suggests differential effects of
citalopram and fluoxetine on alprazolam kinetics.

Fluvoxamine

The effects of co-administration of fluvoxamine on
plasma concentrations of alprazolam have been studied
in 23 Japanese outpatients (46). All patients were taking
fluvoxamine (25–100 mg/day) either before or after
monotherapy with alprazolam (0.4–1.6 mg/day). Co-
administration with fluvoxamine produced on average a
58% increase in plasma alprazolam concentrations.
However, there were wide variations in the plasma con-
centrations of alprazolam. The interaction was attributed
to the CYP2C19 genotype.

Paroxetine

In a double-blind, double-dummy, placebo-controlled,
repeated-dose (15 days), 4-period crossover study, each
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of 25 young adult volunteers received each of four treat-
ment sequences (paroxetine þ alprazolam placebo, alpra-
zolam þ paroxetine placebo, paroxetine þ alprazolam,
and paroxetine placebo þ alprazolam placebo) in rando-
mized order (47). There was no pharmacodynamic inter-
action at steady state. The most commonly reported
adverse event was drowsiness, with a higher incidence
when alprazolam was used, both alone and in combina-
tion with paroxetine.

Sertraline

Sertraline (50–150 mg/day) had no effects on alprazolam
metabolism in a randomized, double-blind, placebo-con-
trolled study in 10 healthy volunteers (48).

Troleandomycin

Troleandomycin inhibits the metabolism of ecabapide
and alprazolam by inhibition of CYP3A4 (49,50).

Venlafaxine

The effects of venlafaxine on the pharmacokinetics of
alprazolam have been investigated in 16 healthy volunteers.
Steady-state venlafaxine 75 mg bd did not inhibit CYP3A4
metabolism of a single dose of alprazolam 2 mg (51).
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Bentazepam

General Information

Bentazepam is a benzodiazepine with properties similar
to those of diazepam.

Organs and Systems

Liver

In three cases chronic hepatocellular injury developed
with oral bentazepam (1).
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Bromazepam

General Information

Bromazepam, a moderately short-acting benzodiazepine
(half-life about 12 hours), has been used in the treatment
of anxiety states and has the usual effects of benzodiaze-
pines, for example amnesia and depressed psychomotor
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performance, although it causes less depression than lor-
azepam (SED-12, 98).

Organs and Systems

Nervous system

The mechanism of rare extrapyramidal effects with bro-
mazepam is unexplained (SEDA-18, 44).

Long-Term Effects

Drug withdrawal

Catatonia has been described as an effect of bromazepam
withdrawal (1).

� A 51-year-old man who had been taking bromazepam
for 9 years in a dosage that he had gradually increased
to 18 mg/day abruptly stopped taking it. He initially
developed psychotic symptoms and on day 5 after
withdrawal became mute and was posturing. A provi-
sional diagnosis of a catatonic syndrome was made,
and he was given oral lorazepam 3 mg and risperidone
4 mg. It was later concluded that the catatonia had
most probably been due to benzodiazepine withdra-
wal; the risperidone was withdrawn, and diazepam was
substituted for lorazepam and slowly tapered. He had
no recurrence of catatonic or psychotic symptoms and
his fatigue improved.

Withdrawal-induced seizures have been described in a
woman taking various benzodiazepines (2).

� A 43-year-old woman had had insomnia since she was
a child. At the age of 15, benzodiazepine therapy
improved her sleeping, but when she gradually
stopped taking benzodiazepines the insomnia
returned after a few days. At the age of 26 she was
abusing several benzodiazepines, including diazepam
and flunitrazepam. At the age of 30 she was taking
high doses of bromazepam every evening before
going to sleep. After 1 month, she abruptly stopped
taking bromazepam and during withdrawal had an
epileptic seizure. During the next few years, she had
periods of relative well-being, but also two further
periods of benzodiazepine abuse, both resulting in
seizures after withdrawal. She later had withdrawal
seizures with zolpidem.

Drug Administration

Drug overdose

A fatal overdose of bromazepam has been reported (3).

� A 42-year-old woman with a history of depression was
found unconscious, lying near her car. The lower part
of her body was undressed and there were multiple
purple spots and excoriations on her body, suggesting
a sexual assault. She was hypothermic (core tempera-
ture 28.4�C). Her plasma bromazepam concentration

was 7.7 mg/l, the highest concentration reported in a
case of fatal intoxication.

Drug–Drug Interactions

Fluconazole

The interaction of bromazepam with fluconazole has
been studied in 12 healthy men in a randomized, dou-
ble-blind, four-way crossover study (4). The subjects took
a single oral or rectal dose of bromazepam (3 mg) after
pretreatment for 4 days with oral fluconazole 100 mg/day
or placebo. Pharmacodynamic effects of bromazepam
were assessed using self-rated drowsiness, the continuous
number addition test, and electroencephalography. After
rectal administration there was a higher AUC (1.7-fold)
and a higher Cmax (1.6-fold) than after oral administra-
tion; there were electroencephalographic effects and sub-
jective drowsiness after rectal bromazepam, and the
electroencephalographic effects correlated closely with
mean plasma bromazepam concentrations. However, flu-
conazole caused no significant changes in the pharmaco-
kinetics or pharmacodynamics of oral or rectal
bromazepam.
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Brotizolam

General Information

Brotizolam is a triazolothienodiazepine used in the treat-
ment of insomnia and also has anticonvulsant, antianxiety
and muscle relaxant properties. It reduces latency to
sleep, reduces the number of awakenings and waking
time during sleep, and increases total sleep time (1). It
may delay the onset of REM sleep but has no effect on
slow-wave sleep (2). It has an intermediate half-life of
about 5 hours, and is said to cause no early-morning
rebound insomnia and minimal morning drowsiness (3).
Its most common adverse effects are drowsiness, head-
ache, and dizziness; mild rebound insomnia can occur
after withdrawal.
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Long-Term Effects

Drug withdrawal

In 63 out-patients with chronic insomnia who were given
either brotizolam 0.25 mg or 0.5 mg at night for 3 weeks
(n ¼ 29) or placebo (n ¼ 34), those who switched abruptly
from brotizolam to placebo had rebound insomnia, which
was most marked on the first post-brotizolam placebo
night (4).

Drug–Drug Interactions

The metabolism of brotizolam is altered by drugs that
inhibit CYP3A4, such as erythromycin and itraconazole.

Erythromycin

Erythromycin 1200 mg/day or placebo for 7 days was
given to 14 healthy men in a double-blind, randomized,
crossover design (5). On the sixth day they took a single
oral dose of brotizolam 0.5 mg and blood samples were
taken for 24 hours. Erythromycin significantly increased
the Cmax, AUC, and half-life of brotizolam.

Itraconazole

In a randomized, double-blind, placebo-controlled, cross-
over study in 10 healthy men, itraconazole 200 mg/day for
4 days significantly altered the pharmacokinetics of a
single dose of brotizolam 0.5 mg; it reduced the apparent
oral clearance four-fold, increased the AUC0!24h more
than two-fold, and prolonged the half-life five-fold (6).
The digit symbol substitution test and sleepiness were
significantly altered as a result.
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Chlordiazepoxide

General Information

Chlordiazepoxide, which has a long duration of action (t1/
2 = 10–25 hours), is useful for the management of alcohol
withdrawal and is arguably better tolerated than other
benzodiazepines when used for this indication. As with
diazepam, loading doses are possible and simplify clinical
management.

Organs and Systems

Metabolism

A San Francisco woman with a history of diabetes and
high blood pressure was hospitalized in January 2001 with
a life-threatening low blood sugar concentration after she
consumed Anso Comfort capsules (1). The authors con-
jectured that hospitalization may have been necessitated
by a drug interaction of chlordiazepoxide with medica-
tions that she was taking for other medical conditions.

Hematologic

� A 68-year-old man, who had been taking lorazepam,
perphenazine, and amitriptyline for many years, devel-
oped acute thrombocytopenic purpura after combina-
tion therapy of chlordiazepoxide 5 mg and clidinium
2.5 mg tds for irritable bowel syndrome (2). His dis-
ease improved after withdrawal of chlordiazepoxide
and clidinium and treatment with intravenous predni-
solone.

In this case it was not clear which of the two compounds
caused the purpura; it is possible that it was due to the
combination.

Second-Generation Effects

Teratogenicity

The teratogenic potential of oral chlordiazepoxide has
been studied by comparing 22 865 cases with congenital
abnormalities and 38 151 matched healthy controls (3).
Chlordiazepoxide had been used during pregnancy in 201
cases (0.88%) and 268 controls (0.70%). There was a
significantly higher odds ratio for chlordiazepoxide use
during the second and third months of gestation in those
with congenital cardiovascular malformations. However,
this association was found when exposure data were
based mainly on maternal self-reported chlordiazepoxide
use. There was no increase in the rate of any specific
congenital cardiovascular malformation type. In conclu-
sion, therapeutic doses of chlordiazepoxide during preg-
nancy are unlikely to pose a substantial teratogenic risk to
the human fetus, although a somewhat higher rate of
congenital cardiovascular malformations cannot be
excluded.
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Drug Administration

Drug formulations

The California State Health Director has warned consu-
mers to stop using the herbal product Anso Comfort
capsules immediately, because the product contains the
undeclared prescription drug chlordiazepoxide (1). Anso
Comfort capsules, available by mail or telephone order
from the distributor in 60-capsule bottles, are clear with
dark green powder inside. The label is yellow with green
English printing and a picture of a plant. An investigation
by the California Department of Health Services Food
and Drug Branch and Food and Drug Laboratory showed
that the product contains chlordiazepoxide. The ingredi-
ents for the product were imported from China and the
capsules were manufactured in California. Advertising for
the product claims that the capsules are useful for the
treatment of a wide variety of illnesses, including high
blood pressure and high cholesterol, in addition to claims
that it is a natural herbal dietary supplement. The adver-
tising also claims that the product contains only Chinese
herbal ingredients and that consumers may reduce or stop
their need for prescribed medicines. No clear medical
evidence supports any of these claims. The distributor,
NuMeridian (formerly known as Top Line Project), has
voluntarily recalled the product.

Drug–Drug Interactions

Heparin

In normal non-fasting subjects, 100–1000 IU of heparin
given intravenously caused a rapid increase in the free
fractions of diazepam, chlordiazepoxide, and oxazepam
(4,5), but no change in the case of lorazepam (4). The
clinical implications of this finding are not known.

Oral contraceptives

In 7 healthy young women who had taken oral contra-
ceptives for more than 6 months the protein binding of
chlordiazepoxide was reduced and its volume of distribu-
tion increased (6). The clearance of chlordiazepoxide is
also reportedly reduced by oral contraceptives (7).
Mid-cycle spotting occurred in a large proportion of 72

women taking oral contraceptives and chlordiazepoxide;
however, there were no pregnancies (8).
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Clobazam

General Information

Clobazam, a 1,5-benzodiazepine, differs in its chemical
structure from most other benzodiazepines. It has been
claimed to have less sedative effects for its effective antic-
onvulsant and anti-anxiety effects (SED-12, 98). Whether
because of tolerance or not, clobazam tends to be less
sedative than clonazepam. Both the therapeutic and
adverse effects of clobazam have been related to its
major metabolite N-desmethylclobazam, the formation
of which depends on CYP2C19 activity. Mutant alleles
that confer high CYP2C19 activity, and are therefore
associated with high concentrations of the metabolite,
are particularly common (30–40%) in Asian populations
(1).

Observational studies

In an open study 25 patients with new-onset focal and
primary generalized epilepsy were treated with clobazam
at a single centre (2). After a mean follow-up of 16 months
(range 7–24), 16 patients were seizure free, while five had
more than a 50% reduction in seizure frequency. Sedation
was the most common adverse event, reported by four
patients; however it was always mild and did not require
withdrawal of clobazam. Other adverse effects, reported in
one patient each, were weight gain, ataxia, loss of short-
term memory, and breakthrough seizures.

Comparative studies

In a randomized double-blind comparison of clobazam,
carbamazepine, and phenytoin monotherapy in children
with epilepsy, there were no differences in tests of intelli-
gence, memory, attention, psychomotor speed, and impul-
sivity between clobazam and the other drugs after 6 and
12 months of therapy, suggesting that the adverse effects
of clobazam on cognition and behavior may be less com-
mon than generally thought (3). However, the authors did
not discuss a trend for some scores, particularly items in
the Wechsler Intelligence Scale for Children–Revised, to
improve significantly only in children taking non-benzo-
diazepine anticonvulsants. Moreover, many children

400 Clobazam

ª 2009 Elsevier B.V. All rights reserved.



withdrew from the study before completion of the follow-
up, resulting in potential bias.
In a prospective multicenter double-blind comparison

of clobazam with phenytoin or carbamazepine monother-
apy in children with partial or generalized tonic-clonic
seizures, the retention rate after one year did not differ,
but exit due to inefficacy tended to be more common with
clobazam (19 versus 11% for the other drugs combined),
while exit due to adverse effects tended to be more com-
mon with carbamazepine or phenytoin (15 versus 4% for
clobazam) (4). Although all treatments were claimed to
have similar efficacy, detailed descriptions of the changes
in seizure frequency and the proportion of patients who
gradually achieved seizure control in each treatment
group were not given. Behavioral and mood problems
tended to be more common with clobazam than with the
other drugs (38/119 versus 29/116). Drooling was more
common with clobazam (7/119 versus 2/116), whereas
rash or vomiting were more common with the other treat-
ments (9/116 versus 4/119 and 10/116 versus 4/119 respec-
tively). Tolerance was reported in 7.5% of patients taking
clobazam, in 4.2% of those taking carbamazepine, and in
6.7% of those taking phenytoin; however, the definition
of tolerance (no seizures for 3–6 months, followed by
seizures sufficiently numerous to require a switch to
another drug) was questionable, and no information was
given about patients with seizure relapses who required
an increase in dosage. Although these results suggest that
clobazam is a valuable alternative to phenytoin and car-
bamazepine in childhood epilepsy, more precise charac-
terization of responses would have been desirable.

Organs and Systems

Respiratory

Patients receiving intravenous benzodiazepines must be
monitored for respiratory depression, and may need arti-
ficial ventilation during intensive treatment.

Nervous system

Clobazam is better tolerated than other benzodiazepines
used in epilepsy (5). Its most common adverse effects are
mild and transient drowsiness, dizziness, or fatigue; rather
less common are muscle weakness, restlessness, aggres-
siveness, weight increase, ataxia, mood disorders, psycho-
tic and behavioral disturbances, vertigo, hypotonia,
hypersalivation, and edema (SED-13, 152). There may
be a loss of therapeutic response over time.
Akathisia has been rarely seen with benzodiazepines

(SED-13, 152).

Psychological, psychiatric

Of 63 children with refractory epilepsy given add-on clo-
bazam (mean dosage 0.8 mg/kg/day) and followed for 15–
64 months, 15 (24%) had to discontinue treatment owing
to adverse effects, which included severe aggressive out-
bursts, hyperactivity, insomnia, and depression with suici-
dal ideation (6). Likewise, there were behavioral or mood
problems in 38 of 119 children taking clobazam

monotherapy over one year of follow-up, while drooling
was reported in seven children (4). In another study, 7 of
63 children treated with clobazam developed aggressive
agitation, self-injurious behavior, insomnia, and incessant
motor activity. All the affected children were relatively
young (mean age 6 years) and mentally disabled (7).
In controlled trials with clonazepam, adverse events

were recorded in 60–90% of cases, and led to withdrawal
rates as high as 36% (8). The most common effects were
drowsiness, ataxia, and behavioral and personality
changes. Other problems were hypersalivation, tolerance,
and sometimes a paradoxical increase in seizure fre-
quency.

Skin

Toxic epidermal necrolysis has been associated with clo-
bazam (SEDA-21, 48). Bullae with sweat gland necrosis
rarely complicate coma, but have recently been reported
in association with clobazam, used as adjunctive therapy
for resistant epilepsy in a 4-year-old girl (9).

Long-Term Effects

Drug tolerance

Clobazam has similar effects on anxiety to other benzo-
diazepines, but may be better tolerated (SEDA-20, 31).
Used as an anticonvulsant, clobazam is generally well
tolerated in epileptic patients, many showing little evi-
dence of tolerance (5). On the other hand, children with
epilepsy appear unusually prone to adverse behavioral
reactions when taking clobazam (SEDA-19, 34).

Drug withdrawal

Withdrawal effects can be troublesome. Of 13 patients
taken off clonazepam 0.01–0.5 mg/day because of adverse
effects, 8 had withdrawal seizures and 5 had other with-
drawal symptoms (SEDA-19, 63). Choreoathetosis was
described in one patient completing withdrawal of clona-
zepam (SED-13, 152).
Epileptic-negative myoclonus status (almost continu-

ous lapses in muscle tone associated with epileptiform
discharges and interfering with postural control and
motor coordination) rarely occur after rapid withdrawal
of clobazam or valproate (10).

Susceptibility factors

Genetic

Measurement of clobazam and N-desmethylclobazam
plasma concentrations and genetic analysis may be useful
when unusual adverse effects occur (11).

� A 10-year-old girl had two epileptic seizures and a
subcontinuous spike and wave pattern during sleep.
She was given clobazam and developed severe somno-
lence, weight gain, and severe enuresis. She had a high
plasma concentration of N-desmethylclobazam, the
major metabolite of clobazam. She and her parents
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underwent molecular analysis of the CYP2C19 gene,
which is implicated in the metabolism of this drug. She
had one copy of the most common mutation
(CYP2C19*2), as did her mother, and probably
another rare mutation.

Drug administration

Drug overdose

Clobazam toxicity can cause respiratory depression.

� A 49-year-old woman, a chronic alcoholic who had
been undergoing psychiatric treatment, was found
dead at home (12). Autopsy findings were unremark-
able. Further detailed analysis showed that the cloba-
zam concentration found in post-mortem blood was 3.9
mg/ml higher than the usual target concentration (0.1–
0.4 mg/ml). All the available information suggested that
death had resulted from respiratory depression due to
clobazam toxicity.

Drug–Drug Interactions

The specific cytochrome P450 isoforms that mediate the
biotransformation of clobazam and of its metabolites N-
desmethylclobazam and 4’-hydroxyclobazam have been
identified using cDNA-expressed P450 and P450-specific
chemical inhibitors in vitro (13). The results of this study
showed that:

� clobazam is mainly demethylated by CYP3A4,
CYP2C19, and CYP2B6;� clobazam is 4’-hydroxylated by CYP2C19 and
CYP2C18;� N-desmethylclobazam is 4’-hydroxylated by CYP2C19
and CYP2C18;� The formation of N-desmethylclobazam is mediated by
CYP3A4, CYP2C19, and CYP2B6;� N-desmethylclobazam is hydroxylated to 4’-hydroxy-
desmethylclobazam by CYP2C19.

These findings explain some pharmacokinetic interactions
of clobazam with ketoconazole (which inhibits the demethy-
lation of clobazam by 70%) and omeprazole (which inhibits
the hydroxylation of N-desmethylclobazam by 26%). In
addition, in 22 patients with epilepsy who were genotyped
for CYP2C19, there was a higher plasma metabolic ratio of
N-desmethylclobazam:clobazam in patients with one
CYP2C19*2 mutated allele than in those with the wild-type
genotype.

Antiepileptic drugs

Several metabolic interactions between clobazam and
other antiepileptic drugs have been reported, in particular
phenytoin intoxication after the addition of clobazam
(SED-12, 98).

Carbamazepine

Negative myoclonus and more typical signs of carbama-
zepine intoxication (fatigue, ataxia, clumsiness) occurred
in a 66-year-old man after he took add-on clobazam
(10 mg/day) for 4 weeks (14). Plasma concentrations of
carbamazepine (58 mmol/l) and carbamazepine-10,11-
epoxide (19 mmol/l) were higher than before clobazam
therapy, and his symptoms resolved quickly when carba-
mazepine dosage was reduced and clobazam was with-
drawn. The interaction was confirmed on rechallenge.
This interaction does not occur in most patients.

Stiripentol

After the addition of stiripentol (50 mg/kg) in 20 children
treated with clobazam, mean serum clobazam concentra-
tions increased about twofold and norclobazam concen-
trations increased about threefold; a mean 25% reduction
in clobazam dose was required because of adverse effects
(15). Serum concentrations of concomitantly adminis-
tered valproic acid rose by about 20%. These findings
are in agreement with evidence that stiripentol is a potent
metabolic inhibitor.
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Clonazepam

General Information

Clonazepam is a benzodiazepine that is used predomi-
nantly in epilepsy, panic disorder, and mania, and also
appears to be effective in relieving antipsychotic drug-
induced akathisia (1). The use of clonazepam in psychia-
tric disorders is complicated by significant drowsiness in a
majority of patients, and additional behavioral problems
in children (SEDA-19, 34).
Although they are commonly used in the adjunctive

management of chronic pain, benzodiazepines are gener-
ally not analgesic per se. One exception may be the stab-
bing/lancinating neuropathic pain that often responds to
anticonvulsants, including clonazepam. Nevertheless, the
use of benzodiazepines in pain syndromes is generally
contraindicated, and clonazepam, although often effec-
tive, should be used with caution (SEDA-17, 42). This is
because of the availability of other agents with compar-
able or superior efficacy and the significant incidence of
adverse effects of clonazepam, including depression, self-
poisoning, cognitive impairment, and dependence (2), as
well as the potential for diversion.

Placebo-controlled studies

In a randomized, double-blind, placebo-controlled, three-
arm study in 60 patients with panic disorder, paroxetine
alone (40 mg/day) was compared with paroxetine co-
administered with clonazepam (2 mg/day) followed either
by a tapered benzodiazepine withdrawal phase or conti-
nuing combination treatment (3). The outcomes in the
three groups were similar. Most of the patients had at
least one adverse effect: 68% of patients given paroxetine
alone, 85% in those given the two drugs, and 94% in those
given the two drugs followed by withdrawal. The most
common adverse effects of combined treatment were
sedation, sexual dysfunction, and jitteriness; jitteriness
and gastrointestinal symptoms were most common with

monotherapy. Sedation and sleep disturbances were the
most common adverse effects that made patients with-
draw from the study.
Clonazepam is widely used for the treatment of sleep

disturbances related to post-traumatic stress disorder,
despite very limited published data supporting its use for
this indication. In a randomized, single-blind, placebo-
controlled, crossover trial of clonazepam 1 mg at bedtime
for 1 week followed by 2 mg at bedtime for 1 week in six
patients with combat-related post-traumatic stress disor-
der there were no statistically significant differences
between clonazepam and placebo (4). Adverse effects of
clonazepam were generally mild and essentially indiscern-
ible from those attributed to placebo. Only one patient
elected to continue taking clonazepam at the end of the
trial. The small sample size was a significant limitation of
the study.

Organs and Systems

Nervous system

In controlled trials with clonazepam, adverse events were
recorded in 60–90% of cases and led to withdrawal rates
as high as 36% (5). The most common effects were drow-
siness, ataxia, and behavioral and personality changes.
Other problems were hypersalivation, tolerance, and
sometimes a paradoxical increase in seizure frequency.

Psychological, psychiatric

Behavioral adverse events associated with clonazepam
include agitation, aggression, hyperactivity, irritability,
property destruction, and temper tantrums. These
adverse effects can be inadvertently confused with other
behavioral or psychiatric conditions, especially if exacer-
bation of existing challenging behavior occurs.

� A 49-year-old man with severe mental retardation was
given clonazepam 2 mg/day to treat aggression, self-
injurious behavior, property destruction, and scream-
ing, which got worse instead of better (6). When clo-
nazepam was withdrawn, the behavior improved.

The addition of clonazepam to clomipramine has been
reported to have caused acute mania (7).

� A 48-year-old Japanese man with a history of bipolar
affective disorder became depressed again. He was
already taking lithium carbonate 800 mg/day and car-
bamazepine 800 mg/day. Clomipramine was added,
and the dose was increased to 225 mg/day over 2
months and then maintained for 2 months. Because
clomipramine had little effect, clonazepam 3 mg/day
was added. On the first day after he took clonazepam,
symptoms of hyperthymia, haughtiness, talkativeness,
and flight of ideas suddenly appeared once more.
Drug-induced delirium was excluded, because orienta-
tion was not disrupted and the symptoms did not fluc-
tuate over time. Clomipramine and clonazepam were
withdrawn. Because the symptoms were similar to the
previous manic episode, the same prescription was
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reinstated, with the addition of sodium valproate
800 mg/day. After 3 months, he was discharged in
remission and had no recurrence. He had not taken
other benzodiazepines throughout the treatment.

This report suggests that clonazepam induced a switch to
mania, possibly in combination with an effect of clomi-
pramine.

Metabolism

In a randomized, double-blind, placebo-controlled, cross-
over study in 15 men (mean age 22 years), diazepam
10 mg and clonazepam 1 mg infused over 30 minutes
both reduced insulin sensitivity and increased plasma glu-
cose, but the effect of clonazepam was significantly
greater (8).

Mouth and teeth

A sensation of a burning mouth has been attributed to
clonazepam (9).

� A 52-year-old white woman developed a burning
mouth. She had previously taken alprazolam for anxi-
ety, but this was changed to clonazepam because of
increased anxiety and panic. Clonazepam relieved her
symptoms, but after 4 weeks of therapy she continued
to have a constant, mild, oral burning sensation.
Examination of the mouth was normal and laboratory
tests were unremarkable. The dose of clonazepam was
reduced and her symptoms abated but remained intol-
erable. Clonazepam was withdrawn and her symptoms
completely resolved. Since no other medications
relieved her anxiety and panic she took clonazepam
again, but again developed an intolerable burning
mouth. Clonazepam was again withdrawn and her
symptoms resolved.

Urinary tract

Urinary retention has been attributed to clonazepam.

� A 2-year old girl with epilepsy and dyskinetic cerebral
palsy due to kernicterus, who was taking carbamaze-
pine and valproate, was also given clonazepam
0.05 mg/day and 3 days later developed urinary reten-
tion, which did not improve with antibiotic treatment
(10) . A urine sample obtained by catheterization was
sterile. Urinary retention persisted for 10 days, requir-
ing repeated catheterization, but resolved after clona-
zepam was withdrawn. She was symptom free for the
next 6 months.

Long-Term Effects

Drug withdrawal

Withdrawal effects can be troublesome. Of 13 patients
taken off clonazepam at a rate of 0.016–0.5 mg/day
because of adverse effects, 8 had withdrawal seizures
and five had other withdrawal symptoms (SEDA-19,
63). Choreoathetosis was described in one patient com-
pleting withdrawal of clonazepam (SED-13, 152).

� A 43-year-old man underwent an incomplete transcra-
nial removal of a pituitary growth-hormone-secreting
macroadenoma (11). His daily insulin dose was
reduced from more than 300–104 U/day and he was
given hydrocortisone and levothyroxine replacement
therapy, together with lanreotide injections. A month
after discharge, he was given high-dose clonazepam.
Three months later, the clonazepam was withdrawn
abruptly and he developed hypoglycemic coma.

The author concluded that interruption of benzodiaze-
pine treatment had caused reduced growth hormone
secretion and insulin requirements.

Second-Generation Effects

Teratogenicity

The medical records of 28 565 infants were surveyed as
part of a hospital-based malformation surveillance pro-
gram to identify those who had been exposed prenatally
to an anticonvulsant, including clonazepam (12). During
32 months, 166 anticonvulsant-exposed infants were iden-
tified; 52 had been exposed to clonazepam, 43 as mono-
therapy, 33 of those during the first trimester. One infant
had dysmorphic features, growth retardation, and a heart
malformation. There was no increase in major malforma-
tions in births exposed to clonazepam monotherapy.
However, the study was not large enough to have ade-
quate power to determine whether or not the rate of
major malformations is increased in clonazepam-exposed
pregnancies.

Drug–Drug Interactions

Carbamazepine

The mutual interaction of clonazepam and carbamaze-
pine has been investigated in 183 children and adults
with epilepsy during routine clinical care (13).
Carbamazepine increased the clearance of clonazepam
by 22% and clonazepam reduced the clearance of carba-
mazepine by 21%.
The effects of concomitant carbamazepine, phenytoin,

sodium valproate, and zonisamide on the steady-state
serum concentrations of clonazepam have been investi-
gated in 51 epileptic in-patients under 20 years of age
(14). Serum concentrations of clonazepam correlated
positively with the dose of clonazepam and negatively
with the doses of carbamazepine and valproic acid, but
not with phenytoin or zonisamide. These results confirm
that as the oral doses of carbamazepine and sodium
valproate increase, the serum concentration of clonaze-
pam falls, but there is no interaction with either phenytoin
or zonisamide. In the case of carbamazepine the mechan-
ism of action is thought to be enzyme induction, increas-
ing the metabolism of clonazepam. It is not known what
the mechanism is with sodium valproate. In patients with
epilepsy, the co-administration of either sodium valproate
or carbamazepine will reduce the serum concentration of
clonazepam and increase the risk of a seizure. When
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clonazepam is used in the treatment of epilepsy, sodium
valproate and carbamazepine should be avoided; pheny-
toin and zonisamide would be safer alternatives.

Oxycodone

A fatal drug interaction was caused by the ingestion of
oxycodone and clonazepam.

� A 38-year-old white woman was found dead (15). She
had physical evidence of previous drug abuse and posi-
tive hepatitis B and C serology. Her plasma clonaze-
pam concentration was 1.41 mg/ml and her plasma
oxycodone concentration was 0.60 mg/ml.

Postmortem findings suggested severe nervous system
and respiratory depression produced by high concentra-
tions of clonazepam and oxycodone, including collapsed
lungs, aspirated mucus, and heart failure.

Phenelzine

A flushing reaction has been associated with an interac-
tion of phenelzine with clonazepam (SEDA-17, 17).

Sertraline

In a randomized, double-blind, placebo-controlled,
crossover study in 13 subjects, sertraline did not
affect the pharmacokinetics or pharmacodynamics of
clonazepam (16).

Valproate

The effects of concomitant carbamazepine, phenytoin,
sodium valproate, and zonisamide on the steady-state
serum concentrations of clonazepam have been investi-
gated in 51 epileptic in-patients under 20 years of age
(14). Serum concentrations of clonazepam correlated
positively with the dose of clonazepam and negatively
with the doses of carbamazepine and valproic acid, but
not with phenytoin or zonisamide. These results confirm
that as the oral doses of carbamazepine and sodium
valproate increase, the serum concentration of clonaze-
pam falls, but there is no interaction with either phenytoin
or zonisamide. In the case of carbamazepine the mechan-
ism of action is thought to be enzyme induction, increas-
ing the metabolism of clonazepam. It is not known what
the mechanism is with sodium valproate. In patients with
epilepsy, the co-administration of either sodium valproate
or carbamazepine will reduce the serum concentration of
clonazepam and increase the risk of a seizure. When
clonazepam is used in the treatment of epilepsy, sodium
valproate and carbamazepine should be avoided; pheny-
toin and zonisamide would be safer alternatives.
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Diazepam

General Information

Diazepam produces less sedation in cigarette smokers,
and higher (not lower, as stated in SEDA-20) doses may
be required for the same sedative or anxiolytic effect.
Owing in part to its continued widespread use, several
unusual adverse effects of diazepam continue to be
reported. These include cases of urinary retention and
compartment syndrome, which are not explicable by its
pharmacology. On the other hand, accumulation of dia-
zepam and attendant complications of obtundation and
respiratory depression may be understood in terms of its
long half-life, particularly in elderly people and medically
ill patients. Caution about the intravenous use of diaze-
pam comes from a study that showed cardiac dysrhyth-
mias (mainly ventricular extra beats) in a quarter of oral
surgery patients; midazolam and lorazepam were much
safer (1).

Placebo-controlled studies

In a double-blind, placebo-controlled, randomized trial in
120 children with spastic cerebral palsy received a bed-
time dose of diazepam or placebo (2). A bedtime dose of
diazepam to reduce hypertonia and muscle spasm, with
passive stretching exercises, significantly improved beha-
vior. The diazepam relaxed the muscles making the pas-
sive stretching easy, and the movements sustained muscle
relaxation during the day. There was a significant
improvement in wellbeing, improved activities of daily
living, and reduced family burden of caring. There were
fewer unwarranted crying spells during the day and less
wakefulness during the night. There was no daytime
sedation.

Organs and Systems

Cardiovascular

Cases of inadvertent intra-arterial injection of diazepam
have been reported.

� A 51-year-old woman with an acute claustrophobic
anxiety attack developed gangrene of the fingers after
she was inadvertently given diazepam 10 mg intra-
arterially (3).� Inadvertent intra-arterial injection of diazepam
(2.5 mg in 0.5 ml) has been reported in an 8-year-old
girl (4). Gangrene resulted and amputation of the 4th
and 5th fingers was required.

Gangrene has been previously reported with intra-arterial
injection of diazepam and is also well known with other
classes of drugs, such as barbiturates and phenothiazines.
It appears to be caused by the drug rather than the solvent
used in the intravenous formulations.

Respiratory

Respiratory difficulties are a major potential adverse
effect of rectal diazepam (5).
Of 94 children who presented with seizures, 11 had

respiratory depression after intravenous or rectal diaze-
pam (6). However, this finding was challenged (7,8). The
authors of the second comment stated that this complica-
tion does not occur when rectal diazepam gel is used
without other benzodiazepines; they also recommended
that during long-term therapy families should be
instructed not to give rectal diazepam more than once
every 5 days or five times in 1 month.
Patients receiving intravenous benzodiazepines must

be monitored for respiratory depression, which may
demand artificial ventilation during intensive treatment.
Diazepam may cause more respiratory depression than
lorazepam at equieffective dosages (SEDA-20, 59) and is
contraindicated in neonates for this reason and because it
produces unacceptably prolonged sedation (9).

Nervous system

In an open study in 104 patients with acute stroke, diaze-
pam 10 mg bd for 3 days was well tolerated (10).
In a multicenter, double-blind study, 310 patients with

generalized anxiety disorder were treated for 6 weeks
with abecarnil (mean daily dose 12 mg), diazepam
(mean daily dose 22 mg), or placebo in divided doses for
6 weeks (11). Those who had improved at 6 weeks could
volunteer to continue double-blind treatment for a total
of 24 weeks. Slightly more patients who took diazepam
(77%) and placebo (75%) completed the 6-week study
than those who took abecarnil (66%). The major adverse
events during abecarnil therapy were similar to those of
diazepam, namely drowsiness, dizziness, fatigue, and dif-
ficulty in coordination. Abecarnil and diazepam both
produced statistically significantly more symptom relief
than placebo at 1 week, but at 6 weeks only diazepam was
superior to placebo. In contrast to diazepam, abecarnil
did not cause withdrawal symptoms. The absence of a
placebo control makes it difficult to interpret the results
of another study of the use of abecarnil and diazepam in
alcohol withdrawal, which appeared to show comparable
efficacy and adverse effects of the two drugs (12).
The mechanism of rare extrapyramidal effects with

diazepam is unexplained (SEDA-18, 44).

Seizures

In a randomized trial, seizures occurred in 14 (16%) of 86
patients with gliomas undergoing contrast CT examina-
tions; however, in 83 other patients with gliomas receiving
diazepam prophylaxis, seizures occurred in only two
patients (2.2%).
Six patients had untoward effects from excessive rectal

diazepam (13). In three cases, seizures reappeared and
were interrupted by rectal diazepam, followed by seda-
tion and gradual awakening; the intervals were about 4
days. The other three patients had variable and complex
symptoms, with serial seizures and alternating states of
tension, apathy, and sleepiness. The plasma
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concentrations of diazepam and desmethyldiazepam
showed rapid fluctuations.

� A 20-year-old man with complex partial seizures pre-
sented with exacerbation of his disease (14). He was
taking phenytoin and sodium valproate, with plasma
concentrations in the target ranges. During a video
electroencephalogram recording he was given diaze-
pam 10 mg, and the partial seizures developed into
frequent generalized seizures. The same response was
seen on a subsequent occasion.

The authors commented that although paradoxical reac-
tions to benzodiazepines are rare, they should be consid-
ered in cases of refractory epilepsy.

� A 28-year old man with complex partial status, which
lasted for 2 months, had a paradoxical worsening of
seizure activity in response to diazepam and midazo-
lam (14).

Neuromuscular function

Muscle rigidity after high-dose opioids can be reduced by
the benzodiazepines midazolam and diazepam (SEDA-
19, 82).

Psychological, psychiatric

A fugue-like state with retrograde amnesia has been asso-
ciated with diazepam (15).

� A 23-year-old military officer on active duty took dia-
zepam 5 mg tds and ibuprofen for back spasms. Three
days later he was found sitting in a church, having
assumed a previous role from his past life. He identi-
fied the date as 14 months before and his memory
before that time was intact. However, he had no mem-
ory of events during the previous 14 months. There
were no symptoms suggesting a schizophrenic disorder
and his mental function was normal. His symptoms
resolved within 24 hours of withdrawal of diazepam,
except for amnesia of the event. He assumed his cor-
rect identity and was aware of the correct date. He had
taken ibuprofen in the past with no adverse effects and
this was his first exposure to a benzodiazepine. No
other medications were involved and a full medical
review found no cause for his symptoms other than
diazepam use.

Healthy men and women (n ¼ 46) were randomly
assigned to placebo or diazepam 5 or 10 mg in a double-
blind, between-groups design to examine the effect of
diazepam on self-aggressive behavior under controlled
laboratory conditions (16). The participants were then
provided with the opportunity to self-administer electric
shocks during a competitive reaction time task. Self-
aggression was defined by the intensity of shock chosen.
Diazepam 10 mg was associated with higher average
shocks than placebo and a greater likelihood of attempt-
ing to self-administer a shock that they were led to believe
was severe and painful. There were sedative effects, but
diazepam did not impair memory, attention, concentra-
tion, pain threshold, or reaction-time performance. The

authors concluded that clinically relevant doses of diaze-
pammay be associated with self-aggressive behavior with-
out significantly impairing basic cognitive processes or
psychomotor performance.
Capgras syndrome has been attributed to diazepam.

� A 78-year-old man with a long history of generalized
anxiety disorder had benefited from diazepam for at
least 30 years (17). During the 6 months before evalua-
tion, he developed a fixed delusion that his sister-in-
law had disguised herself as his wife and had replaced
her at home. His anxiety symptoms remained at base-
line and cognitive function was unimpaired on detailed
testing. Medications included diazepam 5 mg bd, par-
oxetine 40 mg/day, levothyroxine, rabeprazole, raniti-
dine, and finasteride. The dose of diazepam was
tapered and withdrawn and risperidone 0.5 mg qds
was started. Within 10 days, the Capgras delusion had
completely resolved and he readily recognized his wife
during visits.

Endocrine

Gynecomastia, with raised estradiol, has been reported in
men taking diazepam (18).
Acute diazepam administration causes a reduction in

plasma cortisol concentrations, consistent with reduced
activity of the hypothalamic–pituitary–adrenal axis, espe-
cially in individuals experiencing stress. However, the
effects of chronic diazepam treatment on cortisol have
been less well studied, and the relation to age, anxiety,
duration of treatment, and dose are poorly understood.
In a double-blind, placebo-controlled, crossover study,
young (19–35 years, n ¼ 52) and elderly (60–79 years, n
¼ 31) individuals with and without generalized anxiety
disorder took diazepam 2.5 or 10 mg for 3 weeks (19).
The elderly had significant reductions in plasma cortisol
concentrations compared with placebo, both after the first
dose and during chronic treatment, but the younger sub-
jects did not. A final challenge with the same dose did not
produce any significant cortisol effects in either group and
the cortisol response in the elderly was significantly
reduced compared with the initial challenge. These results
are consistent with the development of tolerance to the
cortisol-reducing effects of diazepam. The effect was
more apparent in the elderly, was not modulated by gen-
eralized anxiety disorder or dosage, and was not related
to drug effects on performance and on self-ratings of
sedation and tension.

Skin

Cutaneous adverse effects of diazepam are rare. The
incidence was 0.4 per 1000 in the Boston Collaborative
Surveillance Program (20).

� A 50-year-old woman was referred to hospital for
chronic depression with alcohol dependence (21). There
was no history of drug allergy. She was given oral thior-
idazine 100 mg/day and diazepam 10 mg qds. After 2
days she noticed an erythematous eruption on her ankles.
Thioridazine was withdrawn, but the eruption became
more erythematous and affected both extremities and
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flanks within a few hours. She was given methylpredni-
solone 80 mg/day. The next day the eruption became
bullous and she became pyrexial (39.4� C). Urea and
creatinine concentrations were normal. Blood cultures
were negative. A skin biopsy showed bullous vasculitis
with numerous eosinophils in the dermis. Diazepam was
then withdrawn, the pyrexia resolved, and the skin
lesions healed, although post-inflammatory ulcers per-
sisted on both ankles for 2 months. A lymphocyte blast
transformation test was positive for diazepam.

Sweet’s syndrome has been attributed to diazepam (22).

� A 70-year-old white man, with no significant preceding
medical history, developed an acute painful rash, a fever
(38.4� C), and severe arthralgia 5 days after starting to
take diazepam 10 mg bd for lumbar muscular contrac-
ture due to hard physical exercise. He had taken no
other medications. There were well-defined purple-red
skin plaques, surmounted by vesicular and hemorrhagic
blisters. He had a leukocytosis. Sweet’s syndrome was
confirmed by punch biopsy of a lesion. Diazepam was
withdrawn, and prednisolone 30 mg/day was given for 2
weeks and then tapered. The patient improved quickly
and the eruption cleared in 10 days.

Immunologic

Hypersensitivity reactions after diazepam are very rare
and usually mild. However, some severe reactions have
been reported.

� A 50-year-old woman with chronic depression or dys-
thymic disorder and alcohol dependence was given
oral thioridazine 100 mg/day and diazepam 10 mg qds
(23). She had no history of drug allergy. Two days later
she noticed an erythematous eruption on her ankles.
Thioridazine was withdrawn, but the eruption became
more widespread over a few hours. She was given
methylprednisolone 80 mg/day, but the following day
the eruption progressively became bullous and her
condition worsened. She developed a fever of
39.4� C, felt ill, and had a neutrophilia, but blood
cultures were sterile and her renal function was nor-
mal. A skin biopsy showed bullous vasculitis with
numerous eosinophils in the dermis. Diazepam was
then withdrawn, which led to resolution of pyrexia
and gradual healing of the skin lesions over the next
2 months. The lymphocyte blast transformation test
was positive for diazepam.� A 28-year-old nurse had generalized urticaria and col-
lapsed while she was undergoing a gastroscopy for
suspected Helicobacter pylori infection (24). Before
the start of the procedure she was given lidocaine
oral spray and intravenous diazepam 10 mg, and at
the end intravenous flumazenil 1 mg. Skin prick tests
and intradermal tests with diazepam 5 mg/ml produced
a weal-and-flare reaction; flumazenil 0.1 mg/ml and
lidocaine 2% had no effect.

Although in the second case, for safety reasons, a chal-
lenge test was not performed, it was suggested that the
reaction had been IgE-mediated.

Long-Term Effects

Genotoxicity

The possible genotoxic effects of propofol and diazepam
have been investigated in 45 patients undergoing open
heart surgery (25). Peripheral blood samples were col-
lected before and at the end of anesthesia the anesthesia
with either diazepam 0.2 mg/kg þ fentanyl 10 micro-
grams/kg (n ¼ 24) or propofol 1 mg/kg þ fentanyl 10
micrograms/kg (n ¼ 21). Anesthesia was maintained by
pancuronium and fentanyl plus diazepam 5 mg/kg or pro-
pofol 2–4 mg/kg/hour. The mean frequencies of chromo-
somal aberrations, before and at the end of the
anesthesia, were not significantly different. Age, smoking,
and sex were not confounding factors.

Second-Generation Effects

Teratogenicity

To study the possible teratogenicity of short-term (about
3 weeks) oral diazepam during pregnancy, a matched
case-population control pair analysis was conducted in
the population-based data set of Hungarian Case-
Control Surveillance of Congenital Abnormalities (26).
The investigators compared the ‘‘total’’ (maternal self-
reported plus medically recorded) and ‘‘medically
recorded’’ diazepam treatments, and compared cases
and controls from 1980 to 1996. Among 38 101 neonates
without any congenital abnormality 4130 (11%) were
exposed to diazepam, compared to 2746 of 22 865 (12%)
neonates or fetuses with congenital abnormalities, and 97
of 812 (12%) neonates or fetuses with Down’s syndrome.
Based on maternal self-reported and medically recorded
information, the matched case-population control pair
analysis showed a higher rate of limb deficiencies, rec-
tal-anal atresia/stenosis, cardiovascular malformations,
and multiple congenital abnormalities after diazepam
use during the second and third months of gestation.
However, the evaluation of only medically recorded dia-
zepam use did not show a higher use of diazepam in any
congenital abnormality group. The authors suggested that
the higher occurrence of diazepam treatment among cases
in the primary analysis may have been due to a lower
proportion of mothers who recalled having take diazepam
during their pregnancy in the population control group,
i.e. a recall bias. They concluded that short-term diaze-
pam treatment in usual therapeutic doses during preg-
nancy did not cause detectable teratogenicity.

Fetotoxicity

Postnatal, longitudinal, somatic, neurological, mental, and
behavioral development has been studied at birth and at
8, 15, and 24 months of life in children whose mothers had
been treated during pregnancy with diazepam (n = 126)
or promethazine (n = 127) and in children whose mothers
had not been exposed (27). The children in the diazepam
group weighed less at birth but not at 8 months or subse-
quently.
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Diazepam has been reported to cause inappropriate
ADH secretion in a neonate (28).

� A female infant was delivered vaginally at 41 weeks.
Her 30-year-old mother had taken diazepam for epi-
lepsy and hysterical attacks throughout the pregnancy.
The pregnancy and delivery were uneventful. The baby
was admitted to the neonatal ward in anticipation of
neonatal drug withdrawal syndrome. On the first day
of life, milk feeding was stopped because of poor suck-
ing, vomiting, and increased gastric aspirate volume.
On the same day oliguria was reported and the urine
osmolality was increased. Secretion of antidiuretic hor-
mone was suspected as the cause of the oliguria, and so
fluid intake was restricted and a diuretic was given.
Subsequently the urine output increased and the
urine osmolality gradually fell. The baby’s condition
became stable and she was discharged on day 16.

Susceptibility Factors

Age

Five neonates who suffered an unexpected long period of
respiratory failure, muscular hypotonia, and drowsiness
were retrospectively investigated (9). Unusually high
doses of diazepam had been given by intravenous bolus
injection and serum concentrations of diazepam and its
active metabolites were high. The authors emphasized the
persistence of the very long-acting N-desmethyldiazepam,
particularly in neonates and even more exaggeratedly in
premature infants, owing to reduced capacity of hepatic
uridine diphosphate glucuronyl transferase activity (9).

Drug Administration

Drug administration route

Although intravenous diazepam is the preferred route,
the undiluted intravenous solution of diazepam can be
given rectally, and is effective in the emergency manage-
ment of seizures in children (29). Rectal gel is an alter-
native, and can be given by non-medical personnel (30).
Adverse effects of rectal diazepam are rare and mild.
Animal studies and clinical experience have not shown
damage to the rectal mucosa.
The safety of rectal diazepam gel (Dyastat) has been

reviewed (31). Sedation and somnolence were the most
common adverse events, ranging from 13 to 51%, but the
real incidence was difficult to determine, because it was
not always possible to distinguish between drug-related
and postictal sedation. Neurocognitive effects were simi-
lar to those reported with intravenous diazepam, but with
a slightly delayed onset and a longer duration. When
neuropsychological testing was performed, test scores
returned to baseline within 4 hours after administration.
Hyperactivity was rarely appreciated in children treated
with rectal diazepam gel. A few adults (<1%) reported
agitation, euphoria, nervousness, and hyperkinesia. The
incidence of respiratory depression or apnea was much

lower than with intravenous administration: no respira-
tory depression occurred in 200 children included in con-
trolled clinical studies of rectal diazepam gel, while only
two children had respiratory depression in a study of 246
doses and there were two more cases of hypoventilation
in another study of 1578 doses. Whether these instances
were related to the medication or to seizures could not be
definitely ascertained. In a controlled study, mean and
minimum respiratory rates 15 minutes to 4 hours after
treatment were similar in patients who received rectal
diazepam compared with those who received placebo.
Despite the high level of concern, an out-of-hospital
study showed a 23% complication rate (hypotension, car-
diac dysrhythmias, and respiratory depression) among
patients treated with placebo, compared with 11% for
intravenous diazepam and 10% for intravenous loraze-
pam, suggesting that the respiratory complications of
some seizures are significant and the very small risk of
respiratory depression with rectal diazepam is outweighed
by the much greater risk of delaying treatment. Other
adverse effects were pruritus and rash (3.1–4.4%) and
rectal irritation (3.6–4.4%, compared with 3.1–3.4% in
the placebo group).
Rectal diazepam is not intended for use more than five

times per month (one dose every 5 days), because
repeated administration can exacerbate seizures and
cause withdrawal seizures. There were at least six cases
of seizure worsening, some with a clear cyclic pattern,
suggesting a relation to intermittent use of diazepam.
All improved after rectal diazepam was restricted or with-
drawn. However, in some cases intermittent diazepam
had to be replaced by long-term low-dose treatment
with oral benzodiazepines.
As of February 2003 a total of 40 reports describing 63

adverse events attributed to rectal diazepam gel were
filed at the FDA’s MedWatch program. These included
convulsions or ineffective treatment in eight patients;
gastrointestinal symptoms (vomiting, constipation, diar-
rhea, or abnormal stools) in seven; emotional and cogni-
tive adverse effects (disorientation, confusion, memory
impairment, stupor, nervousness, emotional lability) in
six; respiratory depression and dyspnea in six; somnolence
in four; hypotension or vasodilatation, pain, and skin rash
or anaphylactic reactions in two each; infection, a positive
drug screen, an unevaluable reaction, rectal hemorrhage,
and abnormal vision in one each. There were three
deaths, whose causes were not conclusively determined.

Drug overdose

� A 54-year-old man took 2 g of laboratory-grade diaze-
pam and was treated with activated charcoal, diuresis,
and flumazenil infusion (32). He wakened, but had
drowsiness, dysarthria, diplopia, and dizziness for 9
days. Blood concentrations of diazepam and its main
metabolite, N-desmethyldiazepam, remained high for
over 4 weeks.

Of 149 patients, 10 received an overdose of rectal
diazepam indicated for acute repetitive seizures (51 over-
doses in total) (33). There were no untoward events in 40
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cases, and the adverse events were most often not drug-
related. No patient had bradypnea or apnea.
In 40 of 51 instances of overdose of rectal diazepam

there were no adverse events (Pellock). However, in 11
cases adverse events included vomiting (n ¼ 3), otitis
media (n ¼ 3), and bronchitis, convulsion, cough, fever
and somnolence (n ¼ 1 each). There was no cardiac or
respiratory depression in any case of overdose, and all
events resolved without incident.

Drug–Drug Interactions

Antihistamines

Drugs that depress the CNS, such as the benzodiazepines,
have their effects increased by interaction with the classic
antihistamines. However, the second-generation antihis-
tamines have not yet been proven to interact with CNS
depressants such as alcohol or diazepam (34–37).

Beta-adrenoceptor antagonists

Lipophilic beta-adrenoceptor antagonists are metabo-
lized to varying degrees by oxidation by liver microsomal
cytochrome P450 (for example propranolol by CYP1A2
and CYP2D6 and metoprolol by CYP2D6). They can
therefore reduce the clearance and increase the steady-
state plasma concentrations of other drugs that undergo
similar metabolism, potentiating their effects. Drugs that
interact in this way include diazepam (38).

Bupivacaine

Animal studies have shown that diazepam can prolong
the half-life of bupivacaine (39).

Caffeine

At least 40 drugs interact with caffeine, including benzo-
diazepines (for example diazepam, whose sedative effect
is counteracted by caffeine) (40).

Cholinesterase inhibitors

Although diazepam does not have anticholinergic proper-
ties, it is possible to reverse diazepam-induced delirium
by the use of cholinesterase inhibitors, such as physostig-
mine; however, physostigmine can on occasion induce
severe arterial hypertension, especially if the dose
exceeds 2 mg intravenously. In healthy volunteers
sedated with diazepam, an increase in awareness was
established with the use of physostigmine, but there was
also a reduction in ventilatory drive (SEDA-10, 119).

Cisapride

Cisapride increases the absorption of diazepam (41).

Clozapine

Hypotension, collapse, and respiratory arrest occurred
when low doses (12.5–25 mg) of clozapine were added
to a pre-existing diazepam regimen (SEDA-22, 41).

� A 50-year-old man with symptoms of chronic paranoid
schizophrenia resistant to typical neuroleptic drugs had
a brief syncopal attack with significant electrocardio-
graphic changes (sinus bradycardia and deep antero-
septal inverted T waves and minor ST segment
changes) after the dosage of clozapine was increased
to 300 mg/day while he was taking diazepam 30 mg/
day (42).

The mechanism of this presumed interaction is unknown.

Disulfiram

Disulfiram inhibits hepatic drug metabolism and can pro-
long the effects of substances that are normally metabo-
lized in the liver. This has been studied for various
benzodiazepines. The clearances of chlordiazepoxide
and diazepam were significantly reduced and their half-
lives prolonged by disulfiram (43).

Heparin

In healthy non-fasting subjects, 100–1000 IU of heparin
given intravenously caused a rapid increase in the
unbound fractions of chlordiazepoxide, diazepam, and
oxazepam (44,45), but no change in the case of lorazepam
(44). The clinical implications of this finding are not
known.

Ibuprofen

The effect of diazepam on the pharmacokinetics of ibu-
profen has been studied in eight healthy subjects, who
took ibuprofen or ibuprofen plus diazepam at 10.00 or
22.00 hours in a randomized, crossover study (46).
Diazepam significantly prolonged the half-life of ibupro-
fen at 22.00 hours but not at 10.00 hours. The mean
clearance of ibuprofen was therefore reduced by diaze-
pam at night. This time-dependent effect of diazepam on
the pharmacokinetics of ibuprofen may be due to circa-
dian variation in the pattern of protein production in the
liver and/or competitive protein binding of the two drugs
during the night.

Lithium

There has been a well-documented case of profound
hypothermia in a patient taking lithium and diazepam; it
did not occur with either drug alone (47). Otherwise,
benzodiazepines and lithium are compatible.

Naltrexone

The effects of naltrexone on diazepam intoxication were
investigated in 26 non-drug-abusing subjects who received
either naltrexone 50 mg or placebo and 90 minutes later
oral diazepam 10 mg in a double-blind, crossover trial
(48). Naltrexone was significantly associated with nega-
tive mood states, such as sedation, fatigue, and anxiety,
compared with placebo, while positive states (friendliness,
vigor, liking the effects of diazepam, feeling high from
diazepam) were significantly more common with placebo.
Naltrexone significantly delayed the time to peak diaze-
pam concentrations (135 minutes) compared with placebo
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(75 minutes), but there were no significant differences in
the concentrations of nordiazepam, the main metabolite
of diazepam, at any stage in the study.

Olanzapine

There were orthostatic changes when olanzapine and dia-
zepam were co-administered (49).

Omeprazole

In human liver microsomes, the metabolism of diazepam
was mainly to 3-hydroxydiazepam (90%); omeprazole
inhibited this conversion (50).
In a double blind, placebo-controlled, crossover study

in eight white and seven Chinese men who were extensive
metabolizers of debrisoquine and mephenytoin, omepra-
zole 40 mg/day reduced the oral clearance of diazepam by
38% and increased desmethyldiazepam AUC by 42%. In
contrast, in the Chinese men the oral clearance of diaze-
pam fell by only 21% and desmethyldiazepam AUC by
25%. The authors concluded that the extent of the inhi-
bitory effect of omeprazole on diazepam metabolism
depends on ethnicity (51). Differences between
Caucasians and Asians may account for such effects.

Penicillamine

In one patient the use of penicillamine led to exacerba-
tion of phlebitis that had been caused by intravenous
diazepam (52).

Phenytoin

Neurological abnormalities have been attributed to phe-
nytoin toxicity caused by an interaction with diazepam
(53).

� A 44-year-old man with a long-standing seizure disor-
der developed headache, nystagmus, diplopia, and
ataxia. His antiepileptic drug regimen of phenytoin,
phenobarbital, and lamotrigine had been unchanged
for almost 5 months. Two days before admission he
had been given amoxicillin and diazepam. The serum
phenytoin concentration was 148 mmol/l, having been
32 mmol/l 2 weeks before. Both phenytoin and diaze-
pam were withdrawn, and his symptoms resolved.

Rifamycins

The interaction of rifampicin with diazepam has been
reviewed (54). The mean half-life of diazepam fell from
58 to 14 hours in seven patients who took isoniazid,
rifampicin, and ethambutol (55).
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Flumazenil

General Information

Flumazenil is used as a benzodiazepine antagonist in the
treatment of poisoning or the reversal of benzodiazepine
effects in anesthesia 1,2) or in neonates (3). Guidelines for
its use have been summarized (4). The problems in its use
are those of dose adjustment, the risks of panic anxiety,
seizures, or other signs of excessively rapid benzodiazepine
withdrawal, and pharmacokinetic problems due to the short
half-life of flumazenil (about 1 hour) compared with the
longer half-lives of most benzodiazepines (5). Its use is also
commonly associated with vomiting and headache, and
rarely with psychosis or sudden cardiac death (SEDA-17,
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46), especially in mixed overdoses. Flumazenil was not
effective in reversing the amnesic effects of midazolam
(6), but it may be useful in hepatic coma, regardless of
cause (7). In patients with a history of seizures or chronic
benzodiazepine dependence, or after mixed drug overdose,
flumazenil can trigger convulsions, which are occasionally
fatal. It is not generally helpful to measure benzodiazepine
plasma concentrations, but they can assist in the diagnosis
of overdose and thus guide the use of antagonists (8).
Midazolam can cause paradoxical reactions, including

increased agitation and poor cooperation (9,10). Often
other drugs are required to continue the procedure suc-
cessfully. Reversal of these reactions by flumazenil has
been reported. In 58 patients undergoing surgery under
spinal or epidural anesthesia, flumazenil 0.1 mg over 10
seconds abolished the agitation without reversing seda-
tion (total dose range 0.1–0.5 mg) (11). In 30 patients who
had been given midazolam, flumazenil 0.15–0.5 mg
resulted in cessation of the agitation without reversal of
sedation (9). Adverse effects of flumazenil were not
reported in these studies.
The usefulness and relative safety of midazolam in

children have been reviewed (12). Myoclonic-like move-
ments associated with midazolam in three full-term new-
borns were reversed by flumazenil (13). However, care
must be taken when considering the use of flumazenil for
reversal of midazolam-induced agitation, as no controlled
trials have been published.

Organs and Systems

Nervous system

A case of opisthotonos after flumazenil has been reported
(14).

� A healthy 17-year-old man received an interscalene
brachial plexus block using mepivacaine 600 mg and
bupivacaine 150 mg. He became disorientated and
showed signs of local anesthetic toxicity, for which he
was given midazolam 5 mg. Flumazenil 0.5 mg was
given 23 minutes after the end of the procedure, caus-
ing opisthotonos.

Similar reports have appeared in the past in patients with
seizure disorders. It is recommended that flumazenil not
be used in patients predisposed to seizures.

Endocrine

The effects of flumazenil and midazolam on adrenocorti-
cotrophic hormone and cortisol responses to a corticotro-
phin-releasing hormone challenge have been assessed in
eight healthy men (15). Flumazenil significantly reduced
adrenocorticotrophic responses compared with midazo-
lam or placebo, but had no effects on cortisol secretion.
The authors suggested that this agonist effect of flumaze-
nil on the pituitary–adrenal axis might account for the
anxiolytic activity of flumazenil, which has been observed
during simulated stress.

Long-Term Effects

Drug withdrawal

Flumazenil can provoke acute withdrawal reactions and
extreme anxiety (16). Its duration of action (less than 1
hour) is generally shorter than that of the original benzo-
diazepine, whose effects can therefore return while the
patient is unobserved.
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Flunitrazepam

General Information

Flunitrazepam has acquired a reputation for toxicity,
abuse potential (1) and associated forensic problems (2),
including being implicated in sexual assault (‘‘date rape’’)
(3). It has been withdrawn from general availability in
various countries, including the USA, Australia, and
New Zealand, and it is considered to be a narcotic in
various European countries. It has a rapid onset of action
but a long half-life. The earlier recommended hypnotic
dose (1–2 mg) is excessive, and like some other benzodia-
zepines, such as triazolam, flunitrazepam is safer in a
smaller dose (4). Like triazolam, it has been associated
with nocturnal binge eating (5). Although its outpatient
use in individuals who are susceptible to abuse is hazar-
dous, intravenous flunitrazepam is useful for alcohol with-
drawal delirium, but assisted ventilation should be
available.

Long-Term Effects

Drug withdrawal

Withdrawal syndrome and delirium has been attributed to
flunitrazepam (6).

� A 69-year-old man developed acute benzodiazepine
withdrawal delirium following a short course of fluni-
trazepam after an acute exacerbation of chronic
obstructive pulmonary disease. He was not an alcohol-
or drug-abuser and he had not previously taken benzo-
diazepines. Six days after withdrawal of flunitrazepam
he became agitated and confused, and had visual hal-
lucinations, disorganized thinking, insomnia, increased
psychomotor activity, disorientation in time and place,
and memory impairment. Tachycardia and significant
anxiety were also noted. He fulfilled the DSM IV
criteria for withdrawal syndrome and delirium, and
had spontaneous remission of symptoms within 48
hours.

The authors commented that physicians should be more
aware of drug withdrawal syndromes, even after limited
periods of administration of sedative drugs.
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Lorazepam

General Information

Lorazepam is a benzodiazepine with CNS, depressant,
anxiolytic, and sedative properties, used as a hypnotic,
sedative, and anxiolytic drug.

Comparative studies

In a multicenter, randomized, double-blind comparison of
diazepam (0.15 mg/kg followed by phenytoin 18 mg/kg),
lorazepam (0.1 mg/kg), phenobarbital (15 mg/kg), and
phenytoin (18 mg/kg) in 518 patients with generalized
convulsive status epilepticus, lorazepam was more effec-
tive than phenytoin and at least as effective as phenobar-
bital or diazepam plus phenytoin (1). Drug-related
adverse effects did not differ significantly among the
treatments and included hypoventilation (up to 17%),
hypotension (up to 59%), and cardiac rhythm distur-
bances (up to 9%).
Intramuscular lorazepam 4 mg has been compared with

the combination of intramuscular haloperidol 10 mg +
promethazine 50 mg in 200 emergency psychiatric
patients with agitation, aggression, or violence (2). The
treatments were comparably effective and well tolerated
overall, but two patients who took lorazepam had mod-
erate adverse effects: one had worse bronchial asthma and
one had nausea and dizziness.

Placebo-controlled studies

The use of intravenous benzodiazepines administered by
paramedics for the treatment of out-of-hospital status
epilepticus has been evaluated in a double-blind, rando-
mized trial in 205 adults (3). The patients presented either
with seizures lasting 5 minutes or more or with repetitive
generalized convulsive seizures and were randomized to
receive intravenous diazepam 5 mg, lorazepam 2 mg, or
placebo. Status epilepticus was controlled on arrival at the
hospital in significantly more patients taking benzodiaze-
pines than placebo (lorazepam 59%, diazepam 43%, pla-
cebo 21%). The rates of respiratory or circulatory
complications related to drug treatment were 11% with
lorazepam, 10% with diazepam, and 23% with placebo,
but these differences were not significant.
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Organs and Systems

Respiratory

Patients receiving intravenous benzodiazepines must be
monitored for respiratory depression, which may demand
artificial ventilation during intensive treatment.
Lorazepam may cause less respiratory depression than
diazepam at equieffective dosages (SEDA-20, 59).

Nervous system

Lorazepam is often used to manage anxiety, presurgi-
cally, and as a sedative. Common adverse effects include
sedation, dizziness, weakness, unsteadiness, and disorien-
tation, and lorazepam can cause significant impairment
of driving ability. All positive lorazepam drug-impaired
driving cases submitted to the Washington State
Toxicology Laboratory between January 1998 and
December 2003 were reviewed (4). The mean whole
lorazepam blood concentration in these drivers (n¼170,
56% male, mean age 40 years) was 48 ng/ml, but 86% of
drivers tested positive for other drugs, which may have
contributed to their impairment. In 23 cases lorazepam
was the only drug detected, at a mean blood concentra-
tion of 51 ng/ml. In ten of the other cases (in which no
drugs other than lorazepam were present) Drug
Recognition Expert reports were obtained, containing
details of events surrounding arrests and performances
on field sobriety tests; lorazepam concentrations in these
cases averaged 50 ng/ml. These results suggested that
lorazepam can cause significant impairment of driving
and psychomotor abilities, independent of the blood con-
centration.
In a placebo-controlled, double-blind, parallel-group

comparison of single oral doses of lorazepam (2 mg) and
flunitrazepam (1.2 mg), 36 young, healthy subjects com-
pleted a test battery before and after treatment including
classic behavioral tests and visual and auditory event-
related potentials (5). Differences in the impairment pro-
file between equipotent doses of lorazepam and flunitra-
zepam suggested that lorazepam causes atypical central
visual processing changes.
In a comparison of interventions commonly used for

controlling agitation or violence in people with serious
psychiatric disorders, 200 people were randomized to
intramuscular lorazepam 4 mg or intramuscular
haloperidol 10 mg þ promethazine 25–50 mg (6). The
haloperidol þ promethazine combination produced a
faster onset of tranquillization/sedation and more clin-
ical improvement over the first 2 hours. The interven-
tion did not differ in the need for additional
interventions or physical restraints, numbers abscond-
ing, or adverse effects. Adverse effects were uncommon
in both groups, but were only very briefly mentioned;
they included respiratory difficulty in one patient given
lorazepam and nausea and dizziness in another. Both
interventions are effective in controlling violent/agitated
behavior. If speed of sedation is required, the haloper-
idol þ promethazine combination has advantages over
lorazepam.

Psychological, psychiatric

Lorazepam causes some rare adverse effects, including a
manic-like reaction on withdrawal, delirium, and para-
doxical precipitation of tonic seizures or myoclonus in
children (SEDA-19, 35). It can both relieve and worsen
behavioral disturbances in demented elderly patients
(SEDA-20, 32).
The effects of lorazepam on three neuropsychiatric

measures of attention and psychomotor performance
have been investigated in 40 patients, 20 of whom were
given placebo, 10 were given lorazepam 1 mg, and 10
were given lorazepam 2.5 mg (7). Performance on digit
cancellation, digit-symbol substitution, and the Paced
Auditory Serial Addition Task was significantly impaired
by lorazepam (2.5 mg) and this was significantly worse in
the middle-aged subjects compared with the younger.
These results suggest that older people are more suscep-
tible to these adverse effects.
Lorazepam disinhibits aggression more than its chemi-

cally and kinetically similar analogue oxazepam (8).

Cognition

The psychomotor and amnesic effects of single oral doses
of lorazepam 2 mg were studied in 48 healthy subjects in a
double-blind, placebo-controlled, randomized, parallel-
group study (9). The effects were assessed by a battery
of subjective and objective tests that explored mood and
vigilance, attention, psychomotor performance, and mem-
ory. Vigilance, psychomotor performance, and free recall
were significantly impaired by lorazepam.
Lorazepam shares with other benzodiazepines the abil-

ity to impair explicit memory, but has a distinct further
effect on implicit memory as well (10). However, it
impairs memory more than its chemically and kinetically
similar analogue, oxazepam (11). The effects of loraze-
pam 2.5 mg and diazepam 0.3 mg/kg on explicit and
implicit memory tasks have been examined in 24 men
and 24 women randomly allocated to lorazepam, diaze-
pam, or placebo (10). An implicit word-stem completion
task and explicit memory tasks of immediate and delayed
word recall and word recognition were administered 90
minutes after drug administration. Both diazepam and
lorazepam significantly impaired performance on explicit
memory measures. Only lorazepam significantly impaired
performance on the implicit memory task.
In a separate study, pharmacokinetic–pharmacody-

namic modeling of the psychomotor and amnesic effects
of a single oral dose of lorazepam 2 mg was investigated
in 12 healthy volunteers in a randomized, double-blind,
placebo-controlled, two-way, crossover study using the
following tasks: choice reaction time, immediate and
delayed cued recall of paired words, and immediate and
delayed free recall and recognition of pictures (12). The
delayed recall trials were more impaired than the immedi-
ate recall trials; similar observations were made with the
recognition versus recall tasks.
The effects of lorazepam and diazepam on false mem-

ories and related states of awareness have been investi-
gated in 36 healthy volunteers, randomly assigned to one
of three groups (placebo, diazepam 0.3 mg/kg, lorazepam
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0.038 mg/kg) (13). The results suggested that diazepam
and lorazepam cause impaired conscious recollection,
associated with true, but not false, memories.
In a double-blind, placebo-controlled study of sex dif-

ferences in the effects of lorazepam in trained social
drinkers, lorazepam substituted for alcohol equally in
both sexes and increased associated scores for light-head-
edness (14). The women had much greater performance
impairment in a digital symbol substitution test after lor-
azepam than the men. These results suggest that the
stimulus and cognitive effects of benzodiazepine receptor
agonists are modulated by different brain mechanisms.
The effects of lorazepam on the allocation of study

time, memory, and judgement of learning have been
investigated in a cognitive task in which the repetition of
word presentation was manipulated (15). The study was
placebo-controlled in 30 healthy volunteers. In a measure
of the accuracy of delayed judgement of learning, all the
participants benefited from word repetition; although lor-
azepam reduced overall performance, accuracy was not
affected. All the participants then benefited from repeti-
tion of learning, although performance in those who took
lorazepam remained lower than in those who took pla-
cebo. Repetition of learning had an effect on judgement
of learning in both groups. Finally, study time fell signifi-
cantly with the frequency of presentation an effect that
was prevented by lorazepam. These findings suggest that
lorazepam has a differential effect on the monitoring and
the control processes involved in learning.

Metabolism

Metabolic acidosis and hyperlactatemia have been attrib-
uted to lorazepam (16).

� A 34-year-old woman with a history of renal insuffi-
ciency induced by long-term use of cocaine developed
respiratory failure and was intubated and sedated with
intravenous lorazepam (65 mg, 313 mg, and 305 mg on
3 consecutive days). After 2 days she had a metabolic
acidosis, with hyperlactatemia and hyperosmolality.
Propylene glycol, a component of the lorazepam intra-
venous formulation, was considered as a potential
source of the acidosis, as she had received more than
40 times the recommended amount over 72 hours.
Withdrawal of lorazepam produced major improve-
ments in lactic acid and serum osmolality.

Long-Term Effects

Drug withdrawal

Lorazepam has considerable abuse potential, and poses
particular difficulties in withdrawal (17). On the other
hand, a sizeable sample (n = 97) of chronic users who
wanted to discontinue were generally able to use stable
or decreasing doses on an as-needed basis (18).
The Omnibus Budget Reconciliation Act of 1987

(OBRA ‘87) regulations (www.elderlibrary.org) specify
when antipsychotic drugs can and cannot be used to
treat behavioral disturbances in nursing home residents

in the USA. Accordingly, antipsychotic drugs can be used
in patients with delirium or dementia only if there are
psychotic or agitated features that present a danger to the
patient or others. Preventable causes of agitation must be
excluded and the nature and frequency of these behaviors
must be documented. Non-dangerous agitation, unco-
operativeness, wandering, restlessness, insomnia, and
impaired memory are insufficient in isolation to justify
the use of antipsychotic drugs. With this in mind, the
effects of withdrawing haloperidol, thioridazine, and lor-
azepam have been examined in a double-blind, crossover
study in 58 nursing home residents (43 women and 15
men, mean age 86 years), half of whom continued to
take the psychotropic drugs that had been prescribed,
while the other half were tapered to placebo (19). After
6 weeks, the drugs were tapered to the reverse schedule
for another 6 weeks. There were no differences between
drug and placebo in functioning, adverse effects, and
clinical global impression. Cognitive functioning
improved during placebo. The authors concluded that
gradual dosage reductions of psychoactive medications
must be attempted, unless clinically contraindicated, in
an effort to withdraw these drugs. Similar conclusions
have been reached in other studies (SEDA-22, 54).

Drug Administration

Drug administration route

The pharmacokinetics of intranasal lorazepam compared
with oral administration have been evaluated in 11 volun-
teers in a randomized, crossover study (20). Lorazepam
had favorable pharmacokinetics for intranasal administra-
tion compared with standard methods. Intranasal delivery
could provide an alternative non-invasive delivery route
for lorazepam.

Drug–Drug Interactions

Caffeine

Caffeine aggravates, rather than attenuates, lorazepam-
induced impairment in learning and performance (21).
This contradicts popular wisdom that stimulants are use-
ful in perking up patients taking benzodiazepines, and
invites research into what may be a very dangerous prac-
tice in benzodiazepine users, that of taking caffeine
before driving or operating machinery (see also General
Introduction in the monograph on Benzodiazepines).

Clozapine

Caution has been recommended when starting clozapine
in patients taking benzodiazepines (SEDA-19, 55). Three
cases of delirium associated with clozapine and benzodia-
zepines (22) have been reported. There have been several
reports of synergistic reactions, resulting in increased
sedation and ataxia, when lorazepam was begun in
patients already taking clozapine (23).
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Haloperidol

A thorough review of the pharmacokinetics of haloper-
idol, with special emphasis on interactions, has been pub-
lished (24). The interactions include one with lorazepam.
Several cases of torsade de pointes have been reported

with intravenous haloperidol used with lorazepam to treat
delirium (SEDA-18, 30) (SEDA-18, 47). Acid mucopoly-
saccharide deposition may be associated with neuroleptic
drug treatment as a possible mechanism contributing to
rare cardiovascular adverse events (25).

Moxonidine

When co-administered with lorazepam 0.4 mg, moxoni-
dine increased impairment of attentional tasks (choice,
simple reaction time and digit vigilance performance,
memory tasks, immediate word recall, delayed word
recall accuracy, and visual tracking). These effects should
be considered when moxonidine is coadministered
with lorazepam, although they were smaller than would
have been produced by a single dose of lorazepam 2 mg
alone (26).
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Lormetazepam

General Information

Lormetazepam is a short-acting benzodiazepine with
effects similar to those of diazepam.

Lormetazepam 417

ª 2009 Elsevier B.V. All rights reserved.



Organs and Systems

Psychological, psychiatric

Auditory hallucinations have been attributed to lormeta-
zepam (1).

� A 45-year-old woman with moderate depression and
anxiety took lormetazepam 4 mg/day. After a few
days, she noticed musical auditory hallucinations like
children’s songs. There were no neurological, otologi-
cal, or psychiatric causes for the hallucinations. When
the dose of lormetazepam was reduced to 2 mg the
auditory experience changed to ‘‘classic tinnitus.’’ The
lormetazepam was eventually withdrawn, but a slight
degree of tinnitus persisted.

In a randomized, double-blind, placebo-controlled,
crossover study in 18 young adults (mean age, 27 years),
a single dose of lormetazepam 1 mg had no significant
effect on either visual simple reaction time or visual
choice reaction time (2). Lormetazepam caused mild diz-
ziness in two subjects.

Drug Administration

Drug formulations

A new oral solution formulation of lormetazepam has
been compared with lormetazepam tablets in an open,
randomized, parallel group study in 108 out-patients
with insomnia. They were given 0.5 mg on the first night
and were allowed to increase their dosage by 0.25 mg
each day (for the oral solution) or 0.5 mg every 2 days
(for the tablets). The mean daily dose of lormetazepam
was lower in those who used the oral solution than in
those who used the tablets, and the cumulative dose of
lormetazepam was lower with the oral solution (3). There
were no significant differences between the groups in
sleep characteristics or adverse effects. The occurrence
of adverse effects did not differ between the two groups.
Adverse events related to the lormetazepam tablet
included mouth ulcers (n ¼ 1), drowsiness (3), headache
(2), frequent dreams (1), insomnia (3), night sweats (1).
Adverse events associated with the lormetazepam oral
solution included bad taste (n ¼ 2), bitterness (2), dry
mouth (1), drowsiness (5), hypotension (1), nausea/con-
stipation (2), insomnia (3), and headache (1). These
results suggest that using an oral solution of lormetaze-
pam allows easier determination of the minimal indivi-
dual effective dose.
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Mexazolam

General Information

Mexazolam is a benzodiazepine with effects similar to
those of diazepam.
The anxiolytic effects of mexazolam have been com-

pared with those of alprazolam in 64 outpatients with
generalized anxiety disorder in a multicenter, double-
blind, parallel-group, randomized trial (1). Five mexazo-
lam and nine alprazolam recipients reported mild adverse
events: drowsiness in three patients in each group; dizzi-
ness in one taking mexazolam and two taking alprazolam;
blurred vision in one patient taking mexazolam; and
weight gain, nausea, and insomnia in one patient taking
alprazolam. Both drugs were effective anxiolytics and
both were well tolerated.
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Midazolam

General Information

Midazolam is used mainly in parenteral form in anesthe-
sia, as a sedative adjunct to medical and dental proce-
dures, and in status epilepticus (1). Its pharmacology and
therapeutics have been extensively reviewed (2). It pro-
duces greater amnesia than diazepam, useful in terms of
its anesthetic use, but carries a risk of cardiorespiratory
depression and death (SED-12, 99), particularly at the
extremes of age and when combined with the opioid
fentanyl (SEDA-22, 42), which can cause accumulation
of midazolam (see Drug–Drug Interactions in this mono-
graph). Vomiting has been reported in 10% of children
having midazolam sedation before radiology (SEDA-22,
41). Behavioral disinhibition (SEDA-18, 44), acute with-
drawal, and hiccups appear to be relatively common
(SEDA-22, 41); hallucinations, flumazenil-reversible dys-
tonia, and hypersensitivity have all been observed (SED-
12, 99) (SEDA-17, 44).
Clinical electrophysiological procedures can be very

complex and prolonged, requiring safe and effective
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conscious sedation. A study in 700 patients has shown that
intermittent midazolam plus fentanyl in electrophysiolo-
gical procedures is safe and efficacious (3). All the staff
were ACLS-certified and had successfully completed con-
scious sedation training courses, but none was an anesthe-
tist; one team member was dedicated to monitoring
conscious sedation and providing rescue defibrillation if
required.
The pharmacology and adverse effects of midazolam in

infants and children have been reviewed (4).
Midazolam has been carefully evaluated for adverse

effects when used in critically ill infants and children; sev-
eral difficulties, including prolonged obtundation and para-
doxical behavioral and withdrawal reactions, have been
noted (SEDA-19, 35) (5). Midazolam by the buccal route
has been evaluated in children with persistent seizures; it
was both effective and well tolerated (6), offering obvious
practical advantages to rectal or parenteral administration.
The availability of flumazenil, a specific benzodiazepine
antagonist, to correct any adverse or overdose effects
from injected midazolam should not encourage laxity in
its use. Recent reports have highlighted kinetic interactions
between midazolam and a variety of other drugs (see
Drug–Drug Interactions in this monograph), and its effects
can be magnified or prolonged in patients with hepatic or
renal insufficiency (SEDA-20, 32).
Midazolam was used in a wide range of doses (0.03–

0.6 mg/kg) in 91 children undergoing diagnostic or minor
operative procedures with intravenous midazolam seda-
tion (7). Opioids were co-administered in 84% and oxy-
gen desaturation occurred in 32%, most of whom had
received high doses of opioids in addition to the midazo-
lam. Other adverse events included airway obstruction
(n = 3) and vomiting (n = 1). The presence of indepen-
dent appropriate trained personnel not directly involved
in performing the procedure, appropriate resuscitation
equipment, and monitoring were recommended when-
ever midazolam and opioids are co-administered for
intravenous sedation.
A cherry-flavored midazolam syrup was evaluated for

premedication in 85 children requiring general anesthesia
(8). The patients received a randomly assigned dose of
0.25, 0.5, or 1 mg/kg. All clinicians and observers were
blinded to the treatment group. There was satisfactory
dose-related sedation in 81%, and 83% had satisfactory
non-dose-related anxiolysis at separation from parents
and at anesthetic induction. One or more adverse events
occurred in 36%, but only 31% of these were judged as
possibly related to midazolam (hiccups 6%, hypoxemia
6%, vomiting 5%, hallucinations 4%, drooling 4%, agita-
tion 2%, coughing 2%, diplopia 2%, dizziness 2%, and
hypotension 2%). The authors suggested that although
adverse effects were common, they were minor.
Intranasal midazolam 0.2 mg/kg and intravenous diaze-

pam 0.3 mg/kg have been compared in a prospective ran-
domized study in 47 children (aged 6 months to 5 years)
with febrile seizures that lasted over 10 minutes (9).
Intranasal midazolam controlled seizures significantly
earlier than intravenous diazepam. None of the children
had respiratory distress, bradycardia, or other adverse

effects. Electrocardiography, blood pressure, and pulse
oximetry were normal in all children during seizure activ-
ity and after cessation of seizures.
In a Canadian multicenter, open, randomized trial in

156 patients to determine whether sedation with propofol
would lead to shorter times to tracheal extubation and
length of stay in ICU than sedation with midazolam, the
patients who received propofol spent longer at the target
sedation level than those who received midazolam (60
versus 44% respectively) (10). Propofol allowed clinically
significantly earlier tracheal extubation than midazolam
(6.7 versus 25 hours). However, this did not result in ear-
lier discharge from the ICU.
In a double-blind, randomized, placebo-controlled

study during coronary angiography in 90 patients, mida-
zolam with or without fentanyl and local anesthesia pro-
vided better hemodynamic stability than placebo (11).
In a randomized study in 301 agitated or aggressive

patients, intramuscular midazolam was more rapidly
sedating than a mixture of haloperidol + promethazine
(12). There was only one important adverse event, tran-
sient respiratory depression, in one of the 151 patients
who were given midazolam.

Observational studies

In a 1-year retrospective survey of the use of intramuscu-
lar midazolam in a 30-bed acute inpatient general adult
unit in Sydney, Australia, 212 doses of intramuscular
midazolam were given, predominantly 5 mg (48%) or
10 mg (50%) (13). An antipsychotic drug was co-adminis-
tered in 2.4%. Adverse effects were documented in eight
episodes (3.8%), seven cases of excess sedation and one
of urinary incontinence. None of the adverse effects
required medical intervention.
In 27 children with refractory generalized convulsive

status epilepticus, midazolam 0.2 mg/kg as a bolus fol-
lowed by 1–5 (mean 3.1) micrograms/kg/minute as a con-
tinuous infusion achieved complete control of seizures in
26 children within 65 minutes (14). There were no adverse
effects, such as hypotension, bradycardia, or respiratory
depression. In one patient with acute meningoencephali-
tis, status epilepticus could not be controlled. Five
patients died of the primary disorders, one with progres-
sive encephalopathy.

Comparative studies

In a randomized trial of intramuscular midazolam 15 mg
(n¼151) or intramuscular haloperidol 10 mg plus prometha-
zine 50 mg (n¼150) in agitated patients in three psychiatric
emergency rooms, both treatments were effective (15).
Midazolam was more rapidly sedating than haloperidol þ
promethazine, reducing the time people were exposed to
aggression. One important adverse event occurred in each
group; a patient given midazolam had transient respiratory
depression, and one given haloperidolþ promethazine had a
generalized tonic-clonic seizure.
In a comparison of intranasal midazolam 0.2 mg/kg and

intravenous diazepam 0.2 mg/kg in the treatment of acute
childhood seizures in 70 children aged 2 months to 15
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years with acute seizures (febrile or afebrile), the two
drugs were equally effective and there were no significant
adverse effects in either group (16). Although intranasal
midazolam was as safe and effective as diazepam, seizures
were controlled more quickly with intravenous diazepam.
In a multicenter, randomized controlled comparison of

buccal midazolam and rectal diazepam for emergency-
room treatment of 219 separate episodes of active sei-
zures in 177 children aged 6 months and older with and
without intravenous access, the dose varied with age, from
2.5 to 10 mg (17). The primary end point was therapeutic
success—cessation of seizures within 10 minutes and for
at least 1 hour without respiratory depression requiring
intervention. The therapeutic response was 56% (61 of
109) for buccal midazolam and 27% (30 of 110) for rectal
diazepam. When center, age, known diagnosis of epilepsy,
use of antiepileptic drugs, prior treatment, and length of
seizure before treatment were taken into account by logis-
tic regression, buccal midazolam was more effective than
rectal diazepam. The rates of respiratory depression did
not differ.

Placebo-controlled studies

In a double-blind, randomized, placebo-controlled trial
130 patients were randomized to either midazolam
7.5 mg of orally (n ¼ 65) or a placebo (n ¼ 65) as pre-
medication before upper gastrointestinal endoscopy (18).
The median anxiety score during the procedure was sig-
nificantly reduced by midazolam. Significantly more of
those who took midazolam graded overall tolerance as
‘‘excellent or good’’ and reported a partial to complete
amnesia response. Those who took midazolam were more
willing to repeat the procedure if necessary. Midazolam
significantly prolonged the median recovery time. There
were no significant effects on satisfaction score or hemo-
dynamic changes.

Organs and Systems

Cardiovascular

The incidence of hypotension with the use of midazolam
for pre-hospital rapid-sequence intubation of the trachea
has been assessed in a retrospective chart review of two
aeromedical crews (19). The rapid-sequence protocols
were identical, except for the dose of midazolam. Both
crews used 0.1 mg/kg, but one crew had a maximum dose
of 5 mg imposed. This meant that patients over 50 kg
received lower doses of midazolam; they also had a higher
incidence of hypotension. This relation was also present
in patients with traumatic brain injury, implying that cer-
ebral perfusion could be compromised at a critical time in
those without dosage restriction.
Midazolam depresses both cardiovascular and respira-

tory function, especially in elderly patients (20). As little
as 0.01 mg/kg can obtund the response to hypoxia and
hypercapnia (21). The simultaneous use of opiates (such
as fentanyl) commonly produces hypoxia (22).
Hypertension and tachycardia during coronary angio-

graphy can cause significant problems. In a double-blind,

randomized, placebo-controlled study during coronary
angiography in 90 patients, midazolam with or without
fentanyl under local anesthesia provided better hemody-
namic stability than placebo (11).
Midazolam is often used for conscious sedation during

transesophageal echocardiography. In a prospective study
of the effects of midazolam or no sedation in addition to
pharyngeal local anesthesia with lidocaine on the cardior-
espiratory effects of transesophageal echocardiography in
patients in sinus rhythm midazolam (median dose 3.3,
range 1–5 mg) caused significantly higher heart rates
and significantly lower blood pressures and oxygen
saturations (23).

Respiratory

Intranasal midazolam is a successful route of administra-
tion for sedating children. However, it can cause nasal
burning, irritation, and lacrimation (24). In a study of an
alternative route of administration, namely inhalation via
a nebulizer, bronchospasm developed in two of the 10
patients studied. This formulation of midazolam has a
pH of 3.0, and this was thought to be the reason it caused
bronchospasm.

Nervous system

Two premature neonates, who already had epileptic man-
ifestations related to severe hypoxic ischemic encephalo-
pathy, developed seizures (one tonic and the other tonic-
clonic) within a few seconds of receiving intravenous
midazolam (0.15 mg/kg) for sedation (25). In one, the
seizure recurred after rechallenge on the same day.
Benzodiazepines occasionally cause tonic seizures, espe-
cially after intravenous administration to children with
Lennox–Gastaut syndrome. This seems to be the first
report related to midazolam in newborns.
Involuntary epileptiform movements have been

described in three of six premature infants given midazo-
lam for sedation (26). The infants had been born at 24–26
weeks gestation, were aged 23–32 days, and weighed on
average 671 g. They were given midazolam 100 mg/kg by
slow bolus injection for sedation and then had accentu-
ated myoclonic jerks resembling clonic seizures within 5
minutes. In all cases it was the first dose of midazolam and
the cardiorespiratory parameters remained normal. The
abnormal movements resolved within 5–10 minutes.
There has also been a report of convulsions caused by
midazolam in two preterm infants (27). They were of 26
and 28 weeks gestation and were given midazolam 100
and 150 mg/kg intravenously before tracheal intubation.
Both were successfully treated with flumazenil 10 mg/kg.
The safety of midazolam in very low birth-weight neo-

nates is being questioned. In 200 children weighing 3–
15 kg premedicated with rectal midazolam 0.5 or 1.0 mg/
kg before minor surgery, the incidence of hiccups was
22% and 26% respectively (28). The mean age of children
with hiccups was 6 months and of children without hic-
cups 20 months. Intranasal ethyl chloride spray was 100%
successful in treating the hiccups. The incidence of hic-
cups was related to age but not dose. The effectiveness of
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ethyl chloride was postulated to be via cold nasopharyn-
geal stimulation.
The effects of sevoflurane and halothane anesthesia,

including the effect of midazolam 0.5 mg/kg premedica-
tion, on recovery characteristics have been studied in 100
children aged 6 months to 6 years undergoing myringot-
omy (29). Children who received sevoflurane had about
50% faster recovery times and discharge-home times than
those who received halothane. However, sevoflurane
without midazolam premedication was associated with
67% postoperative agitation compared with 40% in the
premedicated group. Midazolam delayed early recovery
times by about 5 minutes, but had no effect on discharge
times. In view of the very high incidence of postoperative
agitation in the control group midazolam was seen as an
effective premedicant.
Midazolam can cause paradoxical reactions, including

increased agitation and poor cooperation (30,31). Often
other drugs are required to continue the procedure suc-
cessfully. Reversal of these reactions by flumazenil, a
benzodiazepine antagonist, has been reported.
Sevoflurane often causes postoperative delirium and

agitation in children, and this may be severe. The effect
of intravenous clonidine 2 mg/kg on the incidence and
severity of postoperative agitation has been assessed in a
double-blind, randomized, placebo-controlled trial in 40
boys who had anesthetic induction with sevoflurane after
oral midazolam premedication (32). There was agitation
in 16 of those who received placebo and two of those who
received clonidine; the agitation was severe in six of those
given placebo and none of those given clonidine.
The effect of a single bolus dose of midazolam before the

end of sevoflurane anesthesia has been investigated in a
double-blind, randomized, placebo-controlled trial in 40
children aged 2–7 years (33). Midazolam significantly
reduced the incidence of delirium after anesthesia.
However, when it was used for severe agitation, midazolam
only reduced the severity of agitation without abolishing it.
In the presence of acute neurological injuries, midazo-

lam produces a high risk of raised intracranial pressure
(34), and the risk of airway obstruction (35) is a further
concern.
Recovery after propofol or midazolam has been com-

pared in two studies (36,37). Memory was significantly
impaired by midazolam, an effect that was reminiscent
of the problems experienced with short-acting oral ben-
zodiazepine hypnotics, such as triazolam.
Forty anxious day-case patients undergoing extraction

of third molar teeth under local anesthesia with sedation,
were studied in a randomized, double-blind, controlled
trial (38). A target-controlled infusion of propofol was
compared with patient-controlled propofol for sedation,
combined with a small dose of intravenous midazolam
(0.03 mg/kg) to improve amnesia. Five patients became
over-sedated in the target-controlled group compared
with none in the patient-controlled group.
Sedation, cognition, and mood during midazolam infu-

sion in 20 volunteers with red hair and 19 with non-red
(blond or brown) hair were studied in a randomized,
placebo-controlled, crossover design, to test the

hypothesis that patients with red hair may require more
drug to attain desired degrees of sedation (39). The red-
haired volunteers had significantly greater alertness and
lower drowsiness scores than non-red-haired subjects dur-
ing midazolam infusion. Visuospatial scores were signifi-
cantly higher in the subjects with red hair than in those
with non-red hair during both placebo and midazolam
trials. Delayed memory scores were significantly higher
during midazolam infusion in subjects with red hair than
in those with non-red hair. Midazolam appears to cause
significantly less sedation and cognitive impairment in
red-haired subjects.
The potential of intrathecal midazolam to produce

symptoms suggestive of neurological damage has been
investigated in a comparison of patients (n ¼ 1100) who
received intrathecal anesthesia with or without intrathe-
cal midazolam 2 mg (40). Eighteen risk factors were eval-
uated with respect to symptoms representing potential
neurological complications. Intrathecal midazolam was
not associated with an increased risk of neurological
symptoms. In contrast, neurological symptoms were
increased in patients aged over 70 years and in those
with a blood-stained spinal tap.

Psychological, psychiatric

Midazolam can cause an unpleasant state of dysphoria if
surgical stimuli are applied to the patient, who may never-
theless appear calm and untroubled. Amnesia is also rou-
tinely produced and can be beneficial. Delayed recovery
of cognitive function occurs after the use of benzodiaze-
pines as premedication (41).
There was a variety of significant nervous system

adverse effects in six of 104 patients who underwent
transesophageal echocardiography, including aggression,
euphoria, depression, and intense hiccups (42). These
effects occurred despite careful titration and relatively
low doses of intravenous midazolam (mean 4.8 mg), and
were generally reversible with intravenous flumazenil
0.25–0.5 mg.
In a placebo-controlled study of the effects of midazo-

lam 0.5 mg/kg as a premedicant in 40 children aged 4–6
years having myringotomy, midazolam caused significant
amnesia on a cued recall task (43). In addition, free recall
for post-drug events was also impaired by midazolam,
suggesting that benzodiazepine-induced amnesia occurs
even for highly salient information.

Hematologic

Fat emulsions affect coagulation and fibrinolysis (44). In
36 patients undergoing aortocoronary bypass operations
with midazolam/fentanyl- or propofol/alfentanil-based
anesthesia, factor XIIa concentrations and kallikrein-like
activity were about 30% higher in the propofol group.
The authors suggested that there had been stronger acti-
vation of the contact phase at the start of recirculation
and stronger fibrinolysis in the propofol group. They also
found more hypotension in the propofol group, which
they assumed to be due to release of kallikrein, resulting
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in release of bradykinin. Propofol has not been proven to
cause increased perioperative bleeding.
In a 40-month-old boy a withdrawal syndrome with neu-

rological symptoms was accompanied by thrombocytosis,
which peaked at 1230 � 109/l (45). Recovery from the with-
drawal syndrome was accompanied by normalization of the
platelet count. The relevance of this change in platelet
count was not clear. The boy had also been given fentanyl,
and the authors suggested that the combination of midazo-
lam with fentanyl should be used with caution.

Urinary tract

The conjugates of the main metabolite of midazolam, a-
hydroxymidazolam, accumulate in renal insufficiency. In
five patients with severe renal insufficiency (creatinine
clearance 7 ml/minute or less), in whom prolonged seda-
tion after midazolam was immediately reversed by fluma-
zenil, there were high serum concentrations of
glucuronidated a-hydroxymidazolam, even at times
when the concentrations of the unconjugated metabolite
and midazolam itself were low (46). Glucuronidated a-
hydroxymidazolam is about one-tenth as potent as mid-
azolam and unconjugated a-hydroxymidazolam, and
accumulation of the conjugated metabolite in renal insuf-
ficiency may be important.

Body temperature

Hypothermia is common during anesthesia, and adversely
affects outcome. It primarily results from internal redis-
tribution of body heat from the core to the periphery.
Premedication with sedative agents can affect periopera-
tive heat loss by altering core-to-peripheral heat distribu-
tion. This has been analysed in a prospective randomized
study in 45 patients undergoing arthroscopic knee liga-
ment reconstruction surgery (47). Heavy premedication
caused initial hypothermia. Moderate premedication
reduced perioperative heat loss. No premedication was
associated with significantly lower intraoperative core
temperatures than in sedated patients.
Midazolam premedication caused exaggerated perio-

perative hypothermia in 15 elderly surgical patients com-
pared with 15 young patients (48). The same group also
showed that atropine prevents midazolam-induced core
hypothermia in 40 elderly patients (49). The thermoregu-
latory effects of benzodiazepine agonists and cholinergic
inhibitors oppose each other, and the combination leaves
core temperature unchanged.

Long-Term Effects

Drug withdrawal

The withdrawal of an infusion of midazolam, used as
sedation in intensive care units, is associated with occa-
sional severe and bizarre behavioral disturbances, parti-
cularly in children (50). These are similar in nature to the
withdrawal effects seen with other short-acting benzodia-
zepines.

Susceptibility Factors

Age

The pharmacology and adverse effects of midazolam in
infants and children have been reviewed (4). The optimal
dose of intramuscular midazolam for preoperative seda-
tion has been studied in a double-blind prospective study
of 600 patients who were age-stratified (51). The patients
received intramuscular atropine 0.6 mg and one of five
doses of midazolam 15 minutes before induction of
anesthesia. For the age groups 20–39, 40–59, and 60–79
years, the optimal sedative and amnesic effects of mid-
azolam were 0.10, 0.08, and 0.04 mg/kg respectively. The
frequency with which the undesirable adverse effects of
reduced blood pressure, oxygen desaturation, overseda-
tion, loss of eyelash reflex, and tongue root depression
occurred increased with age, and optimal doses for a low
incidence of adverse effects were 0.08, 0.06, and 0.04 mg/
kg in the same age groups respectively.

Drug Administration

Drug administration route

Midazolam nasal spray 2 mg/kg has been compared with a
citric acid placebo for conscious sedation in children
undergoing painful procedures (52). Citric acid was
added to the placebo, so that the sensation of nasal burn-
ing caused by midazolam did not unblind the observers.
Parents and nurses judged the procedure to be more
comfortable with midazolam, but the children rated the
discomfort of the procedure similar in the two groups.
Anxiety was significantly reduced by midazolam. There
was nasal discomfort in 43% of the midazolam group. The
authors concluded that midazolam intranasal spray effec-
tively reduces anxiety, but that its use may be limited by
nasal discomfort.

Drug–Drug Interactions

Antifungal azole derivatives

The pharmacokinetics and pharmacodynamics of midazo-
lam are significantly affected by antifungal azoles. The
effects of fluconazole (400 mg loading dose followed by
200 mg/day) on the kinetics of midazolam have been
studied in 10 mechanically ventilated adults receiving a
stable infusion of midazolam (53). Concentrations of mid-
azolam were increased up to fourfold after the start of
fluconazole therapy; these changes were most marked in
patients with renal insufficiency. During the study, the
ratio of a-hydroxymidazolam to midazolam progressively
fell. The authors concluded that in ICU patients receiving
fluconazole, reduction of the dose of midazolam should
be considered if the degree of sedation is increasing.
In a study of the effects of itraconazole 200 mg/day and

rifampicin 600 mg/day on the pharmacokinetics and phar-
macodynamics of oral midazolam 7.5–15 mg during and 4
days after the end of the treatment, switching from
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inhibition to induction of metabolism caused an up to 400-
fold change in the AUC of oral midazolam (54).
In an in vitro study of midazolam biotransformation

using human liver microsomes, midazolam metabolism
was competitively inhibited by the antifungal azoles keto-
conazole, itraconazole, and fluconazole, and the antide-
pressant fluoxetine and its metabolite norfluoxetine (55).
The degree of inhibition was consistent with the inhibition
reported in pharmacokinetic studies, and suggests that in
vitro assay is useful for predicting significant interactions.

Atorvastatin

Midazolam is metabolized by CYP3A4, as is atorvastatin.
In a matched-pair study the effects of long-term atorvas-
tatin on the pharmacokinetics of midazolam 0.15 mg/kg
intravenously as a single dose were studied in 14 patients
undergoing general anesthesia for elective surgery (56).
Atorvastatin significantly reduced the clearance of mid-
azolam by 33% and increased the AUC by 40%.

Diltiazem

Diltiazem caused a 43% mean increase in the half-life of
midazolam in 30 patients who underwent coronary artery
bypass grafting (57). Similar effects were observed with
alfentanil. The proposed mechanism was diltiazem-
induced inhibition of benzodiazepine metabolism by
CYP3A. Patients taking diltiazem had delayed early post-
operative recovery as a result.

Drugs that influence CYP3A

Midazolam is selectively metabolized by CYP3A4, with
which several drugs interact, influencing its pharmacoki-
netics and pharmacodynamics.
Itraconazole, an inhibitor of CYP3A, and rifampicin,

an inducer of CYP3A, altered the pharmacokinetics and
pharmacodynamics of oral midazolam in nine healthy
volunteers (54). The half-life was prolonged from 2.7 to
7.6 hours by itraconazole and reduced to 1.0 hour by
rifampicin. These effects were still present, although less
marked, at 4 days after withdrawal of itraconazole and
rifampicin. Similarly, after acute administration, the per-
iod of drowsiness was increased from 76 to 201 minutes
with itraconazole and fell to 35 minutes with rifampicin;
the effects were again less marked 4 days after withdra-
wal.
The protease inhibitor saquinavir, propofol, and fluco-

nazole (53,58,59) increased the systemic availability and
peak plasma concentrations and prolonged the half-life of
midazolam, thus increasing its sedative effects. The
dosage of midazolam should be reduced in patients taking
these drugs.
Grapefruit juice reduced the metabolism of midazolam;

prolonged sedation can be expected in some circum-
stances (60).
Chronic administration of glucocorticoids, which

induce CYP3A4, reduces the sedative effect of midazo-
lam by increasing its clearance; higher doses are therefore
required for sedation (61).

Fentanyl

Several adverse effects have been reported with the com-
bined use of fentanyl and midazolam, including chest wall
rigidity, making ventilation with a bag and mask impos-
sible (SEDA-16, 79). In neonates, hypotension can occur
(SEDA-16, 80), and respiratory arrest in a child and sud-
den cardiac arrest have been reported (SEDA-16, 80).
However, in one study there were no cardiac electrophy-
siological effects of midazolam combined with fentanyl in
subjects undergoing cardiac electrophysiological studies
(SEDA-18, 80).

Glucocorticoids

Chronic administration of glucocorticoids, which induce
CYP3A4, reduces the sedative effect of midazolam by
increasing its clearance; higher doses are therefore
required for sedation (61).

Grapefruit juice

Grapefruit juice reduced the metabolism of midazolam;
prolonged sedation can be expected in some circum-
stances (60).

Halothane

Midazolam produced marked reduction of the MAC of
halothane in humans at lower serum concentrations than
required to cause sleep (62).

Isoflurane

The effects of the combination of midazolam and isoflur-
ane on memory were studied in a randomized, double-
blind study in 28 volunteers (63). Midazolam 0.03 mg/kg
or 0.06 mg/kg combined with isoflurane 0.2% almost
completely abolished explicit and implicit memory, but
there were more variable effects on the level of sedation.
The duration of the deficit averaged 45 minutes. The
study was remarkable for the very low doses required to
abolish memory, owing to synergy of the combination of
midazolam and isoflurane and abolition of memory at
subhypnotic doses with this combination. However, the
subjects did not undergo surgery, so caution must be
exercised in extrapolating the result to surgical patients,
because painful stimuli increase the dosage required to
abolish memory.

Ketoconazole and nefazodone

Pharmacokinetic and pharmacodynamic interactions of
midazolam with fluoxetine, fluvoxamine, nefazodone,
and ketoconazole have been investigated in 40 healthy
subjects (64). The mean AUC of midazolam was
increased 772% by ketoconazole and 444% by nefazo-
done. However, fluoxetine and fluvoxamine had no sig-
nificant effects. Nefazodone and ketoconazole caused
significant increases in midazolam-related cognitive
impairment, reflecting changed midazolam clearance.
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Macrolides

Interactions of macrolide antibiotics with midazolam are
clinically important. Increases in serum concentration,
AUC, and half-life, and a reduction in clearance have
been documented (65). These changes can result in clin-
ical effects, such as prolonged psychomotor impairment,
amnesia, or loss of consciousness (66).
Erythromycin potentiates the effects of oral midazolam

(SEDA-17, 125). Either midazolam should be avoided in
patients taking erythromycin or the dose should be
reduced by 50–75% (67,68).

Azithromycin

In an open, randomized, crossover, pharmacokinetic and
pharmacodynamic study in 12 healthy volunteers who
took clarithromycin 250 mg bd for 5 days, azithromycin
500 mg/day for 3 days, or no pretreatment, followed by a
single dose of midazolam (15 mg), clarithromycin
increased the AUC of midazolam by over 3.5 times and
the mean duration of sleep from 135 to 281 minutes (69).
In contrast, there was no change with azithromycin, sug-
gesting that it is much safer for co-administration with
midazolam.

Clarithromycin

In an open, randomized, crossover, pharmacokinetic and
pharmacodynamic study in 12 healthy volunteers who
took clarithromycin 250 mg bd for 5 days, azithromycin
500 mg/day for 3 days, or no pretreatment, followed by a
single dose of midazolam (15 mg), clarithromycin
increased the AUC of midazolam by over 3.5 times and
the mean duration of sleep from 135 to 281 minutes (70).
In contrast, there was no change with azithromycin, sug-
gesting that it is much safer for co-administration with
midazolam.

Nitrous oxide

The combination of midazolam with nitrous oxide pro-
duced retrograde amnesia in 21 women undergoing elec-
tive cesarean section (71). All had spinal anesthesia. After
delivery the patients received intravenous midazolam,
average dose 94 mg/kg, and inhaled nitrous oxide 50%.
At the end of surgery, flumazenil was given in 0.1 mg
increments until the patient awoke. Another nine
women were given only nitrous oxide inhalation after
delivery. Of the women who received midazolam and
nitrous oxide, 33% could not recall their baby’s face,
while all of the women not given midazolam could. The
results suggest that midazolam plus nitrous oxide can
produce retrograde amnesia not reversed by flumazenil.

Pethidine

Rectal pethidine is not advised in children, owing to
enormous variability in systemic availability (SEDA-18,
82). When used for sedation in children undergoing eso-
phagogastroduodenoscopy, hypoxia with dysrhythmias
was more likely to occur with a combination of pethidine
and diazepam than with pethidine and midazolam
(SEDA-18, 81).

Rifampicin

In a study of the effects of itraconazole 200 mg/day and
rifampicin 600 mg/day on the pharmacokinetics and phar-
macodynamics of oral midazolam 7.5–15 mg during and 4
days after the end of the treatment, switching from inhibi-
tion to induction of metabolism caused an up to 400-fold
change in the AUC of oral midazolam (54).

Saquinavir

Saquinavir substantially potentiates the effects of mida-
zolam by raising its blood concentrations, and this sug-
gests that a parallel interaction could occur with other
protease inhibitors (and no doubt certain other benzodia-
zepines) in similar combinations (59).
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Nitrazepam

General Information

Nitrazepam is a long-acting benzodiazepine used primar-
ily for insomnia. However, it has a long half-life (about 24
hours) and poses a substantial risk of residual daytime
effects, including sedation, psychomotor and cognitive
impairment, and accidental injury (1).

Organs and Systems

Death

Between January 1983 and March 1994, 302 patients with
intractable epilepsy were entered into a nitrazepam compas-
sionate plea protocol (2). Nitrazepam increased the risk of
death, especially in young patients with intractable epilepsy.
The authors suggested that nitrazepam should be used with
caution in young children with intractable epilepsy, espe-
cially if they have difficulties in swallowing, aspiration, pneu-
monia, gastroesophageal reflux, or a combination of these.
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Oxazepam

General Information

Oxazepam is a relatively short-acting benzodiazepine
with a half-life of about 9 hours. As well as being used
as a drug in its own right, it is a metabolite of temazepam
and desmethyldiazepam.
Passiflora incarnata extract has been compared with

oxazepam in a double-blind, randomized trial in 26 out-
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patients with DSM-IV generalized anxiety disorder (1).
Both were effective, but oxazepam had a more rapid
onset of action and caused significantly more problems
relating to work performance.

Organs and Systems

Psychological, psychiatric

An important behavioral adverse effect of benzodiaze-
pines, hostility and aggression in response to provocation,
is less common with oxazepam than with its closely
related analogue lorazepam (2). In a study of the effects
of oxazepam on implicit versus explicit memory pro-
cesses, as a function of time-course the effects of oxaze-
pam (30 mg) or placebo on directly comparable tests of
implicit memory and explicit memory were examined at
three times in 60 healthy volunteers. Before the plasma
concentration had peaked, oxazepam impaired cued
recall performance relative to placebo but did not impair
priming. At the time of the peak, oxazepam impaired
performance in both memory tasks. After the peak,
cued recall performance in the oxazepam group remained
significantly impaired relative to placebo. However, oxa-
zepam-induced impairments in priming were only mar-
ginal, suggesting that oxazepam-induced impairments in
implicit memory processes begin to wane after theoretical
peak drug concentrations. The results support the hypoth-
esis that benzodiazepines cause impaired implicit memory
processes time-dependently (3).
In 30 subjects who were given an acute dose of oxaze-

pam 30 mg, lorazepam 2 mg, or placebo, both drugs
impaired explicit memory relative to placebo. Also, both
oxazepam and lorazepam impaired priming performance.
The results suggested that episodic memory is time-
dependently impaired by both benzodiazepines (4).

Long-Term Effects

Drug tolerance

Additional doses of benzodiazepines in long-term users
are commonly needed, but it is unknown whether these
additional doses have any effect. The effects of an addi-
tional 20 mg dose of oxazepam has been assessed in a
double-blind, balanced-order, crossover, randomized
study in 16 long-term users of oxazepam and 18 benzo-
diazepine-naïve controls (5). The effects of oxazepam 10
and 30 mg were assessed on: (a) saccadic eye movements
as a proxy for the sedative effect; (b) the acoustic startle
response as a proxy for the anxiolytic effects; (c) memory;
(d) reaction time tasks; (e) subjective measurements.
There were dose-related effects on the peak velocity of
saccadic eye movement and response probability and on
the peak amplitude of the acoustic startle response.
Comparison with the controls suggested that the sedative
effects might be confounded with the suppression of seda-
tive withdrawal symptoms, whereas the patients were as
sensitive as the controls to the effects of an additional
dose of oxazepam on the acoustic startle response.

Neither 10 mg nor 30 mg of oxazepam affected the reac-
tion time tasks in the patients, whereas the controls had
dose-related impairment. The memory impairing effects
did not differ significantly. In contrast to the controls, the
patients could not discriminate between a 10 mg and a
30 mg dose, as assessed by visual analogue scales and the
Spielberger State-Trait Anxiety Inventory Version 1,
which might indicate a placebo effect of 10 mg in patients.
The authors concluded that additional doses of oxazepam
during long-term treatment have pronounced effects,
even after daily use for more than 10 years.
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Quazepam

General Information

Quazepam is a long-acting benzodiazepine with effects
similar to those of diazepam.

Organs and Systems

Nervous system

The hangover effects of night-time administration of tria-
zolam 0.25 mg, flunitrazepam 1 mg, and quazepam 15 mg
were compared in 15 healthy subjects, who were given
one of the three hypnotics at each session in a single-
blind, crossover fashion (1). There were no significant
between-drug differences in relation to psychomotor per-
formance. Subjective hangover effects in the morning
were prominent with flunitrazepam and quazepam rela-
tive to triazolam, whereas objective indices suggested a
marked hangover effect of quazepam compared with the
other two compounds.
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Drug-drug interactions

Hypericum perforatum (St John’s wort)

The effect of St John’s wort 900 mg/day on a single dose of
quazepam15 mg have been examined in a randomized,
placebo-controlled, crossover study in 13 healthy subjects
(2). Quazepam, but not St John’s wort, produced sedative-
like effects on a visual analogue test. St John’s wort
reduced the plasma quazepam concentration but did not
affect the pharmacodynamics of quazepam. St John’s wort,
but not quazepam, impaired psychomotor performance in
a digit symbol substitution test. The results suggested that
St John’s wort reduces plasma quazepam concentrations,
probably by increasing CYP3A4 activity, but does not
influence the pharmacodynamic effects of the drug.

Itraconazole

The effects of itraconazole 100 mg/day for 14 days on the
pharmacokinetics of a single oral dose of quazepam
20 mg and its two active metabolites have been studied
in 10 healthy men in a double-blind, randomized, placebo-
controlled crossover study (3). Itraconazole did not
change the pharmacokinetics of quazepam but signifi-
cantly reduced the peak plasma concentration and AUC
of 2-oxoquazepam and N-desalkyl-2-oxoquazepam.
Itraconazole did not affect psychomotor function. The
results suggested that CYP3A4 is partly involved in the
metabolism of quazepam.

Food–Drug Interactions

The disposition of quazepam 20 mg, in the fasting state and
30 minutes after the consumption of meals containing dif-
ferent amounts of dietary fat, has been studied in a three-
arm, randomized, crossover study in nine healthy men (4).
Plasma concentrations of quazepam and its metabolite, 2-
oxoquazepam, were measured for up to 48 hours after
dosing. The peak concentrations of quazepam 30 minutes
after low-fat and high-fat meals were 243% and 272%,
respectively, of those in the fasted state. The AUCs of
quazepam from 0 to 8 hours and from 0 to 48 hours were
increased by both the low-fat and high-fat meals by 1.4–2
times. Quazepam was well tolerated, with no significant
difference in the Stanford Sleepiness Scale between fasted
and fed conditions. Thus, food significantly increased the
absorption of quazepam but did not prolong the half-life.
Quazepam is lipophilic; it would therefore be more highly
dissolved in a fatty meal and more available for absorption.
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Temazepam

General Information

Temazepam is a benzodiazepine that was first discovered
as a metabolite of diazepam. It is relatively short-acting,
having a half-life of about 10 hours.
Temazepam has favorable kinetics for use as a hypnotic

(1) and is widely prescribed for this purpose. Rather
surprisingly, both 10 and 20 mg caused discernible and
comparable psychomotor impairment the following
morning (SEDA-20, 32), at a time when the subjective
effects had virtually disappeared. This result emphasizes
the often subtle but pervasive insight-impairing effects of
benzodiazepines. Temazepam in soft capsules is more
rapidly absorbed than from tablets. However, drug users
have abused temazepam capsules by heating them to
liquefaction and injecting the resultant fluid intrave-
nously, often together with other substances; the resulting
medical problems are varied and often serious.
The incidence of adverse effects of temazepam and

whether the addition of cognitive therapy was associated
with a reduction in drug and fewer adverse effects have
been studied in 60 patients aged 55 years or older (mean
65) with chronic and primary insomnia (2). They were
randomized to placebo (n¼20), temazepam (mean dose
20 mg/day) (n¼20), or temazepam plus cognitive therapy
(n¼20). Adverse effects were infrequent: placebo (11%),
temazepam 7.8%, and temazepam plus cognitive therapy
8.3%. The adverse events were mild and reduced in sever-
ity over the course of treatment. The patients who
received cognitive therapy used less temazepam with
about the same incidence of adverse effects.

Organs and Systems

Cardiovascular

The effect of hypnotics during spaceflight on the high inci-
dence of post-flight orthostatic hypotension has been studied
in astronauts who took no treatment (n¼20), temazepam 15
or 30 mg (n¼9), or zolpidem 5 or 10 mg (n¼8) (3).
Temazepam and zolpidem were only taken the night before
landing. On the day of landing, systolic pressure fell signifi-
cantly and heart rate increased significantly in the temaze-
pam group, but not in the control group or in the zolpidem
group. Temazepam may aggravate orthostatic hypotension
after spaceflight, when astronauts are hemodynamically
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compromised. It should not be the initial choice as a sleeping
aid for astronauts; zolpidem may be a better choice.

Nervous system

In a double-blind, randomized, placebo-controlled, cross-
over study of the comparative pharmacodynamics of sin-
gle doses of temazepam (15 and 30 mg),
diphenhydramine (50 and 75 mg), and valerian (400 and
800 mg) in 14 healthy elderly volunteers, temazepam had
dose-dependent effects on sedation and psychomotor
ability with a distinct time course (4). Temazepam
30 mg and both doses of diphenhydramine elicited signif-
icantly greater sedation than placebo, and temazepam
had the greatest effect. There were no differences in
sedation scores between 50 and 75 mg of diphenhydra-
mine. Psychomotor impairment was evident after diphen-
hydramine 75 mg compared with placebo on the manual
tracking test; this was less than the impairment with tema-
zepam 30 mg but similar to that with temazepam 15 mg.
There was no psychomotor impairment with diphenhy-
dramine 50 mg. Valerian was not different from placebo
on any measure of psychomotor performance or sedation.

Psychological, psychiatric

Temazepam produces a variety of adverse psychological
effects, including restlessness, agitation, irritability,
aggression, rage, and psychosis. Perhaps because it is
likely to be used recreationally, temazepam has also
been used to facilitate crime, particularly in the UK (5).
The effects of oral temazepam 5, 10, and 30 mg on mem-

ory have been studied in healthy volunteers subjected to a
battery of cognitive tests and analogue mood ratings (6).
The lowest dose had no effect and 10 mg significantly
increased only self-ratings of well-being. Temazepam
30 mg significantly improved recall of items learned before
drug administration, but impaired recall and recognition of
word lists acquired after drug administration. There was no
impairment of retrieval, suggesting that automatic informa-
tion processing was unaffected. Temazepam 30 mg signifi-
cantly reduced self-ratings of anxiety and increased self-
ratings of sedation. It also significantly impaired perfor-
mance in symbol copying, digit-symbol substitution, and
number cancellation tasks. It is striking that at a dose that
was sedative and impaired many aspects of performance,
temazepam nevertheless improved retrieval of items
learned before drug administration. In a randomized, cross-
over study, psychomotor performance and memory were
tested and mood assessed for 3 hours after single doses of
placebo, temazepam 20 mg, or temazepam 30 mg in six
healthy women aged 21–23 years (7). Psychomotor speed
and explicit memory showed dose-dependent slowing and
impairment, but there was no change in short-termmemory.
In a five-period crossover study in 15 healthy subjects

aged 18–25 years, placebo, temazepam (15 and 30 mg),
and clonidine (150 and 300 micrograms) were given
orally in counterbalanced order in sessions at least 4
days apart (8). Performance on a range of tasks aimed
at assessing the role of central noradrenergic mechan-
isms in cognitive function was significantly impaired in a
dose-related fashion, and both drugs caused subjective

sedation. Clonidine did not affect the formation of new
long-term memories, in contrast to temazepam, but did
impair measures of working memory.

Drug Administration

Drug dosage regimens

Benzodiazepine prescribing for sleep induction in an
elderly medical inpatient population has been examined,
to determine if hospital prescribing increases the use of
benzodiazepines after discharge (9). The secondary
objectives included monitoring for adverse effects and
assessment of the quality of sleep in hospital compared
with the quality of sleep at home. Inpatient and out-
patient prescribing of benzodiazepines used for insom-
nia was recorded over 3 months. Benzodiazepines were
prescribed for 20% of patients, and 94% of the pre-
scriptions were for temazepam. Of the 57 patients who
were given benzodiazepines during a hospital admission,
57% had not taken a benzodiazepine at home before
admission. Benzodiazepines were effective in the short-
term for inducing sleep in hospital, with little evidence
of adverse effects.

Drug administration route

Inadvertent intra-arterial injection of temazepam can
cause tissue damage.

� A 29-year-old unemployed man developed pain and
swelling of the right hand following inadvertent intra-
arterial injection of temazepam capsules (10). Over 10
days, necrotic areas involving the index, middle, and
little fingers developed and the fingers had to be ampu-
tated. He reported episodes of intravenous drug use
during the previous 3 days—a single heroin dose fol-
lowed by temazepam four times (10 mg gel capsules
dissolved in hot water). He had injected the drugs into
a superficial blood vessel on the back of the right hand.

Drug overdose

In a retrospective analysis of 352 consecutive cases of
fatal overdose, temazepam accounted for 65% of all
deaths from benzodiazepine overdose (11). Acute rhab-
domyolysis, usually associated with intravascular injec-
tion, has been seen after an oral overdose of temazepam
(SEDA-17, 45).

� An 83-year-old woman developed coma, respiratory
depression, hypotonia with generalized hyporeflexia,
bilateral extensor plantar responses, and bullous erup-
tions containing serous fluid over the medial aspects of
the knees after taking seven temazepam tablets (12).

Drug–Drug Interactions

Oral contraceptives

The clearance of temazepam was increased when oral
contraceptives were co-administered (13). It is unlikely
that this is an interaction of clinical importance.
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Triazolam

General Information

The history of the introduction of triazolam has been
reviewed (SEDA-4, v). Triazolam continues to be con-
troversial (1) and much of the controversy has been
reviewed (2–5).
Much of the literature on the adverse effects of triazo-

lam is based on doses of 0.25 mg and above; the reduction
in recommended dose to 0.125 mg may improve thera-
peutic safety, at the cost of compromising hypnotic effi-
cacy in most patients. A low therapeutic index is also
suggested by the possibility of amnesia, even after a single
dose (6), and triazolam appears to be associated with a
greater incidence of behavioral disturbances than other
hypnotic benzodiazepine agonists, such as temazepam
and zopiclone.

A case of recurrent iatrogenic Kleine–Levin syndrome
with irritability, hyperphagia, and amnesia (7) has pro-
vided a further example of the bizarre behavior not infre-
quently seen with triazolam in a high dose (0.5 mg); see
also the monograph on flunitrazepam. At this dose, tria-
zolam produces too many adverse effects on sleep, mem-
ory, and judgement to be useful to the military or to
commercial airline pilots; elderly patients are particularly
sensitive, even to lower doses, owing in part to reduced
drug clearance (SED-12, 99). Amnesia and confusion,
which can occur even after single doses of triazolam, are
accentuated by continued use, and frank psychopathology
occurred in psychiatric patients during 2 weeks’ use and
during withdrawal (8).
The demonstrated ability of triazolam to impair acet-

ylcholine release (SEDA-19, 36) suggests a mechanism
for its amnestic effects, and should further caution pre-
scribers about its use in elderly people, particularly those
with pre-existing cognitive impairment. The extent to
which this anticholinergic effect is shared by other benzo-
diazepines is yet to be established. The ability of triazo-
lobenzodiazepines, such as triazolam and alprazolam, to
inhibit the noradrenergic neurons of the locus ceruleus is
unlikely to explain the prominent adverse effects of these
drugs (SEDA-21, 37). For one thing, all GABA enhan-
cers share this property; for another, a far more specific
and selective inhibitor in the locus ceruleus (clonidine)
has an adverse effects profile that is dramatically different
from that of the benzodiazepines, whose adverse effects
probably relate to their actions at a far wider range of
GABA-ergic synapses.

Organs and Systems

Nervous system

In a study of the effects of d-amfetamine (20 mg/70 kg) on
the sedative and memory-impairing effects of triazolam
(0.25 mg/70 kg) in 20 healthy adults, the results suggested
that benzodiazepines have specific effects on memory
that are not merely a by-product of their sedative effects,
and that the degree to which sedative effects contribute to
the amnestic effects may vary as a function of the parti-
cular memory process being assessed (9). In addition to
enhancing the understanding of the mechanisms under-
lying benzodiazepine-induced amnesia, these results may
also contribute to better understanding of the complex
relation between specific memory processes and level of
arousal.

Psychological, psychiatric

The effect of triazolam on muscarinic acetylcholine recep-
tor binding has been investigated in living brain slices by
the use of a positron-based imaging technique (10).
Stimulation of GABA/benzodiazepine binding sites low-
ered the affinity of the muscarinic acetylcholine choliner-
gic receptor for its ligand, which may underlie
benzodiazepine-induced amnesia, a serious clinical
adverse effect of benzodiazepines.
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Ten healthy men participated in a randomized, double-
blind, crossover study involving placebo and triazolam
0.125 mg (11). Resting electroencephalography and
event-related potentials under an oddball paradigm were
recorded before drug administration, and at 1, 2, 4, 6, and
8 hours after. P300 waveforms were analysed by peak
amplitudes. Triazolam can cause cognitive dysfunction
without general sedation or apparent sleepiness, and this
effect appeared up to 6 hours after administration of a low
dose of triazolam.
The subjective and behavioral effects of triazolam were

investigated in 20 healthy women, who took oral triazo-
lam 0.25 mg or placebo at the follicular, periovulatory,
and luteal phases of their menstrual cycle in a within-
subject design (12). After triazolam most of them
reported the expected increases in fatigue and decreases
in arousal and psychomotor performance. Neither plasma
concentrations of triazolam nor mood and performance
differed across the three phases. This study shows that the
effects of triazolam are highly stable across the menstrual
cycle.

Liver

Liver damage has been attributed to triazolam (13).

� A 64-year-old woman developed anorexia, fatigue, and
jaundice. She had occasionally taken triazolam 0.25 mg
for insomnia, and her liver function tests had been
normal 5 months before. There was no history of
liver disease or alcohol misuse or other serious medical
history. She was jaundiced, with spider angiomata, and
gradually deteriorated over the next 16 days, finally
losing consciousness. Liver histology was consistent
with submassive necrosis, extensive coagulation necro-
sis, and marked inflammation secondary to triazolam.
She had a liver transplant 31 days after the initial
presentation and 2 years later was in good health.

Drug Administration

Drug overdose

Death has been attributed to an overdose of triazolam
(14).

� A 77-year-old woman was found dead in her bathtub.
She had a history of depression, liver disease, spinal
stenosis, and diabetes mellitus. An empty bottle of
triazolam was found in the bin. At autopsy there was
no injury or evidence of drowning. There was triazo-
lam 0.12 mg/l in the heart blood.� A 57-year-old man was found dead in a bamboo
thicket (15). His blood and urine contained triazolam
and hydroxytriazolam. Blood concentrations of triazo-
lam and unbound hydroxytriazolam were 62–251 and
10–66 ng/ml respectively. There was a substantial
amount of triazolam in his bile.

This man probably died of postural asphyxia caused by
triazolam poisoning.

Drug–Drug Interactions

Fluconazole

Fluconazole increases blood concentrations of triazolam
(16).

Grapefruit juice

In a randomized, four-phase, crossover study, the effect of
grapefruit juice on the metabolism of triazolam interac-
tion was investigated. Even one glass of grapefruit juice
increased plasma triazolam concentrations, and chronic
consumption produced a significantly greater increase.
The half-life of triazolam is prolonged by repeated con-
sumption of grapefruit juice, probably due to inhibition of
hepatic CYP3A4 activity (17).

Isoniazid

Isoniazid is a potent hepatic enzyme inhibitor and inter-
feres with the metabolism of many drugs (SEDA-8, 287)
(SEDA-11, 271). In healthy volunteers the half-life of
triazolam was prolonged from 2.5 to 3.3 hours when it
was given with isoniazid, whereas isoniazid did not affect
the kinetics of oxazepam (SEDA-9, 267).

Ketoconazole

Ketoconazole can increase the concentrations of triazo-
lam through inhibition of CYP3A4 (18).
If erythromycin, also a CYP3A4 inhibitor, is given in

combination with ketoconazole, there is an even more
dramatic effect on triazolam concentrations.
In a double-blind, crossover kinetic and dynamic study

of the interaction of ketoconazole with alprazolam and
triazolam, two CYP3A4 substrate drugs with different
kinetic profiles, impaired clearance by ketoconazole had
more profound clinical consequences for triazolam than
for alprazolam (19).

Macrolide antibiotics

Interactions of macrolides with triazolam are clinically
relevant. Increases in serum concentration, AUC, and
half-life, and a reduction in clearance have been docu-
mented (20–22). These changes can result in clinical
effects, such as prolonged psychomotor impairment,
amnesia, or loss of consciousness.
In a randomized, double-blind, pharmacokinetic–phar-

macodynamic study, 12 volunteers took placebo or tria-
zolam 0.125 mg orally, together with placebo,
azithromycin, erythromycin, or clarithromycin. The
apparent oral clearance of triazolam was significantly
reduced by erythromycin and clarithromycin. The peak
plasma concentration was correspondingly increased, and
the half-life was prolonged. The effects of triazolam on
dynamic measures were nearly identical when triazolam
was given with placebo or azithromycin, but benzodiaze-
pine agonist effects were enhanced by erythromycin and
clarithromycin (23).
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Erythromycin

Erythromycin can increase concentrations of triazolam by
inhibition of CYP3A4, and dosage reductions of 50% have
been proposed if concomitant therapy is unavoidable (24).

Miocamycin

CYP3A4 is mainly responsible for catalyzing the hydro-
xylation of miocamycin metabolites, which can alter the
metabolism of concomitantly administered drugs by the
formation of a metabolic intermediate complex with
CYP450 or by competitive inhibition of CYP450 (25).
This can cause excessive sedation with benzodiazepines
such as triazolam.

Nefazodone

Nefazodone is a weak inhibitor of CYP2D6, but a potent
inhibitor of CYP3A4, and increases plasma concentra-
tions of drugs that are substrates of CYP3A4, such as
triazolam (26,27).

Ritonavir

The inhibitory effect of ritonavir on the biotransforma-
tion of triazolam and zolpidem has been investigated (28).
Short-term low-dose ritonavir produced a large and sig-
nificant impairment of triazolam clearance and enhance-
ment of its clinical effects. In contrast, ritonavir produced
small and clinically unimportant reductions in zolpidem
clearance. The findings are consistent with the complete
dependence of triazolam clearance on CYP3A activity,
compared with the partial dependence of zolpidem clear-
ance on CYP3A.
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NON-BENZODIAZEPINE HYPNOSEDATIVES

Alpidem

General Information

Alpidem, like zolpidem, is an imidazopyridine, chemically
distinct from the benzodiazepines. It binds selectively to a
subset of benzodiazepine receptors (1), which may account
for its apparently milder withdrawal effects and a relative
dominance of anxiolytic over sedative and cognitive effects
(2). Its effects are reversed by flumazenil (3). Alpidem was
withdrawn in 1953 in France, the only country in which it
was marketed, because of hepatotoxicity (4).

References

1. Lader M. Psychiatric disorders. In: Speight T, Holford N,

editors. Avery’s Drug Treatment. 4th ed.. Auckland: ADIS

International Press, 1997:1437.

2. Lader M. Clinical pharmacology of anxiolytic drugs: past,

present and future. In: Biggio G, Sanna E, Costa E, editors.

GABA-A Receptors and AnxietyFrom Neurobiology to

Treatment. New York: Raven Press, 1995:135.

3. Zivkovic B, Morel E, Joly D, Perrault G, Sanger DJ,

Lloyd KG. Pharmacological and behavioral profile of alpi-

dem as an anxiolytic. Pharmacopsychiatry 1990;23(Suppl

3):108–13.

4. Cassano GB, Petracca A, Borghi C, Chiroli S, Didoni G,

Garreau M. A randomized, double-blind study of alpidem

vs placebo in the prevention and treatment of benzodiaze-

pine withdrawal syndrome. Eur Psychiatry 1996;11(2):93–9.

Buspirone

General Information

Buspirone, an azapirone drug, similar to its analogues
ipsaperone and tandospirone, is chemically and pharma-
cologically dissimilar to the benzodiazepines and is useful
in both generalized anxiety and depression (1). In contrast
to benzodiazepines, buspirone has an antidepressant-like
therapeutic latency (2), and for this reason it needs to be
given with considerable education and encouragement. It
is effective in children with anxiety disorders (SEDA-19,
36) and as an antidepressant adjuvant in refractory
depression with (3) and without (4) obsessive-compulsive
symptoms. Buspirone is also effective in treating anxious
alcoholics, and in patients with agitation or aggression
associated with organic brain disease (5).
Originally thought to act through a dopaminergic

mechanism, buspirone is now regarded as acting as a 5-
HT1A receptor (partial) agonist (6) and produces dose-
related adverse effects similar to those of the SSRIs

(nausea, headache, insomnia, dizziness, and sexual dys-
function) (SEDA-22, 39) (7). Like them, it interacts with
monoamine oxidase inhibitors and can produce the ser-
otonin syndrome (8). An uncommon association with
extrapyramidal movement disorders (SEDA-17, 46;
SEDA-18, 45) may reflect its structural relation to some
dopamine receptor antagonists.
Compared with benzodiazepines, buspirone causes less

sedation and memory impairment (9), has little interaction
with alcohol (2,10), and is essentially devoid of problems of
abuse, disinhibition, tolerance, and dependence.
These advantages are important in treating particular

groups of patients, including patients with brain injury,
elderly people, forensic populations, and the medically ill
(11,12). On the other hand, over 50% of patients with
cerebellar ataxia reported significant adverse effects, as
described above (SEDA-21, 39).
Buspirone may also have advantages in treating indivi-

duals who are susceptible to problems with alcohol (13) or
other hypnosedatives (10), although habitual users of
benzodiazepines are often unwilling to persist with bus-
pirone long enough for it to have a therapeutic effect (2).
Unlike carbamazepine or tricyclic antidepressants, bus-

pirone is not helpful in the management of benzodiaze-
pine withdrawal (14).

Observational studies

Buspirone (40 mg/day for 4 weeks) has been used as an
alternative treatment in eight psychiatric outpatients with
attention deficit disorder (15). The results suggested that
buspirone might be useful in attention deficit disorders,
reducing hyperactive behavior and enabling greater atten-
tion with few adverse effects. There were no clinically
significant changes in blood pressure. There was mild
transient tiredness, which lasted about 2 weeks. In one
case, there was an initial trend toward a reduced appetite,
but that generally stabilized. Headaches and stomach
aches occurred in two patients during the first 2 weeks
and one of them continued to have mild episodes.
The effects of hydroxyzine 50 mg/day, buspirone

20 mg/day, and placebo have been studied in 244 patients
with generalized anxiety disorder in a double-blind pla-
cebo-controlled study (16). Hydroxyzine (n = 81) was
considerably better than placebo (n = 81), and buspirone
(n = 82) was intermediate. The main adverse effects were
headache and migraine with buspirone (6.1 versus 4.9%
with hydroxyzine and 1.2% with placebo). Somnolence
occurred in 9.9% with hydroxyzine, 4.9% with buspirone,
and none with placebo. Dizziness occurred in 6.1% with
buspirone, none with hydroxyzine, and 2.5% with pla-
cebo.
In a 21-day, open, multicenter, dose-escalation study,

13 children and 12 adolescents with anxiety disorder and
14 healthy adults took buspirone 5–30 mg bd titrated over
3 weeks (17). Buspirone was generally safe and well-
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tolerated at doses up to 30 mg in adolescents and adults
and in most of the children. The most common adverse
events in children and adolescents were light-headedness
(68%), headache (48%), and dyspepsia (20%); two chil-
dren withdrew from the study at the higher doses (15 mg
and 30 mg bd) owing to adverse effects. In adults, the
most common adverse event was somnolence (21%);
mild light-headedness, nausea, and diarrhea were also
reported.

Placebo-controlled studies

Symptoms of anxiety are common among opioid-depen-
dent individuals. Although buspirone has been used suc-
cessfully for the treatment of anxiety in alcoholic patients,
its efficacy in opioid-dependent patients had not been
previously examined. In a 12-week, randomized, pla-
cebo-controlled trial of buspirone in 36 subjects receiving
methadone maintenance treatment who presented with
symptoms of anxiety, buspirone did not significantly
reduce anxiety symptoms (18). However, buspirone was
associated with trends toward reduction in depression
scale scores and a slower return to substance use.

Systematic reviews

The safety results from two comparisons of buspirone
15 mg bd and buspirone 10 mg tds in patients with persis-
tent anxiety have been subjected to meta-analysis (19).
The incidences of adverse events were similar, except for
a significantly higher incidence of bouts of palpitation in
patients taking buspirone bd (5%) compared with tds
(1%). The most frequently reported adverse events with
both regimens were dizziness, headache, and nausea.
There were no appreciable differences between treat-
ments in vital signs, physical examination, electrocardio-
graphy, or clinical laboratory results. A change to twice-
daily dosing with buspirone may offer convenience and
possibly greater adherence to therapy in patients with
persistent anxiety, without compromising the safety and
tolerability profile of the drug.

Organs and Systems

Respiratory

Because of its virtual absence of respiratory depressant
effects compared with benzodiazepines (20), buspirone
may be especially useful in treating anxious patients
with lung disease (21).

Nervous system

The efficacy and safety of buspirone have been evaluated
in the management of anxiety and irritability in 22 chil-
dren with pervasive developmental disorders. One child
developed abnormal involuntary movements of the
mouth, cheeks, and tongue after having taken buspirone
20 mg/day for 10 months. No other drugs were prescribed.
The abnormal movements disappeared completely within
2 weeks of withdrawal of buspirone. Other adverse effects

in other children were minimal and included initial seda-
tion, slight agitation, and initial nausea (22).

Long-Term Effects

Drug abuse

Despite continuing scrutiny, buspirone has shown little, if
any, abuse potential (7).

Drug Administration

Drug formulations

Because of their short half-lives, buspirone and its analo-
gues are problematic to administer (6). A single dose of
buspirone ER (extended-release) 30 mg has been com-
pared with two doses of buspirone IR (immediate-
release) 15 mg given 12 hours apart to assess differences
in tolerability in an open, crossover, randomized study in
18 healthy men (23). Blood samples were obtained at 22
times. Seven subjects reported a total of 13 adverse events
during the study, but none of the events recorded was
unexpected. All were mild and resolved by the end of
the study without medical intervention. Three adverse
events (rhinitis, headache, and light-headedness) were
categorized as unrelated to the study drug. The other 10
adverse events included drowsiness, dizziness, depression,
tinnitus, and increased blood pressure. There were no
significant differences between the two formulations.

Drug–Drug Interactions

Calcium channel blockers

In a randomized placebo-controlled trial, the possible
interactions of buspirone with verapamil and diltiazem
were investigated. Both verapamil and diltiazem consid-
erably increased plasma buspirone concentrations, prob-
ably by inhibiting CYP3A4. Thus, enhanced effects and
adverse effects of buspirone are possible when it is used
with verapamil, diltiazem, or other inhibitors of CYP3A4
(24).

Erythromycin

Erythromycin, an inhibitor of CYP3A, can increase bus-
pirone concentrations (SEDA-22, 39).
Co-administration of erythromycin with the anxiolytic

drug buspirone increased the plasma concentration of
buspirone (25).

Grapefruit juice

In a randomized, two-phase crossover study, the effects of
grapefruit juice on the pharmacokinetics and pharmaco-
dynamics of oral buspirone were investigated in 10
healthy volunteers. Grapefruit juice increased the mean
peak plasma concentration of buspirone 4.3-fold (26).
Large amounts of grapefruit juice should be avoided in
patients taking buspirone.
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Haloperidol

Buspirone increases haloperidol concentrations in some
patients (SEDA-21, 39).

Itraconazole

Itraconazole, an inhibitor of CYP3A, can increase buspir-
one concentrations (SEDA-22, 39).
The interaction of itraconazole with the active 1-(2-

pyrimidinyl)-piperazine metabolite of buspirone has
been studied after a single oral dose of buspirone 10 mg
(27). Itraconazole reduced the mean AUC of the meta-
bolite by 50% and the Cmax by 57%, whereas the mean
AUC and Cmax of the parent drug were increased 14.5-
fold and 10.5-fold respectively. Thus, itraconazole caused
relatively minor changes in the plasma concentrations of
the active piperazine metabolite of buspirone, although it
had major effects on the concentrations of buspirone after
a single oral dose.

Monoamine oxidase inhibitors

Buspirone interacts with monoamine inhibitors and can
cause the serotonin syndrome (8).

Rifampicin

The effects of rifampicin on the pharmacokinetics and
pharmacodynamics of buspirone were investigated in 10
young healthy volunteers. There was a significant reduc-
tion in the effects of buspirone in three of the six psycho-
motor tests used after rifampicin pretreatment. The
interaction between rifampicin and buspirone is probably
mostly due to increased CYP3A4 activity. Buspirone will
most likely have a greatly reduced anxiolytic effect when
it is used together with rifampicin or other potent indu-
cers of CYP3A4, such as phenytoin and carbamazepine
(28).

Selective serotonin re-uptake inhibitors (SSRIs)

The serotonin syndrome can occur with therapeutic doses
of SSRIs (see above), but it occurs most commonly when
SSRIs are co-administered with other drugs that also
potentiate serotonin function. Recent case reports have
suggested that there is a risk of the serotonin syndrome
when SSRIs are combined with buspirone (29).

Fluvoxamine

The effects of fluvoxamine on the pharmacokinetics and
pharmacodynamics of buspirone have been investigated
in 10 healthy volunteers. Fluvoxamine moderately
increased plasma buspirone concentrations and reduced
the production of the active metabolite of buspirone. The
mechanism of this interaction is probably inhibition of
CYP3A4. However, this pharmacokinetic interaction
was not associated with impaired psychomotor perfor-
mance and is probably of limited clinical significance (30).
In 10 healthy volunteers, fluvoxamine (100 mg/day for

5 days) significantly increased the peak concentrations of
the anxiolytic drug buspirone. Concentrations of the
active metabolite, 1-(2-pyrimidinyl)-piperazine, were

reduced (30). These effects were probably mediated
through inhibition of CYP3A4 by fluvoxamine.

Sertraline

Serotonin syndrome has been attributed to the combina-
tion of buspirone and sertraline.

� A 49-year-old man had major adverse effects 11 days
after taking a combination of sertraline, buspirone, and
loxapine (31). The adverse effects were characteristic
of the serotonin syndrome, which is characterized by a
constellation of symptoms, including hypomania, agi-
tation, seizures, confusion, restlessness, hyper-reflexia,
tremor, myoclonus, ataxia, incoordination, anxiety,
double vision, fever, shivering, variable effects on
blood pressure, nausea and vomiting, sweating, and
diarrhea.

St John’s wort

Clinicians should inform their patients about the risks
associated with taking St John’s wort if they are taking
psychotropic drugs that can cause the serotonin syn-
drome.

� A 27-year-old married woman developed symptoms of
generalized anxiety disorder and was given buspirone
30 mg/day (32). During treatment she felt depressed
and decided to take St John’s wort. Two months later
she started to have nervousness, aggressiveness, hyper-
activity, insomnia, blurred vision, and very short peri-
ods of confusion and disorientation. The symptoms
were consistent with serotonin syndrome. St John’s
wort was withdrawn and her symptoms resolved after
1 week.

Buspirone is a partial agonist at 5HT1A receptors; St
John’s wort is a non-selective inhibitor of 5HT reuptake
and also upregulates postsynaptic 5HT1A and 5HT2A

receptors; it therefore causes overstimulation of 5HT1A

receptors, leading to the serotonin syndrome.
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Chloral hydrate

General Information

Chloral hydrate, which was synthesized by Justus Liebig
in 1832, continues to be used for sleep disorders and for
sedation before surgery or radiology, especially in chil-
dren (1). As an alternative to the benzodiazepines, it has
essentially similar properties and problems, but is asso-
ciated with perhaps rather more frequent gastrointestinal
disturbances, up to 7% in one large sample of children.
Chloral hydrate had a reputation for safety, which has
been challenged by data that suggest that it and short-
acting barbiturates are particularly lethal when taken in
overdose (2). Liver damage and cardiac toxicity, consis-
tent with the chemical similarities between trichloroetha-
nol, chloroform, and alcohol, can occur.

Organs and Systems

Cardiovascular

A single dose (1.2 g) in a 4-year-old girl gave rise to a
reversible ventricular dysrhythmia (SEDA-21, 39).

Nervous system

Two generalized seizures occurred in a 2-year-old boy after
he was sedated before echocardiography (SEDA-22, 42).

Gastrointestinal

A 78-year-old woman and a 45-year-old man developed
pneumatosis cystoides coli. Both were taking chloral
hydrate (3). It was speculated that chloral hydrate had
caused the abdominal symptoms in these patients.
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� A 69-year-old man had daily loose stools with mucous
discharge. Repeated stool cultures were negative.
Histology confirmed the appearances of pneumatosis
cystoides coli. Various treatments had little effect on his
symptoms. He had taken chloral hydrate for insomnia for
10 years. Subjectively, his symptoms were worse while
taking the drug and resolved after withdrawal. With his
consent, an unblinded controlled challenge with chloral
hydrate was performed. The results, recorded meticu-
lously in a symptoms diary, were dramatic. Before chloral
hydrate, his bowels opened 18 times per week and only
two motions contained mucus. After one tablet of chloral
hydrate on days 1, 2, 5, and 7 he passed 49 stools in one
week, 35 containing mucus. Two weeks later his bowel
habit had returned to normal, with 15 movements per
week, and only one stool contained mucus. Subsequently
his bowel frequency fell to 8–10 times per week with
considerable colonoscopic improvement.

Liver

Hyperbilirubinemia in neonates associated with chloral
hydrate (4) may be due to the more prolonged half-life
of trichloroethanol in newborns compared with adults (37
versus 14 hours).

Skin

Allergic skin reactions continue to be reported (5).

Immunologic

Several reports have highlighted the importance of gelatin
allergy in young children, with some deaths due to anaphy-
laxis.

� A 2-year-old boy and a 4-year-old boy developed ana-
phylactic symptoms after being given a chloral hydrate
suppository, which contained gelatin, for sedation
before electroencephalography (6).

Chloral hydrate suppositories are often used to sedate
children during various examinations and the authors
suggested using gelatin-free formulations.

Long-Term Effects

Drug dependence

Chloral hydrate dependence can occur (7), the most
famous case being that of Anna O. (Bertha
Pappenheim), who was treated by Breuer from 1880 to
1882, and whose pathology was discussed by him and
Freud in 1895 (8).

Tumorigenicity

Concerns about carcinogenicity are not supported by its
persisting and generally successful therapeutic use.

Susceptibility factors

Preterm infants

The degree of sedation (COMFORT), feeding behavior,
and cardiorespiratory events (bradycardia, apnea) before
and after oral chloral hydrate 30 mg/kg have been pro-
spectively evaluated in 26 former preterm infants during
procedural sedation at term post-conception age (9).
There was a significant increase in sedation up to 12
hours after administration and a minor but significant
reduction in oral intake. There was a significant increase
in the number of episodes of bradycardia and in the
duration of the most severe. The study was therefore
stopped when 26 neonates had been recruited. Infants
who had severe bradycardia after chloral hydrate had a
lower gestational age at birth but no difference in post-
conceptional age at time of inclusion. Chloral hydrate was
associated with an increase in unintended adverse effects
in former preterm infants, probably reflecting differences
in the pharmacodynamics and pharmacokinetics of
chloral hydrate.

Drug Administration

Drug formulations

Several reports have highlighted the importance of gelatin
allergy in young children, with some deaths due to ana-
phylaxis. Some formulations of chloral hydrate contain
gelatin.

� A 2-year-old boy and a 4-year-old boy developed ana-
phylactic symptoms after being given a chloral hydrate
suppository, which contained gelatin, for sedation
before electroencephalography (6).

Chloral hydrate suppositories are often used to sedate
children during various examinations and the authors
suggested using gelatin-free formulations.

Drug overdose

Chloral hydrate toxicity can cause a number of dysrhyth-
mias, including supraventricular tachycardia, ventricular
tachycardia, ventricular fibrillation, and torsade de
pointes.

� A 27-year-old man with a history of psychiatric illness
became unconscious after taking about 20 g of chloral
hydrate, 1000 mg of loxapine, and 180 mg of fluoxetine
(10). He became unresponsive and hypotensive and
had intermittent episodes of ventricular tachycardia,
which was successfully treated with intravenous pro-
pranolol.
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Clomethiazole

General Information

Clomethiazole is a sedative-hypnotic that has been used
extensively in the treatment of alcohol withdrawal, as well
as for inducing sedation and sleep in the elderly. In addition
to GABA enhancement, which it shares with the benzodia-
zepines, clomethiazole also enhances the activity of another
inhibitory amino acid, glycine. Whether this property is
clinically important is uncertain. As well as the expected
effects of sedation and memory impairment, it produces
nasal irritation, especially in younger patients, in whom it
has a shorter half-life. Its use in alcohol withdrawal is
becoming less common, possibly owing to the demonstrated
safety and efficacy of longer-acting benzodiazepines, such as
chlordiazepoxide, and alternatives such as carbamazepine.
Hypotension, phlebitis, and respiratory depression can

occur after intravenous use. While effects in the elderly
may be increased, the incidence of adverse effects is simi-
lar to that seen in younger subjects (1).
Clomethiazole, like the benzodiazepines, has an addi-

tive effect with other CNS depressants, and can cause
profound bradycardia when combined with beta-adreno-
ceptor antagonists.

Organs and Systems

Nervous system

In a double-blind, double-dummy, placebo-controlled com-
parison of clomethiazole and gammahydroxybutyrate in

ameliorating the symptoms of alcohol withdrawal, alcohol-
dependent patients were randomized to receive either clo-
methiazole 1000 mg or gammahydroxybutyrate 50 mg/kg
(2). There was no difference between the three treatments
in ratings of alcohol withdrawal symptoms or requests for
additional medication. After tapering the active medication,
there was no increase in withdrawal symptoms, suggesting
that physical tolerance did not develop to either clomethia-
zole or gammahydroxybutyrate during the 5-day treatment
period. The most frequently reported adverse effect of
gammahydroxybutyrate was transient vertigo, particularly
after the evening double dose.
The effect of clomethiazole on cerebral outcome in

patients undergoing coronary artery bypass surgery has
been investigated in 245 patients, who were randomized
double-blind to placebo or clomethiazole (1800 mg over 45
minutes followed by 800 mg/hour until the end of surgery)
(3). A battery of eight neuropsychological tests was adminis-
tered preoperatively and repeated 4–7 weeks after surgery.
There were no differences between the clomethiazole and
placebo groups in postoperative neuropsychological tests
scores. Thus, clomethiazole did not improve or worsen cere-
bral outcome after coronary artery bypass surgery.
The efficacy and safety of clomethiazole (75 mg/kg by

intravenous infusion over 24 hours), as a neuroprotective
drug, were studied in a double-blind, placebo-controlled
trial (CLASS, the Clomethiazole Acute Stroke Study) in
1360 patients with acute hemispheric stroke (4).
Clomethiazole was generally well tolerated and safe.
Sedation was the most common adverse event, leading
to treatment withdrawal in 16% of patients compared
with 4.2% of placebo-treated patients.
In a small subset of CLASS (95 patients) mortality at 90

days was 19% in the clomethiazole group and 23% in the
placebo group (5). Sedation was the most common
adverse event (clomethiazole 53%, placebo 17%), fol-
lowed by rhinitis and coughing. The incidence and pattern
of serious adverse events was similar between the groups.
A report has illustrated the dangers of driving a motor

vehicle whilst taking clomethiazole (6).

� A 53-year-old male car driver was followed by the police
for about 2 km, while he drove in an unsafe manner,
until the car crashed into the owner’s garage. Analysis
of his blood showed a clomethiazole concentration of
3.3 mg/ml. Neither alcohol nor any other drug could be
detected. One day later he committed suicide by swal-
lowing at least 60 capsules of clomethiazole.

Liver

Reversible cholestatic jaundice has been attributed to
clomethiazole (SEDA-21, 39).

Long-Term Effects

Drug abuse

As with other GABA enhancers, clomethiazole is highly
abusable in susceptible individuals and should not be used
for outpatient detoxification (7).
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Drug dependence

Clomethiazole maintains its efficacy with apparently less
dependence than temazepam during prolonged use (7).

Drug–Drug Interactions

Alteplase

The safety of the thrombolytic drug alteplase (tPA) plus
clomethiazole in patients with acute ischemic stroke has
been assessed in a randomized, double-blind study (8).
All received alteplase 0.9 mg/kg, beginning within 3 hours
of stroke onset, and then either intravenous clomethia-
zole 68 mg/kg (n = 97) over 24 hours, or placebo (n = 93)
beginning within 12 hours of stroke onset. During follow-
up for 90 days the number of serious adverse event
reports was 47 in the clomethiazole group and 48 in the
placebo group. There were 15 deaths in those given clo-
methiazole and nine in those given placebo, but this was
not significantly different. Sedation was also greater with
clomethiazole (42%) than with placebo (13%).

Cimetidine

Cimetidine can reduce clomethiazole clearance by 60–
70% (9).
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Etifoxine

General Information

Etifoxine is a non-benzodiazepine drug, licensed in
France for psychosomatic manifestations of anxiety.

Organs and Systems

Psychological, psychiatric

The psychomotor and amnesic effects of single oral doses
of etifoxine (50 mg and 100 mg) and lorazepam (2 mg)
were studied in 48 healthy subjects in a double-blind,
placebo-controlled, randomized, parallel-group study
(1). Its effects were assessed by a battery of subjective
and objective tests that explored mood and vigilance,
attention, psychomotor performance, and memory.
Whereas vigilance, psychomotor performance, and free
recall were significantly impaired by lorazepam, neither
dose of etifoxine (50 mg and 100 mg) produced such
effects. The results suggested that 50 mg and 100 mg
single doses of etifoxine do not induce amnesia and seda-
tion compared with lorazepam.
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Lesopitron

General Information

Lesopitron is a non-benzodiazepine anxiolytic drug. Its
structure is similar to that of buspirone, and it is an
agonist at central serotonin (5-HT1A) receptors.
A 6-week, double-blind, randomized, parallel, phase II,

single-center, outpatient study has been performed to
study the efficacy and safety of lesopitron 40–80 mg/day
compared with lorazepam 2–4 mg/day and placebo in 161
patients with generalized anxiety disorder (1). The most
common adverse events associated with lesopitron were
somnolence, headache, and dyspepsia, compared with
headache, somnolence, and insomnia with lorazepam.
Patients treated with placebo mainly experienced head-
ache, somnolence, and pharyngitis.
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Ritanserin

General Information

Ritanserin, a selective 5-HT2 receptor antagonist,
increases slow-wave sleep in healthy volunteers (1). It
improved sleep in middle-aged poor sleepers (2), but
on withdrawal after 20 days treatment there was
rebound sleep impairment, which was at its worst 3
nights after withdrawal, consistent with its long half-
life (40 hours). Ritanserin is thus not a useful hypnotic,
but analogues with more appropriate kinetics will be of
interest.
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Suriclone

General Information

Suriclone, a cyclopyrrolone analogue of zopiclone, has
similar pharmacology to the benzodiazepines, binding
close to the same site of the GABA receptor–chloride
channel complex. It is effective as an anxiolytic and has
the notable advantages of minimal sedation and cognitive
toxicity, and milder withdrawal effects than those of dia-
zepam or lorazepam (1). Its withdrawal from further
development is a mystery.
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Zaleplon

General Information

Zaleplon is a non-benzodiazepine that induces sleep com-
parable to other hypnotics but with significantly fewer
residual effects (1), related at least in part to its short
half-life. It is a pyrazolopyrimidine hypnotic that binds
selectively to the GABAA1A receptor, previously known
as the benzodiazepine type 1 (BDZ1) receptor. Whereas
such agonist selectivity was hoped to confer advantages in
terms of the risk of adverse effects, in practice zaleplon is
similar to the older non-selective benzodiazepines in
terms of both efficacy and safety (2–4). The so-called ‘‘Z
drugs,’’ including zaleplon, are significantly more expen-
sive than benzodiazepines and are therefore likely to be
less cost-effective (5).
Hypnotics need to be prescribed appropriately, and

guidance has been published (6). In particular, treatable
causes for insomnia, such as psychiatric disorders and
physical illnesses, need to be identified and treated before
prescribing hypnotics.

Pharmacokinetics

After oral administration zaleplon is well absorbed (71%)
and peak concentrations are reached in about 60 minutes.
However, it undergoes presystemic elimination and has a
systemic availability of about 30%. Its adverse effects
include anterograde amnesia, depression, paradoxical
reactions (for example restlessness, agitation), depen-
dence, and withdrawal symptoms (related to the dose
and duration of treatment). Although the data are lim-
ited, it is thought to be relatively safe in overdose, unless
it is combined with other CNS depressants.
The pharmacokinetics and absolute oral systemic avail-

ability of zaleplon have been assessed in a partially ran-
domized, single-dose, crossover study in 23 healthy
subjects, who received intravenous infusions of zaleplon
1 and 2.5 mg during the first and second periods and were
then randomly assigned to receive an oral dose of 5 mg or
an intravenous infusion of 5 mg in a crossover design (7).
The oral and intravenous doses of zaleplon were well
tolerated. Somnolence, abnormal vision, diplopia, and
dizziness were the most commonly reported adverse
events.

Pharmacological effects
Initial pharmacodynamic data suggested that sleep
latency is improved by zaleplon and there is no significant
next-day psychomotor impairment or memory impair-
ment (8), and evaluations at zaleplon peak plasma con-
centrations show much less impairment than with other
hypnotics, suggesting an improved benefit-to-harm bal-
ance for zaleplon compared with older agents. However,
outcome data are mainly from industry-sponsored trials
and are often difficult to compare. Differences between
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zaleplon and benzodiazepine hypnotics may have been
exaggerated (3,4).
Zaleplon can be used to treat symptoms of insomnia

with little next-day psychomotor or memory impairment.
However, further research is needed.

Observational studies

The results of a 1-year open extension of two randomized,
double-blind studies of zaleplon have been reported (9).
In 316 older patients who took zaleplon nightly from 6 to
12 months and were then followed through a 7-day single-
blind, placebo-controlled, run-out period, the safety pro-
file was similar to that observed in a short-term trial in an
equivalent population. The data also suggested that ther-
apy for up to 12 months produced and maintained statis-
tically significant improvement in time to persistent sleep
onset, duration of sleep, and the number of nocturnal
wakenings. Withdrawal was not associated with rebound
insomnia. The authors concluded that placebo-controlled,
double-blind trials are needed to confirm these results.

Comparative studies

A review of published studies of zaleplon has shown that
it has a quick onset of action and undergoes rapid elim-
ination, which results in an arguably better safety profile
than previously available agents (10). In addition,
rebound insomnia and other withdrawal effects have not
been demonstrated with zaleplon, and it is well tolerated
in both young and older patients. These characteristics
may be advantageous for patients who should not receive
benzodiazepines.

Placebo-controlled studies

Three doses of zaleplon have been compared with pla-
cebo in outpatients with insomnia in a 4-week study (11).
During week 1, sleep latency was significantly shorter
with zaleplon 5, 10, and 20 mg than with placebo. The
significant reduction in sleep latency persisted to week 3
with zaleplon 10 mg and to week 4 with zaleplon 20 mg.
Compared with placebo, zaleplon 10 mg and 20 mg also
had significant positive effects on sleep duration, number
of awakenings, and sleep quality. Pharmacological toler-
ance did not develop with zaleplon and there were no
indications of rebound insomnia or withdrawal symptoms
after discontinuation. There was no significant difference
in the frequency of adverse events with zaleplon com-
pared with placebo. The authors concluded that zaleplon
provides effective treatment of insomnia with a favorable
safety profile.

Zaleplon versus triazolam

Zaleplon and triazolam have been compared in two con-
current multicenter, randomized, double-blind, placebo-
controlled crossover studies in chronic insomniacs (12).
Study 1 compared zaleplon (10 and 40 mg) with triazolam
(0.25 mg) and placebo; study 2 compared zaleplon (20
and 60 mg) with triazolam (0.25 mg) and placebo. All
doses of zaleplon produced significant reductions in

sleep latency, and triazolam 0.25 mg reduced sleep
latency comparable with zaleplon 10 mg. Only triazolam
and zaleplon 60 mg produced significant increases in total
sleep time compared with placebo. Zaleplon 40 and
60 mg and triazolam also reduced the percentage of
REM sleep compared with placebo. There was no evi-
dence of residual daytime impairment with zaleplon, but
triazolam produced significant impairment in perfor-
mance on a digit copying test. There were more adverse
events with zaleplon 60 mg compared with triazolam
0.25 mg and placebo. The most frequently reported
adverse events with all treatments included headache,
dizziness, and somnolence.

Zaleplon versus zolpidem

Zaleplon and zolpidem have been compared in two con-
current multicenter, randomized, double-blind, placebo-
controlled crossover studies in chronic insomniacs (12). In
study 1, zaleplon 10 mg, zolpidem 10 mg, or placebo were
given double-blind to 36 healthy subjects under standar-
dized conditions in a six-period, incomplete-block, cross-
over study (13). The subjects were gently awakened and
given the medication at predetermined times, 5, 4, 3, or 2
hours before morning awakening, which occurred 8 hours
after bedtime. When they awoke in the morning, subjec-
tive and objective assessments of residual effects of hyp-
notics were administered. There were no serious adverse
experiences during the study; all adverse events were mild
to moderate. The most commonly reported adverse
events associated with zaleplon were weakness and som-
nolence. Weakness, depersonalization, dizziness, and
somnolence were the most frequent nervous system
adverse events associated with zolpidem.
Zaleplon has been compared with zolpidem 10 mg and

placebo in 615 adult outpatients with insomnia (14). After
a 7-night placebo (baseline) period, the patients were
randomly assigned to receive one of five treatments in
double-blind fashion for 28 nights (zaleplon 5, 10, or
20 mg; zolpidem 10 mg; or placebo), followed by placebo
for 3 nights. Sleep latency, sleep maintenance, and sleep
quality were determined from sleep questionnaires each
morning. Rebound insomnia and withdrawal effects on
withdrawal were also assessed. There was no evidence of
rebound insomnia or withdrawal symptoms on withdra-
wal of zaleplon after 4 weeks. The frequency of adverse
events in the active treatment groups did not differ sig-
nificantly from that in the placebo group.
The pharmacokinetics and pharmacodynamics of zale-

plon (10 or 20 mg) and zolpidem (10 or 20 mg) have been
investigated in a randomized, double-blind, crossover,
placebo-controlled study in 10 healthy volunteers with
no history of sleep disorder (15). The half-life of zaleplon
was significantly shorter than that of zolpidem. Zaleplon
produced less sedation than zolpidem at the two doses
studied, and the sedation scores in the zaleplon groups
returned to baseline sooner than in the zolpidem groups.
Zaleplon had no effect on recent or remote recall,
whereas zolpidem had a significant effect on both mea-
sures.
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Organs and Systems

Nervous system

Zaleplon has been reported to cause sleepwalking.

� A 14-year-old boy with major depressive disorder
responded to paroxetine 20 mg/day with full remission
of depressive symptoms except insomnia (16).
Diphenhydramine and trazodone did not improve his
sleep and caused excessive daytime drowsiness. He
then responded well to zaleplon 10 mg, but when he
took two extra tablets 3 weeks later he developed
complex behavior and sleepwalking. He had slurred
speech, was slow in responding to questions, was mod-
erately confused, and was uncoordinated and moved
slowly. Physical examination, routine laboratory inves-
tigations, and an electrocardiogram were all normal.
He remained in hospital for 8 hours and awakened
without any memory of his activities. His mental state
at 1 week and 1 month were both normal.

In a double-blind, placebo-controlled, repeated-mea-
sures study of the effects of zaleplon 10 mg on perfor-
mance after a short period (1 hour) of daytime sleep in 16
volunteers (eight men and eight women) zaleplon had a
statistically significant negative impact on balance
through the first 2 hours after the dose compared with
placebo (17). In addition, symptoms related to ‘‘drowsi-
ness’’ were statistically more prevalent with zaleplon dur-
ing the first 3 hours. Zaleplon also had a significantly
negative impact on memory at 1 hour and 4 hours.

Psychological, psychiatric

� A 25-year-old unmarried Asian woman with high intel-
lectual functioning and psychiatric history developed
illusions and hallucinations and a feeling of superior
psychosocial adjustment, with no current or prior med-
ical or depersonalization within several minutes of
taking zaleplon 10 mg (18). The illusions and visual
hallucinations resolved after 15 minutes, but she con-
tinued to have light-headedness and fatigue, which
gradually resolved by the next day.

Drug Administration

Drug overdose

An overdose of zaleplon can cause psychomotor impair-
ment.

� A 20-year-old man became unsteady on his feet after a
road traffic accident (19). He had slow movements and
reactions, poor co-ordination, lack of balance, and
poor attention. He admitted to having inhaled three
crushed zaleplon 10 mg tablets and ingesting three
zaleplon 10 mg tablets. His blood zaleplon concentra-
tion was 0.13 mg/ml.

Blood concentrations consistent with doses exceeding
therapeutic concentrations of zaleplon can impair level
of consciousness and driving ability.

Drug–Drug Interactions

Alcohol

The addition of alcohol to the Z drugs, zaleplon, zolpi-
dem, and zopiclone, produces additive sedative effects
without altering their pharmacokinetics (20).
The effects of alcohol combined with either zaleplon or

triazolam have been studied in 18 healthy volunteers (21).
Triazolam, with and without ethanol, impaired digit sym-
bol substitution, symbol copying, simple and complex
reaction times, and divided attention performance com-
pared with placebo. Zaleplon without ethanol impaired
only digit symbol substitution and divided attention track-
ing, but when it was combined with ethanol all measures
were impaired. However, zaleplon without ethanol was
consistently better than triazolam alone. Zaleplon pro-
duced less performance impairment and a shorter period
of ethanol potentiation than triazolam.

Cimetidine

Cimetidine increases plasma concentrations of the Z
drugs and increases their sedative effects (20); this occurs
to a lesser extent than the similar effect on benzodiaze-
pines that are exclusively metabolized by CYP3A4.

Digoxin

The interaction of zaleplon with digoxin has been inves-
tigated in 20 subjects (22). There were one or more
adverse effects in 18% of those who took digoxin alone
and 35% of those who took digoxin plus zaleplon, but
these were all mild and resolved quickly. Zaleplon had no
significant effects on selected pharmacokinetic and phar-
macodynamic properties of digoxin.

Erythromycin

Erythromycin increases plasma concentrations of the Z
drugs and increases their sedative effects (20); this occurs
to a lesser extent than the similar effect on benzodiaze-
pines that are exclusively metabolized by CYP3A4.

Ibuprofen

The interaction of zaleplon with ibuprofen has been
investigated in 17 subjects (23). Healthy adult volunteers
were given zaleplon 10 mg alone, ibuprofen 600 mg
alone, or zaleplon 10 mg plus ibuprofen 600 mg in an
open, randomized, crossover study. The adverse effects
were mild and resolved without intervention. The authors
concluded that there was no evidence of a significant
interaction between zaleplon and ibuprofen.

Ketoconazole

Ketoconazole increases plasma concentrations of the Z
drugs and increases their sedative effects (20); this occurs
to a lesser extent than the similar effect on benzodiaze-
pines that are exclusively metabolized by CYP3A4.
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Rifampicin

Rifampicin significantly induces the metabolism of zale-
plon and reduces its sedative action (20), although the
effect is less than the effect of rifampicin on triazolam or
midazolam, probably because they are more exclusively
metabolized by CYP3A4.
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Zolpidem

General Information

Zolpidem and alpidem are imidazopyridines, chemically
distinct from the benzodiazepines and appear to bind selec-
tively to a subset of benzodiazepine receptors (1). This
property may account for their apparently milder withdra-
wal effects and, in the case of alpidem, a relative dominance
of anxiolytic over sedative and cognitive effects (2).
Zolpidem has hypnotic efficacy comparable to short- and
medium-acting benzodiazepines, and has similar or possibly
fewer adverse effects at therapeutic doses (3–5), except for
gastrointestinal disturbances, which appear to be more
common, and visual hallucinations, especially in women
(SEDA-17, 46; SEDA-18, 45; SEDA-21, 40). On the other
hand, zolpidem unexpectedly causes as much memory
impairment as triazolam, if not more, at least in young
healthy adults (SEDA-19, 33). Also surprising is the same
author’s later contention that zolpidem causes less memory
impairment than do the benzodiazepine hypnotics (SEDA-
21, 40), presumably including triazolam. Zolpidemmay also
be relatively toxic in overdose, owing to respiratory depres-
sion (6), but later observations have suggested that it may
not be any more toxic than the benzodiazepines (SEDA-21,
40). At normal doses zolpidem is said to be at least as safe
as standard benzodiazepines in patients with respiratory
compromise (SEDA-21, 40). The effects of zolpidem are
reversed by flumazenil (7).
Hypnotics need to be prescribed appropriately, and

guidance has been published (8). In particular, treatable
causes for insomnia, such as psychiatric disorders and
physical illnesses, need to be identified and treated before
prescribing hypnotics.
Subjective responses to treatment with zolpidem were

assessed in 16 944 outpatients with insomnia. Nausea, dizzi-
ness, malaise, nightmares, agitation, and headache were the
most common adverse events reported. There was one
serious adverse reaction in a 48-year-old woman, who
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developed paranoid symptoms during the documentation
phase. There were no life-threatening adverse events (9).
The safety and tolerability of zolpidem have been

investigated in two multicenter studies, in which 8.9%
and 7.5% of the patients reported an adverse event (10).
The most frequent events were related to the central
nervous system (somnolence, headache, confusion, ver-
tigo), but gastrointestinal and cutaneous symptoms were
also frequently reported.
Improvement in social and occupational function has

been attributed to zolpidem (11).

� A recovering 60-year-old alcoholic woman developed
reduced cognitive function, including considerable
memory loss, praxis disorders, and an inability to join
in conversation. A CT scan showed non-specific cere-
bral atrophy. She was given zolpidem 10 mg for insom-
nia, which she took at first at 2200 hours, but then
earlier, at 1900 hours. After starting to take it at the
earlier time she talked more easily and could wash the
dishes and do the housework, things that she had lost
the ability to do. This beneficial effect was detectable
45–60 minutes after the dose of zolpidem, lasted for 3
hours after each administration, and then abated. The
subjective improvement in cognitive function was con-
firmed several times by her general practitioner.

Three patients had improvements in dystonia and parkin-
sonism after taking zolpidem 10 mg (12). The improve-
ment in dystonia began at 15–45 minutes and optimal
benefits were observed after 1–2 hours. The mean dura-
tion of action was 4.5 hours initially, falling to 2–3 hours
with chronic use. This is similar to that reported in
patients with progressive supranuclear palsy, and corre-
sponds to the drug’s half-life (2.5 hours). Sleepiness was
noted at doses over 10 mg bd.

Observational studies

In 80 elderly subjects (aged over 70 years) with disorders of
sleep and co-morbidities, including diabetes and arterial
hypertension, zolpidemwas effective andwell tolerated (13).

Comparative studies

Of 53 patients with insomnia randomly given zolpidem
10 mg or zaleplon 10 mg on 2 consecutive nights, 62%
preferred zolpidem and 38% preferred zaleplon (14). The
quality of sleep (for example the ease of getting to sleep)
was significantly more improved after zolpidem.
Insomniac patients tended to prefer zolpidem to zaleplon
on both nocturnal and diurnal assessments. Seven adverse
events occurred during the study, three of them with
zolpidem (sluggish tongue, impaired concentration, leg
complaints) and four with zaleplon (cephalalgia requiring
an analgesic, abdominal fullness, headache, vertigo). All
the adverse events were mild or moderate in intensity.

Placebo-controlled studies

In a double-blind, placebo-controlled, crossover study, 10
patients with ‘‘probable progressive supranuclear palsy’’
took single oral doses of zolpidem (5 and 10 mg), co-

careldopa (levodopa 250 mg plus carbidopa 25 mg), or pla-
cebo in four separate trials in random order (15). Zolpidem,
unlike levodopa or placebo, reduced voluntary saccadic eye
movements, and the 5 mg dose produced a statistically sig-
nificant improvement in motor function. The adverse effects
of zolpidem included drowsiness and increased postural
instability and were more marked after a dose of 10 mg.
Zolpidem has been investigated in a multicenter, double-

blind, placebo-controlled, parallel-group, randomized study
in 138 adults, who were experienced air travelers (16). They
were randomized to zolpidem 10 mg or placebo for three
(or optionally four) consecutive nights, starting with the
first night-time sleep after travel. Sleep was assessed with
daily questionnaires. Compared with placebo, zolpidem
was associated with significantly improved sleep, longer
total sleep time, reduced numbers of awakenings, and
improved sleep quality. It was not associated with improve-
ment in sleep latency. No unexpected or serious adverse
events were reported and the most common adverse event
was headache in both groups.

Dose-comparing studies

Zolpidem 10 mg/day and zopiclone 7.5 mg/day, given at
night, have been compared in a 14-day, double-blind
study in 479 chronic primary insomniacs (17). With zolpi-
dem 68% of the patients were rated at least ‘‘moderately
improved,’’ versus 62% with zopiclone. However, with
zolpidem sleep-onset latency improved in significantly
more patients (86 versus 78%). In addition, significantly
fewer patients who took zolpidem had drug-related
adverse events (31 versus 45%); bitter taste accounted
for 5.8% of such complaints with zolpidem compared
with 40% with zopiclone. In conclusion, zolpidem was at
least as effective as zopiclone but showed significantly less
rebound on withdrawal; overall it was better tolerated.

Organs and Systems

Nervous system

Zolpidem 10 mg, temazepam 15 mg, and placebo have
been compared in 630 healthy adults in a multicenter
study (18). They were given 15 minutes before lights out,
with polysomnographic monitoring for 7.5 hours. Subjective
questionnaires and performance tests, including digit sym-
bol substitution and symbol copying, were administered
before and after sleep. Neither drug significantly reduced
objective sleep latency, but zolpidem reduced awakenings
compared with temazepam. Both improved sleep efficiency
and most subjective sleep measures, and zolpidem was
superior to temazepam in five of six subjective outcome
measures. Symbol copying, morning sleepiness, and morn-
ing concentration were not altered. Zolpidem 10 mg pro-
vided greater subjective hypnotic efficacy than temazepam
15 mg in this model of transient insomnia, with reduced
polysomnographic awakenings.
Zolpidem was identified in the blood of 29 subjects

arrested for impaired driving (19). In those in whom zolpi-
dem was present with other drugs and/or alcohol, the symp-
toms reported were generally those of nervous system
depression and included slow movements and reactions,
slow and slurred speech, poor coordination, lack of balance,
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flaccid muscle tone, and horizontal and vertical gaze nystag-
mus. In five subjects in whom zolpidem was the only drug
detected, signs of impairment included slow and slurred
speech, slow reflexes, disorientation, and lack of balance
and coordination. Therapeutic doses of zolpidem can affect
driving adversely, and concentrations above the target range
further impair both driving ability and consciousness.
Zolpidem 5 mg, zopiclone 3.75 mg, lormetazepam

1 mg, or placebo were given at night to 48 healthy volun-
teers aged 65 years or over (20). The study included four
treatment periods separated by wash-out periods of at
least 1 week. The results suggested that compared with
placebo, the active drugs increased body sway; however,
this effect disappeared after 5 hours with zolpidem, while
it disappeared only after 8 hours with lormetazepam and
zopiclone. None of the three drugs affected attention. In
learning tasks, there was impaired memory with lormeta-
zepam relative to both zolpidem and placebo. Zolpidem
had no significant effect on memory.
In in-patients aged 50 years or older who received

zolpidem as a hypnotic, 23 patients had respectively 16
and 10 adverse drug reactions possibly and probably
related to zolpidem use (19% incidence) (21). Of the
total 26 adverse drug reactions, 21 affected the nervous
system and occurred with both zolpidem 5 mg and 10 mg.
Zolpidem was withdrawn in 39% of those who had a
nervous system adverse drug reaction.

� A 28-year-old man sustained anoxic brain damage fol-
lowing an aborted cardiac arrest and subsequently
developed severe muscular rigidity and spasticity
involving all the limbs (22). The spasticity was refrac-
tory to the standard regimens used for spastic hyperto-
nia. Zolpidem dramatically inhibited muscular rigidity,
spasticity, and dystonic posturing in a dose-dependent
manner, resulting in a sustained improvement in global
performance over 4 years. The only adverse effects
were mild drowsiness and mild postural instability.

The authors postulated a central mechanism of action by
selective inhibition of GABAergic inhibitory neurons.
In a double-blind, placebo-controlled study in eight

healthy men, zolpidem 10 mg produced statistically sig-
nificant postural sway in the tandem stance test, and
triazolam 0.25 mg was statistically significant only as
defined by the polygonal area of foot pressure center
(23). Zolpidem, which has a minimal muscle-relaxant
effect, produced more imbalance than triazolam, which
is known for its muscle relaxant effect. The authors sug-
gested that in the use of hypnotics, sway derives from
suppression of the central nervous system relevant to
awakening rather than from muscle relaxation.

Psychological, psychiatric

Like the benzodiazepines, zolpidem can produce a variety
of paradoxical effects, including disturbances of mood,
perception, and behavior. In 192 surgical patients zolpi-
dem 8 mg but not 16 mg caused such effects, particularly
anxiety, 1 hour after administration (24).
The acute effects of zolpidem and triazolam have been

compared in 10 non-drug-abusing subjects using a Digit-

Enter-and-Recall task with varying delay intervals (9, 10,
and 20 seconds) (25). Zolpidem and triazolam impaired
performance as a function of dose after all intervals.
However, zolpidem produced significantly less impair-
ment than triazolam after the longest delay (20 seconds).
Zolpidem and triazolam produced comparable dose-
related impairment of the digit symbol substitution, cir-
cular lights, and picture recall/recognition tasks. The
results suggested that zolpidem may have less potential
than triazolam to impair recall, which may be due to
differences between these compounds in terms of their
benzodiazepine-receptor binding profiles.
Delirium has been attributed to zolpidem (26,27).

� A 26-year-old woman was treated at a psychiatric
inpatient unit for psychotic depression. She had neither
formal thought disorder nor perceptual disturbances
and was cognitively intact. Ten days later she was
stabilized on fluoxetine, risperidone, and benzatropine.
She then developed flu-like symptoms, and 3 days later
took zolpidem 10 mg to help her to sleep. After 30
minutes she was found agitated, confused, and ram-
bling, and wanted to go to the beach. Her speech was
disorganized and she had visual hallucinations. Her
gait was ataxic. There were no signs of meningeal
irritation. Her temperature was 37.3�C, her pulse 114/
minute, and her blood pressure 116/78 mmHg. When
she was evaluated the next morning, her delirium had
cleared and she made a full recovery.� An 86-year-old white woman with headaches and
diplopia took zolpidem 5 mg and about 2 hours later
became restless, disoriented, and physically agitated.
She was given haloperidol and needed restraining for
her own safety. Her symptoms resolved by day 5 and
she had no recollection of the incident. Rechallenge
was not attempted.

Following 8 hours of undisturbed night-time sleep, 80
subjects (50 men, 30 women) took oral zolpidem 0, 5, 10,
or 20 mg at 1000 h (20 per group) and then oral melatonin
0 or 5 mg at 1030 h (thus, 10 subjects per drug combina-
tion) (28). They napped from 1000 h to 1130 h, after
which they were given cognitive tests (Restricted
Reminding, Paired-Associates, and Psychomotor
Vigilance). They were tested again after a second nap
from 1245 to 1600 h. Melatonin 5 mg plus zolpidem
0 mg enhanced daytime sleep, with no memory or perfor-
mance impairment. Zolpidem 20 mg plus melatonin 0 mg
also enhanced daytime sleep (non-significantly), but
memory and vigilance were impaired. The authors con-
cluded that there were no advantages to using melatonin
plus zolpidem. Functional coupling of sleep-inducing and
memory-impairing effects may be specific to benzodiaze-
pine-receptor agonists such as zolpidem, suggesting
potential advantages to using melatonin in the opera-
tional environment.
In a double blind, placebo-controlled study in 36 young

healthy volunteers, zolpidem 5 or 10 mg increased N2 and
P3 latencies and reduced N2 and P3 amplitudes (29).
However, contrary to expectations, there was no change
in N1 while P2 amplitude was increased by the higher
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dose. The effects on N2 and P3 amplitudes and latencies
were similar to those of other hypnosedatives. However,
zolpidem unexpectedly increased P2 amplitude, which the
authors attributed to its selective receptor binding profile.
In a double-blind, crossover, randomized, placebo-con-

trolled study in 22 healthy volunteers, single doses of
zolpidem 10 mg and triazolam 0.25 mg had no effect on
the enhanced non-word recall observed after sleep or on
improvement in the performance of a digit symbol sub-
stitution test in subjects who slept (30). The authors con-
cluded that the hypnotics did not interfere with nocturnal
sleep-induced improvement in memory.
Visual hallucinations have been attributed to zolpidem.

� A 50-year-old woman, who had taken one conjugated
estrogen tablet daily for hormone replacement therapy
and tricalcium phosphate twice daily for osteoporosis,
took zolpidem 10 mg for insomnia and paracetamol
500 mg for a headache at bedtime (31). She began to
have visual hallucinations within 20 minutes, lasting for
about 30 minutes, and then her vision returned to
normal. She only partially recalled the event. She had
never taken zolpidem before and had not had any such
disturbances in the past.

A paranoid syndrome has been attributed to zolpidem.

� A 67-year-old former teacher with no significant psy-
chiatric history developed progressively worsening
confusion, agitation, rapid speech, poor sleep, limited
appetite, flight of ideas, and increasingly disorganized
and paranoid thoughts (32). Her only medication was
zolpidem, 10 mg at bedtime, which had been started 6
weeks earlier. Routine laboratory tests and a CT head
scan were normal. The outcome was not reported.

Liver

Liver damage has been attributed to zolpidem (33).

� A 53-year-old woman first took zolpidem for insomnia
in July 1996. In September 1996 she again took zolpidem
20 mg/day and 2 days later had developed sudden epi-
gastric pain associated with pale stools and dark urine
but no fever; she stopped taking zolpidem and the
abdominal pain resolved spontaneously within 12
hours. In April 1997, she had another episode of abdom-
inal pain after taking zolpidem. Eleven days later her
serum alanine transaminase and gamma-glutamyltran-
speptidase activities were 50 IU/l and 89 IU/l respec-
tively. In June 1997 ultrasound showed a normal biliary
tract. Viral hepatitis and concurrent infections with
Epstein-Barr virus and cytomegalovirus were excluded.

Long-Term Effects

Drug abuse

There has been a literature review of the abuse potential
of zolpidem (34). There were 15 published cases of abuse
or dependence. In six patients the abuse was secondary to
other forms of abuse or dependence. The authors con-
cluded that the abuse potential of zolpidem is much less

than with other hypnotics and that it is also safer than
conventional hypnotics. Patients with a history of other
substance abuse may be considered as being at risk of
later abuse of zolpidem.
However, there is a risk of abuse and dependence from

chronic use of zolpidem in high doses (35).

� A 67-year-old Caucasian woman, who had previously
been treated for depression, anxiety, and insomnia, as
well as alcohol, barbiturate, and benzodiazepine depen-
dence, was given zolpidem 10 mg at bedtime for insom-
nia. She increased the dose without the knowledge of her
physicians, using up to 100 mg/day for 1.5 years, alter-
nating it with various benzodiazepines obtained from
multiple physicians when zolpidem was unobtainable.
She developed severe generalized tremor, psychomotor
agitation, facial flushing, and anxiety, despite taking
chlordiazepoxide 300 mg in divided doses during the
first 24 hours of detoxification. A tapering dose of zolpi-
dem was initiated and the chlordiazepoxide was tapered.
Her symptoms completely subsided within 30 minutes of
a single dose of zolpidem 15 mg.

Drug dependence

Four cases of former drug or alcohol abusers with person-
ality disorders have been described; all developed depen-
dence while taking high doses of zolpidem (36).
A rare case of physical and psychological addiction to

an excessive dose of zolpidem and subsequent detoxifica-
tion using diazepam has been reported.

� A 46-year-old white man with a history of polysub-
stance abuse took for zolpidem for 2 years and gradu-
ally increased the total dosage to about 400 mg/day in
divided doses; he was detoxified using a standard ben-
zodiazepine 7-day diazepam tapering regimen (37).

Drug withdrawal

Zaleplon has been compared with zolpidem 10 mg and
placebo in 615 adult outpatients with insomnia (38). After
a 7-night placebo (baseline) period, the patients were
randomly assigned to receive one of five treatments in
double-blind fashion for 28 nights (zaleplon 5, 10, or
20 mg; zolpidem 10 mg; or placebo), followed by placebo
for 3 nights. Sleep latency, sleep maintenance, and sleep
quality were determined from sleep questionnaires each
morning. Rebound insomnia and withdrawal effects on
withdrawal were also assessed. After withdrawal of zolpi-
dem, the incidence of withdrawal symptoms was signifi-
cantly greater than after withdrawal of placebo, and there
was suggestion of significant rebound insomnia in some
patients who had taken zolpidem compared with placebo.
The frequency of adverse events in the active treatment
groups did not differ significantly from that in the placebo
group.
Withdrawal-induced seizures have been described in a

woman taking various benzodiazepines and zolpidem
(39).

� A 43-year-old woman had had insomnia since she was a
child. At the age of 15 benzodiazepine therapy improved
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her sleeping, but when she gradually stopped taking
benzodiazepines the insomnia returned after a few
days. At the age of 26 she was abusing several benzo-
diazepines, including diazepam and flunitrazepam. At
the age of 30 she was taking high doses of bromazepam
every evening before going to sleep. After 1 month, she
abruptly stopped taking bromazepam and during with-
drawal had an epileptic seizure. During the next few
years, she had periods of relative well-being, but also
two further periods of benzodiazepine abuse, both
resulting in seizures after withdrawal. Finally, a physi-
cian prescribed zolpidem. Two months later she
increased the dose to 450–600 mg/day. After another
month of abuse, she was forced by an unexpected
event to discontinue the zolpidem and 4 hours later
had an epileptic seizure, similar to the previous ones.
She started taking zolpidem again, the drug abuse con-
tinued, and her fits settled. Six months later she under-
went a planned program of zolpidem withdrawal.

Susceptibility Factors

Hepatic disease

The adverse effects of zolpidem can be enhanced in hepa-
tic cirrhosis (40).

� A 41-year-old white man developed postoperative com-
plications 11 months after liver transplantation. His
mental status began to deteriorate secondary to hepatic
encephalopathy. One day before admission he was given
zolpidem 5 mg for sleep and 1 hour later he awoke in a
stupor and was not oriented to place or time. He became
increasingly incoherent and verbally abusive.

Although this patient’s worsening mental state could have
been explained by the natural history of the encephalo-
pathy, it is possible that zolpidem exacerbated his decline.

Drug Administration

Drug dosage regimens

A review of six studies in over 4000 patients has suggested
that non-nightly administration of zolpidem is effective
and does not appear to be associated with withdrawal
symptoms or dose escalation (41). On the other hand, a
case report has suggested that stopping and restarting
zolpidem can trigger visual hallucinations; the same phe-
nomenon was observed three times in a healthy 23-year-
old Chinese woman (42).

Drug overdose

Two deaths due to acute intentional zolpidem overdose
have been reported (43).

� A 36-year-old woman with a history of psychiatric ill-
ness, including paranoid disorder, depression with
panic episodes, and stress disorder, was found dead in
bed. Caffeine, risperidone, and zolpidem were found in
her urine.

� A 58-year-old woman with a history of hypertension
and mental illness (manic depression and schizophre-
nia) was found dead in bed, with white foam around
her mouth. Zolpidem and carbamazepine were found
in her urine.

The cause of death in both cases was thought to have been
acute zolpidem overdose, but it is not clear how risper-
idone and carbamazepine could have been excluded as
possible contributors.

� A 44-year-old white man, who had had major depres-
sion and anxiety disorder for 25 years, became drowsy
after swallowing 20 tablets (10 mg) of zolpidem (44).
He was not taking any other medications at the time. A
few hours later he became unresponsive and comatose
and developed respiratory depression with hypoxia
and mild hypercapnia. He subsequently made a full
recovery after appropriate medical support.

Drug–Drug Interactions

Antifungal imidazoles

Potential interactions of zolpidem with three commonly
prescribed azole derivatives (ketoconazole, itraconazole,
and fluconazole) have been evaluated in a controlled
clinical study. Co-administration of zolpidem with keto-
conazole impaired zolpidem clearance and enhanced its
benzodiazepine-like agonist pharmacodynamic effects.
Itraconazole and fluconazole had a small effect on zolpi-
dem kinetics and dynamics. The findings were consistent
with in vitro studies of differentially impaired zolpidem
metabolism by azole derivatives (45).
Similarly, itraconazole 200 mg did not alter the phar-

macokinetics and pharmacodynamics of zolpidem 10 mg
in 10 healthy volunteers (46). Therefore, unlike triazolam,
zolpidem may be used in normal or nearly normal doses
together with itraconazole.

Drugs that compete for hepatic oxidative
pathways

Omeprazole, like cimetidine, can impair benzodiazepine
metabolism and lead to adverse effects (SEDA-18, 43).
Other drugs, including antibiotics (erythromycin, chloram-
phenicol, isoniazid), antifungal drugs (ketoconazole, itraco-
nazole, and analogues), some SSRIs (fluoxetine, paroxetine),
other antidepressants (nefazodone), protease inhibitors
(saquinavir), opioids (fentanyl), calcium channel blockers
(diltiazem, verapamil), and disulfiram also compete for hepa-
tic oxidativepathways thatmetabolizemost benzodiazepines,
as well as zolpidem, zopiclone, and buspirone (SEDA-22, 39)
(SEDA-22, 41).

Fluoxetine

The possible pharmacokinetic and pharmacodynamic
interactions of repeated nightly zolpidem dosing with
fluoxetine were evaluated in 29 healthy women. There
were no clinically significant pharmacokinetic or pharma-
codynamic interactions (47).
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Rifampicin

Rifampicin, and presumably other CYP3A inducers,
reduces concentrations of zolpidem (SEDA-22, 42).

Ritonavir

The inhibitory effect of ritonavir on the biotransformation of
triazolam and zolpidem has been investigated (48). Short-
term, low-dose ritonavir produced a large and significant
impairment of triazolam clearance and enhancement of its
clinical effects. In contrast, ritonavir produced small and
clinically unimportant reductions in zolpidem clearance.
The findings are consistent with the complete dependence
of triazolamclearanceonCYP3Aactivity, comparedwith the
partial dependence of zolpidem clearance on CYP3A.

Sertraline

Interactions between zolpidem and sertraline have been
studied in 28 healthy women, who took a single dose of
zolpidem alone and five consecutive doses of zolpidem
10 mg while taking chronic doses of sertraline 50 mg (49).
Co-administration of sertraline 50 mg and zolpidem
10 mg was safe but could result in a shortened onset of
action and increased effect of zolpidem.

Valproic acid

An interaction of zolpidem with valproic acid has been
reported.

� A 47-year-old white man with a history of bipolar
disorder, who was taking citalopram 40 mg/day and
zolpidem 5 mg at bedtime, developed manic symptoms
and was given valproic acid (50). Soon after this, he
had episodes of somnambulism, which stopped when
valproic acid was withdrawn. On rechallenge with val-
proic acid, the somnambulism returned.

This appears to be the first report in which the interaction
of valproic acid with zolpidem led to somnambulism.
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Zopiclone

General Information

Although it is chemically distinct to the benzodiazepines,
zopiclone, a cyclopyrrolone, has similar pharmacology,
binding close to the same site of the GABA receptor–
chloride channel complex.
Zopiclone has beenwidely used as a hypnotic, comparable

to estazolam (1), and appears to be relatively safe in over-
dose. It has no adverse effects that would not be expected
from its pharmacological and pharmacokinetic properties,
with three exceptions: bitter taste (in 3.6%of 20 513 patients)
and, like zolpidem, increased risks of gastrointestinal distur-
bances and visual hallucinations (2,3). Subchronic zopiclone
produces minimal changes in the sleep electroencephalo-
gram (4), a potential advantage over benzodiazepines, and
in direct comparisons was at least as effective as triazolam or
flunitrazepam, with no rebound insomnia after 1 month
(SEDA-19, 37). On the other hand, longer administration
of zopiclone can cause physical dependence (5), emphasizing
the importance of restricting treatment duration. Likewise,
its potential for abuse and release of aggression (6) is similar
to that of the benzodiazepines (SEDA-17, 47).
Hypnotics need to be prescribed appropriately, and

guidance has been published (7). In particular, treatable
causes for insomnia, such as psychiatric disorders and
physical illnesses, need to be identified and treated before
prescribing hypnotics.

Organs and Systems

Nervous system

In a two-part, placebo-controlled, crossover comparison
of the effects of zopiclone and zaleplon on car driving,
memory, and psychomotor performance, zaleplon 10 mg
had no residual effect on driving when taken at bedtime,
10 hours before driving (8). In contrast, zopiclone 7.5 mg
caused marked residual impairment. Patients should be
advised to avoid driving the morning after taking zopi-
clone.
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Further concern that zolpidem can impair performance
comes from a Chinese study (9). Zopiclone 7.5 mg, but
not triazolam 2.5 mg, impaired simulated flight perfor-
mance 2 hours and 3 hours after a dose at midday and
sleeping for 1 hour; performance recovered after 4 hours.

Endocrine

The syndrome of inappropriate secretion of antidiuretic
hormone has been attributed to zopiclone (10).

� A woman with a 2-week history of insomnia took
zopiclone 7.5 mg nightly and over the next 9 days
became confused, lethargic, and depressed, culminat-
ing in an overdose of six zopiclone tablets. Her pre-
vious medical history included hypertension and two
episodes of diuretic-induced SIADH. Her serum
sodium was 129 mmol/l and 4 days later fell to
113 mmol/l. Her serum osmolality was low
(240 mmol/kg) and her urine sodium was 20 mmol/l.
The serum sodium returned to normal 12 days after
withdrawal of zopiclone.

The rapid resolution of symptoms and correction of the
hyponatremia after withdrawal was consistent with an
effect of zopiclone.

Long-Term Effects

Drug withdrawal

The acute polysomnographic effects of withdrawal of
standard doses of zopiclone (n = 11), zolpidem (n = 11),
triazolam (n = 10), and placebo (n = 7) have been studied
in healthy men (11). They took zopiclone 7.5 mg, zolpi-
dem 10 mg, triazolam 0.25 mg, or placebo for 4 weeks in
double-blind, randomized order. Sleep EEG was per-
formed. Total sleep time and sleep efficiency were lower
in the first night after withdrawal of triazolam. After
withdrawal from zopiclone or zolpidem there were slight
but not significant rebound effects. Self-rating scales
showed minimal rebound insomnia after withdrawal of
all three hypnotics. In the placebo group there were no
changes in sleep. These results suggest that the risks of
tolerance and dependency are low after short-term zopi-
clone or zolpidem in the recommended doses.

Drug Administration

Drug overdose

� A 72-year-old with respiratory debilitation due to
bronchogenic carcinoma died after taking zopiclone
about 200–350 mg (12).

Drug–Drug Interactions

Nefazodone

An 86-year-old white woman taking nefazodone for
depression started to take zopiclone for insomnia, but

subsequently had morning drowsiness (13). The plasma
concentration of zopiclone was measured 8 hours after
administration on two occasions, during and after nefazo-
done therapy. After withdrawal of nefazodone, the
plasma concentration of the S-enantiomer of zopiclone
fell from 107 to 17 ng/ml, while the plasma concentration
of the R-enantiomer fell from 21 to 1.5 ng/ml.

The substantial fall in plasma zopiclone concentration
after withdrawal of nefazodone probably reflected a drug
interaction due to inhibition of CYP3A4 by nefazodone
(14). Despite the normally short half-life of zopiclone, the
residual sedation initially observed in this case suggests
that the interaction had clinical significance.
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AMPHETAMINES

See also Dexamfetamine,
Methylenedioxymetamfetamine

General Information

Note on spelling

In International Non-proprietary Names the digraph -ph-
is usually replaced by -f-, although usage is not consistent,
and -ph- is used at the beginnings of some drug names (for
example, compare fenfluramine and phentermine) or
when a name that beings with a ph- is modified by a prefix
(for example, chlorphentermine). For the amphetamines
we have used the following spellings: amfetamine, benz-
fetamine, dexamfetamine, metamfetamine (methylam-
phetamine), and methylenedioxymetamfetamine
(ecstasy).
Dexamphetamine, metamfetamine, and methylene-

dioxymetamfetamine (MDMA, ecstasy) are covered in
separate monographs.

Pharmacology and general adverse effects

Amfetamine is a sympathomimetic compound derived
from phenylethylamine. However, the word ampheta-
mines has become generic for the entire group of related
substances, including benzfetamine, dexamfetamine,
metamfetamine, and methylenedioxymetamfetamine
(MDMA, ecstasy). Metamfetamine, a popular drug of
abuse, is also known as ‘‘speed,’’ ‘‘meth,’’ ‘‘chalk,’’
‘‘crank,’’ ‘‘ice,’’ ‘‘crystal,’’ or ‘‘glass.’’ Other amfetamine-
like drugs include fenfluramine (used as an appetite sup-
pressant) and methylphenidate (used in narcolepsy and
attention deficit hyperactivity disorder (ADHD)). When
it was first introduced, one of the most frequent uses of
amfetamine was as an anorexigenic agent in the treatment
of obesity. A number of anorectic agents, many of them
related to amfetamine, have since been manufactured.
Most are stimulants of the central nervous system; in
descending order of approximate stimulatory potency,
they are dexamfetamine, phentermine, chlorphentermine,
mazindol, amfepramone (diethylpropion), and fenflura-
mine.
The amfetamine epidemic of the 1960s and early 1970s

has now been superseded by cocaine abuse in the USA
and many other Western countries. Realization of the risk
of abuse and of dependence has led to the present attitude
that there may be only a restricted place for ampheta-
mines in medicine. Perhaps low-dose, short-term use in
combating fatigue and altering depressed mood could be
justified, but only for specific indications and under con-
tinuous medical supervision. However, in the USA there
has been a resurgence of metamfetamine abuse on the
West coast and in the Southwest and Midwest. This geo-
graphical distribution is thought to reflect the traffic from

Mexico of ephedrine, a precursor for the synthesis of
metamfetamine in the quick-bake method. Because pri-
mitive labs can be established in trailers, the spread to
adjacent locals has been very rapid, resulting in escalation
of migrating epidemics.
Adverse effects of ‘‘catecholaminergic stimulants,’’

such as amfetamine and cocaine, fall into several cate-
gories, based on dose, time after dose, chronicity of use,
and pattern of use/abuse (for example 4–5 day bingeing
episodes). Adverse effects include not only responses
during the period of use but also intermediate and long-
term residual effects after withdrawal. For example, in
some abusers once an amfetamine psychosis has devel-
oped with chronic abuse, only one or two moderate doses
are required to induce the full-blown psychosis in its
original form, even long after withdrawal (1). This is
also evidenced by the precipitous slide to severe re-addic-
tion in former abusers who are re-introduced to stimu-
lants.
Even with therapeutic use of stimulants, usually in

moderate doses, careful monitoring for emergent psycho-
sis, agitation, and abuse is important. Periodic checks for
monodelusional syndromes are important with doses in
the mid-to-high range (2).
The use of amfetamine-type stimulants for depression,

fatigue, and psychasthenia has fallen into disfavor since
the early 1970s, because of the potential for abuse and the
low rates of success, especially after tolerance is estab-
lished. However, there have been reports and reviews of
successes in carefully selected groups of patients (3–5).
The underlying symptoms of patients who respond to
stimulants are mild anhedonia, lack of mental and physi-
cal energy, easy fatiguability, and low self-esteem, but in
the absence of the marked depressed mood disturbance,
guilt, and hopelessness that are associated with major
depression. Examples include patients with dysthymic
disorders, medically ill patients (especially after a stroke),
depressed patients, hospitalized cancer patients, and
patients with significant cardiovascular disorders, all of
whom can have anergia and easy fatiguability. HIV-
related neuropsychiatric symptoms, including depression,
respond to psychostimulants (4–6). Withdrawn apathetic
geriatric patients without major dementia have positive
responses (7). General adverse effects, such as tachycar-
dia and agitation, are relatively mild and all reverse on
withdrawal (SEDA-17, 1). The combination of stimulants
with monoamine oxidase inhibitors in treatment-resistant
depressed patients has been reported (8). However, this
use should be restricted to patients in whom there is
careful monitoring by specialists, because of the potential
for hypertensive crisis.
The relative reinforcing effects or abuse potential of

these drugs is thought to be related to their potency in
releasing dopamine from nerve terminals, compared with
serotonin release. Amfetamine, metamfetamine, and
phenmetrazine are potent dopamine releasers with high
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euphoriant and stimulant properties, whereas the com-
pounds with halide substitution in the phenol ring, for
example chlorphentermine, are more potent releasers of
serotonin and have greater sedative action in anorectic
doses. Thus, in summary, those drugs with relatively
strong serotonergic to dopaminergic releasing properties
seem to provide anorectic effects without euphoria,
except at high doses, and might be considered first in
any patient who has potential for abuse (2,9,10).
In a study of extended treatment (15 months) of

ADHD, amfetamine was clearly superior to placebo in
reducing inattention, hyperactivity, and other disruptive
behavioral problems. The treatment failure rate was con-
siderably lower and the time to treatment failure was
longer in the treated group; adverse effects were few
and relatively mild (11).
There is an association between the illicit use of

metamfetamine and traumatic accidents. A retrospective
review of trauma patients in California showed that
metamfetamine rates doubled between 1989 and 1994,
while cocaine showed a minimal increase and alcohol a
fall. Metamfetamine-positive patients were most likely to
be Caucasian or Hispanic and were most commonly
injured in motor vehicle collisions. The authors recom-
mended intervention strategies, similar to those used for
preventing alcohol consumption and driving, in order to
minimize morbidity and mortality (12).
Traumatic shock can be complicated by metamfeta-

mine intoxication (13). Identifying the cause of shock is
a key step in the management of patients with severe
injuries. This is a challenge, because shock is occasionally
caused by more than one mechanism; among the many
causes, metabolic derangement attributable to drug abuse
should be considered, and masked metabolic acidosis may
be a clue to metamfetamine intoxication (14). With the
increased emergence of metamfetamine abuse, clinicians
should consider it in the differential diagnosis of any
patient exhibiting violence, psychosis, seizures, or cardio-
vascular abnormalities.

Organs and Systems

Cardiovascular

Tachycardia, dysrhythmias, and a rise in blood pressure
have been described after the administration of centrally
acting sympathomimetic amines. Amfetamine acutely
administered to men with a history of amfetamine abuse
enhanced the pressor effects of tyramine and noradrena-
line, while continuous amfetamine led to tolerance of the
pressor response to tyramine. As with intravenous
amphetamines, cardiomyopathy, cardiomegaly, and pul-
monary edema have been reported with smoking of crys-
tal metamfetamine (15–17).
The cardiovascular response to an oral dose of d-amfe-

tamine 0.5 mg/kg has been determined in 81 subjects with
schizophrenia, 8 healthy controls who took amfetamine,
and 7 subjects with schizophrenia who took a placebo
(18). Blood pressure increased in both amphetamine
groups, whereas placebo had no effect. However, pulse

rate did not change in the schizophrenic group and only
increased after 3 hours in the controls. Intramuscular
haloperidol 5 mg produced a more rapid fall in systolic
blood pressure in six subjects, compared with 12 subjects
who did not receive haloperidol. The authors concluded
that increased blood pressure due to amfetamine may
have a dopaminergic component. They also suggested
that haloperidol may be beneficial in the treatment of
hypertensive crises caused by high doses of amfetamine
or metamfetamine.
Two cases of myocardial infarction after the use of

amfetamine have been reported (19,20).

� A 34-year-old man who smoked a pack of cigarettes a
day took amfetamine for mild obesity. He developed
an acute myocardial infarction 1 week later.
Echocardiography showed inferior left ventricular
hypokinesia and a left ventricular ejection fraction of
50%. Coronary cineangiography showed normal cor-
onary arteries but confirmed the inferior left ventricu-
lar hypokinesia. Blood and urine toxicology were
positive only for amfetamine.� A 31-year-old man developed generalized discomfort
after injecting four doses of amfetamine and metamfeta-
mine over 48 hours, but no chest pain or tightness or
shortness of breath. Electrocardiography showed
inverted T-waves and left bundle branch block.
Echocardiography showed reduced anterior wall motion.

The authors reviewed other reported cases of myocardial
infarction associated with amphetamines. The patients
were in their mid-thirties and most were men. The inter-
val from the use of amphetamines to the onset of symp-
toms varied from a few minutes to years. No specific
myocardial site was implicated. Coronary angiography in
most cases showed non-occlusion. The cause of myocar-
dial ischemia in these cases was uncertain, even though
coronary artery spasm followed by thrombus formation
was considered the most likely underlying mechanism.
Some have suggested that electrocardiographic and bio-
chemical cardiac marker testing should be considered in
every patient, with or without symptoms suggesting acute
coronary syndrome, after the use of amphetamines.
Others have suggested that calcium channel blockers
may play an important role in the treatment of myocar-
dial infarction due to amfetamine use or abuse. In one
patient, administration of beta-blockers caused anginal
pain, suggesting that they should be avoided. All the
patients except one had a good outcome.
Coronary artery rupture has been associated with amfe-

tamine abuse (21).

� A 31-year-old woman suddenly developed central
chest pain, with a normal electrocardiogram. Changes
in troponin and creatine kinase MB were consistent
with acute myocardial infarction. Drug screening was
positive for amphetamines and barbiturates. Coronary
angiography showed an aneurysm with 99% occlusion
of the proximal left circumflex coronary artery and
extravasation of contrast material. A stent was inserted
percutaneously and antegrade flow was achieved with-
out residual stenosis.
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An uncommon presentation of amfetamine-related
acute myocardial infarction due to coronary artery
spasm has been reported (22).

� A 24-year-old man developed an acute myocardial
infarction involving the anterior and inferior walls
within 3 hours of taking intravenous amfetamine. A
coronary angiogram showed plaques in the mid-por-
tion of the left anterior descending artery, which devel-
oped spasm after the administration of intracoronary
ergonovine. He was discharged after treatment with
verapamil, isosorbide mononitrate, and aspirin. He
subsequently developed early morning chest tightness
2 weeks, 1 month, 2 months, and 9 months after dis-
charge. On each occasion he left against medical
advice.

These findings suggest that coronary artery plaques
played a role in endothelial dysfunction resulting from
amfetamine use, and that induction of coronary artery
spasm, a finding not reported before, was the likely
mechanism of amfetamine-related acute myocardial
infarction.
During short-term treatment with a modified-release

formulation of mixed amfetamine salts in children with
ADHD, changes in blood pressure, pulse, and QTc inter-
val were not statistically significantly different from the
changes that were seen in children with ADHD taking
placebo (23). Short-term cardiovascular effects were
assessed during a 4-week, double-blind, randomized, pla-
cebo-controlled, forced-dose titration study with once-
daily mixed amfetamine salts 10, 20, and 30 mg (n ¼
580). Long-term cardiovascular effects were assessed in
568 subjects during a 2-year, open extension study of
mixed amfetamine salts 10–30 mg/day. The mean
increases in blood pressure after 2 years of treatment
(systolic 3.5 mmHg, diastolic 2.6 mmHg) and pulse (3.4/
minute) were clinically insignificant. These findings differ
from previously reported linear dose-response relations
with blood pressure and pulse with immediate-release
methylphenidate during short-term treatment (24).
These differences may be attributable to differences in
timing between dosing and cardiovascular measurements
or to differences in formulations. Both amphetamine and
methylphenidate have sympathomimetic effects that can
lead to increases in systolic blood pressure and diastolic
blood pressure at therapeutic doses, although the sizes of
the effects on blood pressure may differ (25).
Vertebral artery dissection has been described in a

previously healthy man with a 3-year history of daily
oral amfetamine abuse (26).

� A healthy 40-year-oldhanded man presented with a 3-
day history of an occipital headache and imbalance. He
had a 3-year history of daily oral amfetamine abuse
with escalating quantities, the last occasion being 12
hours before the onset of the symptoms. He had a
history of ‘‘speed’’ abuse and a 20-pack-year history
of tobacco use. He had mild right arm dysmetria with-
out ataxia. His brain CT scan without contrast was
normal. He then developed nausea, vomiting, visual
loss, and progressive obtundation. He had

hypertension (160/90 mmHg), bilateral complete
visual loss, right lower facial weakness, mild dysarthria
without tongue deviation, divergent gaze attenuated by
arousal, bilateral truncal and appendicular dysmetria
with inability to stand and walk, and generalized sym-
metrical hyper-reflexia with extensor plantar reflexes.
His urine screen was positive for metamfetamine. A
brain MRI scan showed infarction of both medial tem-
poral lobes, the left posteromedial thalamus, and the
right superior and left inferior cerebellum. Magnetic
resonance angiography and fat saturation MRI showed
reduced flow in the left vertebral artery and a ring of
increased signal within its lumen, consistent with
hematoma and dissection. He was treated with antic-
oagulants and made a partial recovery.

Since this patient had no known risk factors for vertebral
artery dissection and had abused amfetamine daily for 3
years with escalating amounts, an association between
metamfetamine and vertebral artery dissection cannot
be excluded. The local and systemic vascular impacts of
amfetamine could have contributed to initial changes
(along with smoking), resulting in dissection.
Of the other central stimulants, aminorex, doxapram, fen-

fluramine, and fenfluramine plus phentermine can cause
chronic pulmonary hypertension, as can chlorphentermine,
phentermine, phenmetrazine, and D-norpseudoephedrine
(SED-9, 8). A genetic predisposition may be involved
(SED-9, 8). Pulmonary hypertensionmay develop or be diag-
nosed a long time after the drug has been withdrawn.

Nervous system

Metamfetamine toxicity in infants can mimic scorpion
(Centruroides sculpturatus) envenomation (27,28).
However, the neurotoxic effect of envenomation can be
distinguished from amfetamine-induced toxicity by the
presence of cholinergic stimulation in scorpion enveno-
mation, producing hypersalivation, bronchospasm, fasci-
culation of the tongue, purposeless motor agitation,
involuntary and conjugate slow and roving eye move-
ments, and often extraocular muscle dysfunction (29).
Failure of the antivenin would bring scorpion neurotoxi-
city into great question (30).
Concentrations of metamfetamine and its metabolite

amfetamine were measured in autopsied brain regions of
14 human metamfetamine abusers (31). There was no
evidence of variation in the regional distribution of
amphetamines in the brain. Post-mortem redistribution
of metamfetamine in the heart and lung has been
reported before, although peripheral blood concentra-
tions appear to remain constant (32,33).

Stereotyped behavior

A type of automatic behavior, which can continue for hours,
has been observed in addicts who inject large doses of central
nervous system stimulants. Dyskinesias can occur, with
strange facial and tongue movements or jerky motions of
the arms and legs and a never-ending repetition of certain
actions. Such stereotyped activity is induced in laboratory
animals with high doses of amfetamine.
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Amphetamines and brain damage

The question of whether amphetamines in large doses can
cause permanent brain damage has repeatedly been
raised by animal studies (34,35), but definitive studies in
man have not been performed. Vasculitis of large elastic
vessels, found in chronic animal studies, has been
reported to involve the internal carotid artery in man
(36); intravenous administration is secondarily impli-
cated. In man and animals, behavioral changes continue
for several months after withdrawal of amphetamines;
chronic residual changes have been reported mainly in
monoaminergic neurons or terminals, either as structural
changes or as residual depletion of monoamines and
synthesizing enzymes (37). In post-mortem studies
(38,39) chronic metamfetamine abusers had significantly
lower concentrations of dopamine, tyrosine hydroxylase,
and dopamine transporters in the caudate and putamen. It
has been suggested that the reduced dopamine concentra-
tions (up to 50% of control), even if not indicative of
neurotoxicity, are consistent with amotivational changes
reported by metamfetamine abusers after withdrawal
(38).
Metamfetamine-induced neurotoxicity in animals,

especially involving effects on the mitochondrial mem-
brane potential and electron transport chain and subse-
quent apoptotic cascade, has been comprehensively
reviewed (40). Metamfetamine increases the activity of
dopamine, mainly by inhibiting the dopamine transporter.
However, this does not explain why psychosis persists
even when the metamfetamine is no longer present in
the body (41). Chronic metamfetamine use has been
reported to reduce dopamine transporter density in the
caudate/putamen and nucleus accumbens. However, pre-
vious studies have been criticized for not controlling for
other drug use.
Dopamine transporter density in the brain has been

investigated during a period of abstinence in 11 metamfe-
tamine monodrug users and nine healthy subjects, all men
(42). The dopamine transporter density of metamfeta-
mine users was significantly lower in the caudate/puta-
men, nucleus accumbens, and prefrontal cortex than in
the controls. The severity of psychiatric symptoms corre-
lated with the duration of metamfetamine use. The reduc-
tion in dopamine transporter density in the caudate/
putamen and nucleus accumbens was significantly asso-
ciated with the duration of metamfetamine use and clo-
sely related to the severity of persistent psychiatric
symptoms. The reduction in dopamine transporters may
be long lasting, even if metamfetamine is withdrawn.
Only some metamfetamine users develop psychosis,

not all (41). In laboratory animals, metamfetamine is
toxic to dopamine terminals. In 15 subjects (six men and
nine women, mean age 32 years), who met the criteria for
metamfetamine abuse, and 18 healthy volunteers (12 men
and six women), there was a significant reduction in the
number of dopamine transporters in detoxified metamfe-
tamine abusers compared with controls (mean values of
28% in the caudate and 21% in the putamen) (43). This
was associated with poor motor and memory perfor-
mance. The reductions in dopamine transporters in the

metamfetamine abusers were smaller than those found in
patients with Parkinson’s disease and occurred in subjects
who had been abstinent for 11 months. Since significant
reductions in dopamine transporters occur with both age
and metamfetamine use, it is possible that metamfeta-
mine will be associated with a higher risk of parkinsonian
symptoms in abusers later in life.
Glucose metabolism in the brain has been studied using

positron emission tomography after administration of 18F-
fluorodeoxyglucose, to look for evidence of functional
changes in regions other than those innervated by dopa-
mine neurons in 15 detoxified metamfetamine abusers
and 21 controls (44). Whole-brain metabolism in the
metamfetamine abusers was 14% higher than in the con-
trols. The difference was largest in the parietal cortex
(20%), but there was significantly lower metabolism in
the thalamus (17%) and striatum (12% caudate and 6%
putamen). The authors suggested that metamfetamine, in
doses abused by humans, causes long-lasting metabolic
changes in brain regions connected with dopamine path-
ways, but also in areas that are not innervated by dopa-
mine.
The effects of protracted abstinence on loss of dopa-

mine transporters in the striatum in five metamfetamine
abusers have been evaluated during short-term absti-
nence and then retested during protracted abstinence
(12–17 months) (45). The dopamine transporters
increased in number, providing hope for effective treat-
ment; however, this regeneration was not sufficient to
provide complete functional recovery, as measured by
neuropsychological tests.
Chronic amfetamine abusers, chronic opiate abusers,

and patients with focal lesions of the orbital prefrontal
cortex or dorsal lateral/medial prefrontal cortex were
subjected to a computerized decision-making task, in
order to compare their capacity for making decisions
(46). Chronic amfetamine abusers made suboptimal deci-
sions (correlated with years of abuse) and deliberated
significantly longer before making their choices. The opi-
ate abusers had only the second of these behavioral
changes. Both the suboptimal choices and the increased
deliberation times were also evident in patients with
damage to the orbital frontal prefrontal cortex but not
other areas. These data are consistent with the hypothesis
that chronic amfetamine abusers have similar decision-
making deficits to those seen after focal damage to the
orbital frontal prefrontal cortex.
The use of proton magnetic resonance scanning (1H

MRS) in detecting long-term cerebral metabolite
abnormalities in abstinent metamfetamine users has
been studied in 26 subjects (13 men) with a history of
metamfetamine dependence (mean age 33 years) and 24
healthy subjects with no history of drug dependence (47).
The neuronal marker N-acetylaspartate was reduced by
6% in the frontal white matter and by 5% in the basal
ganglia of the abstinent metamfetamine users. N-acety-
laspartate is a marker for mature neurons, and reducedN-
acetylaspartate is thought to indicate reduced neuronal
density or neuronal content. According to the authors,
these findings suggest neuronal loss or persistent neuronal
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damage in the absence of significant brain atrophy in
metamfetamine users. They speculated that these
abnormalities may underlie the persistent abnormal
forms of behavior, such as violence, psychosis, and per-
sonality changes, seen in some individuals months or even
years after their last drug use. Metamfetamine users in the
study also had increased concentrations of choline-con-
taining compounds and myoinositol in the frontal gray
matter. Myoinositol is a glial cell marker, while the
increase in choline-containing compounds reflects
increased cell membrane turnover. Thus, these increases
in the frontal cortex in drug users may have reflected glial
proliferation (astrocytosis). The authors suggested that
the finding of reduced N-acetylaspartate accompanied
by increased myoinositol, which has been observed in
many active brain disorders, indicated glial proliferation
in response to neuronal injury. However, they noted that
neurotoxicity may not be present in subjects who use
amounts of the drugs that are much lower than the
amounts used by the chronic abusers they studied. They
suggested that future studies should observe whether
treatments or long periods of abstinence could reverse
these abnormalities.
These findings have given further support to an earlier

observation of long-term neurotoxicity associated with
MDMA (ecstasy) in animals (SEDA-14, 3). However, it
is uncertain whether the reported abnormalities sugges-
tive of neuronal damage are reversible despite continued
treatment or beyond 21 months of abstinence.

Dyskinesias

Although controversial, there is a growing consensus that
stimulants can provoke, cause, or exacerbate Gilles de la
Tourette’s syndrome (SEDA-7, 10), based on the obser-
vation that stimulants such as the amphetamines, methyl-
phenidate, and pemoline facilitate dopamine retention in
the synaptic cleft. There is much evidence that in children
with ADHD vulnerable to Tourette’s syndrome, stimu-
lants exacerbate motor and phonic tics (48). These studies
suggest that Tourette’s syndrome and a family history of
dyskinesias should be contraindications to stimulant use.
However, there is virtually no evidence that stimulants in
clinically appropriate doses provoke Tourette’s syn-
drome, and it has been suggested that dyskinesias are a
function of high doses (49). Nevertheless, patients taking
stimulants should be carefully examined periodically for
dyskinesias. It is not known whether structural changes in
the central nervous system accompany stimulant-induced
dyskinesias.

Stroke

Intracerebral hemorrhage associated with amfetamine
has been reported for more than five decades. Eight
cases were associated with amfetamine over a period of
3.5 years (50). All had undergone head CT scans and
cerebral digital subtraction angiography. Seven had a par-
enchymal hematoma, three in the frontal lobe and one
each in the parietal lobe, frontoparietal region, temporal
lobe, and brain stem. One patient had a subarachnoid
hemorrhage. The time from exposure to onset of

symptoms ranged from less than 10 minutes to about 2
months (median 1 day). The authors reviewed the litera-
ture and found 37 other cases. They observed that young
people, mean age 28 years, were at high risk. While most
were repeat abusers, one-third claimed to be first time or
infrequent users. Intracerebral hemorrhage was seen with
all routes of drug use, 57% from oral use, 34% from
intravenous use, and 5% after inhalation. Of those who
had a CT scan, 84% had a proven intracerebral hemor-
rhage, three had a subarachnoid hemorrhage, and one
had a brainstem hemorrhage. In one patient, with a nega-
tive CT scan, the diagnosis of subarachnoid hemorrhage
was confirmed by lumbar puncture. In 35 patients who
had angiography, 20 were normal or showed only mass
effect from a hematoma, 16 had vasculitic beading, and 1
had an arteriovenous malformation. Seven patients died
and only 14 had a good recovery.

� A previously healthy 16-year-old schoolboy had
mesencephalic ischemia, most probably caused by
vasospasm, after combined abuse of amfetamine and
cocaine (51). There was a close temporal relation
between intake of the drug and the onset of symptoms.
Thus, combining these drugs, even in small amounts,
may be harmful.

Chorea

Chorea has been attributed to amphetamines.

� A 22-year-old man who had had ADHD since the age
of 8 years took methylphenidate, and had an adequate
response for 14 years (52). However, his symptoms
worsened and he switched from methylphenidate to
mixed amfetamine salts 20 mg bd. A month later he
continued to have difficulty in focusing on tasks, and
the dosage was eventually increased to 45 mg tds over
several weeks, with symptomatic improvement.
However, 5 days later, he awoke feeling nauseated
and agitated and had choreiform movements of his
face, trunk, and limbs. He had also taken escitalopram
10 mg/day for anxiety and depression for 2 months
before any changes in his ADHD medications. He
was treated with intravenous diphenhydramine, lora-
zepam, and diazepam without improvement in the
chorea. Amfetamine was withdrawn and 3 days later
his chorea abated. He restarted methylphenidate and
the movement disorders did not recur.� Choreoathetosis worsened in an 8-year-old boy with
learning disabilities when he was treated with dexam-
fetamine, recurred on rechallenge with the same dose,
and immediately resolved with diphenhydramine (53).

The authors of the first report speculated that long-
term therapy with methylphenidate could have desensi-
tized the patient to the effects of amphetamines, since
these drugs act in similar ways. It is also possible that
amphetamine therapy interacted with the escitalopram.
For this reason, they suggested caution when treating
ADHD patients with amphetamines when they are also
taking an SSRI.
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Psychological, psychiatric

Amphetamines release monoamines from the brain and
thereby stimulate noradrenergic, serotonergic, and parti-
cularly dopaminergic receptors. Under certain circum-
stances this leads to psychosis and compulsive behavior,
as well as auditory hallucinations similar to those experi-
enced in paranoid schizophrenia. In addition, ampheta-
mines cause an acute toxic psychosis with visual
hallucinations, usually after one or two extremely large
doses (54).
When an amfetamine is taken, even in a therapeutic

dose, most people experience a sensation of enhanced
energy or vitality, which, with repetitive administration,
follows different patterns. Most often euphoria will
develop, usually with a sense of heightened function or
perception, and occasionally compulsive behavior as well
as hallucinogenic delusions. Dysphoria occurs in some
(especially older) individuals. The euphoric effect may
enhance craving for amfetamine, and repeated reinforce-
ment can lead to conditioned drug responses, which may
facilitate dependence. Progression to severe dependence
depends highly on individual vulnerability, the circum-
stances, the setting, the pattern of use, and especially
escalation to high-dose patterns of use. Although most
people probably use amphetamines for the original rea-
son they were prescribed, and do not escalate the dosage,
a significant proportion do, highlighting the abuse poten-
tial. The amphetamines are sometimes used recreation-
ally for years in moderate doses. However, once
inhalation and intravenous administration or higher
doses are used, a ‘‘high-dose transition’’ into abuse usually
occurs, and the capacity for low-dose occasional use is
lost, presumably, forever (see the sections on Drug
abuse and Drug dependence in this monograph).

Attention

Deficits in attention and motor skills persisted after 1 year
of abstinence from stimulant abuse in 50 twin pairs in
which only one member had heavy stimulant abuse with
cocaine and/or amphetamines (55). Stimulant abusers
performed significantly worse on tests of motor skills
and attention, and significantly better on one test of visual
vigilance. These findings provide evidence of long-term
residual effects of stimulant abuse.

Koro

A koro-like syndrome has been related to amfetamine
abuse (56).

� A 17-year-old man who had been abusing amfetamine
and cannabis for 2 years took amfetamine 1 g orally
over the course of an evening and suddenly felt an
uncomfortable sensation in his groin and thought that
his penis was being sucked into his abdomen. Physical
examination was normal. The serum prolactin and
bilirubin concentrations were raised. He had normal
sexual function, and was able to attain and sustain an
erection. He described the phenomenon of penile
shrinkage as ‘‘Whizz-Dick’’ and stated that all the
amfetamine users with whom he was in contact were

aware of the phenomenon. He was treated with reas-
surance and supportive counseling.

Reports of koro-like fears of penile shrinkage with
amphetamines (57) and cannabis (58,59) are rare. There
are no published reports that provide objective evidence
that penile shrinkage results from abuse of ampheta-
mines, and the fear is more likely due to altered percep-
tion and a poor body image. The authors suggested that it
may be an example of an urban myth, a lurid story, or an
anecdote based on hearsay and widely circulated as true
(Bloor 77).

Memory

Working memory performance may be improved or
impaired by amfetamine, depending on dosage and base-
line working memory capacity. There was an inverted U-
shaped relation between the dose of D-amfetamine and
working memory efficiency in 18 healthy people (mean
age 24 years, 6 women) who were randomized single-
blind to either amfetamine (n ¼ 12) or placebo (n ¼ 6)
(60). The primary outcome measures were self-adminis-
tered questionnaires and blood-oxygenation-level-depen-
dent (BOLD) functional magnetic resonance imaging.
Given the overlap between neurochemical systems
affected by amfetamine and those disordered in schizo-
phrenia, the effect of amfetamine on working memory in
healthy individuals may provide insight into the memory
deficits that occur in schizophrenia.

Personality degeneration

In a double-blind, placebo-controlled, short-term study
there was significant deterioration of personality in five
of 26 children treated with dexamfetamine (61).

Phobias

Social phobia has been attributed to amfetamine (62).

� A 26-year-old woman reported flushing, sweating, pal-
pitation, and shortness of breath, in a range of social
situations. She was described as a confident and extro-
verted woman, with no history of psychiatric problems.
She reported daily oral consumption of street amfeta-
mine 1.6 g. At the time of assessment, she had given up
her work. Initially, she felt good while taking the drug,
but more recently she had been using it to ‘‘get going’’;
there were no symptoms of psychosis or affective dis-
order.

The authors speculated that dopaminergic dysfunction,
reported by some to underlie social phobia, could have
resulted in this case from chronic amfetamine-related
striatal dopamine depletion.

Psychoses

Psychotic reactions in people taking amphetamines were
first reported many years ago and the question was posed
whether it was due to the amphetamines or to co-existing
and exacerbated paranoid schizophrenia. In one study,
most of the psychotic symptoms remitted before the
excretion of amines had fallen to its normal basal value
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(SED-9, 8). The psychotic syndrome was indistinguish-
able from paranoid schizophrenia, with short periods of
disorientation, and could occur after a single dose (many
had taken the equivalent of some 500 mg of amfetamine
or metamfetamine orally) with or without simultaneous
alcohol, and was most pronounced in addicts (SED-9, 9).
Amfetamine psychosis was also seen in 14 people in
Australia (1); the predominant hallucinations were visual,
which is unusual for schizophrenia (SED-8, 11). Similarly,
in contrast to schizophrenia, vision was the primary sen-
sory mode in thinking disorders and body schema distor-
tions in 25 amfetamine addicts (63).
In other studies, volunteers previously dependent on

amphetamines were dosed to a level at which amfetamine
psychosis was produced, in order to examine the mechan-
ism of action and pharmacokinetics of amfetamine and its
possible relation to schizophrenia (64,65). Psychosis was
induced by moderately high doses of amfetamine and the
psychotic symptoms were often a replication of the
chronic amfetamine psychosis, raising the question of
whether the establishment of chronic stimulant psychosis
leaves residual vulnerability to psychosis precipitated by
stimulants. The mechanism might be similar to that which
operates in the reverse tolerance that has been seen in
experimental animals (66). In some cases an underlying
psychosis can be precipitated; an increase in schizophre-
nic symptoms (SED-8, 12) was observed in 17 actively ill
schizophrenic patients after a single injection of amfeta-
mine.
Amfetamine psychosis is relatively rare in children,

even in hyperactive children taking large doses of amfe-
tamine; amfetamine psychosis has been reported in an 8-
year-old child with a hyperkinetic syndrome (SED-8, 12).
Large doses of amfetamine can cause disruption of think-
ing, but amfetamine psychosis is not usually accompanied
by the degree of disorganization normally seen in schizo-
phrenia (SED-9, 8).
Increased sensitivity to stress may be related to sponta-

neous recurrence of metamfetamine psychosis, triggering
flashbacks. Stressful experiences, together with metamfe-
tamine use, induce sensitization to stress associated with
noradrenergic hyperactivity, involving increased dopa-
mine release (67,68). This hypothesis has been investi-
gated by determining plasma noradrenaline metabolite
concentrations in 26 flashbackers (patients with sponta-
neous recurrence of metamfetamine psychosis) (11 taking
neuroleptic drugs before and during the study and 15
during the course of the study), 18 non-flashbackers with
a history of metamfetamine psychosis, 8 with persistent
metamfetamine psychosis, and 34 controls (23 metamfe-
tamine users and 11 non-users). The 26 flashbackers had
had stressful events and/or metamfetamine-induced, fear-
related, psychotic symptoms during previous metamfeta-
mine use. Mild psychosocial stressors then triggered flash-
backs. During flashbacks, plasma noradrenaline
concentrations increased markedly. Flashbackers with a
history of stressful events, whether or not they had had
fear-related symptoms, had a further increase in 3-meth-
oxytyramine concentrations. Thus, robust noradrenergic
hyperactivity, involving increased dopamine release in

response to mild stress, may predispose to further epi-
sodes of flashbacks. The authors pointed out the limita-
tions of their study: (a) plasma noradrenaline
concentrations do not accurately reflect central monoa-
mine neurotransmitter function; (b) raised noradrenaline
concentrations may reflect heightened autonomic arousal
secondary to stress or anxiety; (c) the neuroleptic drugs
used may have altered the concentrations of noradrena-
line and 3-methoxytyramine; and (d) the study was retro-
spective and carried out in women in prison.
A paranoid hallucinatory state similar to schizophrenia

has been reported in women with a history of metamfe-
tamine abuse in a study of flashbacks in 81 female inmates
in Japan (69). Details of symptoms of initial metamfeta-
mine psychosis, stressful experiences, and patterns of
abuse were obtained. Plasma monoamine concentrations
were also measured during flashback states and in control
abusers who had never experienced them. The research-
ers reported that concreteness of abstract thought and
impaired goal-directed thought characteristic of schizo-
phrenia was not usually seen in metamfetamine-induced
psychosis. Moreover, it was the use of metamfetamine
and not a severe stressor that caused the initial psychotic
state, but the flashbacks appeared to be due to mild
environmental stressors. The authors described this pat-
tern as ‘‘spontaneous psychosis due to previous metamfe-
tamine psychosis.’’ They also observed that plasma
concentrations of noradrenaline were significantly higher
in women with flashbacks both during flashbacks and
during remissions. This suggests a possible role of nora-
drenergic hyperactivity in sensitivity to mild stress and
susceptibility to flashbacks. Furthermore, these noradre-
nergic findings could be used to predict relapse to a para-
noid hallucinatory state in schizophrenia.
Chlorpromazine has been used to treat amfetamine

psychosis due to acute poisoning in children who did not
respond to barbiturates (70).

Management
Reports have suggested that atypical antipsychotic drugs,
such as risperidone (71–73) and olanzapine (74), can be
effective in the treatment of acute and residual metamfe-
tamine-induced psychosis. Moreover, adherence to olan-
zapine for about 8 weeks also effectively controlled
cravings for metamfetamine. Rigorous controlled studies
are needed to establish the therapeutic efficacy of atypical
antipsychotic drugs in the treatment of the psychosis and
cravings of metamfetamine addiction.

� A 76-year-old woman, who had taken dexamfetamine
since the age of 28 years for narcolepsy, developed an
acute schizophreniform psychosis with paranoid delu-
sions and auditory hallucinations. She was initially
treated with sulpiride while continuing to take dexam-
fetamine. Five months later, sulpiride was withdrawn,
and her psychotic symptoms recurred. She was given
risperidone 3 mg/day and continued to take dexamfe-
tamine 15 mg/day.� A 24-year-old man, with a history of intravenous
metamfetamine abuse since the age of 19 years,
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developed psychotic symptoms characterized by audi-
tory hallucinations and persecutory delusions. He had
no insight and was given haloperidol and levomepro-
mazine. His symptoms disappeared after 4 months of
treatment and he then stopped using metamfetamine.
A year and a half later, ‘‘odd ideas’’ recurred, and he
became anxious but had insight. He was treated with
bromperidol 9 mg/day for 6 months, but the odd ideas
persisted. On referral, he was found to fulfil the criteria
for obsessive-compulsive disorder according to DSM-
IV. No abused substances, including metamfetamine,
were identified in his urine. Risperidone 2 mg/day was
started and then increased to 5 mg/day. After 3 weeks,
the intrusive thoughts and symptoms of ‘‘anxious-rest-
less state’’ gradually subsided and eventually disap-
peared. His symptoms recurred within a week of
stopping risperidone and resolved on reintroduction.

Metabolism

Amphetamines can cause retardation of growth (height
and weight) in hyperactive children (SED-9, 9).

Hematologic

Acute myeloblastic leukemia occurred in a 24-year-old
man who had taken massive doses of amfetamine for
more than 2 years (SED-8, 13).

Teeth

Dental wear has been evaluated prospectively in metam-
fetamine users at an urban university hospital (75).
Information was collected from 43 patients (26 men, 40
tobacco smokers), mean age 39 years, who admitted to
having used metamfetamine for more than 1 year.
Patients who regularly snorted metamfetamine had
higher ‘‘tooth-wear’’ scores for anterior maxillary teeth
than patients who injected, smoked, or ingested metam-
fetamine. The authors suggested that the anatomy of the
blood supply to this area possibly explained the associa-
tion of the regional differences in tooth wear with snorted
metamfetamine. The anterior maxillary teeth and the
nasal mucosa have a common blood supply. Thus, snort-
ing may cause vasoconstriction, impairing the blood sup-
ply both to the nasal mucosa as well as the teeth.

Urinary tract

Acute transient urinary retention associated with metam-
fetamine and ecstasy (3,4 methylenedioxymetamfeta-
mine, MDMA) in an 18-year-old man has been
described (76). Analysis by gas chromatography–mass
spectrometry confirmed the presence of metamfetamine
(>25 mg/ml), MDMA (> 5 mg/ml), amfetamine (1.4 mg/ml),
and methylenedioxyamfetamine (3.7 mg/ml) in the urine.
Bladder dysfunction resulting from alpha-adrenergic sti-
mulation of the bladder neck may have explained the
observed effect.

Skin

The severe form of erythema multiforme known as toxic
epidermal necrolysis has been attributed to a mixture of
dexamfetamine and ephedrine (77).

� A 27-year-old woman developed peripheral target pla-
ques, papules, blisters, and lip erosions, consistent with
erythema multiforme, 9 days after using ‘‘speed’’ (dex-
amfetamine and ephedrine), and 3 days later devel-
oped widespread lesions with large areas of blistering
affecting 40% of her body surface area. She was given
intravenous ciclosporin and improved within 24 hours.

Musculoskeletal

There may be an association between metamfetamine abuse
and rhabdomyolysis. In a retrospective review of 367 patients
with rhabdomyolysis, 166 were positive for metamfetamine
(78). They had higher mean initial and lower mean peak
activities of creatine phosphokinase. There was no significant
difference in the incidence of acute renal insufficiency. The
authors suggested screening all patients with rhabdomyolysis
of unclear cause for metamfetamine and measuring creatine
phosphokinase activity.

Sexual function

Reports of the effects of amfetamine on sexual behavior
refer variously to unchanged, reduced, mixed, and heigh-
tened sexual performance, but long-term abusers often
have sexual dysfunction (SED-9, 9).

Immunologic

An anaphylactic reaction after the injection of crushed
tablets equivalent to 45 mg of amfetamine occurred in a
young woman; in others injected with the same solution
and at the same time there were no adverse effects (SED-
9, 8). The reaction may have involved amfetamine or
excipients. Scleroderma is a potential consequence of
various stimulants used for appetite control (79).

Infection risk

� A 34-year-old woman who had taken intranasal
metamfetamine weekly for 15 years developed osteo-
myelitis of the frontal bone and a subperiosteal
abscess. The authors proposed that this was due to
chronic abuse of metamfetamine (80).

A rare case of Pott’s puffy tumor, anterior extension of a
frontal sinus infection that results in frontal bone osteo-
myelitis and subperiosteal abscess, has been associated
with metamfetamine use (81).

� A 34-year-old woman presented with a 9-day history of
fever, chills, photophobia, and neck pain. Nine months
earlier, she had developed a swelling on her forehead,
which enlarged and spontaneously drained pus. Over
the next weeks, a fistula developed at the site of the
swelling, accompanied by an intermittent bloody puru-
lent drainage that lasted for about 9 months. She had
either inhaled metamfetamine or had used it intrana-
sally weekly for 15 years and reported continued use
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immediately before the development of the forehead
lesion. She had a sinocutaneous fistula in the midline of
the forehead, with seropurulent discharge but no local
erythema or tenderness. A CT scan of the head showed
complete opacification of all sinuses, with a 1 cm con-
nection between the anterior frontal sinus and the skin.
Cultures grew Streptococcus milleri and Candida albi-
cans. She responded to extensive medical and surgical
treatment.

The authors proposed that intranasal metamfetamine had
contributed to chronic sinus inflammation and subsequent
complications. Furthermore, the vasoconstriction induced
by metamfetamine in the mucosal vessels may have
resulted in ischemic injury to the sinus mucosa, providing
an environment conducive to bacterial growth.

Death

There has been a retrospective investigation of metamfe-
tamine-related fatalities during a 5-year period (1994–
1998) in Southern Osaka city in Japan (82). Among 646
autopsy cases, methamphetamine was detected in 15,
most of whom were men in their late thirties. The cause
and manner of death were methamphetamine poisoning
(n = 4), homicide (n = 4), accidental falls and aspiration
from drug abuse (n = 4), death in an accidental fire, myo-
cardial infarction, and cerebral hemorrhage (one each).
Blood metamfetamine concentrations were 23–170 mmol/
l in fatal poisoning, 4.4–38 mmol/l in deaths from other
extrinsic causes, and 14–22 mmol/l in cardiovascular and
cerebrovascular accidents. The common complications
were cardiomyopathy, cerebral perivasculitis, and liver
cirrhosis/interstitial hepatitis. The general profile of
patients reported in this series compares with that of a
previous study from Taiwan (SEDA-24, 2).

Long-Term Effects

Drug abuse

The most important problem encountered with ampheta-
mines is abuse and the development of dependence. The
most rapid amfetamine epidemic occurred in Japan after
World War II, where there had been little or no previous
abuse (83). Although a high proportion of amfetamine
users probably already have emotional and social difficul-
ties, sustained abuse can result in serious psychiatric com-
plications, ranging from severe personality disorders to
chronic psychoses (84,85). Whereas signs of intense phy-
sical dependence are not thought to occur (SED-9, 9),
withdrawal may be associated with intense depression
(SED-9, 9) (86), and relapses in psychiatric disorders
have often been noted. Some countries in which the pro-
blem became widespread banned amphetamines, and
Australia restricted their use to narcolepsy and behavioral
disorders in children. Amfetamine dependence developed
into a serious problem in the USA (and to a lesser extent
in the UK), where it followed the typical pattern of drug
dependence (SED-9, 7, 10).

Continuing critical re-assessment of the usefulness ver-
sus the harmfulness of amphetamines has led to further
restrictions in their use (SED-9, 10). They have been
subjected to rigid legislative control in many countries,
accompanied by recommendations that they should not
be prescribed. The World Health Organization and the
United Nations have also stressed the need for strict con-
trol of amphetamines (SED-9, 10) (87).
There is a high prevalence of the use of amfetamine-

like drugs in Brazil, particularly among women, owing
to the ‘‘culture of slimness as a symbol of beauty’’ (88).
Of 2370 subjects in São Paulo and Brasilia, 72% had
already undergone from one to more than 10 previous
courses of treatment, usually with amfetamine-like anor-
ectic drugs. Over half of them had taken amfetamine-
like drugs in compound formulations containing four or
more substances, such as benzodiazepines and/or laxa-
tives, diuretics, and thyroid hormones. There were
adverse reactions to the amfetamine-like drugs in 86%
and 37% sought medical advice; 3.9% required hospita-
lization. The authors argued the need for more rigorous
legislation and enforcement strategies to stop such mis-
use of drugs.
Further evidence concerning increased metamfetamine

abuse has come from Taiwan (89). Between 1991 and
1996, of 3958 deaths with autopsies, 244 were related to
metamfetamine (mean age 31 years, 73%men). The man-
ner of death was natural (13%), accidental (59%), suicidal
(11%), homicidal (14%), or uncertain (3%). Owing to the
endemic problem and public hazard created by illicit
metamfetamine abuse, the authors urged stronger anti-
drug programs.
There was a high frequency of amphetamine abuse and

withdrawal among patients from the Thai–Myanmar bor-
der area admitted to hospital with Plasmodium falci-

parum malaria (90). This co-morbidity can cause
diagnostic confusion, alter malaria pathophysiology, and
lead to drug interactions. Considering the potential neu-
ropsychiatric adverse effects of mefloquine, an important
component of current antimalarial treatment in South-
east Asia, it should be avoided in patients who abuse
amphetamines.

Drug dependence

The role of dopamine in the addictive process has been
explored (91). The authors raised the possibility that the
orbitoprefrontal cortex is linked to compulsive drug
abuse. They recruited 15 metamfetamine users and 20
non-drug user controls. The metamfetamine abusers had
significantly fewer dopamine D2 receptors than the con-
trols. There was an association between lower numbers of
dopamine D2 receptors and metabolism in the orbitofron-
tal cortex in the metamfetamine users. These findings are
similar to those observed in cocaine, alcohol, and heroin
users. The authors suggested that D2 receptor-mediated
dysregulation of the orbitofrontal cortex could be a com-
mon mechanism underlying loss of control and compul-
sive abuse of drugs.
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Second-Generation Effects

Pregnancy

In pregnant women who reported for prenatal care
between 1959 and 1966 there was an excess of oral clefts
in the offspring of mothers who had taken amphetamines
in the first 56 days from their last menstrual period, but
this was considered to be either a chance finding or one
element in a multifactorial situation (SED-9, 9).

Teratogenicity

The possible neurotoxic effect of prenatal metamfeta-
mine exposure on the developing brain has been studied
using 1H magnetic resonance spectroscopy in 12 metam-
fetamine-exposed children and 14 age-matched unex-
posed controls (92). There was an increased creatinine
concentration in the striatum, with relatively normal con-
centrations of N-acetyl-containing compounds in children
exposed to metamfetamine. These findings suggest that
exposure to metamfetamine in utero causes abnormal
energy metabolism in the brain of children. However,
there were no differences in reported behavioral pro-
blems among metamfetamine-exposed children com-
pared with controls.

Susceptibility Factors

Genetic

A study in 93 unrelated metamfetamine-dependent sub-
jects and 131 controls did not prove any association
between metamfetamine dependence in Caucasians of
Czech origin and TaqI A polymorphism of the DRD2
gene, I/D polymorphism of the ACE gene, or M235T
polymorphism of the AGT gene (93).

A genetic explanation for individual differences in the
response of the brain to amphetamines has been sug-
gested. There are numerous proteins involved in regulat-
ing synaptic dopamine activity; catechol-O-methyl
transferase, which inactivates released dopamine, appears
to play a unique role in regulating dopamine flux in the
prefrontal cortex because of the low abundance and mini-
mal role of dopamine transporters (94,95,96).
Neuroimaging and genetic analysis in 27 healthy volun-
teers showed that individuals with the met/met catechol-
o-methyl transferase genotype were at risk of an adverse
response (related to prefrontal cortex information proces-
sing) to amfetamine (97). In populations of European
ancestry, individuals with met/met genotypes constitute
about 15–20% of the population (98).

Age

Special care should be taken when using amphetamines in
elderly patients, in view of the likelihood of stimulation of
adrenoceptors and in particular of cardiovascular and
respiratory function. Periodic users especially need to be
wary of acute use under circumstances of exercise and
environmental heat, owing to the risk of heat stroke.

Other features of the patient

The existence of a previous neurological disorder may be
a risk factor for treatment-resistant psychosis in metam-
fetamine abusers (99). It is of particular interest that most
of these patients sustained their disorder during child-
hood. It is not uncommon for metamfetamine patients
to continue with psychotic symptoms despite extended
periods of abstinence (100). These patients often are
labeled as being schizophrenic. This study has shown the
importance of considering a history of neurological dis-
orders, especially during childhood, in such patients.

Drug Administration

Drug administration route

Injection as a method of delivery of illicit drugs carries its
own special risks. Metamfetamine-dependent subjects
(n = 427) participated in a study to detect differences
between injecting metamfetamine users (13%) and non-
injecting users (87%) (101). The patients entered treat-
ment at a center in California between 1988 and 1995.
Injectors reported significantly more years of heavy use.
Psychological problems were more common in the injec-
tors, more of whom reported depression, suicidal idea-
tion, hallucinations, and episodes of feeling that their
body parts ‘‘disconnect and leave.’’ Moreover, injectors
reported more problems concerning sexual functioning
and more episodes of loss of consciousness. The injectors
were more commonly HIV-positive and they had more
felony convictions and were on parole more often than
other users. Although individuals who inject metamfeta-
mine use it more often than non-injectors, the number of
grams used per week did not differ between the groups.
Thus, injectors use a smaller amount of drug per dose
than non-injectors. Eighty percent of the injectors were
unemployed, possibly reflecting the extent of impairment
related to addiction in this group. The injectors, who had
more psychiatric and medical morbidity, warrant special
attention and carefully designed treatment plans.

Drug overdose

Overdosage of amphetamines can cause restlessness, diz-
ziness, tremor, increased reflexes, talkativeness, tense-
ness, irritability, and insomnia; less common effects
include euphoria, confusion, anxiety, delirium, hallucina-
tions, panic states, suicidal and homicidal tendencies,
excessive sweating, dry mouth, metallic taste, anorexia,
nausea, vomiting, diarrhea, and abdominal cramps. Fatal
poisoning is usually associated with hyperpyrexia, convul-
sions, coma, or cerebral hemorrhage. In addition, periph-
eral excitation of smooth muscle or blood vessels
supplying skeletal muscle has been described. Excitatory
actions can cause increased heart rate, palpitation, dys-
rhythmias, and metabolic effects, such as glycogenolysis
in liver and adipose tissue.
The problem of fatal overdose is central to the problem

of frequently repeated intravenous high-dose abuse of
stimulants of unknown quality and quantity. Fatal

462 Amphetamines

ª 2009 Elsevier B.V. All rights reserved.



overdose is less frequent among experienced chronic
users than in naive or episodic high-dose users (102–
104), in part because of the establishment of tolerance
to hyperpyrexia and hypertension. Fatal hypertension can
be potentiated by high ambient temperatures and vigor-
ous exercise, as in the use of these drugs by athletes. Rare
individuals have used up to 1–3 g/day of oral amfetamine
for many years without problems of overdosing, yet acute
toxic overdoses have been reported at 100–200 mg (66).
Hyperpyrexia, seizures, hypertensive cerebrovascular
hemorrhage, ventricular fibrillation, left ventricular fail-
ure, and complications of intravenous drug abuse have all
been reported as causes of death (105–106). An autopsy
study of amfetamine abusers in San Francisco showed
that 54% died of drug toxicity, 10% of accidental trauma,
12% by suicide, and 10% by homicide (107).
Two deaths from metamfetamine overdose in drug

dealers have been reported from Thailand, which has
experienced an increase in metamfetamine abuse (108).

� A 43-year-old male drug dealer swallowed a number of
metamfetamine tablets at the time of his arrest. When
seen in the emergency room, he was comatose with
reactive pupils. He died 6 hours after consuming the
tablets. The autopsy findings were non-specific.� Another 33-year-old female drug dealer, while at the
police station, swallowed a number of metamfetamine
pills that had been hidden in her undergarments. At
the hospital, a gastric lavage was done but she died 10
hours after ingestion.

As described in these cases, there may be an increased
risk of death in drug dealers who, in attempting to prevent
arrest, may consume toxic amounts without anticipating
the consequences.

Drug–Drug Interactions

Adrenergic neuron blocking drugs

Amphetamines and other stimulatory anorectic agents,
apart from fenfluramine, would be expected to impair
the hypotensive effects of adrenergic neuron blocking
drugs such as guanethidine. Not only do they release
noradrenaline from stores in adrenergic neurons and
block the reuptake of released noradrenaline into the
neuron, but they also impair re-entry of the antihyperten-
sive drugs (109).

Alcohol

Alcohol increases blood concentrations of amphetamines
(SED-9, 9).

Barbiturates

Barbiturates can enhance amfetamine hyperactivity
(SED-8, 9).

Benzodiazepines

Benzodiazepines can enhance amfetamine hyperactivity
(SED-8, 9).

Estradiol

Preclinical studies (as well as anecdotal clinical reports)
have shown that estrogens, through effects on the central
nervous system, can influence behavioral responses to
psychoactive drugs. In an unusual crossover study, the
subjective and physiological effects of oral D-amfetamine
10 mg were assessed after pretreatment with estradiol
(110). One group of healthy young women used estradiol
patches (Estraderm TTS, total dose 0.8 mg), which raised
plasma estradiol concentrations to about 750 pg/ml, and a
control group used placebo patches. Most of the subjec-
tive and physiological effects of amfetamine were not
affected by acute estradiol treatment, but the estrogen
did increase the magnitude of the effect of amfetamine
on subjective ratings of ‘‘pleasant stimulation’’ and
reduced ratings of ‘‘want more.’’ Estradiol also produced
some subjective effects when used alone, raising ratings of
‘‘feel drug,’’ ‘‘energy and intellectual efficiency,’’ and
‘‘pleasant stimulation.’’ Some limitations of the study
were:

(a) plasma amfetamine concentrations were not mea-
sured, so an effect of estradiol on the pharmacoki-
netics of amfetamine cannot be ruled out;

(b) only single doses of amfetamine and estradiol were
tested;

(c) the dose of amfetamine was relatively low and that of
estradiol relatively high, maximizing the chances of
detecting estradiol-dependent increases in two subjec-
tive effects of amfetamine.

Monoamine oxidase inhibitors

The amphetamines should not be used together with or
within 14 days of any monoamine oxidase inhibitors;
severe hypertensive reactions and on occasion confu-
sional states (for example with fenfluramine) can occur
(SED-9, 9).

Mood-stabilizing drugs

Amfetamine reduces regional brain activation during the
performance of several cognitive tasks (111). The results
of a double-blind, placebo-controlled study in healthy
volunteers suggested that both lithium and valproate can
significantly attenuate dexamfetamine-induced changes
in brain activity in a task-dependent and region-specific
manner (112). There is also good evidence that dexamfe-
tamine stimulates the phosphatidylinositol (PI) cycle in
vivo (113) and in vitro (114), and this may be the mechan-
ism responsible for its effect on brain activation; both
lithium and valproate can attenuate the PI cycle, probably
through different mechanisms (115).
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Ritonavir

A fatal interaction between ritonavir and metamfetamine
has been described (116).

� A 49-year-old HIV-positive Caucasian man had taken
ritonavir (400 mg bd), saquinavir (400 mg bd), and
stavudine (40 mg bd) for 4 months. His CD4 cell
count was 617 � 106 cells/l and HIV-1 RNA less than
400 copies/ml. He had previously taken zidovudine for
7 months. He self-injected twice with metamfetamine
and sniffed amyl nitrite and was found dead a few
hours later. At autopsy, there was no obvious cause
of death. Metamfetamine was detected in the bile
(0.5 mg/l) and cannabinoids and traces of benzodiaze-
pines were detected in the blood.

Nitric oxide formed from amyl nitrite inhibits cytochrome
P450 (117) and ritonavir inhibits CYP2D6 (118), which
has a major role in metamfetamine detoxification (119).
This interaction could have led to fatal plasma concentra-
tions of metamfetamine. It is therefore suggested that
patients who take protease inhibitors are made aware of
the potential risk of using any form of recreational drugs
metabolized by CYP2D6, particularly metamfetamine.

SSRIs

Aman taking long-term dexamfetamine had two episodes
of serotonin syndrome while taking first venlafaxine and
later citalopram (120).

� A 32-year-old man, who was taking dexamfetamine
5 mg tds for adult ADHD, developed marked agita-
tion, anxiety, shivering, and tremor after taking venla-
faxine for 2 weeks (75 mg/day increased after a week
to 150 mg/day). His heart rate was 140/minute, blood
pressure 142/93 mmHg, and temperature 37.3�C. His
pupils were dilated but reactive. There was generalized
hypertonia, hyper-reflexia, and frequent myoclonic
jerking. Dexamfetamine and venlafaxine were with-
drawn and cyproheptadine (in doses of 8 mg up to a
total of 32 mg over 3 hours) was given. His symptoms
completely resolved within a few hours.

Dexamfetamine was restarted 3 days later and citalopram
was started a few days later. Two weeks later he reported
similar symptoms and stopped taking citalopram. He was
successfully treated again with cyproheptadine.

Triazolam

In 20 healthy adults who received a placebo, triazolam
0.25 mg/70 kg, amfetamine sulfate 20 mg/70 kg, and a
combination of triazolam and amfetamine in a double-
blind, crossover study the results supported the conclu-
sion that triazolam-induced impairment of free recall is
related to its sedative effects, whereas recognition, mem-
ory, and recall differ with respect to the contribution of
sedation to the amnesic effect of triazolam (121). Thus,
benzodiazepines have specific effects on memory that are
not merely a by-product of their sedative effects, and the
degree to which sedative effects contribute to their amne-
sic effects can vary as a function of the particular memory

process being assessed. It is important to note that the
generalizability of the conclusions of this study is limited
by use of a single dose design for both drugs.

Tricyclic antidepressants

Tricyclic antidepressants increase blood concentrations of
amfetamine (122,123).

Management of adverse effects

Potential benefit of amfebutamone

It has been suggested, based on few case reports (124),
that amfebutamone may be of help in weaning people
from amfetamine abuse.

� A 53-year-old woman with a 30-year history of amfe-
tamine abuse gave herself amfebutamone (diethylpro-
pion); this resulted in rapid and successful cessation of
amfetamine abuse (125).

Given the importance of craving, withdrawal symp-
toms, and maintenance treatment in the withdrawal pro-
cess, the effect of amfebutamone on these processes needs
to be systematically evaluated.
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CANNABINOIDS

General Information

Cannabis is the abbreviated name for the hemp plant
Cannabis sativa. The common names for cannabis include
marijuana, grass, and weed. Other names for cannabis
refer to particular strains; they include bhang and ganja.
The most potent forms of cannabis come from the flower-
ing tops of the plants or from the dried resinous exudate
of the leaves, and are referred to as hashish or hash.
Cannabis is one of the oldest and most widely used

drugs in the world. In different Western countries the
possible therapeutic use of cannabinoids as antiemetics
in patients with cancer or in patients with multiple sclero-
sis has become an issue, because of the prohibition of
cannabis, and has polarized opinion about the seriousness
of its adverse effects (1,2).
The long history of marijuana use both as a recreational

drug and as an herbal medicine for centuries has been
reviewed (3). Cannabis sativa contains more than 450
substances and only a few of the main active cannabinoids
have been evaluated. Cannabis is the most commonly
used illicit drug. In 2001, 83 million Americans and 37%
of those aged 12 and older had tried marijuana (4).

Pharmacology

The primary active component of cannabis is D9-tetrahy-
drocannabinol (THC), which is responsible for the greater
part of the pharmacological effects of the cannabis com-
plex. D8-THC is also active. However, the cannabis plant
contains more than 400 chemicals, of which some 60 are
chemically related to D9-THC, and it is evident that the
exact proportions in which these are present can vary
considerably, depending on the way in which the material
has been harvested and prepared. In man, D9-THC is
rapidly converted to 11-hydroxy-D9-THC (5), a metabo-
lite that is active in the central nervous system. A specific
receptor for the cannabinols has been identified; it is a
member of the G-protein-linked family of receptors (6).
The cannabinoid receptor is linked to the inhibitory G-
protein, which is linked to adenyl cyclase in an inhibitory
fashion (7). The cannabinoid receptor is found in highest
concentrations in the basal ganglia, the hippocampus, and
the cerebellum, with lower concentrations in the cerebral
cortex.
When cannabis is smoked, usually in a cigarette with

tobacco, the euphoric and relaxant effects occur within
minutes, reach a maximum in about 30 minutes, and last
up to 4 hours. Some of the motor and cognitive effects can
persist for 5–12 hours. Cannabis can also be taken orally,
in foods such as cakes (for example ‘‘space cake’’) or
sweetmeats (for example hashish fudge) (8).
Many variables affect the psychoactive properties of

cannabis, including the potency of the cannabis used, the
route of administration, the smoking technique, the dose,
the setting, the user’s past experience, the user’s

expectations, and the user’s biological vulnerability to
the effects of the drug.

Animal and in vitro toxicology

D9-tetrahydrocannabinol, the active component in herbal
cannabis, is very safe. Laboratory animals (rats, mice,
dogs, monkeys) can tolerate doses of up to 1000 mg/kg,
equivalent to some 5000 times the human intoxicant dose.
Despite the widespread illicit use of cannabis, there are
very few, if any, instances of deaths from overdose (9).
Long-term toxicology studies with THC were carried

out by the National Institute of Mental Health in the late
1960s (10). These included a 90-day study with a 30-day
recovery period in both rats and monkeys and involved
not only D9-THC but also D8-THC and a crude extract of
marijuana. Doses of cannabis or cannabinoids in the
range 50–500 mg/kg caused reduced food intake and
lower body weight. All three substances initially
depressed behavior, but later the animals became more
active and were irritable or aggressive. At the end of the
study the weights of the ovaries, uterus, prostate, and
spleen were reduced and the weight of the adrenal glands
was increased. The behavioral and organ changes were
similar in monkeys, but less severe than those seen in rats.
Further studies were carried out to assess the damage that
might be done to the developing fetus by exposure to
cannabis or cannabinoids during pregnancy. Treatment
of pregnant rabbits with THC at doses up to 5 mg/kg
had no effect on birth weight and did not cause any
abnormalities in the offspring (10).
A similarly detailed toxicology study was carried out

with THC by the National Institute of Environmental
Health Sciences in the USA, in response to a request
from the National Cancer Institute (11). Rats and mice
were given THC up to 500 mg/kg five times a week for 13
weeks; some were followed for a period of recovery over 9
weeks. By the end of the study more than half of the rats
treated with the highest dose (500 mg/kg) had died, but
all of the remaining animals appeared to be healthy,
although in both species the higher doses caused lethargy
and increased aggressiveness. The THC-treated animals
ate less food and their body weights were consequently
significantly lower than those of untreated controls at the
end of the treatment period, but returned to normal dur-
ing recovery. During this period the animals were sensi-
tive to touch and some had convulsions. There was a trend
towards reduced uterine and testicular weights.
In further studies rats were treated with doses of THC

up to 50 mg/kg and mice with up to 500 mg/kg 5 times a
week for 2 years in a standard carcinogenicity test (11).
After 2 years, more treated animals had survived than
controls, probably because the treated animals ate less
and had lower body weights. The treated animals also
had a significantly lower incidence of the various cancers
normally seen in aged rodents in testes, pancreas,
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pituitary gland, mammary glands, liver, and uterus.
Although there was an increased incidence of precancer-
ous changes in the thyroid gland in both species and in the
mouse ovary after one dose (125 mg/kg), these changes
were not dose-related. The conclusion was that there was
‘‘no evidence of carcinogenic activity of THC at doses up
to 50 mg/kg.’’ This was also supported by the failure to
detect any genetic toxicity in other tests designed to iden-
tify drugs capable of causing chromosomal damage. For
example, THC was negative in the so-called ‘‘Ames test,’’
in which bacteria are exposed to very high concentrations
of a drug to see whether it causes mutations. In another
test, hamster ovary cells were exposed to high concentra-
tions of the drug in tissue culture; there were no effects on
cell division that might suggest chromosomal damage.
By any standards, THC must be considered to be very

safe, both acutely and during long-term exposure. This
probably partly reflects the fact that cannabinoid recep-
tors are virtually absent from those regions at the base of
the brain that are responsible for such vital functions as
breathing and blood pressure control. The available ani-
mal data are more than adequate to justify its approval as
a human medicine, and indeed it has been approved by
the FDA for certain limited therapeutic indications (gen-
eric name = dronabinol) (9).

Respiratory

There have been several attempts to address this question
by exposing laboratory animals to cannabis smoke. After
such exposure on a daily basis for periods of up to 30
months, extensive damage has been observed in the lungs
of rats (12), dogs (13), and monkeys (14), but it is very
difficult to extrapolate these findings to man, as it is
difficult or impossible to imitate human exposure to can-
nabis smoke in any animal model.

Nervous system

Animal studies on neurotoxicity have yielded conflicting
results. Treatment of rats with high doses of THC given
orally for 3 months (15) or subcutaneously for 8 months
(16) produced neural damage in the hippocampal CA3
zone, with shrunken neurons, reduced synaptic density,
and loss of cells. But in perhaps the most severe test of all,
rats and mice treated on 5 days each week for 2 years had
no histopathological changes in the brain, even after
50 mg/kg/day (rats) or 250 mg/kg/day (mice) (11).
Although claims were made that exposure of a small
number of rhesus monkeys to cannabis smoke led to
ultrastructural changes in the septum and hippocampus
(17,18), subsequent larger-scale studies failed to show any
cannabis-induced histopathology in monkey brain (19).
Studies of the effects of cannabinoids on neurons in

vitro have also yielded inconsistent results. Exposure of
rat cortical neurons to THC shortened their survival:
twice as many cells were dead after exposure to THC
5 mmol/l for 2 hours than in control cultures (20).
Concentrations of THC as low as 0.1 mmol/l had a signifi-
cant effect. The effects of THC were accompanied by
release of cytochrome c, activation of caspase-3, and
DNA fragmentation, suggesting an apoptotic mechanism.

All of the effects of THC could be blocked by the antago-
nist AM-251 or by pertussis toxin, suggesting that they
were mediated through CB1 receptors. Toxic effects of
THC have also been reported in hippocampal neurons in
culture, with 50% cell death after exposure to THC
10 mmol/l for 2 hours or 1 mmol/l for 5 days (21). The
antagonist rimonabant blocked these effects, but pertussis
toxin did not. The authors proposed a toxic mechanism
involving arachidonic acid release and the formation of
free radicals. On the other hand, other authors have failed
to observe any damage in rat cortical neurons exposed for
up to 15 days to THC 1 mmol/l, although they found that
this concentration killed rat C6 glioma cells, human astro-
cytoma U373MG cells, and mouse neuroblastoma
N18TG12 cells (22). In a remarkable study, injection of
THC into solid tumors of C6 glioma in rodent brain led to
increased survival times, and there was complete eradica-
tion of the tumors in 20–35% of the treated animals (23).
A stable analogue of anandamide also produced a drastic
reduction in the tumor volume of a rat thyroid epithelial
cell line transformed by K-ras oncogene, implanted in
nude mice (24). The antiproliferative effect of cannabi-
noids has suggested a potential use for such drugs in
cancer treatment (25).
Some authors have reported neuroprotective actions of

cannabinoids. WIN55,212-2 reduced cerebral damage in rat
hippocampus or cerebral cortex after global ischemia or
focal ischemia in vivo (26). The endocannabinoid 2AG
protected against damage elicited by closed head injury in
mouse brain, and the protective effects were blocked by
rimonabant (27). THC had a similar effect in vivo in pro-
tecting against damage elicited by ouabain (28). Rat hippo-
campal neurons in tissue culture were protected against
glutamate-mediated damage by low concentrations of
WIN55,212-2 or CP-55940, and these effects were mediated
through CB1 receptors (29). But not all of these effects
seem to require mediation by cannabinoid receptors. The
protective effects of WIN55,212-2 did not require either
CB1 or CB2 cannabinoid receptors in cortical neurons
exposed to hypoxia (26), and there were similar findings
for the protective actions of anandamide and 2-AG in cor-
tical neuronal cultures (30). Both THC and cannabidiol,
which is not active at cannabinoid receptors, protected rat
cortical neurons against glutamate toxicity (31) and these
effects were also independent of CB1 receptors. The
authors suggested that the protective effects of THC might
be due to the antioxidant properties of these polyphenolic
molecules, which have redox potentials higher than those of
known antioxidants (for example ascorbic acid).

Pregnancy

In animals, THC can cause spontaneous abortion, low
birth weight, and physical deformities (32). However,
these were only seen after treatment with extremely
high doses of THC (50–150 times higher than human
doses), and only in rodents and not in monkeys.

Tolerance and dependence

Many animal studies have shown that tolerance develops to
most of the behavioral and physiological effects of THC
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(33). Dependence on cannabinoids in animals is clearly
observable, because of the availability of CB1 receptor
antagonists, which can be used to precipitate withdrawal.
Thus, a behavioral withdrawal syndrome was precipitated
by rimonabant in rats treated for only 4 days with THC in
doses as low as 0.5–4.0 mg/kg/day (34). The syndrome
included scratching, face rubbing, licking, wet dog shakes,
arched back, and ptosis, many of the signs that are seen in
rats undergoing opiate withdrawal. Similar withdrawal signs
occurred when rats treated chronically with the synthetic
cannabinoid CP-55940 were given rimonabant (35).
Rimonabant-induced withdrawal after 2 weeks of treatment
of rats with the cannabinoid HU-120 was accompanied by a
marked increase in release of the stress-related neuropep-
tide corticotropin-releasing factor in the amygdala, a result
that also occurred in animals undergoing heroin withdrawal
(36).An electrophysiological study showed that precipitated
withdrawal was also associated with reduced firing of dopa-
mine neurons in the ventral tegmental area of rat brain (37).
These data clearly show that chronic administration of

cannabinoids leads to adaptive changes in the brain, some
of which are similar to those seen with other drugs of
dependence. The ability of THC to cause selective release
of dopamine from the nucleus accumbens (38) also sug-
gests some similarity between THC and other drugs in
this category.
Furthermore, although many earlier attempts to obtain

reliable self-administration behavior with THC were
unsuccessful (33), some success has been obtained
recently. Squirrel monkeys were trained to self-adminis-
ter low doses of THC (2 mg/kg per injection), but only
after the animals had first been trained to self-administer
cocaine (39). THC is difficult to administer intravenously,
but these authors succeeded, perhaps in part because they
used doses comparable to those to which human cannabis
users are exposed, and because the potent synthetic can-
nabinoids are far more water-soluble than THC, which
makes intravenous administration easier. Mice could be
trained to self-administer intravenous WIN55212-2, but
CB1 receptor knockout animals could not (40).
Another way of demonstrating the rewarding effects of

drugs in animals is the conditioned place preference para-
digm, in which an animal learns to approach an environ-
ment in which it has previously received a rewarding
stimulus. Rats had a positive THC place preference
after doses as low as 1 mg/kg (41).
Some studies have suggested that there may be links

between the development of dependence to cannabinoids
and to opiates (42). Some of the behavioral signs of rimo-
nabant-induced withdrawal in THC-treated rats can be
mimicked by the opiate antagonist naloxone (43).
Conversely, the withdrawal syndrome precipitated by
naloxone in morphine-dependent mice can be partly
relieved by THC (44) or endocannabinoids (45). Rats
treated chronically with the cannabinoid WIN55212-2
became sensitized to the behavioral effects of heroin
(46). Such interactions can also be demonstrated acutely.
Synergy between cannabinoids and opiate analgesics has
been described above. THC also facilitated the antinoci-
ceptive effects of RB 101, an inhibitor of enkephalin
inactivation, and acute administration of THC caused

increased release of Met-enkephalin into microdialysis
probes placed into the rat nucleus accumbens (47).
The availability of receptor knockout animals has also

helped to illustrate cannabinoid–opioid interactions. CB1

receptor knockout mice had greatly reduced morphine
self-administration behavior and less severe naloxone-
induced withdrawal signs than wild type animals,
although the antinociceptive actions of morphine were
unaffected in the knockout animals (40). The rimona-
bant–precipitated withdrawal syndrome in THC-treated
mice was significantly attenuated in animals with knock-
out of the pro-enkephalin gene (48). Knockout of the m
opioid (OP3) receptor also reduced rimonabant-induced
withdrawal signs in THC-treated mice, and there was an
attenuated naloxone withdrawal syndrome in morphine-
dependent CB1 knockout mice (49,50).
These findings clearly point to interactions between the

endogenous cannabinoid and opioid systems in the CNS,
although the neuronal circuitry involved is unknown.
Whether this is relevant to the so-called ‘‘gateway’’ theory
is unclear. In the US National Household Survey of Drug
Abuse, respondents aged 22 years or over who had started
to use cannabis before the age of 21 years were 24 times
more likely than non-cannabis users to begin using hard
drugs (51). However, in the same survey the proportion of
cannabis users who progressed to heroin or cocaine use
was very small (2% or less). Mathematical modeling using
the Monte Carlo method suggested that the association
between cannabis use and hard drug use need not be
causal, but could relate to some common predisposing
factor, for example ‘‘drug-use propensity’’ (52).

Tumorigenicity

THC does not appear to be carcinogenic, but there is
plenty of evidence that the tar derived from cannabis
smoke is. Bacteria exposed to cannabis tar develop muta-
tions in the standard Ames test for carcinogenicity (53),
and hamster lung cells in tissue culture develop acceler-
ated malignant transformations within 3–6 months of
exposure to tobacco or cannabis smoke (54).

Observational studies

In an open trial the safety, tolerability, dose range, and
efficacy of the whole-plant extracts of Cannabis sativa
were evaluated in 15 patients with advanced multiple
sclerosis and refractory lower urinary tract symptoms
(55). The patients took extracts containing delta-9-tetra-
hydrocannabinol (THC) and cannabidiol (CBD; 2.5 mg
per spray) for 8 weeks followed by THC only for a further
8 weeks. Urinary urgency, the number and volume of
incontinence episodes, frequency, and nocturia all
reduced significantly after treatment with both extracts.
Patients’ self assessments of pain, spasticity, and quality of
sleep improved significantly, and the improvement in pain
continued for up to a median of 35 weeks. Most of the
patients had symptoms of intoxication, such as mild drow-
siness, disorientation, and altered time perception, during
the dose titration period. Three had single short-lived
hallucinations that did not occur when the dose was
reduced. All complained of a worsening of dry mouth
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that was already present from other treatments and two
complained of mouth soreness at the site of drug admin-
istration.
Of 220 patients with multiple sclerosis in Halifax,

Canada 72 (36%) reported ever having used cannabis
(56). Ever use of cannabis for medicinal purposes was
associated with male sex, the use of tobacco, and recrea-
tional use of cannabis. Of the 34 medicinal cannabis users,
10 reported mild, eight moderate and one strong adverse
effects; none reported severe adverse effects. The most
common adverse effects were feeling ‘‘high’’ (n ¼ 24),
drowsiness (20), dry mouth (14), paranoia (3), anxiety
(3), and palpitation (3).

Placebo-controlled studies

Cannabis has been used to treat many medical conditions,
especially those involving pain and inflammation. Many
studies with improved designs and larger sample sizes are
providing preliminary data of efficacy and safety in con-
ditions such as multiple sclerosis and chronic pain syn-
dromes.
In a parallel group, double-blind, randomized, pla-

cebo-controlled study undertaken at three sites in 160
patients with multiple sclerosis a cannabis-based medic-
inal extract containing equal amounts of delta-9-tetra-
hydrocannabinol (THC) and cannabidiol (CBD) at
doses of 2.5–120 mg of each daily in divided doses for
6 weeks, spasticity scores were significantly improved by
cannabis (57). However, when the changes in symptoms
were measured using the Primary Symptoms Scale,
there were no significant differences between cannabis
and placebo. The main adverse events were dizziness
(33%), local discomfort at the site of application (26%),
fatigue (15%), disturbance in attention (8.8%), disorien-
tation (7.5%), a feeling of intoxication (5%), and mouth
ulcers (5%).
In a randomized, double-blind, placebo-controlled,

crossover trial the effect of the synthetic delta-9-tetrahy-
drocannabinol dronabinol on central neuropathic pain
was evaluated in 24 patients with multiple sclerosis (58).
Oral dronabinol reduced central pain. Adverse events
were reported by 96% of the patients compared with
46% during placebo treatment. They were more common
during the first week of treatment. The most common
adverse events during dronabinol treatment were dizzi-
ness (58%), tiredness (42%), headache (25%), myalgia
(25%), and muscle weakness (13%). There was increased
tolerance to the adverse effects over the course of treat-
ment and with dosage adjustments.
Three cannabis-based medicinal extracts in sublingual

form recently became available for use against pain. In a
randomized, double-blind, placebo-controlled, crossover
study for 12 weeks in 34 patients with chronic neuropathic
pain THC extracts were effective in symptom control
(59). Drowsiness and euphoria/dysphoria were common
in the first 2 weeks. Dizziness was less of a problem.
Anxiety and panic were infrequent but occurred during
the run-in period. Dry mouth was the most common
complaint.

General adverse effects

A review has summarized the evidence related to the
adverse effects of acute and chronic use of cannabis
(60). The effects of acute usage include anxiety, impaired
attention, and increased risk of psychotic symptoms.
Probable risks of chronic cannabis consumption include
bronchitis and subtle impairments of attention and
memory.
The adverse effects of cannabis can be considered

under two main headings, reflecting psychoactive and
autonomic effects, in addition to which there are direct
toxic effects. The most frequently reported psychoactive
effects include enhanced sensory perception (for example
a heightened appreciation of color and sound). Cannabis
intoxication commonly heightens the user’s sensitivity to
other external stimuli as well, but subjectively slows the
appreciation of time. In high doses, users may also experi-
ence depersonalization and derealization. Various forms
of psychomotor performance, including driving, are sig-
nificantly impaired for 8–12 hours after using cannabis.
The most serious possible consequence of cannabis use is
a road accident if a user drives while intoxicated.
Adverse reactions have been reported at relatively low

doses and principally affect the psyche, leading to anxiety
states, panic reactions, restlessness, hallucinations, fear,
confusion, and rarely toxic psychosis. These effects
appear to be reversible (61). Ingestion of cake with can-
nabis by people who seldom use or have never used
cannabis before can result in mental changes, including
confusion, anxiety, loss of logical thinking, fits of laughter,
hallucinations, hypertension, and/or paranoid psychosis,
which can last as long as 8 hours.
The autonomic effects of cannabis lead to tachycardia,

peripheral vasodilatation, conjunctival congestion,
hyperthermia, bronchodilatation, dry mouth, nystagmus,
tremor, ataxia, hypotension, nausea, and vomiting, that is
a spectrum of effects that closely resembles the conse-
quences of overdosage with anticholinergic agents. Some
individuals have sleep disturbances. Increased appetite
and dry mouth are other common effects of cannabis
intoxication.
Hypersensitivity reactions are rare, but a few have been

reported after inhalation. Delayed hypersensitivity reac-
tions, particularly affecting vascular tissue, have been
recorded with chronic systemic administration. Tumor-
inducing effects are difficult to attribute to cannabis
alone. Animal studies have shown neoplastic pulmonary
lesions superimposed on chronic inflammation, but such
pathology may be primarily associated with the ‘‘tar’’
produced by burning marijuana. The most serious poten-
tial adverse effects of cannabis use come from the inhala-
tion of the same carcinogenic hydrocarbons that are
present in tobacco, and some data suggest that heavy
cannabis users are at risk of chronic respiratory diseases
and lung cancer.
The effects of oral cannabinoids (dronabinol or

Cannabis sativa plant extract) in relieving pain and mus-
cle spasticity have been studied in 16 patients with multi-
ple sclerosis (mean age 46 years, mean duration of disease
15 years) in a double-blind, placebo-controlled, crossover
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study (62). The initial dose was 2.5 mg bd, increasing to
5 mg bd after 2 weeks if the dose was well tolerated. The
plant extract was more likely to cause adverse events; five
patients had increased spasticity and one rated an adverse
event of acute psychosis as severe. All physical measures
were in the reference ranges. There were no significant
differences in any measure of efficacy score that would
indicate a therapeutic benefit of cannabinoids. This study
is the largest and longest of its kind, but the authors
acknowledged some possible shortcomings. The route of
administration could affect subjective ratings, since the
gastrointestinal tract is a much slower and more ineffi-
cient route than the lungs. Another possibility is that the
dose was too small to have the desired therapeutic effects.

Organs and Systems

Cardiovascular

Marijuana has several effects on the cardiovascular sys-
tem, and can increase resting heart rate and supine blood
pressure and cause postural hypotension. It is associated
with an increase in myocardial oxygen demand and a
decrease in oxygen supply. Peripheral vasodilatation,
with increased blood flow, orthostatic hypotension, and
tachycardia, can occur with normal recreational doses of
cannabis. High doses of THC taken intravenously have
often been associated with ventricular extra beats, a shor-
tened PR interval, and reduced T wave amplitude, to
which tolerance readily develops and which are reversible
on withdrawal. While the other cardiovascular effects
tend to decrease in chronic smokers, the degree of tachy-
cardia continues to be exaggerated with exercise, as
shown by bicycle ergometry.
Marijuana use is most popular among young adults (18–

25 years old). However, with a generation of post-1960s
smokers growing older, the use of marijuana in the age
group that is prone to coronary artery disease has
increased. The cardiovascular effects may present a risk
to those with cardiovascular disorders, but in adults with
normal cardiovascular function there is no evidence of
permanent damage associated with marijuana (61,63,64),
and it is not known whether marijuana can precipitate
myocardial infarction, although mixed use of tobacco
and cannabis make the evaluation of the effects of canna-
bis very difficult.

Ischemic heart disease

Investigators in the Determinants of Myocardial
Infarction Onset Study recently reported that smoking
marijuana is a rare trigger of acute myocardial infarction
(65). Interviews of 3882 patients (1258 women) were con-
ducted on an average of 4 days after infarction. Reported
use of marijuana in the hour preceding the first symptoms
of myocardial infarction was compared with use in
matched controls. Among the patients, 124 reported
smoking marijuana in the previous year, 37 within 24
hours, and 9 within 1 hour of cardiac symptoms. The
risk of myocardial infarction was increased 4.8 times
over baseline in the 60 minutes after marijuana use and

then fell rapidly. The authors emphasized that in a major-
ity of cases, the mechanism that triggered the onset of
myocardial infarction involved a ruptured atherosclerotic
plaque secondary to hemodynamic stress. It was not clear
whether marijuana has direct or indirect hemodynamic
effects sufficient to cause plaque rupture.
Two cases of coronary artery disease have been

reported (66).

� A 48-year-old man, a chronic user of cannabis who had
had coronary artery bypass grafting 10 years before
and recurrent angina over the past 18 months, devel-
oped chest pain. An electrocardiogram showed inter-
mittent resting ST segment changes and coronary
angiography showed that of the three previous grafts,
only one was still patent. There was also sub-total
occlusion of a stent in the left main stem. After 24
hours he had a cardiac arrest while smoking cannabis
and had multiple episodes of ventricular fibrillation,
requiring both electrical and pharmacological cardio-
version. He then underwent urgent percutaneous cor-
onary intervention which involved stenting of his left
main stem. He eventually stabilized and recovered for
discharge 11 weeks later.� A 22-year-old man had two episodes of tight central
chest pain with shortness of breath after smoking can-
nabis. He had been a regular marijuana smoker since
his mid-teens and had used more potent and larger
amounts during the previous 2 weeks. An electrocar-
diogram showed ST segment elevation in leads V1-5,
with reciprocal ST segment depression in the inferior
limb leads. A provisional diagnosis of acute myocardial
infarction was made. Thrombolysis was performed, but
the electrocardiographic changes continued to evolve.
Angiography showed an atheromatous plaque in the
left anterior descending artery which was dilated and
stented. There was early diffuse disease in the cardiac
vessels.

The authors suggested that in the first case ventricular
fibrillation had been caused by increased myocardial oxy-
gen demand in the presence of long-standing coronary
artery disease. In the second case, they speculated that
chronic cannabis use may have contributed to the unex-
pectedly severe coronary artery disease in a young patient
with few risk factors.

� Two young men, aged 18 and 30 years, developed
retrosternal pain with shortness of breath, attributed
to acute coronary syndrome (67). Each had smoked
marijuana and tobacco and admitted to intravenous
drug use. Urine toxicology was positive for tetrahydro-
cannabinol. Aspartate transaminase and creatine
kinase activities and troponin-I and C-reactive protein
concentrations were raised. Echocardiography in the
first patient showed hypokinesia of the posterior and
inferior walls and in the second hypokinesia of the
basal segment of the anterolateral wall. Coronary
angiography showed normal coronary anatomy with
coronary artery spasm. Genetic testing for three com-
mon genetic polymorphisms predisposing to acute cor-
onary syndrome was negative.
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The authors suggested that marijuana had increased the
blood carboxyhemoglobin concentration, leading to
reduced oxygen transport capacity, increased oxygen
demand, and reduced oxygen supply.

Cardiac dysrhythmias

In terms of its potential for inducing cardiac dysrhyth-
mias, cannabis is most likely to cause palpitation due to
a dose-related sinus tachycardia. Other reported dys-
rhythmias include sinus bradycardia, second-degree atrio-
ventricular block, and atrial fibrillation. Also reported are
ventricular extra beats and other reversible electrocardio-
graphic changes.
Paroxysmal atrial fibrillation has been reported in two

cases after marijuana use (68).

� A healthy 32-year-old doctor, who smoked marijuana
1–2 times a month, had paroxysmal tachycardia for
several months. An electrocardiogram was normal
and a Holter recording showed sinus rhythm with iso-
lated supraventricular extra beats. He was treated with
propranolol. He later secretly smoked marijuana while
undergoing another Holter recording, which showed
numerous episodes of paroxysmal atrial tachycardia
and atrial fibrillation lasting up to 2 minutes. He
abstained from marijuana for 12 months and main-
tained stable sinus rhythm.� A 24-year-old woman briefly lost consciousness and
had nausea and vomiting several minutes after smok-
ing marijuana. She had hyporeflexia, atrial fibrillation
(maximum 140/minute with a pulse deficit), and a
blood pressure of 130/80 mmHg. Echocardiography
was unremarkable. Within 12 hours, after metoprolol,
propafenone, and intravenous hydration with electro-
lytes, sinus rhythm was restored.

The authors discussed the possibility that D9-THC, the
active ingredient of marijuana, can cause intra-atrial re-
entry by several mechanisms and thereby precipitate
atrial fibrillation.
Sustained atrial fibrillation has also been attributed to

marijuana (69).

� A 14-year-old African-American man with no cardiac
history had palpitation and dizziness, resulting in a fall,
within 1 hour of smoking marijuana. After vomiting
several times he had a new sensation of skipped heart-
beats. The only remarkable finding was a flow mur-
mur. The electrocardiogram showed atrial fibrillation.
Echocardiography was normal. Serum and urine toxi-
cology showed cannabis. He was given digoxin, and
about 12 hours later his cardiac rhythm converted to
sinus rhythm. Digoxin was withdrawn. He abstained
from marijuana over the next year and was symptom
free.

The authors noted that marijuana’s catecholaminergic
properties can affect autonomic control, vasomotor
reflexes, and conduction-enhancement of perinodal fibers
in cardiac muscle, and thus lead to an event such as this.
Supraventricular tachycardia after the use of cannabis

has been reported (70).

� A 35-year-old woman with a 1-month history of head-
aches was found to be hypertensive, with a blood pres-
sure of 179/119 mmHg. She smoked 20 cigarettes a day
and used cannabis infrequently. Her family history
included hypertension. Electrocardiography suggested
left ventricular hypertrophy but echocardiography was
unremarkable. She was given amlodipine 10 mg/day
and the blood pressure improved. While in the hospi-
tal, she smoked marijuana and about 30 minutes later
developed palpitation, chest pain, and shortness of
breath. The blood pressure was 233/120 mmHg and
the pulse rate 150/minute. Electrocardiography
showed atrial flutter with 2:1 atrioventricular block.
Cardiac troponin was normal at 12 hours. Urine tox-
icology was positive for cannabis only. Two weeks
later, while she was taking amlodipine 10 mg/day and
atenolol 25 mg/day, her blood pressure was 117/
85 mmHg.

The authors reviewed the biphasic effect of marijuana
on the autonomic nervous system. At low to moderate
doses it causes increased sympathetic activity, producing a
tachycardia and increase in cardiac output; blood pressure
therefore increases. At high doses it causes increased
parasympathetic activity, leading to bradycardia and
hypotension. They thought that this patient most prob-
ably had adrenergic atrial flutter.
Coronary no-flow and ventricular tachycardia after

habitual marijuana use has been reported (71).

� A 34-year-old man developed palpitation, shortness of
breath, and chest pain. He had smoked a quarter to a
half an ounce of marijuana per week and had taken it 3
hours before the incident. He had ventricular tachycar-
dia at a rate of 200/minute with a right bundle branch
block pattern. Electrical cardioversion restored sinus
rhythm. Angiography showed a significant reduction in
left anterior descending coronary artery flow rate,
which was normalized by intra-arterial verapamil 200
micrograms.

The authors thought that marijuana may have
enhanced triggered activity in the Purkinje fibers along
with a reduction in coronary blood flow, perhaps through
coronary spasm.

Syncope

Postural syncope after marijuana use has been studied in
29 marijuana-experienced volunteers, using transcranial
Doppler to measure cerebral blood velocity in the middle
cerebral artery in response to postural changes (72). They
were required to abstain from marijuana and other drugs
for 2 weeks before the assessment, as confirmed by urine
drug screening. They were then given marijuana, tetrahy-
drocannabinol, or placebo and lying and standing mea-
surements were made. When marijuana or
tetrahydrocannabinol was administered, 48% reported a
dizziness rating of three or four and had significant falls in
standing cerebral blood velocity, mean arterial blood
pressure, and systolic blood pressure. Eight subjects
were so dizzy that they had to be supported. The authors
suggested that marijuana interferes with the protective
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mechanisms that maintain standing blood pressure and
cerebral blood velocity. All but one of the subjects who
took marijuana or tetrahydrocannabinol reported some
degree of dizziness. Women tended to be dizzier. As the
postural dizziness was significant and unrelated to plasma
concentrations of tetrahydrocannabinol or other indices,
the authors raised concerns about marijuana use in those
who are medically compromised or elderly.

Arteritis

A case of progressive arteritis associated with cannabis
use has been reported (73).

� A 38-year-old Afro-Caribbean man was admitted after
3 months of severe constant ischemic pain and numb-
ness affecting the right foot. The pain was worse at
night. He also had intermittent claudication after walk-
ing 100 yards. He had a chronic history of smoking
cannabis about 1 ounce/day, mixed with tobacco in
the early years of usage. However, at the time of
admission, he had not used tobacco in any form for
over 10 years. He had patchy necrosis and ulceration of
the toes and impalpable pulses in the right foot. The
serum cotinine concentrations were consistent with
those found in non-smokers of tobacco. Angiography
of his leg was highly suggestive of Buerger’s disease
(thromboangiitis obliterans).

Remarkably, this patient, despite having abstained from
tobacco for more than 10 years, developed a progressive
arteritis leading to ischemic changes. While arterial
pathology with cannabis has been reported before, it has
been difficult to dissociate the effects of other drugs.
Popliteal artery entrapment occurred in a patient with

distal necrosis and cannabis-related arteritis, two rare or
exceptional disorders that have never been described in
association (74).

� A 19-year-old man developed necrosis in the distal
third right toe, with loss of the popliteal and foot
pulses. Arteriography showed posterior popliteal
artery compression in the right leg and unusually
poor distal vascularization in both legs. An MRI scan
did not show a cyst and failed to identify the type of
compression and the causal agent. Surgery showed that
the patient had type III entrapment. Surprisingly, the
pain failed to regress and the loss of distal pulses
persisted despite a perfect result on the postoperative
MRA scan. The patient then admitted consuming can-
nabis 10 times a day for 4 years, which suggested a
Buerger-type arteritis related to cannabis consump-
tion. A 21-day course of intravenous vasodilators
caused the leg pain to disappear and the toe necrosis
to regress. An MRA scan confirmed permanent occlu-
sion of three arteries on the right side of the leg and the
peroneal artery on the left side. Capillaroscopy
excluded Buerger’s disease.

The authors suggested that popliteal artery entrapment
in a young patient with non-specific symptoms should
raise the suspicion of a cannabis-related lesion. Their
review of literature suggested that this condition affects

young patient and that complications secondary to popli-
teal artery entrapment did not occur in those who were
under 38 years age.

Respiratory

Acute inhalation of marijuana or THC causes bronchodi-
latation, but with chronic use resistance in the bronchioles
increases (75,76). Prolonged use of cannabis by inhalation
can cause chronic inflammatory changes in the bronchial
tree, in part related to the inhalants that accompany the
smoke. In some cases attacks of asthma and glottal and
uvular angioedema can occur. Reduced respiratory gas
exchange has been reported in long-term smokers, and
under experimental conditions THC can depress respira-
tory function slightly and act as a respiratory irritant. In
fact, chronic marijuana cigarette smoking and chronic
tobacco cigarette smoking produce very similar changes,
but these occur after smoking fewer cigarettes when mar-
ijuana is smoked, compared with tobacco-smoking. With
marijuana inhalation, when a filter is never used, inhala-
tion is deeper and the smoke is held in the lungs for longer
than when smoking commercially produced tobacco-
based cigarettes (77). There is therefore a greater build-
up of carbon monoxide, reduction in carboxyhemoglobin
saturation, and alveolar cellular irritation with depression
of macrophages (SEDA-13, 25). Pneumothorax, pneumo-
pericardium, and pneumomediastinum have been
reported when positive pulmonary pressure is applied or
a Valsalva maneuver used, as often happens (78,79).
A possible role of marijuana use in the formation of

large lung bullae has been discussed (80). Four men, who
smoked both tobacco and marijuana, developed large,
multiple, bilateral, peripheral bullae at their lung apices,
with normal parenchymal tissue elsewhere. Three
patients with large bullae in the upper lung lobe have
been reported (81). All had been heavy marijuana smo-
kers over 10–24 years. However, they all had at least nine
pack-years of cigarette exposure and so marijuana may
not have been the only cause of their lung bullae.
Nevertheless, the authors recommended that all those
who present with upper lung bullae should be screened
for cannabis use.
While D9-THC may not contribute directly to lung

bullae, it is possible that the respiratory dynamics of
smoking the drug explains it. Typically, a draw on a
marijuana joint has, on average, a depth of inspiration
that is one-third greater, a volume two-thirds greater,
and a breath-holding time four times longer than a draw
on a cigarette. The marijuana joint lacks a filter tip, and
the practice of smoking ‘‘leads to a fourfold greater deliv-
ery of tar and a five times greater increase in carboxyhe-
moglobin per cigarette smoked’’ (75). Smoking three to
four joints of marijuana per day is reported to produce a
symptom profile and damage to the respiratory airways
similar to that caused by smoking 20 tobacco cigarettes
daily.
Cannabis smoking can cause pneumothorax (82).

� A 23-year-old man who had smoked cannabis regularly
for about 10 years developed severe respiratory
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distress. He had bilateral pneumothoraces with com-
plete collapse of the left lung.

No obvious reason for the problem was found and the
authors suggested that coughing while breath-holding
during cannabis inhalation had caused the problem.
The term ‘‘Bong Lung’’ is used to refer to a histological

change that occurs in the lungs of chronic cannabis smo-
kers (83). Patients with cannabis-induced recurrent pneu-
mothorax often undergo resection of bullae. In Australia,
the histopathology of resected lung was examined in 10
cannabis smokers, 5 heavy tobacco smokers, and 5 non-
smokers. All marijuana smokers had irregular emphy-
sema with cystic blebs and bullae in the lung apices.
There was also massive accumulation of intra-alveolar
pigmented histiocytes or ‘‘smoker’s macrophages’’
throughout the pulmonary parenchyma, but sparing of
the peribronchioles, similar to desquamative interstitial
pneumonia.

Nervous system

Marijuana can interact with the neurotransmitter dopa-
mine, and the effects of marijuana on the brain in schizo-
phrenia have been studied by single photon emission
computerized tomography (SPECT) (84).
A 38-year-old man with schizophrenia secretively

smoked marijuana during a neuroimaging study. A com-
parison of two sets of images, before and after marijuana
inhalation, showed a 20% reduction in the striatal dopa-
mine D2 receptor binding ratio, suggestive of increased
synaptic dopaminergic activity.
On the basis of this in vivo SPECT study, the authors

speculated that marijuana may interact with dopaminer-
gic systems in brain reward pathways.
A review of the evidence has suggested that, particu-

larly with high doses, cannabis users are 3–7 times more
likely to cause motor accidents than non-drug users (85).

Electroencephalography

Long-term marijuana alters the electroencephalogram
during abstinence (86). In 29 individuals who met DSM-
III R criteria for marijuana dependence or abuse and 21
drug-free controls, electroencephalograms were recorded
for 3 minutes (87). Marijuana abusers had significantly
lower log power for the theta and alpha1 bands during
abstinence compared with controls. The authors also
observed increased cerebrovascular resistance using tran-
scranial Doppler sonography in an overlapping sample of
marijuana abusers. They proposed that this combination
of electroencephalographic findings and changes in cere-
bral blood flow may explain cognitive deficits reported in
chronic marijuana users.

Extrapyramidal effects

Extrapyramidal effects have been reported in a patient
taking neuroleptic drugs who smoked cannabis (88).

� A 20-year-old man with no previous movement disor-
ders, who had smoked marijuana for 4 years was given
risperidone 9 mg/day and clorazepate 10–20 mg/day
for paranoid schizophrenia. After 4 weeks he started

using marijuana again and had least two episodes of
cervical and jaw dystonia with oculogyric crises, for
which intramuscular biperiden was effective. He
acknowledged heavy marijuana use before each epi-
sode. He was then given oral biperiden 2–4 mg/day and
risperidone was replaced by olanzapine 30 mg/day. He
again started smoking marijuana and had similar epi-
sodes of dystonia and oculogyric crises. No other
causes of secondary extrapyramidal disorders were
found.

The authors suggested a causal association between use
of marijuana and extrapyramidal disorders. The research
literature contains evidence that the endogenous canna-
binoid system plays a role in basal ganglia transmission
circuitry, possibly by interfering with dopamine reuptake.
Furthermore, central cannabinoid receptors are located in
two areas that regulate motor activity, the lateral globus
pallidus and substantia nigra (89).

Seizures

Propriospinal myoclonus has been reported after canna-
bis use (90).

� A 25-year-old woman developed spinal myoclonus 18
months after having experienced acute-onset repetitive
involuntary flexion and extension spasms of her trunk
immediately after smoking cannabis. The jerks, which
lasted 2–5 seconds, involved the trunk, neck, and to a
lesser extent the limbs. The attacks occurred in clusters
lasting up to 2 weeks and she was asymptomatic for 2-3
months between clusters. The myoclonus was not pre-
sent during sleep. During a bout of jerks, myoclonus
would occur every few minutes and continue for up to
9 hours, with associated fatigue and back pain.
Neurological examination showed repetitive flexion
jerks of the trunk with no other abnormal signs. An
electroencephalogram, an MRI scan of the head and
spine, and a full-length myelogram were all normal.
Multi-channel surface electromyography with parallel
frontal electroencephalography showed propriospinal
myoclonus of mid-thoracic origin.

There have been no previous reports of propriospinal
myoclonus precipitated by marijuana. The etiology was
not clear but may have involved cannabinoid receptors
located in the brain and spinal cord as well as the periph-
eral nervous system.

Strokes

A cannabis smoker had recurrent transient ischemic
attacks.

� A 50-year-old male cigarette smoker with hyperten-
sion had episodes of transient right-sided hemisensory
loss lasting only a few minutes (91). Coughing while
smoking marijuana was the apparent trigger.
Electroencephalography was negative. An MRI scan
of the brain showed chain-like low-flow infarctions in
the white matter of the left parietal subcortex. Duplex
sonography and digital subtraction angiography
showed a subocclusive stenosis of the left internal
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carotid artery. Blood flow to the left middle cerebral
artery was reduced and delayed and there was steal by
the right middle cerebral artery. Endarterectomy of
the left internal carotid resolved the symptoms.

The authors suggested that marijuana may increase the
risk of reduced cerebral perfusion. Coughing may have
contributed by reduced flow velocity within arteries sup-
plying the brain and by a sudden increase in intracranial
pressure.
Occipital stroke has been reported after cannabis use

(92).

� A 37-year-old Albanian man had an uneventful med-
ical history except that he smoked 20 cigarettes/day
and marijuana joints regularly for 10 years. In the
previous 6 months he had increased his marijuana
smoking to 2-3 joints/week from 1-2 joints/month. He
suddenly developed left-sided hemiparesis, left-sided
hemihypesthesia, and recurrent double vision 15 min-
utes after having smoked a joint containing about
250 mg marijuana. Most of the symptoms disappeared
within 1 hour after onset. An MRI scan showed an
area of impaired diffusion, 2 cm in diameter, in the
right occipital area subcortically. He responded well to
acetylsalicylic acid with dipyridamole and atorvastatin
and was discharged 3 days later with blurred vision
when looking to the left. There was no cardiac source
of embolism. Other causes of stroke were carefully
excluded, and it could only be attributed to the use
of marijuana.

The authors, based on previous reports of the vasogenic
effects of marijuana, suggested that this event may have
been related to increased concentrations of catechola-
mine and carboxyhemoglobin, and diminishing cerebral
autoregulatory capacity.

� A 36-year-old man developed acute aphasia followed
by a convulsive seizure a few hours later after heavy
consumption of hashish and 3–4 alcoholic beverages at
a party (93). He had no previous vascular risk factors.
His blood pressure was 120/80 mmHg. An MRI scan
showed two ischemic infarcts, one in the left temporal
lobe and one in the right parietal lobe. Magnetic reso-
nance angiography of the head and neck showed nar-
rowing of the distal temporal branches of the left
middle cerebral artery without involvement of its prox-
imal segment. There was no evidence of diffuse ather-
osclerotic disease. There was tetrahydrocannabinol in
the urine. Electroencephalography and transesopha-
geal echocardiography were normal. He was given
ticlopidine. A year later, he had a second episode of
aphasia and right hemiparesis immediately after smok-
ing marijuana. His blood pressure was 140/80 mmHg.
An MRI scan showed acute left and right frontal cor-
tical infarctions. He had a third stroke 18 months later,
when he developed auditory agnosia after heavy use of
hashish and 3–4 drinks of alcohol. On this occasion he
was normotensive. An MRI scan showed acute infarcts
in the right posterior temporal lobe and lower parietal
lobe.

The authors discussed the importance of the close tem-
poral relation between the use of cannabis and alcohol
and the episodes of stroke. The mechanism was unclear.
However, they speculated that a vasculopathy, either
toxic or immune inflammatory, was the most likely
mechanism.

Transient global amnesia

Transient global amnesia, an amnesia of sudden onset
regarding events in the present and recent past, typically
occurs in elderly people. Transient global amnesia follow-
ing accidental marijuana ingestion has been reported in a
young boy (94).

� A 6-year-old boy accidentally became intoxicated with
marijuana after eating cookies laced with marijuana.
He developed retentive memory deficits of sudden
onset, later diagnosed as transient global amnesia. He
was anxious and had a tachycardia, fine tremors in the
upper and lower limbs, and an ataxic gait. His CSF was
unremarkable. He had cannabinoids in his urine. His
memory returned to normal after 14 hours. His mother
admitted baking marijuana cookies and leaving them
out on the kitchen table. Up to 12 months later he had
no memory of the episode.

This is the first case of transient global amnesia from
marijuana in a 6-year-old. With increased use of mari-
juana in society, children can sometimes be exposed to
marijuana inadvertently.

Sensory systems

Eyes

No consistent effects of cannabinoids on the eyes have
been reported, apart from a reduction in intraocular pres-
sure (95). The initial reduction in intraocular pressure is
followed by a rebound increase associated with increased
prostaglandin concentrations.
In contrast, bilateral angle-closure glaucoma has been

reported after combined consumption of ecstasy and can-
nabis (96).

� A 29-year-old woman developed severe headaches,
blurred vision, and malaise. Her visual acuity was
<20/400 in the right eye and 20/40 in the left eye.
Intraocular pressures were raised at 38 and
40 mmHg. Slit lamp examination showed bilateral con-
junctival hyperemia, corneal edema, and shallow ante-
rior chambers. Gonioscopy showed bilateral circular
closed angles. The pupils were mid-dilated and non-
reactive to light. The optic nerve heads in both eyes
had slightly enlarged cups. She admitted to recrea-
tional use of ecstasy and marijuana before this ophthal-
mic crisis and also 2 years earlier, when she had had an
episode of ophthalmic migraine with headache and
transient blurred vision. Ophthalmic examination
showed a narrow anterior chamber angle in both eyes.

The authors suggested that the bilateral angle-closure
glaucoma had been precipitated by a combined mydriatic
effect of ecstasy and cannabis.
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Ears

The effect of THC, 7.5 mg and 15 mg, on auditory func-
tioning has been investigated in eight men in a double-
blind, randomized, placebo-controlled, crossover trial
(97). Blood concentrations of THC were measured for
up to 48 hours after ingestion, and audiometric tests
were carried out at 2 hours. There were no significant
differences across treatments, suggesting that cannabis
does not affect the basic unit of auditory perception.

Psychological, psychiatric

The psychological effects of cannabis vary with personal
and social factors. However, some guidance to the essen-
tial effects of the drug can be derived from investigations
with THC and marijuana in non-user volunteers. Blood
concentrations of THC over 75 mg/ml under these condi-
tions are associated with euphoria, and somewhat higher
concentrations with dissociation of events and memory
and impairment of psychomotor tasks lasting over 24
hours (61).
Through random urine testing of draftees to the Italian

army, 133 marijuana users were identified, tested, and
interviewed (98). Among these marijuana users, 83% of
those with cannabis dependence, 46% with cannabis
abuse, and 29% of occasional users had at least one
DSM-IIIR psychiatric diagnosis. With greater cannabis
use, the risk of associated psychiatric disabilities tended
to increase progressively.
Occasional and regular users can suffer panic attacks,

paranoia, hallucinations, or feelings of unreality (deper-
sonalization and derealization).

Behavior

In a critical English-language literature review of the
cannabis research done during the 10 years from 1994 to
2004 the relation between the rate of cannabis use, beha-
vioral problems, and mental disorders in young people
was explored (Rey 1194). Although there are shortcom-
ings in the studies done in this area, the data suggest that
early and heavy use of cannabis has negative effects on
psychosocial functioning and psychopathology. Although
infrequent use causes few mental health or behavioral
problems, cannabis is not necessarily harmless.
Accumulating evidence suggests that regular marijuana
use during adolescence may have effects, whether biolo-
gical, psychological, or social, that are different from
those in later life. Most recent data challenge the notion
that marijuana relieves psychotic or depressive symptoms.
The use of marijuana is related to risky behaviors that

may result in other drug use, high-risk sexual activity,
risky car driving, traffic accidents, and crime. The acute
effects of marijuana on human risk taking has been inves-
tigated in a laboratory setting in 10 adults who were given
three doses of active marijuana cigarettes (half placebo
and half 1.77%, 1.77%, and 3.58 % tetrahydrocannabinol)
and placebo cigarettes (99). There were measurable
changes in risky decisions after marijuana.
Tetrahydrocannabinol 3.58% increased selection of the
risky response option and also caused shifts in trial-by-
trial response probabilities, suggesting altered sensitivity

to both reinforced and losing risky outcomes. The authors
suggested that the effect on risk taking was possibly seen
only at the 3.58% dose because it created a requisite level
of impairment to disrupt inhibitory processes in the meso-
limbic-prefrontal cortical network.

Cognitive effects

Long-term heavy use of cannabis impairs mental perfor-
mance, causes defects in memory (especially short-term
memory), and leads to impairment of memory, attention,
and organization and integration of complex information
(100). Adolescents with pre-existing disabilities in learn-
ing and cognition have experienced serious aggravation of
their problem from regular use of cannabis (101).
The effects of chronic marijuana smoking on human

brain function and cognition have been further investi-
gated (75). Normalized regional brain blood flow and
regional brain metabolism, measured using PET scanning
with 15O, were compared in 17 frequent marijuana users
and 12 non-users. Testing was performed after at least 26
hours of monitored abstinence in all subjects. Marijuana
users had hypoactivity or reduced brain blood flow in a
large region of the posterior cerebellum compared with
controls. This is consistent with what was reported in the
only previous PET study of chronic marijuana use (102).
The cerebellum is hypothesized to have input to aspects
of cognition, specifically timing, the processing of sensory
information, and attention and prediction of real-time
events. Users often report that marijuana smoking is fol-
lowed by alterations in the sense of time and less efficient
cognitive processing.
The safety and possible benefits of long-term marijuana

use have been studied in four seriously ill patients in the
Missoula Chronic Clinical Cannabis Use Study with a
quality-controlled sample of marijuana (103). They were
evaluated using an extensive neurocognitive battery.

� A 62-year-old woman with congenital cataracts
smoked marijuana illicitly for 12 years (current use 3–
4 g/day smoked and 3–4 g/day orally). She had mild-to-
moderate difficulty with attention and concentration
and minimal-to-mild difficulty with acquisition and
storage of very complex new verbal material. Her
executive functioning was not affected.� A 50-year-old man with hereditary osteo-onychodys-
plasia had smoked marijuana since 1974 to alleviate
muscle spasms and pain (current use 7 g/day of 3.75%
THC). He had mild-to-moderate impairment of atten-
tion and concentration and reduced ability to acquire
new verbal material. He scored poorly on the
California Verbal Learning Test (CVLT), a measure
of short-term memory recall, and had difficulty with
motor tasks.� A 48-year-old man with multiple congenital cartilagi-
nous exostoses had smoked marijuana since the late
1970s (current use 9 g/day of 2.7% THC). His neuro-
cognitive scores suggest mild difficulty in sustaining
attention and a minimal-to-mild deficit in the acquisi-
tion of new verbal material.� A 45-year-old woman with multiple sclerosis had
smoked cannabis since 1990 to control pain and muscle
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spasms (current use marijuana cigarettes containing
3.5% THC 10/day). She had impairment of concentra-
tion, learning, and memory efficiency. Her ability to
acquire new verbal information was also impaired.

The authors attributed these cognitive deficits not to mar-
ijuana use but rather to the patients’ illnesses, arguing
that it is difficult for patients with painful debilitating
diseases to concentrate on neurocognitive tasks. Any
abnormalities in MRI imaging and electroencephalogra-
phy were attributed to age-related brain deterioration.
There were no significant abnormalities of respiratory
function, apart from a ‘‘slight downward trend in FEV1

and FEV1/FVC ratios, and perhaps an increase in FVC’’
in three patients, interpretation of these findings being
complicated by concomitant tobacco smoking. One
patient had mild polycythemia and a raised white cell
count. None had abnormal endocrine tests. This was a
comprehensive study of the long-term effects of cannabis,
but concomitant illnesses and use of tobacco made the
results difficult to interpret.
Concerns have been raised about the possible adverse

effects of acute as well as chronic medicinal and recrea-
tional use of cannabis on cognition and the body (104).
The author, while acknowledging the therapeutic role of
cannabinoids in the management of pain and other con-
ditions, expressed concern that in recent years the preva-
lence of recreational cannabis use (especially in the
young) and the potency of the available products have
markedly increased in the UK.
An unusual account of transient amnesia after mari-

juana use has been reported from Europe (105).

� A 40-year-old healthy man with a long history of can-
nabis use was hospitalized with an acute memory dis-
turbance after smoking for several hours a strong type
of marijuana called ‘‘superskunk.’’ After smoking, he
had difficulty recollecting recent events and would ask
the same questions repeatedly. While his routine
laboratory results were within the reference ranges,
his urine and blood toxic screens had very high con-
centrations of cannabinoids (and no other drugs). He
was alert and oriented to his name, address, date, and
place of birth, but could not recall his marital status,
whether he had children, or the nature of his job. He
was disoriented in time. He performed normally in
tests of general cognitive functioning (for example
Raven’s matrices, word fluency, Rey’s complex figur-
ecopy) and short-term memory (for example digit
span, verbal cues), but showed severe impairment in
verbal and non-verbal long-term components of ante-
rograde memory tests. He had a severe retrograde
memory defect mainly affecting autobiographical
memory, with a temporal gradient such that remote
facts were preserved. These memory impairments
lasted 4 days and then rapidly improved, leaving amne-
sia for the acute episode. Electroencephalography dur-
ing the amnestic episode was normal, except for brief
trains of irregular slow activity in the frontal areas
bilaterally. A SPECT scan of his brain was normal. A
week later, repeat neuropsychological examination

showed normal memory and a normal electroencepha-
logram and MRI scan of the brain with enhancement.
One year later, he had stopped using marijuana and
had no further amnestic episodes.

The authors found similarities between the memory dis-
order seen here and transient global amnesia, which con-
sists of anterograde amnesia and a variably graded
retrograde amnesia. Such amnesia has been previously
reported with a number of substances and medications,
but not with marijuana. The authors stated that although
memory impairment has been reported with marijuana
before, it has never involved retrieval of already learned
material. They wondered if the memory impairment was
due to marijuana-induced changes in cerebral blood flow
and ischemia through vasospasm. However, their SPECT
data did not support this theory. They considered the
possibility that cannabinoid receptors, which are dense
in the hippocampus, could have been occupied by mar-
ijuana, resulting in such memory loss. They cautioned that
the effects of marijuana on memory may be more severe
than previously thought.
The neurocognitive effects of marijuana have been stu-

died in 113 young adults (106). Marijuana users, identified
by self-reporting and urinalysis, were categorized as light
users (<5 joints per week) or heavy users (5 or more joints
per week) and current users or former users, the latter
having used the drug regularly in the past (1 or more joint
per week) but not for at least 3 months. IQ, memory,
processing speed, vocabulary, attention, and abstract rea-
soning were assessed. Current regular heavy users per-
formed significantly worse than non-users beyond the
acute intoxication period. Memory, both immediate and
delayed, was most strongly affected. However, after 3
months abstinence, there were no residual effects of mar-
ijuana, even among those who had formerly had heavy use.
Delta-9-tetrahydrocannabinol (THC) activates canna-

binoid receptors in frontal cortex and hippocampus.
Electroencephalograms were obtained from 10 subjects
who performed cognitive tasks before and after smoking
marijuana or a placebo, to examine the effects on perfor-
mance and neurophysiology signals of cognitive functions
(107). Marijuana increased heart rate and reduced global
theta band electroencephalographic power, consistent
with increased autonomic arousal. Responses in working
memory tasks were slower and less accurate after smok-
ing marijuana, and were accompanied by reduced alpha-
band electroencephalographic reactivity in response to
increased task difficulty. Marijuana disrupted both sus-
tained and transient attention processes, resulting in
impaired memory task performance. In the episodic
memory task, marijuana use was associated with an
increased tendency to identify distracter words erro-
neously as having been previously studied. In both tasks,
marijuana attenuated stimulus-locked event-related
potentials (ERP). In subjects most affected by marijuana,
a pronounced ERP difference between previously studied
words and new distracter words was also reduced, sug-
gesting disruption of neural mechanisms underlying mem-
ory for recent episodes.

Cannabinoids 479

ª 2009 Elsevier B.V. All rights reserved.



In a Vietnamese study of 54 monozygotic male twin
pairs who were discordant for regular marijuana use and
who had not used any other illicit drug regularly the
marijuana users significantly differed from the non-users
on the general intelligence domain; however, within that
domain only the performance of the block design subtests
of Wechsler Adult Intelligence Scale-Revised reached
statistical significance (108). The marijuana users had
not used it for at least 1 year, and a mean of almost 20
years had passed since the last time marijuana had been
used regularly. There were no marked long-term residual
effects of marijuana use on cognitive abilities.
Marijuana impairs memory, although it is not clear

which components of memory are affected. Memory
involves two components: an initial delay-independent
discrimination or ‘‘encoding’’ and a second delay-depen-
dent discrimination or ‘‘recall’’ of information. In five
subjects tetrahydrocannabinol acutely impaired delay-
dependent discrimination but not delay-independent dis-
crimination (109). In other words, smoking marijuana
increased the rates of forgetting but did not alter initial
discriminability.

Psychosis

The causal relation between cannabis abuse and schizo-
phrenia is controversial. Cannabis abuse, and particularly
heavy abuse, can exacerbate symptoms of schizophrenia
and can be considered as a risk factor eliciting relapse in
schizophrenia (110). Chronic cannabis use can precipitate
schizophrenia in vulnerable individuals (111).
Four cases in which psychosis developed after relatively

small amounts of marijuana were smoked for the first
time have been reported (112). All required hospitaliza-
tion and neuroleptic drug treatment. Each had a mother
with manic disorder and two had psychotic features. The
authors noted that marijuana is a dopamine receptor
agonist, and mania may be associated with excessive
dopaminergic neurotransmission. The use of marijuana
may precipitate psychosis or mania in subjects who are
genetically vulnerable to major mental illness.
Marijuana abuse and its possible associated risks in

reinforcing further use, causing dependence, and produ-
cing withdrawal symptoms among adolescents with con-
duct symptoms and substance use disorders has been
investigated in 165 men and 64 women selected and then
interviewed from a group of 255 consecutive admissions
to a university-based adolescent substance abuse treat-
ment program (113). All had DSM-IIIR substance depen-
dence, 82% had conduct disorder, 18% had major
depression, and 15% had attention-deficit/hyperactivity
disorder. Most (79%) met the criteria for cannabis depen-
dence. Two-thirds of the cannabis-dependent individuals
admitted serious drug-related problems and reported
associated drug withdrawal symptoms according to the
Comprehensive Addiction Severity Index in adolescents
(CASI). For the majority, progression from first to regu-
lar cannabis use was as rapid as tobacco progression and
more rapid than that of alcohol.

Schizophrenia

Neurotrophins, such as nerve growth factor and brain-
derived neurotrophic factor (BDNF), are implicated in
neuronal development, growth, plasticity, and mainte-
nance of function. Neurodevelopment is impaired in schi-
zophrenia and vulnerable schizophrenic brains may be
more sensitive to toxic influences. Thus, cannabis may
be more neurotoxic to schizophrenic brains than to non-
schizophrenic brains when used chronically. In 157 drug-
naïve first-episode schizophrenic patients there were sig-
nificantly raised BDNF serum concentrations by up to
34% in patients with chronic cannabis abuse or multiple
substance abuse before the onset of the disease (114).
Thus, raised BDNF serum concentrations are not related
to schizophrenia and /or substance abuse itself but may
reflect cannabis-related idiosyncratic damage to the schi-
zophrenic brain. Disease onset was 5.2 years earlier in the
cannabis-consuming group.
Cannabis is commonly used in by people with schizo-

phrenia, and there is a possible association between the
drug and the presentation, symptoms, and course of the
illness. The effects of marijuana on psychotic symptoms
and cognitive deficits in schizophrenia have been studied
in 13 medicated stable patients and 13 healthy subjects in
a double-blind, placebo-controlled randomized study
using 2.5 and 5 mg of intravenous delta-9-tetrahydrocan-
nabinol (THC) (115). Tetrahydrocannabinol transiently
worsened cognitive deficits, perceptual alterations, and a
range of positive and negative symptoms in those with
schizophrenia. There were no positive effects. These
results suggest a role for cannabinoid receptors in the
pathophysiology of schizophrenia.

Endocrine

In animals (particularly monkeys), cannabis depresses
ovarian and testicular function. In man, chronic use has
been associated with reduced serum FSH and LH con-
centrations in a few people, often accompanied by
reduced serum testosterone, oligospermia, reduced
sperm motility, and gynecomastia (116). There is no evi-
dence of impairment of male fertility; no studies have
been carried out on female fertility. There is evidence of
slightly shortened gestation periods in chronic users (117).
There are variable non-specific effects on serum prolactin
and growth hormone and a rise in plasma cortisol con-
centrations has been recorded in one study.

Hematologic

Of the hematological changes very occasionally noted,
polycythemia appears to be secondary to reduced pul-
monary oxygen exchange (see the Respiratory section in
this monograph).

Gastrointestinal

Although cannabis has been used as an antiemetic, in 19
patients it was associated with cyclical hyperemesis, and
in seven cases withdrawal was followed by the
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disappearance of symptoms; in three cases there was a
positive re-challenge (118).

Immunologic

Tetrahydrocannabinol depresses lymphocyte and macro-
phage activity in cell cultures, while in rats in vivo it
directly suppresses natural killer cell activity and impairs
T lymphocyte transformation by phytohemagglutinin in
concentrations of cannabinoids achievable with the usual
doses (119). Variable results have been obtained in man
in tests of circulating T cells and hormonal immunity
(120).
In animals and man, chronic use often suppresses the

immune system’s response to inhaled bacterial or fungal
material. In this connection it is relevant to note that a
contaminant mould (Aspergillus) found in cannabis can
predispose immunocompromised cannabis smokers to
infection. It has been suggested that baking the cannabis
(at 300�F for 15 minutes) before smoking will kill the
fungus and reduce the potential risk (121).
The effects of marijuana on immune function have

been reviewed (122). The studies suggest that marijuana
affects immune cell function of T and B lymphocytes,
natural killer cells, and macrophages. In addition, canna-
bis appears to modulate host resistance, especially the
secondary immune response to various infectious agents,
both viral and bacterial. Lastly, marijuana may also affect
the cytokine network, influencing the production and
function of acute-phase and immune cytokines and mod-
ulating network cells, such as macrophages and T helper
cells. Under some conditions, marijuana may be immuno-
modulatory and promote disease.
The effects of cannabinoids on the immune system have

been examined in two separate studies. In the first of
these the effects of oral cannabinoids on immune func-
tioning were studied in 16 patients with multiple sclerosis
in a crossover study of dronabinol, Cannabis sativa plant
extract, or placebo for 4 weeks (123). There was a modest
increase in pro-inflammatory cytokine tumor necrosis
factor alfa during cannabis plant extract treatment in all
the subjects. Those with high adverse event scores (n¼7)
had significant increases in pro-inflammatory plasma
cytokine IL-12p40 while taking the plant extract; this
was not the case with tetrahydrocannabinol. Other cyto-
kines were not affected. Tumor necrosis factor alfa and
IL-12p40 are known to worsen the course of multiple
sclerosis (124). These results are interesting because
they suggest immunoactivation by cannabinoids in
patients with multiple sclerosis, rather than immunosup-
pression, as previously reported with the plant extract
(125). More studies are needed, because these pro-inflam-
matory effects could have negative influence on the
course of the disease.
A severe allergic reaction after intravenous marijuana

has been reported (126).

� A 25-year-old man with intermittent metamfetamine
use developed facial edema, pruritus, and dyspnea 45
minutes after injecting a mixture of crushed mari-
juana leaves and heated water. He was anxious, and

had tachypnea, respiratory stridor, wheezing, edema
of the face and oral mucosa, and truncal urticaria.
There was mild pre-renal uremia and urine toxicol-
ogy was positive for metamfetamine and marijuana.
Skin testing was not done. With appropriate medical
intervention there was resolution of symptoms within
a day.

The authors noted that marijuana may have contami-
nants, including Aspergillus, Salmonella, herbicides, and
mercury, which can trigger allergic reactions.

Long-Term Effects

Drug tolerance

Tolerance develops with heavy chronic use in individuals
who report problems in controlling their use and who
continue to use cannabis despite adverse personal conse-
quences (60).

Drug withdrawal

Withdrawal symptoms occur after chronic heavy use (60).
Abrupt withdrawal of high-level use of cannabinoids
causes irritability, restlessness, and insomnia, with a
rebound increase in REM sleep, tremor, and anorexia
lasting up to a week (127–129). Occasional use does not
appear to be associated with major consequences.

Tumorigenicity

Three different associations of cannabinoids with cancer
have been discussed (130). Firstly, there is a possible
direct carcinogenic effect. In in vitro studies and in
mice tetrahydrocannabinol alone does not seem to be
carcinogenic or mutagenic. However, cannabis smoke is
both carcinogenic and mutagenic and contains similar
carcinogens to those in tobacco smoke. Cannabis is pos-
sibly linked to digestive and respiratory system cancers.
Case reports support this association but epidemiological
cohort studies and case-control studies have provided
conflicting evidence. Secondly, there is conflicting evi-
dence on the beneficial effects of tetrahydrocannabinol
and other cannabinoids in patients with cancer. In some
in vitro and in vivo studies, tetrahydrocannabinol and
synthetic cannabinoids had antineoplastic effects, but in
others tetrahydrocannabinol had a negative effect on the
immune system. No anticancer effects of tetrahydrocan-
nabinol in humans have so far been reported. Thirdly,
cannabis may palliate some of the symptoms and adverse
effects of cancer. Cannabis may improve appetite, reduce
nausea and vomiting, and alleviate moderate neuropathic
pain in patients with cancer. The authors defined the
challenge for the medical use of cannabinoids as the
development of safe, effective, and therapeutic methods
of using it that are devoid of the adverse
psychoactive effects. Lastly, they discussed the possible
associations between cannabis smoking and tumors of
the prostate and brain, noting the need for larger, con-
trolled studies.
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Second-Generation Effects

Pregnancy

Behavioral anomalies have been identified in the off-
spring of monkeys and women exposed to cannabis dur-
ing pregnancy (131,132). These include reduced visual
responses, increased auditory responses, and reduced
quietude. Most of the effects resolved within 4–5 weeks
postpartum and there were no abnormalities at 1 year.

Teratogenicity

In animals, THC crosses the placenta and is excreted in
breast milk. There is conflicting evidence concerning ter-
atogenicity in animals, but no definitive evidence in man.
However, there have been many anecdotal reports of
abnormalities. Although these were without consistent
characteristics, the descriptions would readily fit the
fetal alcohol syndrome (133–136) and clinical evaluation
of the use of cannabis during pregnancy is complicated by
the frequent concomitant use of alcohol and tobacco.

Fetotoxicity

The effect of maternal and prenatal marijuana exposure
on offspring from birth to adolescence is being investi-
gated (137). The Ottawa Prenatal Prospective Study
(OPPS), a longitudinal project begun in 1978, recently
reported its findings in 146 low-risk, middle-class children
aged 9–12 years. Their performances on neurobehavioral
tasks that focus on visuoperceptual abilities (ranging from
basic skills to those requiring integration and cognitive
manipulation of such skills) were analysed. Performance
outcomes were different in children with prenatal expo-
sure to cigarette smoking and those with prenatal expo-
sure to marijuana. Maternal cigarette smoking affected
fundamental visuoperceptual functioning. Prenatal mari-
juana use had a negative effect on performance in
visual problem-solving, which requires integration, ana-
lysis, and synthesis. In a second prospective study, the
effects of prenatal marijuana exposure and child beha-
vior problems were studied in 763 subjects aged 10
years (138). Prenatal maternal marijuana exposure
was associated with increased hyperactivity, impulsiv-
ity, and inattention in the children. There was also
increased delinquency and externalizing problems.
The authors suggested a possible pathway between
prenatal marijuana exposure and delinquency, which
may be mediated by the effects of marijuana exposure
on symptoms of inattention.
The effects of prenatal marijuana exposure on cogni-

tive functioning have been examined in 145 children aged
13-16 years (139). The age breakdown was 45 13-year-
olds, 36 14-year-olds, 51 15-year-olds, and 13 16-year-
olds. These groups were further classified by maternal
marijuana use: less than six joints per week (n ¼ 120) and
six or more joints per week (n ¼ 25). A standard neuro-
cognitive test battery was administered, and two of the
tests differed significantly between non-users/light users
and heavy users. On the Abstract Designs test the
children of heavy users had significantly slower response

times. Children in the heavy user group also scored sig-
nificantly lower on the Peabody Spelling test. These
results suggest a dose-related effect of prenatal mari-
juana exposure on cognition. The two tests that differed
across groups depend, to a lesser degree, on cognitive
manipulation or comprehension and, to a greater degree,
on visual memory, analysis, and integration. Unlike
cigarette exposure, marijuana does not seem to affect
overall intelligence. It is therefore possible that heavy
marijuana use during pregnancy causes subtle deficits in
visual analysis.
Cannabis is the illicit drug that is most commonly used

by young women and they are not likely to withdraw until
the early stages of pregnancy. The effects of early mater-
nal marijuana use on fetal growth have been reported in
pregnant women who elected voluntary saline-induced
abortion at mid-gestation (weeks 17–22) (140).
Marijuana (n ¼ 44) and non-marijuana exposed fetuses
(n ¼ 95) were compared and adjusted for maternal alco-
hol and cigarette use. Both fetal foot length and body
weight were significantly reduced by marijuana. Fetal
growth impairment was greatest in the group with mod-
erate, regular exposure to about 3–6 joints/week and not
in those with heavy maternal marijuana use. There was no
significant effect on fetal body length and head circum-
ference due to prenatal marijuana exposure.

Susceptibility Factors

Age

Children

In young children, accidental ingestion leads to the rapid
onset of drowsiness, hypotonia, dilated pupils, and coma.
Fortunately, gradual recovery occurs spontaneously, bar-
ring accidents. Passive inhalation of marijuana in infants
can have serious consequences.

� A 9-month-old girl presented with extreme lethargy
and a modified Glasgow coma scale of 10, after having
been exposed to cigarette and cannabis smoke at the
home of her teenage sister’s friend (141). The physical
examination and laboratory results were unremark-
able. Cannabinoids were detected in a urine screen.

While chronic adult users can display apathy and
impaired concentration, these effects are possibly in part
associated with other factors. No permanent organic brain
damage has been demonstrated (141,142).

HIV infection

The use of cannabinoids has been studied in 62 patients
with HIV-1 infection (143). Cannabinoids and HIV are of
interest because there is the chance of an interaction
between tetrahydrocannabinol and antiretroviral therapy.
Tetrahydrocannabinol inhibits the metabolism of other
drugs (144,145) and cannabinoids are broken down by
the same cytochrome P-450 enzymes that metabolize
HIV protease inhibitors. The subjects were randomly
assigned to marijuana, dronabinol (synthetic delta-9-tet-
rahydrocannabinol), or placebo, given three times a day, 1
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hour before meals. The amounts of HIV RNA in the
blood did not increase significantly over the course of
the study and there were no significant effects on CD4þ
or CD8þ cell counts. However, there was significant
weight gain in both cannabinoid groups compared with
placebo. Although this study was of very short duration,
the results suggested that either oral or smoked marijuana
may be safe for individuals with HIV-1.

Other features of the patient

People with pre-existing coronary artery disease may
have an increased incidence of attacks of angina (146).
In individuals who are vulnerable to schizophrenia, can-
nabis can precipitate psychoses or aggravate schizophre-
nia. The control of epilepsy may be impaired. Users
undergoing anesthesia may react unexpectedly and may
have enhanced nervous system depression. Because of
impairment of judgement and psychomotor performance,
users should not drive or operate machinery for at least 24
hours after administration.

Drug–Drug Interactions

Alcohol

Additive psychoactive effects sought by users may be
achieved by combinations of cannabis and alcohol, but
at the same time the ability of THC to induce microsomal
enzymes will increase the rate of metabolism of alcohol
and so reduce the additive effects (127).

Anticholinergic drugs

The anticholinergic effects of cannabis (127) may result in
interactions with other drugs with anticholinergic effects,
such as some antidysrhythmic drugs.

Barbiturates, short-acting

Additive psychoactive effects sought by users may be
achieved by combinations of cannabis and short-acting
barbiturates, but at the same time the ability of THC to
induce microsomal enzymes will increase the rate of
metabolism of barbiturates and so reduce the additive
effects (127).

Disulfiram

Concurrent administration with disulfiram is associated
with hypomania (147).

Indinavir

The effects of smoked marijuana (3.95% tetrahydrocan-
nabinol; up to three cigarettes per day) and oral dronabi-
nol (2.5 mg tds) on the pharmacokinetics of indinavir
800 mg 8-hourly (n = 28) have been evaluated in a ran-
domized, placebo-controlled study in HIV-infected
patients (148). On day 14, marijuana reduced the 8-hour
AUC of indinavir by 15%, the Cmax by 14%, and the Cmin

by 34%. However, only the change in Cmax was signifi-
cant. Dronabinol had no effects.

Lysergic acid diethylamide

‘‘Flashbacks,’’ or the return of hallucinogenic effects,
occur in almost a quarter of those who have used LSD,
particularly if they have also used other CNS stimulants,
such as alcohol or marijuana. They can experience distor-
tions of perception of objects, space, or time, which
intrude without warning into reality, resulting in delu-
sions, panic, and unusual images. A ‘‘trailing phenom-
enon’’ has also been reported, in which the visual
perception of objects is reduced to a series of interrupted
pictures rather than a constant view. The frequency of
these events may slowly abate over several years, but in a
significant number their incidence later increases
(149,150).

Nelfinavir

The effects of smoked marijuana (3.95% tetrahydrocan-
nabinol; up to three cigarettes per day) and oral dronabi-
nol (2.5 mg tds) on the pharmacokinetics of nelfinavir
750 mg tds (n = 34) have been evaluated in a randomised,
placebo-controlled study in HIV-infected patients (151).
At day 14, marijuana reduced the 8-hour AUC of nelfi-
navir by 10%, the Cmax by 17%, and the Cmin by 12%.
However, none of these changes was significant.
Dronabinol had no effects.

Psychotropic drugs

Cannabis alters the effects of psychotropic drugs, such as
opioids, anticholinergic drugs, and antidepressants,
although variably and unpredictably (127).

Sildenafil

Myocardial infarction has been attributed to the combi-
nation of cannabis and sildenafil.

� A 41-year-old man developed chest tightness radiating
down both arms (152). He had taken sildenafil and
cannabis recreationally the night before. His vital
signs were normal and he had no signs of heart failure.
However, electrocardiography showed an inferior
evolving non-Q-wave myocardial infarct and his crea-
tine kinase activity was raised (431 U/l).

Cannabis inhibits CYP3A4, which is primarily responsible
for the metabolism of sildenafil, increased concentrations
of which may have caused this cardiac event.
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COCAINE

General Information

Cocaine is an alkaloid derived from the plant
Erythroxylon coca and other Erythroxylon species in
South America. The leaves contain cocaine as the princi-
pal alkaloid, plus a variety of minor alkaloids. Only
decocainized coca products are legal in the USA, but
some commercially available tea products have been
found in the past to contain cocaine in a concentration
normally found in coca leaves (about 5 mg of cocaine per
1 g tea-bag). This results in only mild symptoms when
package directions to drink a few cups per day are fol-
lowed, but massive overdosing can result in severe agita-
tion, tachycardia, sweating, and raised blood pressure.
Cocaine, as the leaf or as an extracted substance in

different forms, has been used for different purposes.
Andean Indians have long chewed leaves of the coca
plant to reduce hunger and increase stamina. Pure
cocaine was first extracted from coca in the 19th century;
it was used to treat exhaustion, depression, and morphine
addiction and was available in many patent medicines,
tonics, and soft drinks. In the USA, after the Harrison
Narcotic Act of 1914 and the Narcotic Drugs Import and
Export Act of 1922, the use of cocaine fell, and the
National Commission on Marihuana and Drug Abuse in
1973 reported that cocaine was little used. Since then,
however, use has grown and there is now an epidemic in
many countries. There may be about 5 million regular
cocaine users in the USA, and users who have significant
difficulties, including serious as well as fatal medical com-
plications, continue to be reported frequently (1,2).
Deaths occur not only from overdosage but also from
drug-induced mental states, which can lead to serious
injuries (3).
Cocaine was also the first aminoester local anesthetic,

and its adverse effects differ from those of other local
anesthetics. Owing to its rapid absorption by mucous
membranes, cocaine applied topically can cause systemic
toxic effects. There is a wide variation in the rate and
amount of cocaine that is systemically absorbed. This
variability can be affected by the type and concentration
of vasoconstrictor used with cocaine and also accounts for
the differences in cocaine pharmacokinetics in cocaine
abusers (SEDA-20, 128).
As a recreational drug cocaine can be snorted (sniffed),

swallowed, injected, or smoked. The street drug comes in
the form of a white powder, cocaine hydrochloride. The
hydrochloride salt and the cutting agents are removed to
create the free base, which is smoked. The inexpensive
widely available crack formulation is prepared by alkali-
nizing cocaine hydrochloride and precipitating the resul-
tant alkaloidal free-base cocaine, which, unlike the
hydrochloride, is not destroyed by heat when smoked.
Smoking crack provides a rapid effect, comparable to
that of intravenous injection. Intense euphoria, followed
within minutes by dysphoria, leads to frequent dosing and

a greater potential for rapid addiction (4). As with
amphetamines, the euphoric effect can enhance craving,
and repeated reinforcement can lead to conditioned drug
responses, which facilitate dependence. Facilitated condi-
tioned effects with cocaine may be due to its rapid elim-
ination and the development of acute tolerance. Frequent
repeated dosing becomes necessary to sustain euphoria,
thereby promoting a tight temporal juxtaposition of
euphoria with recent drug-taking (5).
Rapid intravenous or inhalational administration of

cocaine can cause very high concentrations in areas of
high vascular perfusion, for example the heart and brain,
before eventual distribution to other tissues. Under these
conditions there is a catecholaminergic storm in the heart
and a local anesthetic effect, with prolongation of conduc-
tion. Once beyond the immediate period of vulnerability,
accumulation (for example through frequent overdosing
or accidents from body packing of condom-filled stimu-
lants to avoid detection) leads to a different cascade of
events over a period of hours, leading to death. This
cascade includes a catecholaminergic hypermetabolic
state, with hyperpyrexia and acidosis, anorexia, and
repeated seizures, usually ending in cardiac collapse
(1,6). On the other hand, chronic dosing can cause cate-
cholaminergic cardiomyopathy, for example contraction
bands, cardiomegaly (7,8), and repeated vasospastic
insults to cerebral and coronary arteries (9). Whether
these chronic effects predispose to increased sensitivity
to acute toxicity has not been systematically explored, but
autopsy studies suggest that they do.
In addition to other chronic changes in abusers, person-

ality deterioration carries a significant association with
high-risk behaviors, which are a source of physical and
psychiatric morbidity and mortality. These include sui-
cide, violent trauma and aggressive behavior, high-risk
methods of drug use (for example needle sharing), and
high-risk sexual behavior, with increased risks of HIV,
hepatitis B, and other infections.
The stimulant properties of cocaine are similar to those of

amphetamines, although the differences are notable, in part
because of the very short half-life of cocaine. However,
cocaine has the same problem of abuse potential as other
stimulants, and at high doses causes stimulant psychosis (10).
In addition, even when it is used as a local nasopharyngeal
anesthetic, it has toxic, even fatal, effects in high doses.
Death from cocaine often occurs within 2–3 minutes,

suggesting direct cardiac toxicity, fatal dysrhythmias, and
depression of medullary respiratory centers as common
causes of death (11,12). Thus, cocaine’s local anesthetic
properties can contribute additional hazards when high
doses are used, reminiscent of deaths reported in the era
when it was used as a mucous membrane paste for naso-
pharyngeal surgery (13).
Periods of increased cocaine use, especially intravenous

administration, inhalation of the free base, and high-dose
use, are associatedwith cocaine-related deaths. For example,
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according to the Drug AbuseWarning Network, there was a
three-fold increase in such deaths from 195 to 580 per year in
the USA between 1981 and 1985. Despite the importance of
these mortality data, relatively little is known of the types of
pathophysiological sequences involved in the cascade of
events leading to death. More important, there is a paucity
of guidelines to appropriate diagnostic and treatment strate-
gies for the various prefatal conditions.
Patients with brain death due to acute intoxication of

drugs, including cocaine, can be organ donors.
Satisfactory outcomes of graft functions were achieved
in orthotopic liver transplants (14,15), kidney transplants
(15), and lung transplants (16). The use of grafts from
donors with brain death due to cocaine overdosage may
be a valid option to expand the donor pool and help
maximize the availability of scarce donor organs.

General adverse effects

Cocaine has a spectrum of pharmacological effects. It
initially causes excitement and euphoria; later, with
higher doses, lower centers become involved, producing
reduced coordination, tremors, hyper-reflexia, increased
respiratory rate, and at times nausea, vomiting, and con-
vulsions. These symptoms are eventually followed by
CNS depression.
Cardiovascular effects include tachycardia, hypertension,

and increased cardiac irritability; large intravenous doses can
cause cardiac failure. Cardiac dysrhythmias have been
ascribed to a direct toxic effect of cocaine and a secondary
sensitization of ventricular tissue to catecholamines (17),
along with slowed cardiac conduction secondary to local
anesthetic effects. Myocardial infarction has increased as a
complication of cocaine abuse (7,8). Dilated cardiomyopa-
thies, with subsequent recurrent myocardial infarction, have
been associated with long-term use of cocaine, raising the
possibility of chronic effects on the heart (18). Many victims
have evidence of pre-existing fixed coronary artery disease
precipitated by cocaine (SEDA-9, 35) (19–21). However,
myocardial infarction has been noted even in young intra-
nasal users with no evidence of coronary disease (22),
defined by autopsy or angiography (23,24). If applied to
mucous membranes, cocaine causes local vasoconstriction,
and, with chronic use, necrosis.
As a general rule, mortality is higher when cocaine is used

intravenously or as smoked free base than if taken nasally or
orally (25). The symptoms of acute cocaine poisoning
include agitation, sweating, tachycardia, tonic-clonic sei-
zures, severe respiratory and metabolic acidosis, apnea,
and ventricular dysrhythmias. Seizures occur at high doses,
and may be a major determinant of fatal outcomes; their
control with sedatives is important to reduce lethality (26).
Associated hyperthermia can contribute as a primary cause
in cases of fatal hyperpyrexia, and can potentiate the hypoxic
cardiovascular events in cardiac deaths in those who survive
the initial acute dose (27,28). A study of a very large number
of cocaine deaths showed that the morbidity rate increased
by four times on days on which the ambient temperature
rose above 31.1�C (29). The final agonal events in cocaine
deaths involve the combination of sympathomimetic myo-
cardial responses and/or cardiac conduction slowing,

secondary to cocaine’s local anesthetic effect, leading to
dysrhythmias (30). In reported fatal overdoses, convulsions
and death have usually occurred within minutes. Most
patients who have survived for the first 3 hours after an
initial acute overdose have been likely to recover.
Treatment includes respiratory and cardiovascular resuscita-
tive measures. Short-acting barbiturates, benzodiazepines,
beta-blockers, and phentolamine have all been used with
some success (23,31). Because of a possible risk of coronary
vasodilatation with the use of propranolol to manage dys-
rhythmias in cocaine overdose, the use of labetalol for this
indication is recommended, if a beta-blocker is required
(32,33). In one study of 60 cocaine-related deaths, autopsy
findings were non-specific but typical of those found in
respiratory depression of central origin (34).

Organs and Systems

Cardiovascular

Myocardial infarction

Cocaine abuse is a risk factor for myocardial ischemia,
infarction, and dysrhythmias, as well as pulmonary edema,
ruptured aortic aneurysm, infectious endocarditis, vascular
thrombosis, myocarditis, and dilated cardiomyopathy (35).
By one estimate, since the first report in 1982, over 250

cases of myocardial infarction due to cocaine have been
reported, mostly in the USA. The first report from the UK
was published in 1999 (63). Acutely, cocaine suppresses
myocardial contractility, reduces coronary caliber and cor-
onary blood flow, induces electrical abnormalities in the
heart, and increases heart rate and blood pressure. These
effects can lead to myocardial ischemia (36,37). However,
intranasal cocaine in doses used medicinally or recreation-
ally does not have a deleterious effect on intracardiac pres-
sures or left ventricular performance (38).
As cocaine use has become more widespread, the num-

ber of cocaine-related cardiovascular events has increased
(39). Myocardial ischemia and infarction associated with
cocaine are unrelated to the route of administration, the
amount taken, and the frequency of use. The risk of acute
myocardial infarction is increased after acute use of
cocaine and it can occur in individuals with normal cor-
onary arteries at angiography. The patients are typically
young men and smokers and do not have other risk fac-
tors for atherosclerosis.
Tachycardia and vasoconstriction from cocaine can

exacerbate coronary insufficiency, complicated by dys-
rhythmias and hypertensive and vascular hemorrhage
(1). Sudden deaths have been reported in patients with
angina (40). Chronic dosing includes cardiomyopathy and
cardiomegaly; other chronic conditions include endocar-
ditis and thrombophlebitis. Crack smoking has led to
pneumopericardium (41).

DoTS classification (BMJ 2003; 327: 1222-5):
Dose-relation: Toxic
Time-course: Time independent
Susceptibility factors: Not known
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The cardiac effects of intracoronary infusion of
cocaine have been studied in dogs and humans (42).
The procedure can be performed safely and does not
alter coronary arterial blood flow. The effects of direct
intracoronary infusion of cocaine on left ventricle systolic
and diastolic performance have been studied in 20
patients referred for cardiac catheterization for evalua-
tion of chest pain. They were given saline or cocaine
hydrochloride (1 mg/minute) in 15-minute intracoronary
infusions, and cardiac measurements were made during
the final 2–3 minutes of each infusion. The blood cocaine
concentration obtained from the coronary sinus was 3.0
mg/ml, which is similar in magnitude to the blood–cocaine
concentration reported in abusers who die of cocaine
intoxication. Minimal systemic effects were produced.
The overall results were that cocaine caused measurable
deterioration of left ventricular systolic and diastolic
performance.
Possible predictors of cardiovascular responses to

smoked cocaine have been studied in 62 crack cocaine
users (24 women and 38 men, aged 20–45 years) who used
a single dose of smoked cocaine 0.4 mg/kg (43).
Physiological responses to smoked cocaine, such as
changes in heart rate and blood pressure, were monitored.
The findings suggested that higher baseline blood pres-
sure and heart rate, a greater amount and frequency of
current cocaine use, and current cocaine snorting pre-
dicted a reduced cardiovascular response to cocaine. By
contrast, factors such as male sex, African-American race,
higher body weight, and current marijuana use were asso-
ciated with a greater cardiovascular response.
Anecdotal reports

� A 26-year-old man reported smoking 10 cigarettes/day
and using cocaine by inhalation at weekends (44). His
electrocardiogram showed raised anterolateral ST seg-
ments. He had raised creatine kinase MB activity and
troponin I concentration. He was normotensive with
signs of pulmonary congestion. Ventriculography
showed anterolateral and apical hypokinesia and an
ejection fraction of 21%. Angiography showed massive
thrombosis of the left anterior descending coronary
artery. He was given recombinant tissue plasminogen
activator by intravenous infusion. Angiography 4 days
later showed thrombus resolution, and ventriculogra-
phy showed an improved ejection fraction. He was
symptom-free 6 months later.� A 50-year-old man had 12 hours of chest pain and
shortness of breath after a cocaine binge. His history
included hyperlipidemia, cigarette smoking, and
cocaine use (45). The troponin concentration was
increased, at 25 ng/ml. An electrocardiogram showed
anteroseptal ST segment elevation and inferolateral
depression with T wave inversion. An angiogram
showed multi-vessel occlusion of the left anterior des-
cending artery, right coronary artery, and left circum-
flex artery. Ventriculography showed severe
anteroapical and inferior wall hypokinesis with an ejec-
tion fraction of 25%. Angioplasty was performed
urgently and final angiography showed no residual
stenosis in the treated vessels.

� In a cocaine abuser, resolution of intracoronary throm-
bosis with direct thrombin has been successfully
attempted (46). Medical treatment was started with
tirofiban and low molecular weight heparin, and 48
hours later they were replaced with bivalirudin, a
direct thrombin inhibitor, in an initial bolus dose of
0.1 mg/kg followed by an infusion of 0.25 mg/kg/hour.
Repeat angiography 48 hours after bivalirudin showed
near total thrombus dissolution with resolution of the
electrocardiographic abnormalities.

Accelerated extensive atherosclerosis secondary to
chronic cocaine abuse has also been reported (47).

� A 32-year-old man, who was a cigarette smoker (10
cigarettes/day) and had been a frequent cocaine user
for 16 years, developed acute chest pain 2 hours after
heavy cocaine use. He had electrocardiographic
abnormalities consistent with an acute myocardial
infarction, confirmed by serial enzyme measurements.
There was no family history of atherosclerosis.
Echocardiography showed a large akinetic anteroapi-
cal segment. Serum lipoprotein concentrations were
normal. Despite management with aspirin, glyceryl
trinitrate, heparin, and morphine, he required emer-
gency cardiac catheterization because of prolonged
chest pain. Coronary angiography showed severe
atherosclerosis of the middle and distal segments of
the left anterior descending coronary artery and a
large diagonal branch. Intracoronary glyceryl trinitrate
and nitroprusside ruled out coronary spasm.
Intravascular ultrasound localized the lesion to the
middle of the left anterior descending artery and
showed diffuse plaques along the entire artery, with
variable composition, including fibrocalcific changes
consistent with a chronic process. Two overlapping
stents were inserted.

The authors acknowledged that the mechanisms for
accelerated atherosclerotic process are not known.
However, they cited research that suggests that cocaine
has pro-atherogenic effects in blood vessels.
Fiberoptic bronchoscopy is often done after intratra-

cheal injection of 2.5% cocaine solution and lidocaine
spray. Acute myocardial infarction after fiberoptic
bronchoscopy with intratracheal cocaine has been
reported (48).

� A 73-year-old man with a history of breathlessness,
cough, and weight loss had some ill-defined peripheral
shadow in the upper zones of a chest X-ray. He had
fiberoptic bronchoscopy with cocaine and lidocaine
and 5 minutes later became distressed, with dyspnea,
chest pain, and tachycardia. Electrocardiography
showed an evolving anterior myocardial infarction.
Coronary angiography showed a stenosis of less than
25% in the proximal left anterior descending artery
with coronary artery spasm. He made an uneventful
recovery.

The authors suggested that the principal cardiac effects
of cocaine can be attributed to or are mediated by the
following mechanisms: increased myocardial oxygen
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demand due to an acute rise in systemic blood pressure
and heart rate; coronary vasoconstriction caused by
alpha-adrenergic effects and calcium-dependent direct
vasoconstriction; and promotion of arteriosclerosis and
endothelial dysfunction, which predisposes to vasocon-
striction and thrombosis.
A case of cocaine-induced myocardial ischemia in preg-

nancy mistaken for Wolff–Parkinson–White syndrome
has been reported (49).

� A 22-year-old pregnant woman at 38 weeks’ gestation
developed chest pain, palpitation, and shortness of
breath. Her blood pressure was 148/97 mmHg, heart
rate 105/minute, and respiratory rate 22/minute. An
electrocardiogram showed a short PR interval and a
broad QRS complex with slurred upstrokes of the R
waves in leads V2 and V3. Other laboratory studies
were normal. The fetal heart rate was 160/minute. The
differential diagnosis included a new onset dysrhyth-
mia, Wolff–Parkinson–White syndrome, and myocar-
dial ischemia/infarction. With supportive treatment
and monitoring the dysrhythmia resolved. Serial crea-
tine kinase measurements were normal. However,
there were cocaine metabolites in the urine. The
patient admitted to having used cocaine 3–4 hours
before the episode.

The use of cocaine among women of reproductive age
is increasing and pregnancy also enhances the potential
cardiovascular toxicity of cocaine.
Fatal pulmonary edema developed in a 36-year-old

man shortly after injecting free-base cocaine intrave-
nously (50).

Symptoms of cardiac ischemia
Cocaine users often present with complaints suggestive of
acute cardiac ischemia (chest pain, dyspnea, syncope,
dizziness, and palpitation). Two studies have shown that
the risk of actual acute cardiac ischemia among cocaine
users with such symptoms was low. The first study
reviewed the clinical database from the Acute Cardiac
Ischemia–Time Insensitive Predictive Instrument
Clinical Trial, a multicenter prospective clinical trial con-
ducted in the USA in 1993 (51). Among 10 689 enrolled
patients, 293 (2.7%) had cocaine-associated complaints.
This rate varied from 0.3% to 8.4% in the 10 participating
hospitals. Only six of these patients had a diagnosis of
acute cardiac ischemia (2.0%), four with unstable angina
and two with acute myocardial infarction. The cocaine
users were admitted to the coronary care unit as often as
other study participants (14 versus 18%), but were much
less likely to have confirmed unstable angina (1.4 versus
9.3%). A second study also suggested that cocaine users
who present with chest pain have a very low risk of
adverse cardiac events (52). Emergency departments
have instituted centers for the evaluation and treatment
of patients with chest pain who are at low to moderate
risk of acute coronary syndromes. In this particular study,
patients with a history of coronary artery disease or pre-
sentations that included hemodynamic instability, electro-
cardiographic changes consistent with ischemia, or

clinically unstable angina were directly admitted to hos-
pital. In a retrospective study of 179 patients with reliable
30-day follow-up in chest pain centers, there was one
cardiac complication due to cocaine use.

Frequency
During the hour after cocaine is used, the risk of myocar-
dial infarction is 24 times the baseline risk (53). Cocaine
users have a lifetime risk of non-fatal myocardial infarc-
tion that is seven times the risk in non-users, and cocaine
use accounts for up to 25% of cases of acute myocardial
infarction in patients aged 18–45 years (54). In 2000, there
were 175 000 cocaine-related visits to emergency depart-
ments in the USA (55), with chest discomfort in 40% of
the patients (56), 57% of whom were admitted to the
hospital and had an admission lasting an average of 3
days (57), involving huge costs (58).
Based on a retrospective study of 344 patients with

cocaine-associated chest pain, it has been suggested that
patients who do not have evidence of ischemia or cardio-
vascular complications over 9–12 hours in a chest-pain
observation unit have a very low risk of death or myocar-
dial infarction during the 30 days after discharge (59).
Nevertheless, patients with cocaine-associated chest pain
should be evaluated for potential acute coronary syn-
dromes; those who do not have recurrent symptoms,
increased concentrations of markers of myocardial necro-
sis, or dysrhythmias can be safely discharged after 9–12
hours of observation. A protocol of this sort should incor-
porate strategies for treating substance abuse, since there
is an increased likelihood of non-fatal myocardial infarc-
tion in patients who continue to use cocaine.
The incidence of acute myocardial infarction in

cocaine-associated chest pain is small but significant
(60). The electrocardiogram has a higher false-positive
rate in these patients. A normal electrocardiogram
reduces the likelihood of myocardial injury but does not
exclude it.
Cocaine use may account for up to 25% of acute myo-

cardial infarctions among patients aged 18–45 years. The
safety of a 12-hour observation period in a chest pain unit
followed by discharge in individuals with cocaine-asso-
ciated chest discomfort who are at low risk of cardiovas-
cular events has been evaluated in 302 consecutive
patients aged 18 years or older (66% men, 70% black,
84% tobacco users) who developed chest pain within 1
week of cocaine use or who tested positive for cocaine
(59). Cocaine use was self-reported by 247 of the 302
subjects and rest had urine positive for cocaine; 203 had
used crack cocaine, 51 reported snorting, and 10 had used
it intravenously. Of the 247 who reported cocaine use, 237
(96%) said they had used it in the week before presenta-
tion and 169 (68%) within 24 hours before presentation.
Follow-up information was obtained for 300 subjects.
There were no deaths from cardiovascular causes. Four
patients had a non-fatal myocardial infarction during the
30-day period; all four had continued to use cocaine. Of
the 42 who were directly admitted to hospital, 20 had
acute coronary syndrome. The authors suggested that in
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this group of subjects, observation for 9–12 hours with
follow-up is appropriate.

Pathophysiology
The hypothesis that cocaine users have increased coronary
microvascular resistance, even in the absence of recent
myocardial infarction, coronary artery disease, or spasm,
has been assessed in 59 consecutive cocaine users without
acute or recent myocardial infarction or angiographically
significant epicardial stenosis or spasm (61). Microvascular
resistance was significantly increased by 26–54% in cocaine
users. There was an abnormally high resistance in the left
anterior descending artery in 61% of the patients, in the left
circumflex artery in 69%, and in the right coronary artery
in47%. Increased microvascular resistance may explain
many important cardiovascular effects of cocaine and has
therapeutic implications. For example, slow coronary filling
in diagnostic tests may suggest the possibility of cocaine use
in patients in whom it was not otherwise suspected. There
was increased microvascular resistance in the coronary bed
even after the acute effects of a dose of cocaine would have
worn off, suggesting that cocaine may have long-lasting
effects on coronary microvasculature. This implies that
medical therapy of vasoconstriction should be continued
for extended periods. Moreover, heightened microvascular
resistance in cocaine users may explain the development of
chest pain and myocardial ischemia in patients who do not
have epicardial stenosis due to coronary artery disease or
spasm. The authors suggested that in the absence of coron-
ary artery disease, the small vessel effects of cocaine may be
more important. As the process is diffuse rather than con-
fined to one vascular territory, electrocardiographic findings
may not be localizing.
In a report of cocaine-associated chest pain, the authors

studied the incidence and predictors of underlying signifi-
cant coronary disease in 90 patients with and without
myocardial infarction (62). Patients with 50% or more
stenosis of coronary arteries or major branches or bypass
graft were included and 50% of them had significant
disease: one-vessel disease in 32%, two-vessel disease in
10%, three-vessel disease in 6%, and significant graft
stenosis in 3%. There was significant disease in 77% of
patients with myocardial infarction or a raised troponin I
concentration, compared with 35% of patients without
myonecrosis. Predictors of significant coronary disease
included myocardial damage, a prior history of coronary
disease, and a raised cholesterol. Only seven of the 39
patients without myonecrosis or a history of coronary
disease had significant angiographic disease. The authors
concluded that significant disease is found in most
patients with cocaine-associated myocardial damage. In
contrast, only a minority of those without myonecrosis
have significant coronary disease.
In a review of 114 cases, coronary anatomy, defined

either by angiography or autopsy, was normal in 38% of
chronic cocaine users who had had a myocardial infarc-
tion (23). The authors of another review concluded that
‘‘the vast majority of patients dying with cocaine toxicity,
either have no pathological changes in the heart, or only
minimal changes’’ (24). There can be a delay between the

use of cocaine and the development of chest pain (64).
The results of a study of 101 consecutive patients
admitted with acute chest pain related to cocaine sug-
gested that it commonly causes chest pain that may not
be secondary to myocardial ischemia (65). The use of
intranasal cocaine for therapeutic purposes (to treat epis-
taxis) was associated with myocardial infarction in a 57-
year-old man with hypertension and stable angina (66).
In a review of the literature, 91 patients with cocaine-

induced myocardial infarction were identified (67).
Myocardial infarction occurred in 44 patients after intra-
nasal use, in 27 after smoking, and in 19 after intravenous
use. Almost half had a prior episode of chest pain. Two-
thirds had their myocardial infarction within 3 hours of
use. There were acute complications related to the myo-
cardial infarction in 18 patients. Of 24 patients followed
up, 58% had subsequent cardiac complications. Two-
phase myocardial imaging with 99mTc-sestamibi can be
helpful in the definitive diagnosis of cocaine-induced
myocardial infarction in patients with a history of cocaine
use, chest pain, and a non-diagnostic electrocardiogram
(68). Damage to the myocardium associated with cocaine
can be unrecognized by the abuser (69). Major electro-
cardiographic findings (including myocardial infarction,
myocardial ischemia, and bundle branch block) were
recorded during a review of 99 electrocardiograms of
known cocaine abusers. None of the 11 patients with
major electrocardiographic changes had a past history of
cardiac disease or had complained of chest pain. The
mechanism by which cocaine causes acute myocardial
damage is unclear. Of 20 healthy cocaine abusers given
intravenous cocaine, in doses commonly self-adminis-
tered, or placebo, none developed myocardial ischemia
or ventricular dysfunction on two-dimensional echocar-
diography during the test (70).
Myocardial infarction has been documented in 6% of

patients who present to emergency departments with
cocaine-associated chest pain (71,72). Treatment of
cocaine-associated myocardial infarction has previously
generally been conservative, using benzodiazepines, aspirin,
glyceryl trinitrate, calcium channel blockers, and thrombo-
lytic drugs. In the context of 10 patients with cocaine-asso-
ciated myocardial infarction, who were treated with
percutaneous interventions, including angioplasty, stenting,
and AngioJet mechanical extraction of thrombus, the
authors suggested that percutaneous intervention can be
performed in such patients safely and with a high degree
of procedural success (73). Patients with cocaine-associated
chest pain and electrocardiographic ST-segment elevation
should first undergo coronary angiography, if available,
followed by percutaneous intervention. Alternatively,
thrombolytic drugs can be used. However, the relative
safety and efficacy of thrombolytic drugs compared with
percutaneous intervention is undefined in patients with
cocaine-associated myocardial infarction.

Management
Although percutaneous revascularization for cocaine-
associated myocardial infarction is the preferred method
of treatment (74), the feasibility and safety of multivessel
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primary angioplasty has been demonstrated. In patients
with persistent myocardial ischemia despite medical ther-
apy, or evidence of cardiogenic shock, aggressive early
intervention is particularly beneficial. Beta-blockers
should be avoided in patients who have recently used
cocaine; they fail to control the heart rate, enhance
cocaine-induced vasoconstriction, increase the likelihood
of seizures, and reduce survival (75).
In a randomized, controlled trial in 36 patients with

cocaine-associated chest pain, the early use of lorazepam
together with glyceryl trinitrate was more efficacious than
glyceryl trinitrate alone in relieving the chest pain (76).
These findings contrast with those of an earlier study in
which there was no evidence of additional benefit from
diazepam in managing cocaine-related chest pain (77).
However, the Advanced Cardiovascular Life Support
(ACLS) guidelines state that in cocaine-associated acute
coronary syndromes a nitrate should be first-line therapy
together with a benzodiazepine (78).

Coronary artery dissection

Spontaneous acute coronary dissection after cocaine
abuse has been reported (79).

� A 34-year-old woman developed chest pain suggestive of
acute coronary syndrome, having inhaled cocaine 30
minutes before. Her blood pressure was 180/100 mmHg
and an electrocardiogram showed sinus rhythm with
anterolateral ischemia, ST segment depression, and T
wave inversion. An echocardiogram showed a large
hypokinetic area, including the middle and apical seg-
ments of the anterior septum and the anterior and lateral
walls, and mild reduction in the left ventricular ejection
fraction (45%). Troponin I and creatine kinase were
slightly raised but the MB fraction was normal.
Unstable angina was diagnosed but despite full medical
therapy, the chest pain and ischemic changes did not
resolve. Immediate catheterization showed a dissection
flap within the left main trunk extending to the proximal
portion of the descending anterior and circumflex
arteries. There was no atherosclerosis in the coronary
vessels. The flap resulted in a 90% stenosis of the prox-
imal left anterior descending artery. Urgent coronary
artery bypass surgery was successful.

Spontaneous coronary artery dissection is an unusual
cause of acute coronary syndrome. Only three other cases
secondary to cocaine use have been described.

Infarction in other organs

Aortic thrombus and renal infarction has been reported in
a patient who used nasal cocaine (80).

� A 52-year-old woman with a history of hypertension
for 15 years developed acute left flank pain, nausea,
and vomiting. On a previous similar occasion 2 weeks
before she had had a trace of proteinuria and micro-
scopic hematuria. A contrast-enhanced CT scan of the
abdomen had not shown stones, hydronephrosis, or
morphological abnormalities. She had had no rash.
Her urine contained cocaine. Creatine kinase and lac-
tate dehydrogenase activities were raised and there

was a leukocytosis. A second abdominal CT scan with
contrast showed a segmental infarct of the left kidney.
A transesophageal echocardiogram showed a 2x2 cm
mobile mass, consistent with a thrombus, attached to
the aortic arch, distal to the left subclavian artery.
There was no evidence of atherosclerosis. She was
given anticoagulants and aggressive fluid therapy for
rhabdomyolysis.

The authors speculated that cocaine may have caused
aortic inflammation by assuming that cocaine-related
increased sympathetic tone along with possible cocaine-
related aortic inflammation (similar to reported cases of
cocaine-related vascular injury) may have led to enhance
aggregation of platelets at the inflamed area, which would
act as a nidus to form a thrombus. The thrombus resolved
with anticoagulation within 13 days and similar results
have been reported before (81). The patient had very
high creatine kinase activity, suggesting rhabdomyolysis,
which could have been caused by intense cocaine-related
vasoconstriction.

Other vascular disease

Dissection of the aorta has been reported during cocaine
use (82,83). The authors of these two reports noted that
all six cases of this rare complication reported in the past 5
years were in men with pre-existing essential hyperten-
sion. In a review of emergency visits to a hospital during a
20-year period, 14 of 38 cases of acute aortic dissection
involved cocaine use; 6 were of type A and 8 of type B
(84). Crack cocaine had been smoked in 13 cases and
powder cocaine had been snorted in one case. The mean
time of onset of chest pain was 12 hours after cocaine use.
The chronicity of cocaine use was not known in most of
the cases. The cocaine users were typically younger than
the non-cocaine users. Chronic untreated hypertension
and cigarette smoking were often present.

� A 43-year-old man with untreated hypertension devel-
oped transient mild chest pressure followed by shortness
of breath for 4 hours (85). He had long used tobacco,
alcohol, and cocaine and admitted to having used
cocaine within the last 12 hours. He had a tachycardia
with a pansystolic murmur suggesting mitral regurgita-
tion. Urine drug screen was positive for cocaine metabo-
lites. A chest X-ray showed mild cardiomegaly and
prominent upper lobe vasculature. An electrocardio-
gram showed atrial flutter at a rate of 130/minute and
non-specific T wave changes. The diagnoses were myo-
cardial infarction due to cocaine, with mild congestive
heart failure, mitral regurgitation and atrial flutter.
However, transesophageal echocardiography showed
severe aortic insufficiency and a dissection flap in the
ascending aorta. He underwent emergency repair of the
aortic root and resuspension of the aortic valve.

Intramural hematoma of the ascending aorta has been
reported in a cocaine user (86).

� A healthy 39-year-old man developed retrosternal chest
pain radiating to the back with nausea and sweating.
About 10–15 minutes before, he had inhaled cocaine
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for 2 hours and then smoked crack cocaine. He had an
aortic dissection, which was repaired surgically.

The authors identified hypertension secondary to the use
of cocaine as the risk factor for this complication.
Coronary artery dissection associated with cocaine is

rare. The first case was reported in 1994 (87) and two
other cases have been reported (88,89).

� A healthy 33-year-old man with prior cocaine use had
a small myocardial infarction and, 36 hours later, hav-
ing inhaled cocaine, developed a dissection of the left
main coronary artery, extending distally to the left
anterior descending and circumflex arteries. There
was marked anterolateral and apical hypokinesis.� A 23-year-old man with a history of intravenous drug
abuse and hepatitis C was found unconscious, hypoxic,
and hypotensive. A urine drug screen was positive for
cocaine metabolites, benzodiazepines, and opiates. An
electrocardiogram suggested amyocardial infarction, ver-
ified by raised troponin I and the MB fraction of creatine
kinase. He had severe hypokinesia with a left ventricular
ejection fraction of 10%, falling to less than 5%. He
became septic, developed multiorgan system failure, and
died. The postmortem findings included dissection of the
left anterior descending artery with complete occlusion of
the true lumen and thrombosis of the false lumen. The left
ventricle showed extensive transmural myocardial necro-
sis with adjacent contraction band necrosis. He also had
deep vein thromboses in veins in the neck and abdomen
and multiple pulmonary infarctions.

Peripheral vascular disease in the fingers has been attrib-
uted to cocaine.

� A 48-year-old man who smoked cigarettes and used
cocaine developed ischemia of the right index finger
due to occlusion of the distal ulnar artery (90). He had
a history of recurrent deep vein thrombosis. A venous
bypass graft was performed. Two years later he had
non-healing gangrene of the left index finger. His
blood pressure was normal in both arms. Urine toxi-
cology was positive for cocaine. Angiography of the
left arm showed small-vessel vasculitis.� A healthy 36-year-old man, who had used intranasal
crack cocaine daily in increasing doses for 2 weeks,
developed pain, numbness, swelling, and cyanosis of the
fingers and toes aggravated by cold and an ulcer on one
finger (91). Ultrasound Doppler of the hand confirmed
ischemic finger necrosis. He was treated unsuccessfully
with aspirin, diltiazem, and heparin, but responded to
intravenous infusions of iloprost for 5 days.

Another less common complication of cocaine use is cer-
ebral vasculitis (92), and benign cocaine-induced cerebral
angiopathy has been reported (93). (Stroke is discussed
under the section Nervous system in this monograph).

Cardiac dysrhythmias

Cocaine and its metabolite block sodium and potassium
channels and its use is also associated with QT interval
prolongation.

� A 37-year-old man developed severe chest pain and
shortness of breath after smoking 200þ rocks of
crack cocaine in 72 hours while attempting to walk
several miles in order to get more drug money (94).
His symptoms resolved before the ambulance
arrived. His medical history included a prior episode
of chest pain after a 3-day crack cocaine binge. He
also occasionally used alcohol and marijuana. He was
anxious but had a normal heart rate and blood pres-
sure. His drug screen showed cocaine. Cardiac
enzymes were within the reference ranges. An initial
electrocardiogram showed a QTc interval of 621 ms
which shortened to 605 ms after 2 hours, 530 ms after
7 hours, and 543 ms after 15 hours. One month later
the QTc interval was 453 ms.

Brugada syndrome has been attributed to cocaine.

� A 36-year-old man became comatose 14 hours after
inhaling an unspecified amount of heroin for an unspe-
cified duration (95). He had been taking lithium, chlor-
promazine, and diazepam for a chronic psychosis. His
family reported recreational use of drugs of abuse. His
Glasgow coma score was 4 without focal deficits. A
toxicology screen was positive for cocaine and
remained positive for 4 days after admission. His elec-
trocardiogram showed prominent coved ST elevation
and J wave amplitude of at least 2 mm in leads V1–V 3,
followed by negative T waves with no isoelectric
separation, associated with right incomplete bundle
branch block indicative of type 1 Brugada syndrome.
His serum potassium concentration was 5.9 mmol/l. He
was immediately treated with 42% sodium bicarbonate
intravenously. The Brugada pattern completely
resolved in 24 hours and his creatinine improved sig-
nificantly in 48 hours. Transthoracic echocardiography
was normal.

The authors of this report thought that the Brugada
syndrome was probably not due to chlorpromazine or
lithium in this patient, and it has not been previously
described with heroin. It may have been due to hyperka-
lemia (as the Brugada pattern normalized when the serum
potassium concentration normalized), perhaps facilitated
by cocaine. Another case of Brugada syndrome is
described under ‘‘Drug overdose’’.
Dysrhythmias seem to be the most likely cause of sud-

den death from cocaine, but cardiac conduction disorders
are more common in patients with acute cocaine toxicity.
Severe cocaine toxicity also causes acidemia and cardiac
dysfunction (96). Four patients developed seizures, psy-
chomotor agitation, and cardiopulmonary arrest; two of
these are briefly summarized here.

� A 43-year-old man injected a large dose of cocaine in a
suicide attempt and had a seizure and cardiopulmon-
ary arrest, from which he was resuscitated. His arterial
blood pH was 6.72 and his electrocardiogram showed a
wide complex tachycardia. An infusion of sodium
bicarbonate maintained the blood pH at 7.50 and the
electrocardiogram became normal. The bicarbonate
infusion was discontinued after 12 hours.
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� A 25-year-old man had a cardiac arrest after taking
one ‘‘knot’’ or sealed bag of crack cocaine (2.5 g) and
was resuscitated. His arterial blood pH was 6.92 and an
electrocardiogram showed sinus rhythm, QRS axis
300�, and terminal 40 msec of the QRS axis 285�.
After an infusion of sodium bicarbonate, his blood
pH was 7.30, his QRS axis 15�, and the terminal
40 msec QRS axis 30�. He passed the bag of cocaine
rectally within 12 hours of admission.

These patients’ initial laboratory values showed acidosis,
prolongation of the QRS complex and QTc interval, and
right axis deviation. Appropriate treatment included hyper-
ventilation, sedation, active cooling, and sodium bicarbo-
nate, which led to correction of the blood pH and of the
cardiac conduction disorders. The authors suggested that
when intracellular pH is lowered,myocardial contractility is
depressed as a result of reduced calciumavailability.During
acidosis, there are abnormalities of repolarization and
depolarization, which potentiate dysrhythmias.
The electrocardiographic PR interval increased with

increasing abstinence from crack cocaine in a study of
441 chronic cocaine users who had smoked at least 10 g
of cocaine in the 3 months before enrollment (97). The
authors suggested that this may have reflected the nor-
malization of a depolarization defect. Chronic cocaine
users have shortened PR intervals, indicative of rapid
cardiac depolarization.
Pregnancy increases the incidence of dysrhythmias in

patients with Wolff–Parkinson–White syndrome. This
association may relate to an effect of estrogen, increased
plasma volume, or increased maternal stress or anxiety.

Cardiovascular effects of cocaine as a local anesthetic

Cardiovascular effects due to enhanced sympathetic
activity include tachycardia, increased cardiac output,
vasoconstriction, and increased arterial pressure.
Myocardial infarction is the most common adverse car-
diac effect (43), and there is an increased risk of myocar-
dial depression when amide-type local anesthetics, such as
bupivacaine, levobupivacaine, lidocaine, or ropivacaine
are administered with antidysrhythmic drugs.

� A woman who inappropriately used cocaine on the
nasal mucosa to treat epistaxis had a myocardial infarc-
tion (69).� A patient who was treated with intranasal cocaine and
phenylephrine during a general anesthetic had a myo-
cardial infarction and a cardiac arrest due to ventricu-
lar fibrillation (SEDA-20, 128).� Myocardial ischemia was reported in a fit 29-year-old
patient after the nasal application of cocaine for sur-
gery. No relief was gained from vasodilators or intra-
coronary verapamil, and there were no other signs of
cocaine toxicity. Although coronary vasoconstriction
and platelet activation are systemic effects of cocaine,
pre-existing thrombus may also have played a part
(SEDA-22, 142).

Previous cocaine abuse has also been implicated in
increasing the risk of myocardial ischemia when other
local anesthetics are used.

Cardiac dysrhythmias have also been described in
patients after the use of topical cocaine for nasal surgery
(SEDA-20, 128).

� A patient who was treated with intranasal cocaine and
submucosal lidocaine during general anesthesia devel-
oped ventricular fibrillation (SEDA-17, 142).

These events do not appear to have been related to the
concomitant use of a vasoconstrictor, but more to exces-
sive doses of cocaine.
Substantial systemic absorption of cocaine can cause

severe cardiovascular complications (98).

� An 18-year-old man had both nasal cavities prepared
with a pack soaked in 3–5 ml of Brompton solution
(3% cocaine, about 3 mg/kg, plus adrenaline 1:4000) 2
hours preoperatively. In the anesthetic room he was
anxious and withdrawn, with a mild tachycardia. Ten
minutes later the nasal pack was removed and poly-
pectomy was begun, with immediate sinus tachycardia
and marked ST depression on lead II of the electro-
cardiogram. Increasing the depth of anesthesia and
giving fentanyl had little effect, and the procedure
was terminated. After extubation a further electrocar-
diogram showed T wave flattening in leads II, III, aVF,
and aVL. Further cardiac investigations ruled out a
myocardial infarction, an anatomical defect, or other
pathological or metabolic processes. On day 4 a stress
electrocardiogram showed no ischemic changes.

Absorption of cocaine from the nasal mucosa in eight
patients using cottonpledglets soaked in 4 ml of 4%cocaine
and applied for 10 or 20 minutes resulted in an absorption
rate four times higher than expected, but was not associated
with any cardiovascular disturbance; however, one of four
patients who received 4 ml of 10% cocaine for 20 minutes
developed intraoperative hypertension and another transi-
ent ventricular tachycardia (99). The authors advised
against topical use of 10% cocaine.

Respiratory

The respiratory effects of cocaine are well known (100).
In healthy crack cocaine users, there is evidence of
cocaine-related injury to the pulmonary microcirculation,
from fiberoptic bronchoscopy and examination of the
bronchoalveolar fluid in 10 cocaine-only smokers, six
cocaine-plus-tobacco smokers, 10 tobacco smokers, and
10 non-smokers, all with normal respiratory function
(101). The percentages of hemosiderin-positive alveolar
macrophages (a marker of recent alveolar hemorrhage)
were markedly increased in the cocaine smokers com-
pared with the others. Furthermore, the concentrations
of endothelin (ET-1), an indicator of cell damage, were
significantly raised in the cocaine smokers and to a lesser
extent in the cocaine-and-tobacco smokers. These find-
ings suggest that many asymptomatic healthy crack users
have chronic alveolar hemorrhage that is not clinically
evident.
In 177 heavy cocaine users (compared with 75 non-

cocaine users), some of whom were also tobacco or mari-
juana users, cocaine use was associated with a higher
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prevalence of acute respiratory symptoms, including black
sputum and chest pain. However, chronic respiratory symp-
toms occurred at similar frequencies in both groups. In
cocaine-only smokers, mild impairment in carbonmonoxide
diffusing capacity suggested pulmonary capillarymembrane
damage, and abnormal airway conductance suggested injury
to the upper airway or the large intrathoracic bronchi.
Reported pulmonary complications of crack cocaine range
from acute symptoms (coughing, chest pain, and palpita-
tion) to acute syndromes (end-stage lung disease, eosino-
philic infiltrates of the lung, and pulmonary infarction). The
single-breath carbon monoxide diffusing capacity after the
use of crack cocaine was reduced in three of six reports
(100). If confirmed, a reduced carbon monoxide diffusing
capacity after crack may signify damage to the alveolar
capillary membrane or the pulmonary vasculature. It has
been suggested that a well-designed controlled study to
investigate the true impact of crack on the lung is necessary,
since several confounding factors may account for the dis-
crepancy in results (102).
Reports of acute pulmonary syndromes after the inha-

lation of cocaine have long been familiar.

� A 32-year-old woman rapidly developed progressive
deterioration of respiratory function leading to end-
stage lung disease (103). An open lung biopsy showed
an inflammatory process with extensive accumulation
of free silica.

The authors cautioned that some cocaine may contain
silica, which could lead to severe pulmonary complica-
tions after smoking.

� A 27-year-old man twice developed inflammatory lung
disease (with a predominance of eosinophils) after
inhaling crack cocaine (104). Glucocorticoid treatment
led to prompt resolution on both occasions.� A 23-year-old woman developed pulmonary infarction
associated with the use of crack (105).

Passive inhalation of free-base cocaine in small children
can lead to serious consequences.

� A previously healthy 3-week-old boy developed pul-
monary edema and autonomic manifestations of
cocaine exposure from passive use (106). The urinary
drug screen was positive for benzoylecgonine, a
cocaine metabolite.� Fatal pulmonary edema developed in a 36-year-old
man shortly after he injected free-base cocaine intra-
venously (63).

A case of severe bullous emphysema in a cocaine smoker
has been described (107).

� A 40-year-old man with cough, shortness of breath,
and fever progressed to respiratory failure. He had
smoked cocaine for the previous 17 years. His tobacco
history was not known. His medical history included
recurrent respiratory tract infections. A chest X-ray
and CT scan showed findings consistent with bilateral
bullous emphysema with a right lung abscess. He was
ventilated and given antibiotics but died from respira-
tory failure secondary to pneumonia. Sputum cultures

were positive for Enterobacter cloacae and
Streptococcus species. Alpha-1 antitrypsin deficiency
was ruled out.

Pneumothorax and pneumomediastinum

Spontaneous pneumomediastinum and pneumothorax
have been reported (108).

� A 20-year-old obese Hispanic man awoke with severe,
continuous retrosternal chest pain radiating to the
neck and back (109). The pain was aggravated by
deep breathing and local chest pressure. He denied
substance abuse and gave a history of a flu-like illness
2 months before. His respiratory rate was 19/minute.
He had a two-component pericardial rub. Laboratory
blood testing ruled out myocardial infarction. His
arterial blood gases and pH, electrocardiogram, chest
X-ray, and echocardiogram were unremarkable. A
later chest X-ray showed air in the mediastinum and
chest CT confirmed the diagnosis of pneumomediasti-
num. Urine toxicology was positive for cocaine and
cannabinoids. On further questioning, he admitted to
substance use and performing a Valsalva maneuver
during inhalation.

� A 22-year-old previously healthy man presented
with acute sore throat awakening him from sleep
(110). He had palpable crepitation due to extensive
cervical subcutaneous emphysema. A chest X-ray
showed a pneumomediastinum and bilateral apical
pneumothoraces. CT scan did not show any under-
lying lung disease. Bronchoscopy was unremarkable
except for a swollen nasal mucosa and acute bron-
chitis. Bronchoalveolar lavage was normal without
evidence of infection. The patient reported repeated
cocaine consumption. No tube drainage was neces-
sary and the air collections resolved spontaneously
within days.

Crack, the heat stable form of cocaine, when smoked
and followed by deep inhalation plus a Valsalva maneu-
ver to increase uptake, and cough triggered by the sniffed
substance can cause pulmonary barotrauma. The
increased intra-alveolar pressure can cause alveolar rup-
ture, with consequent air dissection through the peribron-
chial connective tissue in the mediastinum, pleural space,
pericardium, peritoneum, or subcutaneous soft tissues.
Two cases of spontaneous pneumothorax in intranasal

cocaine users have been reported from Italy (112).

� A 30-year-old man, a cocaine sniffer, who had used
cocaine more than five times a month for 4 years,
complained of shortness of breath and acute chest
pain. He had episodic cough and bloody sputum. A
chest X-ray showed an 80% pneumothorax on the left
side. On thoracoscopy the entire lung visceral pleura
seemed to be covered by fibrinous exudate. After
yttrium aluminium garnet (YAG) laser pleurodesis
surgery, which abrades the pleura, he made a full
recovery within 4 days.� A 24-year-old man who had been inhaling cocaine
nasally 4–5 times a month for a year developed
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respiratory distress and chest pain 2 days after the last
use, because of asided pneumothorax. He underwent
video-assisted thoracoscopic surgery with laser pleur-
odesis and responded rapidly.

In both cases, pneumothorax occurred with a delay after
cocaine inhalation. The authors suggested that it was
therefore unlikely that these cases of pneumothorax
were due to direct traumatic effects of the drug powder
inhaled, to barotrauma due to exaggerated inspiration, or
to a Valsalva maneuver. Histological examination in both
cases showed small foreign body granulomas with polar-
ized material in the subpleural parenchyma. The authors
proposed that the pleural damage could have been
directly caused by a filler substance known as mannite
(a fine white powder comprised of insoluble cellulose
fibers).
Spontaneous pneumomediastinum has been reported

with the inhalation of free-base cocaine (108).

Asthma

Cocaine can cause exacerbation of asthma. All adult visits
to an urban emergency room for an asthma attack during a
7-month period were reviewed (113). Of 163 patients (aged
18–55 years), 116 agreed to participate in a facilitated ques-
tionnaire and 103 provided urine samples for drug screen-
ing. African-Americans made up 89% of the group and
35%were cigarette smokers. Urine toxicology was positive
for cocaine in 13% and for opiates in 5.8%. The severity of
the exacerbation of asthma was greatest in the cocaine-
positive group, 38% of whom were admitted to hospital
(compared with 20% of the non-cocaine users). The length
of stay was significantly longer in the cocaine-positive
patients. Most of the patients did not use inhaled corticos-
teroids according to the treatment guidelines.

Other respiratory effects

Empyema-like eosinophilic pleural effusion following the
use of smoked crack cocaine has been reported (114).

� A 33-year-old man developed a fever of 104�F, sweats,
and a productive cough 1 week after using crack cocaine.
He had diffuse wheezes at the lung apices and apical
infiltrates and pleural effusions on CT scan. He had a
raised white cell count at 18 x 109/l with 45% eosinophils.
He was negative for acid-fast bacilli, HIV, and fungi.
There was no history of travel or exposure to ill contacts
or other medications. Pus-like pleural fluid 500 ml,
drained from a left pneumothorax, was an exudate with
large number of white cells with 80% eosinophils.
Cultures of blood, sputum, bronchoalveolar lavage
fluid, and pleural fluid were negative for bacteria and
fungi. The bronchoalveolar lavage fluid contained many
eosinophils and transbronchial biopsy showed an acute
inflammatory infiltrate, with many eosinophils, edema,
and no fibrosis, consistent with eosinophilic pneumonitis.
The symptoms improved after chest drainage and gluco-
corticoid treatment. His illness resolved 1 month after
discharge.

The authors speculated that a leak mediator, vascular
endothelial growth factor, present in eosinophils, and

cytokines implicated in the effects of cocaine and eosino-
phil activation may have contributed to the pleural effu-
sion. They found the highest concentration of vascular
endothelial growth factor ever reported at 20 ng/ml and
increased pleural concentrations of IL-5, IL-6, and IL-8,
suggesting potential roles for these cytokines in eosino-
philic lung disease due to cocaine. They recommended
that a pleural effusion that appears grossly to be pus in the
setting of cocaine abuse should not be drained until an
eosinophil predominant effusion is ruled out. If infection
is excluded, an eosinophilic empyema in the setting of
inhaled cocaine abuse should be treated with glucocorti-
coids and may not require drainage.
Inhalation of crack cocaine can mimic pulmonary

embolism (115).

� A patient who was a known cocaine inhaler developed
respiratory distress. The initial ventilation–perfusion
lung scan was highly suggestive of pulmonary embo-
lism, based on multiple segmental and subsegmental
perfusion defects with normal ventilation. However,
pulmonary angiography was normal. The symptoms
resolved rapidly without anticoagulation and angiogra-
phy was negative 2 weeks later.

The authors concluded that intense pulmonary artery
vasospasm secondary to cocaine inhalation may have
caused this syndrome.
Handling cocaine pipes can cause thermal injury to the

fingertips. The presence of bilateral thumb burns raised
suspicion of crack lung in a young woman with suspected
community-acquired pneumonia (111). When confronted
with urine toxicology positive for cocaine, she admitted to
having smoked large quantities of free-base cocaine only
a few hours before the onset of symptoms.

Ear, nose, throat

Intranasal use, a common method of cocaine abuse, can
damage the sinonasal tract, causing acute and chronic
inflammation, necrosis, and osteocartilaginous erosion
(SEDA-17, 36). These conditions occur secondary to the
combined effects of direct trauma from instrumentation,
vasoconstriction of small blood vessels with resultant
ischemic necrosis, and chemical irritation from adulterants.
Intranasal cocaine users can develop septal perforation,
saddle-nose deformities, and sinonasal structural damage.

� A 43-year-old woman with a past history of chronic
heavy cocaine use and osteomyelitis of the hard palate
and nasal cavity 10 years before had required contin-
uous follow-up for recurrent ethmoid and sphenoid
sinusitis (116). Endoscopy showed an absent nasal sep-
tum, middle turbinates, anterior two-thirds of the
inferior turbinates, and lateral nasal wall.� Pott’s puffy tumor, a subperiosteal infection of the
frontal bone, has been described in a 34-year-old man
with a history of chronic intranasal cocaine use (117).

This rare complication of frontal sinusitis appeared to
develop secondary to the insertion of foreign bodies into
the nose to facilitate inhalation of cocaine. Local trauma
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plus cocaine-induced vasoconstriction may have led to the
complication.
Midline nasal and hard palate destruction have been

reported in two chronic users of intranasal cocaine (118).
The pathophysiology of these lesions is multifactorial,
including ischemia secondary to vasoconstriction, chemi-
cal irritation from adulterants, impaired mucociliary
transport, reduced immunity, and infection secondary to
trauma.
In another case there was progression of septal perfora-

tion to secondary bone infection in a chronic cocaine user
(119).

� A 56-year-old chronic intranasal cocaine abuser with a
visible nasal defect presented with a hole in the roof of
his mouth. He had been reportedly drug free for 2
weeks. He had an oronasal fistula with adjacent black
necrotic areas and erosive destruction of the nasal
septum, turbinates, and antrum, with mucoperiosteal
thickening of the sphenoid and maxillary sinuses.
Treatment included antibiotics and a prosthesis plate
construction to cover the defect. Two years later, hav-
ing continued to inhale cocaine, he had progressive
destruction of his sinonasal tract, a fistula between his
oral and nasal cavity, a saddle-nose deformity with
total cartilage loss, and a complete palatal defect.
Biopsy of the nasal septum showed acute osteomyelitis
and extensive bacterial overgrowth (including anerobic
Actinomyces-like organisms). He was given intrave-
nous antibiotics for 6 weeks followed by long-term
oral antibiotics.

Cocaine-related erosion of the external nasal structures
has been described (120).

� A 43-year-old woman with a T12 paraplegia due to a
car accident 24 years earlier and a sublabial abscess 2
years before developed progressive erosion of both the
internal and external portions of her nose over 6
months, with nasal crusting and nose bleeds. Several
antibiotics were unhelpful. There was partial destruc-
tion of the external nasal structure and two oronasal
fistulae in the upper gingival sulcus. Intranasal biopsy
showed acute and chronic inflammation. On two occa-
sions urine drug screening was positive for cocaine,
although she denied using cocaine.

A 30-year-old man developed destructive rhinitis due
to cocaine abuse after initially presenting with Henoch–
Schönlein purpura (121). Cocaine use can mimic vasculitis
and is often accompanied by positive ANCAs. Cocaine-
induced midline destructive lesions are characterized by
mucosal damage and ischemic necrosis of the nasal sep-
tum. Histopathological similarity to leukocytoclastic vas-
culitis and the presence of PR3-ANCA can lead to
confusion between Wegener’s granulomatosis and
cocaine-induced midline destructive lesions.
From January 1991 to September 2001, 25 patients with

cocaine-induced midline destructive lesions were
observed at the Department of Otorhinolaryngology of
the University of Brescia (122). There was septal perfora-
tion in all 25, and 16 also had partial destruction of the

inferior turbinate. There was hard palate resorption in six
patients and 14 were positive for antineutrophil cytoplas-
mic antibodies (ANCA). The need to consider substance
abuse in the differential diagnosis of destructive lesions of
the nasal cavity, even in the presence of antineutrophilic
cytoplasmic antibodies, has been emphasized. There was
constant progression of the ulceronecrotic process in 17
patients, and in three patients who stopped cocaine use
the mucosa slowly normalized. Management consisted of
periodic debridement of necrotic tissue and crusts, local
and systemic antimicrobial drug therapy based on culture
results, the use of saline douches for moistening the nasal
mucosa, and surgical correction in severe cases.
All reports of cocaine-induced midline destructive

lesions have been reviewed, and retrospective data invol-
ving 25 cases have been reported (123). All but three
subjects admitted to cocaine abuse during the initial eva-
luation. There were 15 men and 10 women with a mean
age of 36 years (range 22–66 years) and they had abused
cocaine for 2–30 years, at a dose of 1–180 g/week. At
rhinoscopy, all had necrotizing ulcerative lesions, exten-
sive crusting, and septal perforation. The destructive pro-
cess extended to the inferior (68%), middle (44%), and
superior turbinates (16%). There were hard and/or soft
palate perforations in six patients (24%); the lateral wall
of the nose was entirely reabsorbed in five. The lesions
caused both dysphagia and nasal reflux. In two subjects
there was ulceration at the base of the columella at diag-
nosis. During follow up, two patients developed a naso-
cutaneous fistula. At diagnosis or during follow-up, none
had any laboratory finding suggestive of a systemic dis-
ease, but 22 had nasal swabs positive for Staphylococcus
aureus. Fungi were not grown. During the course of dis-
ease, two patients with severe diffuse destructive lesions
had acute orbital symptoms and signs (diplopia, pain, and
proptosis), caused by infection. One patient had a secre-
tory otitis media. All had septal erosion. In 15 there was
altered olfaction. The authors speculated that the possible
mechanism included either direct damage to the neuroe-
pithelium from cocaine or its adulterants or obstruction of
the olfactory cleft by inflammation and edema of the
nasal mucosa. Vascular abnormalities mimicking vasculi-
tis were present in 23 subjects. The authors observed a
constant progression of the ulcerative process in 17
patients. Three subjects who stopped using cocaine had
slow normalization of the mucosa. The authors suggested
that any sinonasal inflammatory condition involving the
midline structures characterized by symptoms such as
nasal obstruction and crusting that persists or remains
refractory to treatment may be the first manifestation of
a potentially lethal drug addiction.
Most surgeons in the UK use local anesthesia with

cocaine for nasal operations because of the superior
operative field it provides and because they consider it
to be safe, even with adrenaline. The incidence of adverse
reactions to cocaine given in this way is reportedly low,
and serious complications are less common than with
general anesthesia. These conclusions were based on a
postal survey of all British Associations of
Otolaryngologists and Head and Neck Surgeons. Only

Cocaine 499

ª 2009 Elsevier B.V. All rights reserved.



11% of surgeons had experienced cocaine toxicity in their
patients, and there had been only one recorded death
(124).

Nervous system

Research in 21 cocaine users and 13 non-drug-using, age-
matched controls has suggested that chronic cocaine use
may be associated with specific neurochemical changes in
the brains of habitual users (125). All the subjects under-
went a spectral brain scan in a proton MRS scanner. The
significant finding was that the concentration of N-acet-
ylaspartate in the left thalamus (but not in the basal gang-
lia) was significantly lower (17%) in the chronic cocaine
users than in the controls. N-acetylaspartate is found in
adult neurons and not in glia; it is often used as a marker
of neuronal viability; a reduction suggests neuronal
damage and/or loss.
Assessment of smooth pursuit eye movements has been

used in the study of neurophysiological effects of a variety
of clinical and subclinical disorders. In 126 patients who
met DSM-IIIR criteria for dependence on alcohol,
cocaine, or heroin, or dual alcohol and cocaine abuse,
there was a significant reduction in tracking accuracy in
the heroin-dependent and the dually-dependent subjects
relative to controls (126). However, eye movement dys-
function in the drug-dependent groups was not detectable
when the effects of antisocial personality disorder were
statistically removed. The magnitude of the dysfunction
correlated significantly with several antisocial personal-
ity-related features, including an increased number of
criminal charges, months of incarceration, increased pro-
blems associated with drug abuse, and lower intellectual
functioning. The findings suggested that there may be an
association between premorbid personality traits and eye
movement impairment.
Cocaine use has been associated with a reduced inhibi-

tory response of the P50 auditory evoked response, attrib-
uted to increased catecholaminergic and reduced
cholinergic neurotransmission secondary to cocaine
(127). In a double-blind, placebo-controlled study, 11
cocaine users in the first and third weeks of detoxification
had electrophysiological testing 10 minutes before and 30
minutes after taking nicotine gum 6 mg. Nicotine briefly
reversed the inhibitory deficit.
Chronic substance use has been associated with long-

lasting changes in brain function (128). Five brain regions
that may be affected (the orbitofrontal gyrus, rectal gyrus,
anterior cingulate gyrus, basal ganglia, and thalamus)
were selected for analyses of cerebral glucose metabolism
by positron emission scanning in controls, cocaine users,
and alcoholics (17 in each group), who performed the
Stroop test, which assesses cognitive interference and
response inhibition. In controls, higher brain glucose
metabolism in the orbitofrontal gyrus correlated with
poorer performance. In contrast, in substance users,
higher brain glucose metabolism was associated with bet-
ter performance. Chronic abuse appears to be associated
with altered function of the orbitofrontal gyrus.

Cerebellar dysfunction

Cocaine has been associated with movement disorders,
such as acute dystonias, choreoathetosis, and akathisia.
Chronic pancerebellar dysfunction occurred in a cocaine
user with schizophrenia treated with risperidone (129).

� A 38-year-old man was found comatose in a crack
house. The ambient temperature was 13�C. He had
earlier abused cocaine. His temperature was 43�C,
heart rate 115, blood pressure 144/89 mmHg, and oxy-
gen saturation 97% on air. His general muscle tone was
flaccid. He had a mild leukocytosis and hypophospha-
temia. Urine toxicology was positive for benzoylecgo-
nine, a cocaine metabolite. He was mechanically
ventilated, cooled, and given intravenous fluids. His
temperature fell to 38�C, but he later developed
acute disseminated intravascular coagulation and rhab-
domyolysis. After 5 days he developed nystagmus,
intention tremor, truncal ataxia, dysarthria, ocular dys-
metria, and dysmetria of the arms and legs. There were
no sensory or motor deficits. Finger-to-nose and heel-
to-knee tests were slowed and uncoordinated. He
could not stand. Brain imaging studies (CT and MRI
scans) were unremarkable. He was given thiamine,
propranolol, clonazepam, primidone, and baclofen
every 8 hours without improvement. After 1 year he
still had nystagmus, intention tremor, ataxic gait, and
dysmetria. He could walk short distances slowly.

Cocaine and neuroleptic drugs can both cause hyperther-
mia and the authors proposed that the combination of
cocaine and risperidone may have caused this problem.

Migraine

About 60–75% of chronic cocaine abusers report severe
headaches (130), which can resemble migraine; migraine-
like symptoms can include auras, visual field changes, and
paraphasia (131). About 60–75%of chronic cocaine abusers
report severe headaches (130,131). Of 21 patients who were
admitted to hospital from January 1985 to December 1988
for acute headache associated with cocaine intoxication 15
had headaches with migrainous features in the absence of
neurological or systemic complications (130). None had a
history of cocaine-unrelated headaches or a family history
of migraine, and all had a favourable outcome. The authors
discussed three possible mechanisms of cocaine-related vas-
cular headaches, depending on the interval between cocaine
ingestion and development of the headache. They postu-
lated that acute headaches after cocaine use may relate to
the sympathomimetic or vasoconstrictive effects of cocaine,
while headaches after cocaine withdrawal or exacerbated
during a cocaine bingemay relate to cocaine-induced effects
on the serotoninergic system.

Movement disorders

The effects of cocaine or its withdrawal on neurotrans-
mitter activity have been evaluated in several studies.
Although changes in dopaminergic activity appear to be
associated with early cocaine abstinence, extrapyramidal
symptoms (due to alterations in dopamine functioning)
have only infrequently been reported in cocaine users.
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However, in a recent report, extrapyramidal symptoms of
classic muscle stiffness and cogwheel rigidity at the elbow
occurred during the ‘‘crash’’ phase of a 40-year-old man’s
cocaine withdrawal (132).
Cocaine can cause other movement disorders (133).

Motor and vocal tics, pre-existing tremors, and general-
ized dystonia were induced or exacerbated by drug use,
and continued even after cocaine use ended. Lastly, dopa-
mine dysregulation (that is reduced dopamine receptor
availability in association with reduced frontal metabo-
lism) was demonstrated by positive emission tomography
in 20 chronic cocaine abusers (134). The findings were
prominent in the orbitofrontal, cingulate, and prefrontal
cortex 3–4 months after detoxification. The author
hypothesized that dysregulation of these brain areas may
result in compulsive drug-taking behavior.
Dystonia has been described shortly after the use of

cocaine (SEDA-16, 24). In a retrospective study of 116
patients taking neuroleptic drugs, 42% of cocaine users
versus 14% of non-users developed dystonia (135). This
suggests that the use of cocaine may be a major risk factor
for acute dystonic reactions secondary to the use of neu-
roleptic drugs.
Cocaine-induced chronic tics have been reported (136),

and cocaine has reportedly exacerbated Gilles de la
Tourette syndrome (138).
Choreoathetoid movements have been evaluated in sam-

ples of cocaine-dependent men (n ¼ 71), amphetamine-
dependent men (n ¼ 9), and 56 controls (137). The cocaine-
dependentmenhad significantlyworse non-facial (limbs plus
body) choreoathetosis scores, and the differences between
groups were most marked in the younger age groups. The
facial scores were increased only in those under 32 years of
age, as they were in the younger amphetamine-dependent
subjects. The authors suggested that the absence of chor-
eoathetoid movements in the older cocaine-dependent men
may represent an age-related self-selection effect.

Myasthenia gravis

A 24-year-old woman developed myasthenia gravis dur-
ing cocaine use (139). The authors speculated that while
cocaine did not cause impairment of motor axons for
neuromuscular transmission, a reduction in the number
of acetylcholine receptors per neuromuscular junction (as
occurs in myasthenia gravis) could have increased the
susceptibility to an effect of cocaine.
A rare case of polysubstance abuse, which unmasked

myasthenia and caused complete external ophthalmople-
gia, has been reported (140).

� A 29-year-old woman, who used cocaine 2 g/day, heroin
1 g/day, and methadone 40 mg/day, developed abscesses
caused by drug injection. She had had generalized weak-
ness, difficulty in swallowing, and lagging eyelids for 1
week. There was bilateral ptosis, and a diagnosis of
myasthenia was made. Edrophonium 10 mg relieved
the ptosis and improved ocular movements.

Parkinson’s disease

Alpha-synuclein is a presynaptic protein that has been
implicated as a possible causative agent in the

pathogenesis of Parkinson’s disease. In a study of post-
mortem neuropathological specimens from cocaine users
(n ¼ 21) and age-matched drug-free controls (n ¼ 13), the
concentrations of alpha-synuclein in dopamine-contain-
ing cells of the substantia nigra and ventral tegmental
area were increased threefold in chronic cocaine users
compared with controls with changes in the expression
of alpha-synuclein mRNA (141). Although alpha-synu-
clein is prominent in the hippocampus, there was no
increase in this area. Alpha-synuclein concentrations
were increased in the ventral tegmental but not the sub-
stantia nigra area in victims of excited cocaine delirium
who had paranoia, marked agitation, and hyperthermia
before death. The authors speculated that increased
alpha-synuclein may be a protective response to changes
in dopamine and increased oxidative stress resulting from
cocaine abuse. On the other hand, this accumulation of
alpha-synuclein with long-term cocaine abuse may put
addicts at increased risk of the motor abnormalities of
Parkinson’s disease.

Seizures

Cocaine lowers the seizure threshold and may therefore
be dangerous to patients already at risk of seizures (50).
Exacerbation of generalized tonic-clonic seizures (which
occurred initially during the use of crack but later contin-
ued independently of the drug) has been described, with
progressive electroencephalographic abnormalities (142).
In this case, the development of the seizures suggested
that cocaine can stimulate kindling, with progressive
intensification of after-discharges and the eventual emer-
gence of seizure activity.
Cerebrovascular vasoconstriction and a sudden increase

in blood pressure probably underlie the many reports of
cocaine-induced strokes, CNS hemorrhage, and migraine
(SEDA-17, 1). Three cases of generalized seizures occur-
ring shortly after the intravenous use of cocaine (143).

Sleep disturbance

The disruption of normal sleeping patterns during cocaine
withdrawal may be related to effects on the cholinergic
system. In a study of nine patients undergoing cocaine
withdrawal, rapid eye movement (REM) latency was
markedly shortened, REM sleep percentage was
increased, REM density was very high, and the total
sleep period was long during the first week (144).
Changes in REM sleep are thought to be related to
changes in cholinergic activity. At week 3, characteristic
chronic insomnia was observed.

Stroke

Cocaine has been associated with cerebrovascular events,
such as transient ischemic attacks (SEDA-24, 24), cere-
bral hemorrhage (145,146), and cerebral infarction
(SEDA-22, 23) (SEDA-20, 26) (SEDA-20, 21).
Regional cerebral blood flow was assessed using single

photon emission computed tomography (SPECT) and
tracer HMPAO in 10 cocaine abusers within 72 hours of
last cocaine use and then after 21 days of abstinence
(145). Compared with controls, recent cocaine abusers
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had significantly reduced cerebral blood flow in 11 of 14
brain regions, with the largest reductions in the frontal
cortex and parietal cortex and greater cerebral blood flow
in the brain stem. These perfusion defects appeared to be
primarily due to combined abuse of alcohol and cocaine.
Frontal but not parietal defects appeared to resolve par-
tially during 21 days of abstinence.
Cocaine has been associated with significant reductions

in cerebral blood flow, thought to be secondary to its
vasoconstrictor effects (146). In 13 chronic cocaine abus-
ing men (mean age 38, range 28–45) and 10 healthy aged-
matched male subjects, cerebrovascular pathology was
assessed with functional magnetic resonance imaging
(fMRI) to compare the abnormal blood oxygenation
level dependent (BOLD) responses to photic visual sti-
mulation. Cocaine abusers had a significantly enhanced
positive BOLD response to photic stimulation compared
with controls. The authors proposed that the enhanced
activation in the cocaine abusers could have resulted from
low resting cerebral blood flow secondary to increased
vasoconstriction and/or from low oxidative metabolism
during activation. Alternatively, the larger signal intensity
in the cocaine abusers could have resulted from inefficient
neuronal processing, as has been reported in other condi-
tions of cerebral pathology.
In a review of ischemic stroke in young American adults

(aged 15–44 years) admitted to 46 regional hospitals
between 1988 and 1991, illicit drug use was noted in 12%
and was the probable cause of stroke in 4.7% (147).
Multidrug use was common among users: 73% used
cocaine, 29% used heroin, and 14% used phencyclidine.
Drug-associated stroke in these young adults appeared to
be related to vascular mechanisms (such as large and small
vessel occlusive disease) rather than to hypertension or to
diabetes. Cerebral infarction is significantly more common
among users of cocaine alkaloid (crack) than cocaine
hydrochloride (148). Ischemic stroke has been attributed
to combined use of cocaine and amphetamine (149).

� A previously healthy 16-year-old man developed an
unsteady gait and double vision. His symptoms began
5 minutes after intranasal ‘‘amfetamine’’ (actually
amfetamine cut with cocaine). He had a left-sided
internuclear ophthalmoplegia, an incomplete fascicu-
lar paresis of the left oculomotor nerve, and saccadic
vertical smooth pursuit. Cranial MRI showed a left-
sided hyperintense lesion near the midline of the
mesencephalon. A repeat MRI scan 9 days later
showed that the lesion was much smaller. He made a
full recovery within 3 weeks.

The cause of cocaine-related stroke and transient
ischemic attacks has been studied by transcranial
Doppler sonography, a continuous measure of cerebral
blood flow velocity, to monitor the course of cerebral
hemodynamic changes during acute intravenous injection
of placebo, and of cocaine 10, 25, and 50 mg in seven
cocaine abusers (150). There was a significant increase
in mean and systolic velocity (lasting about 2 minutes)
with all doses of cocaine but not with placebo. Cocaine
produced an immediate brief period of vasoconstriction

(as demonstrated by an increase in systolic velocity) in the
large arteries of the brain.
A bilateral hippocampal stroke, which is rare, has been

attributed to cocaine (151).

� An unresponsive 25-year-old white woman was found
to be pulseless and was resuscitated. She had used
cocaine the previous night and had had numerous psy-
chiatric admissions for mood disorder and drug over-
doses in the past. Her pupils measured 4 mm
bilaterally and were non-responsive to light. She had
roving eye movements and positive corneal responses.
She did not respond to verbal or noxious stimuli. Her
reflexes were brisk throughout, with clonus in the legs.
There were cocaine metabolites in her urine. CT and
MRI scans of the brain showed bilateral hippocampal
and basal ganglionic hypodensities. She improved and
was discharged to a nursing home 3 weeks later but
continued to have severe short-term memory difficul-
ties, problems with praxis, and mild quadrispasticity.

The authors cited a combination of ischemia and exci-
totoxicity due to cocaine exposure as the possible cause of
the brain injury. Oxidative stress and free radicals asso-
ciated with cerebral hypoxia contribute to cell damage
and death.
Analysis of intracranial hematomas for detecting drugs

with short half-lives in individuals who survive several
hours after intracranial bleeding has been recommended
for establishing the cause of death. Cocaine metabolites
were found in an intracerebral hematoma in a patient who
apparently died due to cocaine (152). The hematoma
contained ethanol 0.05% w/v and benzoylecgonine
0.43 mg/l.
‘‘Spontaneous’’ acute subdural hematoma related to

cocaine abuse has been described (153).

� A 38-year-old man with a 10-year history of cocaine use
became comatose. He had had an acute severe headache
and progressive deterioration after abusing cocaine. His
Glasgow Coma Scale was 3 and his pupils were dilated
but reactive to light. He had hypertension and bradycar-
dia. Routine toxicology was positive for cocaine. Blood
tests, including coagulation profile, were normal. A CT
scan of the brain showed a left acute subdural hematoma
with midline shift and obliteration of the basal cisterns.
During emergency craniotomy the source of the bleed
was identified as a pinhole rupture of a parietal cortical
artery. The patient had no history of head injury and
there were no intraoperative findings of head injury. He
died 24 hours later without evidence of clot reaccumula-
tion. An autopsy was not performed.

Hypertensive encephalopathy can follow the use of
cocaine (154).
Brown–Séquard syndrome after esophageal sclerother-

apy and recent crack cocaine abuse has been reported
(155).

� A 44-year-old man with hepatitis C and cirrhosis, eso-
phageal varices, and poorly controlled hypertension,
who was also a chronic alcoholic and crack cocaine
abuser, had his varices injected at endoscopy and

502 Cocaine

ª 2009 Elsevier B.V. All rights reserved.



developedsided weakness and numbness up to T4.
There was flaccid right leg weakness, right T4-6 hypal-
gesia, left leg hypalgesia up to L1, and reduced sweating
on the left up to T4-6. An MRI scan of the thoracic
spine showed a lesion at T4-6 involving the anterior and
central portions of the spinal cord. A urine screen was
positive for cocaine. He recovered spontaneously 2
weeks later.

Cocaine-induced ischemia was the most likely cause of
this adverse outcome.

Subarachnoid hemorrhage

There is an association between cocaine use and aneur-
ysmal subarachnoid hemorrhage (SEDA-18, 36; SEDA-
21, 26) (156). Subarachnoid hemorrhage was temporally
related to cocaine abuse in 12 young adult abusers who
had underlying cerebral aneurysms; hypertension was a
probable contributing factor (157) and cocaine is a risk
factor for cerebral vasospasm after aneurysmal subarach-
noid hemorrhage (158). In a retrospective analysis of the
medical records of 440 patients who presented to a neu-
rosurgery unit between 1992 and 1999 with aneurysmal
subarachnoid hemorrhage, 27 patients (6.1%) had either
a positive urine screen for cocaine metabolites (n = 20) or
a history of cocaine use within 72 hours of subarachnoid
hemorrhage (n = 7). Cocaine users were more likely to
have cerebral vasospasm from 3 to 16 days after subar-
achnoid hemorrhage than non-exposed patients (63 ver-
sus 30%). They were also more likely to be younger and
to have aneurysms of the anterior circulation than the
control group (97 versus 84%).
The adverse effect of cocaine on the clinical course in

subarachnoid hemorrhage has been studied in a retro-
spective review of the medical records of 151 patients
with intracranial aneurysms treated at a Taiwanese hospi-
tal between January 1996 and December 2001 (159). Of
108 patients who had subarachnoid hemorrhage, 36 had
used cocaine within the previous 24 hours and 20 of them
had subarachnoid hemorrhages of greater severity (Hunt
and Hess grade of IV or V) compared with eight of 72
non-cocaine users. There was significant angiographically
confirmed vasospasm in 28 of the cocaine users and 20 of
the non-users. There was a 2.8-fold greater risk of vasos-
pasm associated with cocaine use. Cocaine has vasoactive
properties that both influence and increase the occur-
rence of cerebral vasospasm, the main cause of morbidity
and mortality in patients with subarachnoid hemorrhage
who survive the initial event.

Sensory systems

Eyes

Ophthalmic effects associated with cocaine can occur dur-
ing both active drug use and early abstinence. Cocaine
abuse has been associated with ophthalmic complications,
including ulceration of the cornea, vasoconstrictor effects
on the retinal vasculature, irregularities in oculomotor
performance, and secondary optic neuropathy.

Corneal ulceration secondary to smoking crack cocaine
has been reported in a 27-year-old woman (160).
Cases of the ‘‘crack eye syndrome’’ continue to be

reported. Of 14 crack cocaine users with corneal pro-
blems, 10 had corneal ulcers infected with both bacterial
and fungal organisms; 4 had corneal epithelial defects
(161). All were actively smoking crack daily. The authors
suggested that crack smoking predisposes users, through
an unknown mechanism, to corneal epithelial changes,
infection, and perforation. Typical presentations include
loss of vision with or without pain.

� A 29-year-old woman with a painful corneal ulcer
related to cocaine abuse was found to be putting
cocaine powder directly into the affected eye to reduce
the pain (162). Her history included prior corneal per-
forations.

Such topical use of cocaine may aggravate the condition.
Acute iritis has been reported after intranasal use

(163).
There has been a report of retinal changes in 60 users of

crack (164). Microtalc retinopathy and retinal nerve fiber
layer ‘‘rake’’ or ‘‘slit’’ defects were detected by threshold
visual field testing and fundus photography.
Orbital infarction has been described after cocaine use

(165).

� A 36-year-old woman drank alcohol and snorted
cocaine and heroin at a party. She lost consciousness,
with her head positioned down with her left face
pressed against a desk. She awoke 3 hours later with
severe left orbital pain. Her right eye was normal but
there was complete visual loss in the left eye and a
nearly complete left ptosis. The left pupil did not react
to light but reacted consensually. Movements in the
right eye were full, but movements in the left eye were
severely limited in all directions. In the left fundus
there was retinal edema and retinal pigment epithe-
lium disruption. An orbital MRI scan showed diffuse
swelling of all the extraocular muscles in the left orbit.
A week later the pain had abated and there was mild
improvement in the eye movements and ptosis, but no
change in vision. She was instructed to wear protective
polycarbonate lenses at all times.

Central retinal artery occlusion has previously been
reported in cases of intravenous and intranasal cocaine
abuse and has also been reported in a man who smoked
crack cocaine (166).

� A 42-year-old man smoked crack and developed sud-
den painless loss of vision in his right eye for 9 hours.
He had smoked cigarettes for 20 years and crack
cocaine twice a week for the previous 4 years. Visual
acuity in the right eye was counting fingers at one
meter, and in the left eye 6/4. There was a right relative
afferent papillary defect. In the right fundus there was
evidence of central retinal artery occlusion and the left
fundus was unremarkable. Treatment included intra-
venous acetazolamide, intermittent ocular massage,
and rebreathing into a paper bag. He was found to
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have sickle cell trait, a risk factor for central retinal
artery occlusion.

Ears

Cochleovestibular deficit has been attributed to intrala-
byrinthine hemorrhage after cocaine consumption (167).

� A 43-year-old man taking maintenance methadone
used intranasal cocaine and drank alcohol and sud-
denly developed tinnitus in the left ear and progressive
giddiness. He had left deafness, right spontaneous hor-
izontal nystagmus, and left areflexia on caloric stimu-
lation. A diagnosis of cochleovestibular deficit was
made. A week later the right spontaneous horizontal
nystagmus had resolved but was elicitable by a head-
shaking maneuver. An MRI scan showed blood in the
left labyrinth. Neurological and ophthalmological
examinations were normal. The giddiness resolved
after several weeks but his hearing did not recover.

The authors presumed that this disorder was due to
cocaine-induced vascular effects. As cocaine prevents
reuptake of amines by presynaptic receptors, increased
concentrations of amines may lead to abruptly altered
circulation.

Psychological, psychiatric

Single photon emission computerized tomography
(SPECT) has suggested that some psychiatric symptoms
in cocaine users are associated with changes in blood flow
(168). Multiple scalloped areas of reduced cerebral blood
flow (especially periventricular regions and deep portions
of the brain) have been seen. Hypoperfusion has also
been noted in the frontal lobes of cocaine users with
mania.

Cognitive function

The effects of cocaine on cognitive functions have been
measured in controlled studies. The preliminary results of
a study of 20 heavy cocaine abusers and a group of
matched controls showed impaired function on neuropsy-
chological tests in 50% of the abusers compared with 15%
of the controls (169). There were problems with concen-
tration, memory, problem-solving, and abstract thinking
in the cocaine users. The heavy users had the greatest loss
of memory. Recent cocaine use was associated with
poorer oral fluency and arithmetic scores.
The effect of cocaine on cognitive functioning has been

studied in 20 crack users, 37 crack and alcohol users, and
29 controls at 6 weeks and 6 months of abstinence (170).
The two substance-dependent groups had significant cog-
nitive impairment in a range of neuropsychological tests
compared with the controls at both times. Drug dose was
strongly associated with the extent of impairment.
Abstinent substance users were more depressed than con-
trols during the test period, but depression had only a
slight effect on neuropsychological performance.
Neuropsychological performance was examined in 355

incarcerated adult male felons, who were classified by
DSM-IV criteria into four subgroups: alcohol dependence

or abuse (n = 101), cocaine dependence or abuse
(n = 60), multisubstance dependence or abuse (n = 56),
and no history of drug abuse (n = 138) (171). The cocaine
and control groups had similar neuropsychological test
scores. However, both the multisubstance and alcohol
groups performed significantly worse on nearly all mea-
sures. The multisubstance group had worse short-term
memory, long-term memory, and visuomotor ability.
Correlations between neuropsychological performance
and length of abstinence from drug use showed that
after abstinence the alcohol group had the greatest
improvement on tests. Although the cocaine group had
the least amount of improvement with abstinence, their
overall performance was not significantly different from
controls.
Even after 4 weeks of abstinence, chronic heavy

cocaine users have poor cognitive functioning compared
with non-drug-using controls (172). A battery of neurop-
sychological tests was administered to 30 abstinent
chronic cocaine abusers and 21 non-drug-using matched
controls. Decrements in areas such as executive function-
ing, visuoperception, psychomotor speed, and manual
dexterity were associated with heavier use of cocaine.
Neither frequency nor duration of cocaine use was a
strong predictor of performance.
Neurolinguistic functioning has been assessed in six

African-American male cocaine abusers undergoing
drug rehabilitation (173). A test battery to assess lan-
guage, cognition, and memory skills was administered at
1 week and 1 month of cocaine abstinence. Participants’
performances were compared with the normative data for
each test. There was reduced ability for general language
knowledge, memory, and verbal learning ability during
the period of early abstinence. However, the sample size
was small and the duration of study short.

Mood disorders

The rate of co-morbidity has been studied in 208 female
African-American crack cocaine users; 148 were in treat-
ment, 54 were active crack users, and 61% reported a
history of sexual abuse (174). Many had co-morbid
depression (48%) and eating disorders (11%).

Delirium

Cocaine-induced delirium with severe acidosis has been
reported (175).

� A 25-year-old man with agitation and paranoia who
had consumed a lot of alcohol with cocaine the night
before had a clonic seizure lasting 1 minute. In the
emergency room, he responded to pain and made
incomprehensible sounds. His pulse rate was 116/min-
ute, blood pressure 100/40 mmHg, respiratory rate 28/
minute, and temperature 38.3�C. He was acidotic (pH
6.53), with a PaCO2 of 13.1 kPa, a base deficit of
36 mmol/l, a serum potassium concentration of
7 mmol/l, and sodium 153 mmol/l. He was hyperventi-
lated and given sodium bicarbonate, dantrolene, and
passive cooling. His acidosis quickly corrected and his
temperature fell to 37.6�C within 1 hour.
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Obsessive-compulsive disorder

Suspected risk factors for obsessive-compulsive disorder
were investigated in a prospective epidemiological study,
using data from the Epidemiologic Catchment Area sur-
veys (1980–1984) (176). Users of both cocaine and mar-
ijuana were at increased risk of obsessive-compulsive
disorder compared with non-users of illicit drugs, but
cocaine use alone was not associated with an increased
risk, within the limited sample size.

Panic disorder

As with several other drugs, for example marijuana, PCP,
and LSD, cocaine can precipitate panic disorder, which
continues long after drug withdrawal (177). Among 280
patients in a methadone maintenance clinic, the preva-
lence of panic disorder increased from 1% to 6% over a
decade (178). A marked rise in the frequency of cocaine
abuse coincided with this outbreak. The authors sug-
gested that episodes of panic occurring in cocaine users
can result in hospitalization for either psychiatric or med-
ical illnesses.

Paranoid psychoses

Of 55 individuals with cocaine dependence, 53% reported
transient cocaine-induced psychotic symptoms (179).
Paranoid delusions (related to drug use) and auditory
hallucinations were often reported. In addition, almost
one-third (all of whom also described psychotic symp-
toms) reported transient behavioral stereotypes.
Paranoid psychosis has also been described in a 64-

year-old man who had first begun to use crack cocaine 6
months before. The paranoid symptoms continued for 3
weeks after he stopped using crack.
The author suggested that the man’s age may have

made him particularly sensitive to the psychiatric effects
of cocaine (180).
The possible genetic basis of cocaine-induced paranoia

has been studied in 45 European Americans with cocaine
dependency (181). Low activity of the enzyme dopamine
b-hydroxylase (the enzyme that catalyses the conversion
of dopamine to noradrenaline) in the serum or cerebrosp-
inal fluid was positively associated with the occurrence of
positive psychotic symptoms in several psychiatric disor-
ders. The activity of dopamine b-hydroxylase is a stable,
genetically determined trait that is regulated by genes
located at the DBH locus. The haplotype associated
with low dopamine b-hydroxylase activity, Del-a,
occurred more often in 29 subjects with cocaine-induced
paranoia than in 16 without. These findings may have
implications for the pharmacological treatment of cocaine
dependence.

Endocrine

The association of cocaine withdrawal with hypothala-
mic–pituitary–adrenal axis dysregulation has previously
been reported and may be important in understanding
vulnerability to stress response and relapse (182). The
hypothesis that withdrawn cocaine-dependent patients
would have higher cerebrospinal fluid concentrations of

corticotropin-releasing hormone than healthy controls
has been tested in 29 cocaine-dependent men (mean age
40 years) who were abstinent for a minimum of 8 days
(mean 29 days) and 66 healthy controls. The subjects were
21 African Americans, two Hispanics, and six Caucasians.
There were no significant differences in cerebrospinal
fluid concentrations of corticotropin-releasing hormone
between the subjects and the controls. There was no
correlation between the number of days of cocaine with-
drawal and the corticotropin-releasing hormone concen-
trations. This negative study reflected the fact that the
hypothalamic–pituitary–adrenal axis in cocaine absti-
nence is no longer dysregulated.
Cocaine and nicotine share many similarities, including

a strong potential for addiction. In a comparison of the
acute effects of cocaine and cigarette smoking on luteiniz-
ing hormone, testosterone, and prolactin, 24 men who met
criteria for cocaine abuse or nicotine dependence were
given intravenous cocaine (0.4 mg/kg) or placebo cocaine,
or smoked a low-nicotine or high-nicotine cigarette (183).
Placebo-cocaine and low-nicotine cigarette smoking did
not change luteinizing hormone, testosterone, or prolac-
tin. Luteinizing hormone increased significantly after
both intravenous cocaine and high-nicotine cigarette
smoking and correlated significantly with increases in
cocaine and nicotine plasma concentrations. However,
high-nicotine cigarette smoking stimulated significantly
greater increases in luteinizing hormone release than
intravenous cocaine. On the other hand, testosterone con-
centrations did not change significantly after either
cocaine or high-nicotine cigarette smoking. Prolactin con-
centrations fell significantly and remained below baseline
after intravenous cocaine. However, after high-nicotine
cigarette smoking, prolactin increased to hyperprolactine-
mic concentrations within 6 minutes and remained signif-
icantly above baseline for 42 minutes. The increases in
luteinizing hormone were temporally related to beha-
vioral and physiological measures of sexual arousal. The
authors commented that the rapid increases in luteinizing
hormone and reports of subjective high after both intra-
venous cocaine and high-nicotine cigarette smoking illus-
trate the similarities between these drugs and they
suggested a possible contribution of luteinizing hormone
to their abuse-related effects.
Blood sugar concentrations can become labile in people

with diabetes mellitus who use cocaine, not only because
their diet changes, but also because adrenaline concentra-
tions affect the mobilization of glucose (36).
In a prospective study, endocrine responses to

hyperthermic stress were assessed in 10 male cocaine
users after 4 weeks of abstinence and again after 1 year
of abstinence (184). They sat in a sauna for 30 minutes at
a temperature of 90�F and a relative humidity of 10%. At
the end of the sauna, they rested for another 30 minutes at
room temperature. Sublingual temperature, pulse rate,
and blood pressure were recorded just before and imme-
diately after the sauna and 30 minutes after the period at
room temperature. Venous b-erythropoietin, ACTH,
metenkephalin, prolactin, and cortisol were also mea-
sured. There were no significant differences between the
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two groups in heart rate and blood pressure. At baseline
and after 1 year of abstinence, plasma prolactin concen-
trations were higher in the cocaine users than in the
controls. Moreover, the hormonal responses in the
cocaine users were different from those in controls.
Concentrations of all the hormones, except for metenke-
phalin, were significantly lower in the cocaine users than
in the controls at the end of the sauna; the cocaine users
did not have significant hormonal changes to hyperther-
mia after either 4 weeks or 1 year of abstinence. The
authors concluded that cocaine abuse produces altera-
tions in the hypothalamic-pituitary axis, which persist
during abstinence.

Electrolyte balance

Cocaine-induced periodic paralysis with hypokalemia has
been reported (185).

� A healthy 33-year-old man suddenly developed gener-
alized weakness and became unable to walk or lift his
limbs; he also had mild chest pain. He had had similar
episodes 10 days and 5 years before, with spontaneous
resolution. He had no spontaneous motor activity and
his strength was 2/5 in all major muscle groups with a
very mild left upper limb predominance. Cardiac
enzymes and neuroimaging of the brain and spinal
cord were normal. Creatinine kinase was raised (395
IU/l). Acetylcholine receptor antibodies were in the
reference range. His serum potassium concentration
was 1.9 mmol/l. Urine toxicology screen showed
cocaine, cannabinoids, and benzodiazepines and he
admitted to cocaine binge use the previous night and
also before the previous two episodes. With potassium
supplements his strength gradually improved.

Such severe generalized weakness and hypokalemia may
be due to intracellular shift of potassium due to adrener-
gic stimulation by cocaine or a direct effect on potassium
channels.

Hematologic

Erythrocytosis has been implicated as one of the factors
underlying cocaine-associated cardiac complications. In a
prospective study, differences in mean hemoglobin con-
centration, hematocrit, and reticulocyte count were mea-
sured in 79 consecutive cocaine-exposed and cocaine-
unexposed patients who developed chest pain (186). The
authors hypothesized that the contribution of the bone
marrow to cocaine-induced erythrocytosis is negligible.
Acute cocaine exposure was of less than 3 hours duration.
Hemoglobin and hematocrit levels were significantly
higher in cocaine-using subjects than in controls (13.5
versus 12.6 g/dl and 40% versus 38%). There was no
corresponding increase in reticulocyte count, suggesting
that the bone marrow does not contribute to transient
erythrocytosis. Men with chest pain were more likely to
be exposed to cocaine then women. Moreover, all relative
increases in hemoglobin concentration in the cocaine-
exposed group were attributable to sex. Amongst other
variables, only a history of diabetes mellitus was signifi-
cantly associated with an increased reticulocyte count.

The authors therefore concluded that acute cocaine expo-
sure is not associated with erythrocytosis in younger
patients with chest pain.
In an attempt to replicate the conclusions of an earlier

study, there was no association between cocaine use dur-
ing pregnancy and acute thrombocytopenia in 326
patients (187). There were similar prevalences of
thrombocytopenia in cocaine-using women (13/160) and
non-using women (11/160) during pregnancy.
Thrombocytopenia occurred more often in the third tri-
mester in both groups.
Splenic infarction related to cocaine abuse is extremely

rare and has been reported as a possible complication in
patients with sickle cell hemoglobinopathies.

� A 17-year-old cocaine abuser was found dead in bed.
Autopsy showed signs of sepsis, splenic infarctions of
different ages, and splenic necrosis with abscesses. The
splenic abscesses and microabscesses in various other
organs showed mixed bacterial infections (188).

These findings show that in cocaine abusers pain and
fever can be an expression of severe cocaine-associated
complications.

Gastrointestinal

Gastrointestinal symptoms, especially diarrhea, occur
after cocaine use. Cases of more severe abdominal dis-
tress have required surgical intervention and have been
due to bowel infarction (1,189) or pneumoperitoneum
(190).

Esophageal damage

The esophagus can undergo thermal injury, in which the
inner esophageal wall has a ‘‘candy-cane’’ appearance
(alternating pink and white linear bands), when boiling-
hot liquids are consumed. This reversible condition is
associated with chest pain, difficulty in swallowing, ody-
nophagia, and abdominal pain. Candy-cane esophagus
secondary to smoking crack cocaine has been reported
(191).

� A 55-year-old man accidentally sucked into his mouth
and swallowed a portion of boiling water during his last
smoke of free base cocaine and 2 days later developed
sudden constant pain in the left shoulder and arm
accompanied by sweating. He had melena, a hematocrit
of 30%, a blood urea nitrogen of 35 mmol/l, and a
serum creatinine of 1.1 mmol/l. The initial electrocar-
diogram showed sinus rhythm, left atrial enlargement,
and borderline left ventricular hypertrophy. However, 2
hours later he started to sweat and became hypotensive
(blood pressure 85/50 mmHg). An electrocardiogram
showed new biphasic T waves and T wave inversion.
Urgent cardiac catheterization showed patent coronary
arteries. Esophagogastroduodenoscopy within the hour
showed a candy-cane appearance in the distal esopha-
gus, patchy erythema and erosions in the gastric antrum,
and an ulcer in the base of the duodenal bulb. Biopsies
of the esophagus tissue showed parakeratosis, squamous
hyperplasia with regeneration, and minimal
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inflammation. Biopsies of the stomach showed chronic
gastritis and bacteria consistent with Helicobacter
pylori. Later that day, the electrocardiogram normal-
ized.

The most likely cause of the chest pain was microvascular
spasm of the epicardial coronary arteries, due to either
thermal injury to the esophagus or a direct effect of
cocaine.

Peptic ulceration

There is a higher incidence of gastric ulcers in cocaine
users, both perforated ulcers and giant gastroduodenal
ulcers, thought to be due to localized ischemia secondary
to vasoconstriction (192,193). Two reports have afforded
data on gastrointestinal ulcers and cocaine. In one study
the authors observed that since the advent of crack
cocaine they had seen more than 70 cases of crack-related
perforated ulcers (194). They suggested that an ischemic
process rather than an acid-producing mechanism was to
blame. They described three patients, all of whom had
laparoscopic omental patches for ulcers, with good
results. In a longitudinal assessment of patients with
endoscopically diagnosed gastric ulcers (n = 98) or duo-
denal ulcers (n = 116) users of cocaine or metamfetamine
were nearly 10 times more likely to have giant gastric or
duodenal ulcers (over 2.5 cm) compared with non-users
(195). The authors speculated that cocaine and amfeta-
mine-induced catecholamine stimulation of a-adrenocep-
tors may cause intense vasoconstriction and thus a reduced
blood supply to an ulcer, resulting in a giant ulcer.
Five cases of gastric perforation (rather than the more

common duodenal perforation) have been reported in
young male smokers of crack, all of whom had only
brief histories of prodromal symptoms and none of
whom had long-standing peptic ulcer disease (196).

Intestinal ischemia

Two women developed chronic mesenteric ischemia, suc-
cessfully managed by revascularization (197). The authors
concluded that in both cases chronic mesenteric ischemia
had been caused by intravenous cocaine abuse.
Ischemia of the small bowel and colon after the use of

cocaine has been reported (SEDA-22, 33).

� A 38-year-old man presented with a 2-day history of
severe abdominal pain and bloody stools after smoking
cocaine 48 hours earlier (198). He had abdominal pain,
guarding, rebound tenderness, and high-pitched,
hypoactive bowel sounds. His white blood cell count
was 31 � 109/l. Radiography showed thumb-printing in
the transverse colon. Endoscopy showed friable ede-
matous mucosa with submucosal hemorrhage and
patches of yellowish fibrinous material. He recovered
fully with intravenous nutrition and supportive mea-
sures after 30 days.� A 36-year-old man who had injected cocaine the day
before admission and who occasionally sniffed,
smoked, or injected cocaine, presented with a 3-day
history of severe abdominal pain and bloody diarrhea
(199). His mid-abdomen was very tender, with rebound

tenderness and guarding; bowel sounds were absent.
Radiography showed a dilated transverse colon and
dilated small bowel loops. He underwent emergency
surgery and an edematous dilated transverse colon was
removed. The pathology was consistent with ischemic
colitis. The blood vessels were dilated but showed no
structural abnormalities or thrombosis.

Pneumoperitoneum is a surgical emergency associated
with the use of crack cocaine (200).

� A 42-year-old man was intoxicated after an alcohol
binge and recreational crack cocaine smoking. He
was semi-conscious and in acute respiratory distress.
He had subcutaneous emphysema in the face, neck,
chest, abdomen, and legs, and tenderness in the left
lower back. He had a temperature of 380C, a heart rate
of 117/minute, and a respiratory rate of 35/minute.
There was hypoxia (PaO2 7.3) and a metabolic acidosis
(pH 7.28). A chest X-ray showed free gas under the
right hemidiaphragm. At laparotomy no organ per-
foration was found.

In all likelihood, a prolonged Valsalva maneuver while
smoking crack cocaine causes of pneumoperitoneum.
Repeated, deep, vigorous inhalation can cause an abrupt
imbalance of pressures in the pulmonary alveolar–capil-
lary complex. Free air from ruptured alveoli then dissects
along fascial planes and can collect in the mediastinum
and retroperitoneum.

Liver

Cocaine has been associated with liver toxicity (SEDA-
14, 32; SEDA-13, 27).

� A 23-year-old man became unresponsive and had a
seizure after taking cocaine and alcohol (201). Severe
liver necrosis developed and hepatocellular damage
was documented with 99mTc-PYP imaging.

Acute hepatitis induced by intranasal cocaine, with tran-
sient increases in liver enzymes, has been reported in
three HIV-positive patients (202). All had non-active
chronic viral hepatitis with normal immunological status;
one was seropositive for hepatitis B virus and two were
positive for hepatitis C virus. A few days after intranasal
cocaine use, serum transaminases rose to high values, and
two of the patients had fever, stiffness, sweats, and hepa-
tomegaly. Alcohol and hepatotoxic agents were ruled out.
Within a few days, the clinical and laboratory signs of
hepatitis improved in all three cases.
Hepatotoxicity secondary to cocaine exposure can be

associated with hyperthermia, ischemia, or a direct
cocaine effect. Another possible mechanism may be an
acquired mitochondrial defect (203).

� A 41-year-old man jumped through a ground-floor
window after cocaine abuse. His Glasgow coma score
was 7/15. His temperature was 40�C, heart rate 140/
minute, and respiratory rate 40/minute. He had a
tonic–clonic seizure and was intubated and ventilated.
Blood chemistry showed a profound metabolic acidosis
(pH 7.19), a raised creatinine at 232 mmol/l, a raised
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creatine kinase at 14 500 IU/l. Rhabdomyolysis was
confirmed by the finding of myoglobinuria. Both
urine and plasma toxic screens showed traces of
cocaine and benzodiazepines. He was treated with dia-
lysis, vasopressors, and then liver transplantation.
Postoperative complications included hypotension,
hypothermia, anuria, resistant hyperkalemia, and com-
partment syndrome, for which he had bilateral forearm
fasciotomy. He died 12 hours later and post-mortem
examination of the liver showed extensive hepatic
necrosis in the acinar zones with macrovesicular stea-
tosis, a pattern seen in toxic liver damage. A muscle
biopsy showed a few necrotic fibers, glycogen deple-
tion, and increased lipid staining.

The authors suggested that this patient had a defect in
lipid metabolism, based on the muscle biopsy. Muscle
mitochondria are a principle site for beta-oxidation of
fatty acids. Microvesicular steatosis can progress to liver
failure with severe and prolonged impairment of beta-
oxidation. This metabolic defect may have exacerbated
the direct toxic effects of cocaine.
In one case acute hepatitis and thrombotic microangio-

pathy occurred simultaneously (204).

� A 22-year-old woman, with a 3-year history of alcohol
and intravenous cocaine abuse and chronic hepatitis C
virus infection, developed fever, jaundice, vomiting,
and weakness. She was jaundiced, with markedly
raised transaminases (aspartate transaminase 1264 U/
l, alanine transaminase 1305 U/l) increased alkaline
phosphatase, and normal gamma-glutamyltransferase
and serum total bilirubin. Partial thromboplastin time
was 33 seconds. A complete blood count and renal
function were normal. Urine screen was positive for
cocaine. Over the next 48 hours she developed acute
respiratory and renal failure, hypotension, and tonic-
clonic seizures. She also developed severe thrombocy-
topenia (platelet cell count 21 x 109/l), impaired coa-
gulation, and a hemolytic anemia with 6–7 schistocytes
per microscopic field. A chest X-ray showed bilateral
alveolar infiltrates compatible with acute respiratory
distress syndrome. An electrocardiogram showed an
acute inferior myocardial infarction. Liver biopsy
showed multifocal hepatic necrosis and microvesicular
steatosis, consistent with toxic hepatitis. She recovered
after plasma exchange, blood transfusions, and hemo-
dialysis.

The authors noted that thrombotic microangiopathy
due to cocaine is fairly rare. Its pathogenesis is unclear,
possible mechanisms being an immune reaction or direct
damage to the vascular endothelium. Cocaine-induced
acute hepatitis has been linked to several toxic metabo-
lites, including norcocaine and N-hydroxynorcocaine,
which are produced by cytochrome P450 enzymes.

Urinary tract

Cocaine can cause acute renal insufficiency (SEDA-
21,19) (SEDA-24, 38). Acute renal insufficiency, with
malignant hypertension, apparently precipitated by

cocaine-induced vasoconstriction, has been described in
a 33-year-old woman who had pre-existing scleroderma
and normal renal function (205). She was successfully
treated with hemodialysis.
Cocaine can also cause chronic renal insufficiency

(206). Of hemodialysis patients from an urban center in
California, 55 who reported a history of significant
cocaine use were compared with 138 non-users. A diag-
nosis of hypertension-related end-stage renal disease was
reported in 49 of the 55 cocaine users (89%) and 64 of the
138 non-users (46%). Of 113 patients with end-stage renal
disease, 49 had a history of cocaine use. The patients who
had used cocaine had hypertension for a shorter duration
(5.3 versus 12.7 years). They were also younger (41 versus
54 years). The authors proposed that this outcome had
been caused by several mechanisms: renal vasoconstric-
tion or stenosis, resulting in ischemic nephropathy and
secondary hypertension, direct renal damage with pro-
gressive renal insufficiency, and recurrent episodes of
accelerated hypertension, vasculitis, acute tubular necro-
sis, and rhabdomyolysis.
Chronic cocaine use can exacerbate pre-existing hyper-

tension, when renal blood vessels narrow secondary to
cocaine-induced intimal fibrosis. Acute renal insuffi-
ciency with concomitant rhabdomyolysis after cocaine
use has been reported (207,208), but it can also occur,
albeit rarely, in the absence of rhabdomyolysis (209).

� A healthy 31-year-old man developed acute renal
insufficiency 18 hours after inhaling cocaine 5 g. His
blood pressure was 150/100 mmHg, his serum creati-
nine 177 mmol/l, creatine phosphokinase activity 107
U/l, and serum potassium concentration 3.8 mmol/l.
The urinary sodium concentration was 30 mmol/l and
there was a trace of protein and 1–2 red blood cells per
high-power field. Immunological studies were unre-
markable. Ultrasound showed kidneys of normal size
with hyperechogenity of the right kidney. Over the
next 10 days he recovered spontaneously.

The authors suggested that intense cocaine-induced renal
vasoconstriction had been the likely underlyingmechanism.
Renal infarction is an uncommon adverse effect of

cocaine (210).

� After using intranasal cocaine, a 25-year-old African
man developed fever and progressive right flank pain
over 4 days. He had a temperature of 38.3�C, a blood
pressure of 106/54 mmHg, and severe tenderness in the
right flank and right lower quadrant of the abdomen.
His urine contained cocaine. A CT scan showed
reduced uptake in the lower pole of the kidney, con-
firming renal infarction. Other causes were ruled out.

Musculoskeletal

Non-traumatic rhabdomyolysis is often secondary to alco-
hol, cocaine, amphetamines, heroin, etc, and is character-
ized by laboratory features that reflect the release of
muscle cell contents into the plasma. Early detection can
prevent progression to acute renal insufficiency (211).

508 Cocaine

ª 2009 Elsevier B.V. All rights reserved.



� A 37-year-old man sustained multiple fractures with-
out loss of consciousness after an assault. He had a
history of smoking crack cocaine and drinking alcohol.
He was afebrile and had stable vital signs. His urine
analysis was positive for cocaine and blood, thought to
be secondary to trauma from a Foley catheter. His
temperature rose to 101�F and surgery was postponed.
He subsequently developed uremia with a creatinine
concentration of 389 mmol/l, a raised uric acid, and a
creatine kinase activity of 3055 IU/l, with an MB iso-
enzyme activity of 12 ng/ml (reference range 0 to 6);
serum phosphorus and magnesium were also
increased. Ultrasonography of the kidneys was normal
and he did not have HIV. His fever resolved sponta-
neously and his renal function recovered.

After an extensive literature search, the authors
reported that the main pathophysiological mechanism
underlying cocaine associated rhabdomyolysis is
unknown. They suggested that cocaine blocks the reup-
take of noradrenaline and dopamine, resulting in
increased sympathetic activity. This, coupled with potent
vasoconstriction by the cocaine metabolite benzoylecgo-
nine, can lead to skeletal muscle ischemia and injury and
result in rhabdomyolysis.

Sexual function

The practice of trading sex for drugs in places where there
is a high prevalence of cocaine abuse has been noted in
both metropolitan areas and smaller communities along
major interstate highways. In Baltimore, there was a 97%
increase in the number of primary and secondary cases of
syphilis from 1993 to 1995 (212).
Priapism has been reported in men who have used

cocaine by inhalation or applied it topically to the glans
penis or intraurethrally (SEDA-19, 26).

� Three men developed priapism and delayed seeking
treatment (213). Cocaine use within the previous 24
hours was the singular contributing factor in all three
cases. Two of the men had had previous episodes of
priapism, which had resolved spontaneously. Initial
duplex ultrasonography confirmed low penile blood
flow. Manual aspiration and irrigation failed in all three
cases. Surgical shunting failed in the first two cases. One
man required partial penile amputation for infected,
gangrenous, distal penile tissue; one responded to angio-
graphic embolization; and one had only a partial
response to angiographic embolization, but then refused
further intervention; his erection resolved during the
next 24 hours.

The authors suggested that acute sexual excitement dur-
ing cocaine intoxication can cause penile erection, with
impaired detumescence. Cocaine can inhibit the reuptake
of noradrenaline (by blocking transport in presynaptic
sympathetic neurons), thus preventing sinusoidal contrac-
tion and the efflux of penile blood.

� A 44-year-old black man developed priapism 2 hours
after having overdosed on 30–40 trazodone tablets
50 mg and 10 Tylenol No. 3 (paracetamol plus

codeine) tablets (214). Toxicology analysis was posi-
tive for cocaine and opiates. The priapism required
detumescence twice, on initial presentation and then
6 hours later, and 8 hours after presentation he again
developed painless priapism, which resolved sponta-
neously after 1.5 hours.

Trazodone-induced priapism may be mediated by alpha-
adrenoceptor antagonism. While the mechanism for
cocaine-induced priapism is unclear, it may result from
vasospasm, venous pooling, and sludging of blood in the
penis. The authors proposed that the two drugs may act in
an additive or synergistic manner, posing a greater hazard
than either alone.
Priapism associated with intracavernosal injection of

cocaine has also been reported.

� A 43-year-old man developed persistent painful erec-
tion after intracavernosal injection of cocaine (215).
He had previously administered cocaine in this way
to prolong erections. Cavernosal aspiration resulted
in partial detumescence, but the condition recurred.
Urine screen was positive for cocaine. Aspiration and
irrigation fully alleviated the condition.

During penile erection, nitric oxide is released from the
endothelium of the cavernous spaces and from nerve end-
ings (non-adrenergic and non-cholinergic). Nitric oxide
stimulates guanylate cyclase, which is involved in the
conversion of guanosine triphosphate to cyclic guanosine
monophosphate (cGMP); the latter relaxes the smooth
muscle in the corpora cavernosa, allowing influx of
blood for erection. The authors suggested that cocaine
directly applied to the cavernosal endothelium can cause
nitric oxide production.
Three patients developed priapism after taking cocaine

or non-prescription weight loss formulations containing
ephedrine (216). Intracavernous injection of phenylephr-
ine and irrigation with heparinized saline, followed by an
Al-Ghorab shunt procedure, was effective.
Some believe that topical application of cocaine to the

glans penis enhances sexual performance. However, such
use can cause complications, including superficial penile
necrosis (217).

� A 32-year-old white heterosexual man developed
widespread painful, blackened lesions on the penis
after applying cocaine as an aphrodisiac. Screens for
sexually transmitted infections were negative. He was
given a 5-day course of antibiotics and the lesions
healed completely.

The authors thought that cocaine applied to the glans
penis may have been well absorbed through the thinner
keratinized squamous epithelium. They attributed the
superficial necrosis to intense skin vasoconstriction
caused by cocaine.

Immunologic

The prevalence of infection with the human immunodefi-
ciency virus (HIV) among drug abusers, including cocaine
users, is increasing (218). Two separate reports have
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suggested that cocaine may compromise immunological
function. In one study, human mononuclear cells were sti-
mulated in vitro with mitogens in the presence and absence
of cocaine; cocaine inhibited the proliferation of the mono-
nuclear cells (219). In a second study, cocaine amplified
HIV-1 replication in co-cultures containing cytomegalo-
virus-activated peripheral blood mononuclear cells (220).
Two cases of connective tissue disease have been

reported (221).
A case of urticarial vasculitis, a type III hypersensitivity

reaction, has been reported after cocaine use (222).

� A 24-year-old man with acute malaise and fever had a
pruritic rash with multiple erythematous circumscribed
weals on the trunk, arms, legs, neck, and scalp. He
admitted to using intranasal cocaine 6 months, 4 days,
and 1 day before the onset of the symptoms. His tem-
perature was 39�C. His erythrocyte sedimentation rate
was 80 mm in the first hour, C-reactive protein was
283 mg/l (reference range below 10), and the white
blood cell count was 12.4 � 109/l with 89% neutro-
phils. A biopsy of an urticarial lesion showed a peri-
vascular inflammatory infiltrate in the upper and
middle dermis. Bed rest, oral prednisone, oral hydro-
xyzine, and topical polidocanol led to improvement
within 24 hours.

Two cases of cocaine-induced type I hypersensitivity reac-
tions, have been reported (223).

� A 23-year-old woman developed tongue swelling and
difficulty in breathing immediately after having sniffed
cocaine. The anterior half of her tongue was edema-
tous with bleeding lesions caused by her fingernails.
There were cocaine metabolites in the urine. The diag-
nosis was angioedema of the tongue induced by
cocaine or its contaminants, and it resolved with sub-
cutaneous adrenaline, H1 receptor antihistamines, and
intravenous glucocorticoids.� A 19-year-old man developed generalized urticaria,
intense pruritus, and mild bronchospasm 30 minutes
after injecting cocaine for the third time. He had weals
on the face, neck, arms, and chest, and scattered wheez-
ing in the lungs. Urine toxicology screen was positive for
cocaine metabolites. His symptoms resolved several
hours after the administration of H1 receptor antihista-
mines and intravenous glucocorticoids.

Body temperature

Cocaine can cause hyperthermia, primarily in hot
weather, perhaps through a hypermetabolic state;
impaired heat dissipation may be another contributing
factor. Seven healthy, cocaine-naı̈ve subjects participated
in tests of progressive passive heat stress, during which
each received intranasal cocaine or lidocaine as placebo
(224). Esophageal temperature, skin blood flow, sweat
rate, and perceived thermal sensation were measured.
Cocaine augmented the temperature increase during
heat stress and also increased the temperature threshold
for the onset of both cutaneous vasodilatation and sweat-
ing. It also impaired the perception of heat. This study

elicited commentary, in which it was pointed out that
measured effects of small doses of cocaine may not be
reflective of true cocaine poisoning (225). Also, the sub-
jects in the study did not have psychomotor agitation,
which is often prominent in cocaine toxicity and which
improves with sedatives.

Death

Poisoning can occur with doses of cocaine as low as 20 mg
(10 drops of cocaine 4%). Victims generally collapse and
die after associated cardiovascular abnormalities, dys-
rhythmias, and respiratory failure. Signs and symptoms
of intoxication include excitement, restlessness, headache,
nausea, vomiting, abdominal pain, convulsions, and delir-
ium.
In a retrospective study of 48 men who suffered

cocaine-related deaths and a control group of 51 male
cocaine users who died of trauma, the blood cocaine
concentrations measured in the two groups were similar
(226). However, concentrations of the cocaine metabolite
benzoylecgonine were higher in those with cocaine-
related deaths. This group also had a significantly lower
body mass index, with larger hearts and heavier lungs,
livers, and spleens than the control subjects. Reduced
body weight, an adverse effect of long-term cocaine use,
is probably related to its effects on the serotonergic sys-
tem and therefore appetite. Cardiomegaly is thought to
result from chronic cocaine-induced excessive catechola-
mine stimulation, with circulatory overload, and
increased organ weight is a result of passive visceral con-
gestion in cocaine-induced heart failure. Cardiac altera-
tions may explain why similar blood cocaine
concentrations can be lethal in some cases but benign in
others. This study shows that isolated measurements of
postmortem cocaine and benzoylecgonine blood concen-
trations cannot be used to assess or predict cocaine toxi-
city.
The increasing prevalence of multisubstance abuse can

influence morbidity and mortality (227).

� An 18-year-old man experienced sudden and severe
chest pain while drinking alcohol. He vomited, col-
lapsed, and died. On postmortem examination, throm-
bosis of the left coronary artery, dilated
cardiomyopathy with congestive heart failure, and pul-
monary embolism were noted. Blood analysis showed
raised cocaine and marijuana concentrations and a
trace of alcohol.

The author’s opinion was that although multidrug use had
played a part, the high blood concentration of cocaine had
been the main cause of death. He also noted that mar-
ijuana can interact with cocaine to produce pronounced
sympathomimetic effects.
The smuggling of illicit drugs by the technique called

‘‘body packing’’ carries medical risks. Drug packages can
rupture and digestive secretions can seep into packets and
allow drug absorption. Consequently, drug intoxication,
intestinal obstruction, peritonitis, and death can occur. A
man carrying 99 cocaine powder packages weighing 10 g
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died as a result (228), and the death of a drug dealer has
been reported (229).

� A 17-year-old man swallowed a small plastic bag of
cocaine in order to avoid arrest. After 1 hour he com-
plained of a headache and 30 minutes later developed
palpitation and agitation and collapsed. Histological
examination of his heart showed myocardial necrosis.
The blood concentration of cocaine was high at 98 mg/
ml. The tissue concentrations of cocaine and its meta-
bolites in various organs and fluids were recorded; the
highest concentrations of cocaine and metabolites
were detected in the liver, lungs, brain, and blood (in
descending order).

The cause of sudden death in this case was probably a
cardiac dysrhythmia.
Death occurred shortly after intravenous cocaine in a

26-year-old who had also used heroin and methadone 24
hours before (230). Death was attributed to thoracic aor-
tic dissection after the use of crack cocaine. Histological
findings showed connective tissue abnormalities, includ-
ing focal microcystic medial necrosis and fragmentation
of the elastic fibers in the arterial wall. Aortic dissection
among cocaine users is thought to be related to weaken-
ing of the media of the aorta, and to sheering forces that
result from sudden and profound hypertension that
accompanies cocaine use (231). Whether or not other
susceptibility factors, such as Marfan’s syndrome and
hypertension, can contribute to aortic aneurysm in
cocaine abusers is uncertain. The presence of concentric
left ventricular hypertrophy is suggestive of chronic
hypertension. Transesophageal echocardiography is help-
ful in diagnosing aortic dissection in cocaine abusers
(232,233).
The criteria for the interpretation of cocaine concentra-

tions in biological samples and their relation to the cause
of death has been comprehensively reviewed (234). The
importance of scene investigation, forensic autopsy, and
forensic sampling for drug analysis has been discussed,
with particular emphasis on the need to use appropriate
blood preservatives and interpretation of the half-life and
concentrations of cocaine and its metabolites, benzylec-
gonine and ethylcocaine, in combined cocaine þ alcohol
abuse.
About 1–2% of people in Western countries are regular

consumers of cocaine and 10% are sporadic users. This
proportion increases considerably in the age groups in
which organ donors are most often found. Cocaine use is
often associated with death, creating opportunities for
organ donation (235).

� A 30-year-old woman with a history of bronchial
asthma and cocaine abuse had a cardiorespiratory
arrest preceded by sudden dyspnea 1 hour after
cocaine inhalation. Direct laryngoscopy showed
edema of the glottis. After extended cardiopulmonary
resuscitation, she went into a deep coma with dilated
non-reactive pupils. Toxicological analysis showed
cocaine and amphetamines in her urine. She was
brain dead 11 hours later and her organs were used
for transplantation. Her liver was given to a 14-year-

old boy with acute hepatocellular failure caused by
isoniazid; 5 years later he had normal liver function.
Her kidneys were given to a 52-year-old woman and a
56-year-old man, both with polycystic kidney disease;
in both cases renal function was normal after 5 years.

The grafts took in all three cases. Myoglobinuric acute
renal insufficiency in the donor did not affect immediate,
short-term, or long-term graft function. In their review of
the literature, the authors found one report of eight trans-
plants from three donors. There were no effects attribu-
table to cocaine in any of the recipients in the immediate
post-transplantation period. They concluded that organ
donation is safe after brain death caused by cocaine toxi-
city, probably because of the characteristics of the
cocaine, such as a short half life.

Long-Term Effects

Drug tolerance

Chronic cocaine exposure and long-term adaptation at
the molecular level have been investigated; changes in
transcription factor gene expression may be involved
(236). NURR1 is a key factor that regulates transcription
of the gene that encodes the cocaine-sensitive dopamine
transporter and functions in the development of dopa-
mine neurons. In a recent study, postmortem human mid-
brain specimens from cocaine users and controls
underwent various analyses. Human NURR1 gene
expression was markedly reduced in dopamine neurons
in the cocaine users and normal in the controls. NURR1-
deficient cocaine abusers also had dopamine neurons with
markedly reduced dopamine transporter gene expression.
NURR1 appears to have a critical role in the brain’s
adaptation to repeated cocaine exposure and in mainte-
nance of dopamine neurons.

Drug dependence

There has been considerable interest in evaluating drugs
such as amfepramone (diethylpropion) for attenuating
the negative emotional state induced by craving for
cocaine, in the hope of finding a drug for long-term treat-
ment of cocaine dependence. However, in 50 cocaine-
dependent patients amfepramone was ineffective and
caused significant adverse effects (237). Of the patients
who took amfepramone 25–75 mg/day, 12% were with-
drawn from the study: one developed coronary vasospasm
and another atrial fibrillation. These poor results are
comparable to those of earlier studies with methylpheni-
date in cocaine addicts (238,239).

Drug withdrawal

There have been reports of the effects of cocaine with-
drawal on cognition. There was impairment of memory,
visuospatial abilities, and concentration in 16 cocaine
abusers during the first 2 weeks of abstinence (55).
Measured deficits were independent of withdrawal-
related depression.
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Tumorigenicity

Chronic cocaine use, which is associated with immuno-
suppression, may be carcinogenic. The possible associa-
tion between chronic cocaine exposure and pancreatic
adenocarcinoma has been investigated (240,241). A
study of hospital records in Brazil for the years 1986–
1998 showed that of 198 patients with pancreatic adeno-
carcinoma, 13 (6.5%) were younger than 40 years; of
these, five had a history of chronic cocaine inhalation
and one had abused marijuana.

Second-Generation Effects

Pregnancy

Some of the risks run by the pregnant cocaine-using
mother and her child (such as preterm labor and prema-
ture delivery) have been reported (242). However, the
literature on maternal cocaine use and its possible out-
comes is problematic, because many studies have been
methodologically flawed (243).
A retrospective study of data from a large perinatal

registry showed that there was an increased risk of pla-
centa previa among women who used cocaine, compared
with those who did not use drugs or alcohol (244).
Another apparent obstetric risk of cocaine use is rup-

ture of a uterine scar (from a previous cesarean section).

� There was extensive laceration of the maternal urinary
bladder after a vaginal birth in a 34-year-old woman
whose urine tested positive for cocaine (245).

The authors postulated that the injury may have resulted
from a cocaine-augmented contractile response of the
pregnant uterus.
A ‘‘pre-eclampsia–like’’ syndrome has been described,

characterized by acute hypertension and a low platelet
count, in a 33-year-old cocaine user; her 20-week-old fetus
died (246).
One of the serious medical conditions linked with

cocaine use during pregnancy is premature delivery,
with an incidence in cocaine users of 17–27%. The
mechanism of the effect of cocaine on both spontaneous
and agonist-induced contractility of pregnant human
myometrium has been evaluated (247). Myometrium
samples from 42 women who were undergoing cesarean
section at term were examined after exposure to various
pharmacological probes in combination with cocaine. The
results suggested that cocaine augments the contractility
of uterine tissue by both adrenergic and non-adrenergic
mechanisms. Cocaine increased spontaneous myometrial
contractility over three-fold. Prazosin, an alpha-adreno-
ceptor antagonist, blocked this effect, but only for the first
35 minutes. Cocaine increased both the sensitivity and
maximal tissue response to the alpha-adrenoceptor ago-
nist methoxamine. The maximal response to oxytocin, but
not sensitivity, was increased by cocaine; prazosin did not
inhibit this effect.
Cocaine has been associated with both preterm delivery

and premature rupture of the membranes (248). Among 85
of 604 expectant mothers with premature rupture of the

membranes with documented cocaine exposure compared
with women with no drug exposure for six conditions of
major neonatal morbidity, cocaine users were older and of
higher parity. The non-cocaine users hadmoremorbidity, in
particular neonatal infection and sepsis. The authors pro-
posed that the mechanism of premature rupture of the
membranes in the presence of cocaine may not be related
to infection. Instead, cocaine may have a direct effect on the
myometrium, stimulating uterine contractility.
The Maternal Lifestyle Study has reported that the

prevalence of adverse perinatal complications associated
with the use of cocaine or opiates during pregnancy was
lower than has been previously reported (249). In 11 811
mother–infant pairs followed prospectively, 11% of the
exposed and non-exposed groups were hospitalized at
least once. However, violence was a factor (20%) in
admissions among the cocaine-exposed women.
Considering the increased prevalence of recreational

cocaine abuse among young women (250), the diverse
clinical manifestations of acute cocaine intake combined
with physiological changes of pregnancy and the patho-
physiology of co-existing pregnancy-specific diseases can
result in life-threatening complications during anesthesia.
When regional anesthesia is selected, combative beha-
viour, altered pain perception, and ephedrine-resistant
hypotension can occur. Cardiac dysrhythmias, hyperten-
sion, and myocardial ischemia can occur during general
anesthesia. Individualizing anesthesia management in
patients presenting with diverse clinical manifestations
of acute cocaine intake is important.

� A 26-year-old woman with a history of multiple sub-
stance abuse required emergency caesarean section at
30 weeks of gestation as a result of crack cocaine-
induced placental abruption and fetal distress (251).
Her admission blood pressure was 145/95 mmHg,
heart rate 95/minute and respiratory rate 20/minute.
The fetal heart rate was 130/minute and non-reactive,
with late and variable decelerations and no response to
maternal oxygen administration. Spinal block with
bupivacaine, fentanyl, and morphine was performed
with the patient in a sitting position. No maternal or
neonatal postoperative complications were reported.

Teratogenicity

In the USA 100 000 crack cocaine babies are born each
year, and an increasing number of anomalies is being
linked to maternal cocaine abuse (252, 253). However, it
is unclear by what mechanism cocaine affects the fetus.
Interruption of the intrauterine blood supply, with subse-
quent destruction of fetal structures, may account for
some of its effects (254).
There are frequent reports of intrauterine growth retarda-

tion, neurobehavioral abnormalities, cerebral injury, and car-
diac anomalies in ‘‘coke babies’’ (SEDA-14, 15; SEDA-21, 4;
SEDA-21, 129) (255,256). Brain hemorrhages (257) and
asymmetrical growth retardation (258) associated with
maternal cocaine abuse have been discussed.
In 500 neonates ankyloglossia, a defect in the attach-

ment of the tongue within the mouth, was 3.5 times more
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common in cocaine-exposed neonates than in others
(259). Other facial, vertebral, and cardiovascular defects
have been described (SEDA-17, 4; 19).
Two other clinical syndromes involving anomalies of

multiple organ systems in fetuses of cocaine-abusing
women have been described.

� An infant with Pena–Shokeir phenotype (including
facial, musculoskeletal, pulmonary, and cardiac mal-
formations accompanied by extensive brain damage)
was born to a cocaine-abusing mother (260). The infant
died shortly after birth.� An infant exposed to cocaine in utero had a combina-
tion of facial, ear, eye, and vertebral anomalies, accom-
panied by cardiac, central nervous system, and other
malformations (261).

In contrast, in 34 light-to-moderate cocaine users com-
pared with 600 non-users attending a public prenatal care
clinic, pronounced untoward effects on the fetus were
reportedly less common than in other studies (262). In
all cases the cocaine had been taken intranasally, and the
majority of users reduced their intake during pregnancy;
none had been referred for drug abuse counseling and
none was taking drug treatment. There was no significant
difference in obstetric complications among these mild
cocaine users compared with non-users, and no significant
differences in infant growth, morphology, or behavior.
However, the cocaine users had histories of more fetal
losses and during pregnancy they suffered more infectious
diseases, such as hepatitis, Herpes simplex, and gonor-
rhea.

Fetal growth

Among the adverse outcomes of prenatal cocaine expo-
sure, low birth weight and reduced length and head cir-
cumference have been reported. In a prospective study in
New York City, 386 pairs of cocaine- and crack-using
mothers and their infants and 130 matched control pairs
were followed during the course of pregnancy and deliv-
ery (263). The neonates were assessed by physical and
neurological examination, the Brazelton Neonatal
Behavioral Assessment Scale (BNBAS), and the
Neonatal Stress Scale during the first 48 hours of life.
The results corroborated earlier findings of reduced fetal
growth in cocaine-exposed infants. Significantly more
(17%) of the babies of cocaine users had a head circum-
ference less than the tenth percentile compared with the
controls (3%). They performed less well on the BNBA
Scale and had higher measures on the Neonatal Stress
Scale. They had clinically significant neurological impair-
ment, with jitteriness, increased tone, and an exaggerated
Moro reflex. However, some of these findings may have
reflected a direct neurotoxic effect of cocaine, since test-
ing was done during the first 48 hours of life. The authors
observed that crack had a more adverse outcome than
cocaine. They concluded that the most important predic-
tor of neonatal outcome may be the frequency, quantity,
and type of cocaine used.
The effect of maternal cocaine use on infant outcome

has been prospectively assessed in 224 women, of whom

105 were cocaine users and 119 were controls (264). The
infants were of gestational age 34 weeks or more and were
not asphyxiated. The infants exposed to cocaine were
more likely to be admitted to the newborn intensive
care unit, to be treated for congenital syphilis or pre-
sumed sepsis, to have a greater length of stay, to have
lower birth weight and head circumference, and to be
discharged to the care of someone other than the mother.
However, the two groups were similar in the incidence of
abnormal cranial and renal ultrasonography and abnor-
mal pneumocardiography. Moreover, when controlled for
cigarette use and other confounders, there were no sig-
nificant differences in the groups on growth retardation
factors.

Cardiovascular

Intrauterine cocaine exposure is associated with neonatal
cardiovascular dysfunction and malformations. The long-
term effects of cocaine on the neonate’s cardiovascular
system and development are unknown. The effect of
cocaine on the infant’s autonomic function and subse-
quent development has been reported (265). Heart rate
variability, a non-invasive test of autonomic function, was
evaluated in 77 prenatally cocaine-exposed infants, 77
healthy controls, and 89 infants who had been exposed
prenatally to drugs other than cocaine (alcohol, mari-
juana, and/or nicotine). Within the first 72 hours of life,
the cocaine-exposed infants were asymptomatic but had
lower heart rate variability and lower vagal tone than the
two comparison groups. At follow-up, the cocaine-
exposed infants had recovered at 2–6 months of age and
now had higher heart rate variability and vagal tone than
the two non-exposed groups. Most of the increase in heart
rate variability and vagal tone was seen in the infants who
had had light cocaine exposure and was not apparent in
those who had had heavy exposure.
The same researchers have published two reports on

the cardiovascular effects of intrauterine cocaine. In the
first study, 82 healthy neonates with intrauterine cocaine
exposure, 108 exposed to drugs other than cocaine, and 87
healthy controls were evaluated for global and segmental
systolic and diastolic cardiac function (266). During the
first 48 hours of life, the neonates with intrauterine
cocaine exposure had significant left ventricular diastolic
segmental abnormalities. They had a higher index of
asynchrony and global and segmental fractional area
changes in contrast to the other two groups. The degree
of abnormality in the index of asynchrony was greater in
the neonates with heavier cocaine exposure. In a second
study at 2–6 months of age, 56 cocaine-exposed infants
were compared with 72 who had been exposed to drugs
other than cocaine and 60 healthy controls (267). The
cocaine-exposed infants had recovered left ventricular
diastolic function. Only in infants with heavy cocaine
exposure was there an alteration in septal wall diastolic
filling.

� A 6-month-old fetus who had been exposed to cocaine
had a single-ventricle heart; the authors suggested that
coronary spasm, resulting in infarction, may have
destroyed the right ventricle (268).
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Double aortic arch anomaly has been linked to mater-
nal cocaine abuse (269).

� A girl born to a cocaine-abusing mother had cocaine
withdrawal symptoms and at 2 months developed
respiratory dysfunction and died. At autopsy, the
heart and lung were normal, but there was a double
aortic arch anomaly of right persistent dominant arch
type. The aorta encircled the trachea and esophagus.
The right common carotid, right vertebral, and right
subclavian arteries arose from the right aortic arch and
the left carotid and left subclavian arteries originated
from the left aortic arch.

Cocaine may directly affect the fetal cardiovascular
system or do so by increasing the concentrations of circu-
lating catecholamines and activating the sympathetic ner-
vous system.

Nervous system

In two reports it was suggested that brain hemorrhage
(257) and asymmetrical growth retardation (258,270) can
occur.

Cognitive effects

The influence of exposure to cocaine in utero on the
developing human nervous system is not yet clearly
understood (SEDA-22, 21). Prenatal cocaine exposure
has been associated with neurobehavioral effects in
infancy, ranging from no effect to effects on arousal and
state regulation, as well as on neurophysiological and
neurological functions. A prospective controlled study in
154 cocaine-using pregnant mothers and suitable matched
controls from a rural community produced neurobeha-
vioral effects that supported those from previous con-
trolled studies (271). The mothers underwent drug
testing and medical examination during each trimester.
Their infants were assessed as near to 40 weeks after
conception as possible, using the BNBA Scale. When
controlled for the effects of marijuana, alcohol, and
tobacco use, the use of cocaine in the third trimester was
negatively related to state regulation, attention, and
responsiveness among the exposed infants. Twice as
many cocaine-exposed infants as controls failed to come
to and maintain the quiet alert state required for orienta-
tion testing.
It is unclear whether abnormalities in early infancy are

associated with neurodevelopmental impairment at a
later age. Several studies have suggested that the findings
are limited to early childhood. The possible effects of
prenatal cocaine exposure on later cognitive functioning
and difficulties have been reported in three studies. In the
first, 236 infants at 8 and 18 months of age were evaluated;
37 had heavy exposure to cocaine in utero, 30 had light
exposure, and 169 had no exposure (272). Cognitive func-
tioning was assessed with the Bayley Scales of Infant
Development. Information processing was tested with an
infant-controlled habituation procedure. At 8 months,
cocaine-exposed infants and controls had no differences
in cognitive functioning. Their abilities to process

information indexed by habituation and response to
novelty were comparable. However, at 18 months the
infants with high cocaine exposure performed poorly on
the Mental Development Index (MDI). The 18-month
index covers a wider range of cognitive tasks requiring
integrated learning, responsiveness to environmental
cues, and memory than the 8-month index. These results
suggest that the effects of cocaine are more likely to show
up when more challenging measures are used. Infants
raised in high-risk environments, with stressors and low
support, scored lower at both 8 and 18 months.
In a second study, intellectual functioning at 6–9 years

was measured in 88 cocaine-exposed children and 96
unexposed children in New York City (273). The partici-
pants were interviewed and underwent medical and neu-
rological examination and psychological assessment.
Child intelligence was measured with the Wechsler
Intelligence Scale for Children-III (WISC-III).
Intelligence quotient scores did not differ between the
two groups of children, even when adjustments for co-
variables were made.
In a third study the Robert Wood Johnson database of

published literature on prenatal cocaine exposure and
child outcome was examined (274). Only 8 of 101 studies
focused on school-age children. Intelligence quotient
(IQ), receptive language, and expressive language were
measured. This meta-analysis showed an average differ-
ence of 3.12 IQ points between cocaine-exposed and con-
trol groups. When the IQ distribution is shifted
downwards by this amount, there is a 1.6-fold increase in
the number of children with IQs under 70. The authors
noted that the calculated decrement in IQ in exposed
children is subtle and does not include the possible effect
of the drug on domains of function such as language
abilities.
Research on the relation between prenatal cocaine

exposure and childhood behavior also continues. In a
pilot study, 27 children exposed to cocaine in utero and
75 control children were assessed (275). The children had
a mean age of 80 months and most were first-grade stu-
dents. The child’s first-grade teacher (blinded to exposure
status and study design) rated the children’s behavior with
the Conners’ Teacher Rating Scale (CTRS) and the
Problem Behavior Scale (PROBS 14), an investigator-
developed scale that measures behaviors associated with
cocaine exposure. The drug-exposed children had higher
CTRS scores (that is more problematic behavior), but the
difference was not significant. On subscales of the
PROBS 14, the drug-exposed group had significantly
more problematic behavior. These results appear to sub-
stantiate teachers’ reports of problematic behavior in
children with prenatal cocaine exposure.
The effects of prenatal cocaine exposure on informa-

tion processing and developmental assessment have been
studied in 108 infants aged 3 months, 61 of whom had
been exposed to cocaine, and 47 controls using an infant-
control habituation and novelty responsiveness procedure
in a developmental assessment using the Bayley Scales of
Infant Development (276). Infants exposed to cocaine
prenatally were significantly more likely than controls to
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fail to start the habituation procedure, and those who did
were significantly more likely than controls to react with
irritability early in the procedure. Cocaine-exposed
infants had a comparatively depressed performance on
the motor but not the mental Bayley scales. This informa-
tion was obtained by raters blind to the history and was
controlled for both perinatal and sociodemographic fac-
tors. Most of the infants in both groups reached the habi-
tuation criteria, and among those who did there were no
significant differences between cocaine-exposed and non-
exposed infants in habituation or in recovery to a novel
stimulus. Thus, differences in reactivity to novelty, but not
information processing, between cocaine-exposed and
non-cocaine-exposed infants suggested that the effects of
prenatal cocaine exposure may be on arousal and atten-
tion regulation, rather than on early cognitive processes.
Developmental correlates have been assessed in three

groups of children aged 4–6 years (277). In 18 children
there had been prenatal exposure to cocaine and the
mothers had continued to use crack. Another 28 children
had had no prenatal exposure but their mothers had used
crack after the children were born. The control group were
28 children whose mothers had never used cocaine.
Prenatally exposed children performed significantly worse
than the others in tests of receptive language and visual
motor drawing. Prenatal crack exposure was associated
with poor visual motor performance, even after controlling
for intrauterine alcohol and marijuana exposure, age, birth
weight, and duration of maternal crack use.
There have been two studies of the neurodevelopmen-

tal effects of cocaine during the first 48 hours of life. In
the first, 23 cocaine-exposed and 29 non-exposed infants
were prospectively assessed within the first 48 hours of
life; infant meconium was used to detect cocaine and the
BNBA Scale was used for clinical assessment (278). One-
third of the cocaine-exposed neonates were born to
women who denied cocaine use. In six of the seven clus-
ters assessed, cocaine-exposed infants fared badly com-
pared with control infants. The cocaine-exposed infants
had poor autonomic stability and there was a dose–
response relation between meconium cocaine concentra-
tion and poor performance in relation to orientation and
so-called ‘‘regulation of state,’’ which refers to how the
infant responds when aroused. The authors concluded
that cocaine exposure is independently related to poor
behavioral performance in areas that are central to opti-
mal infant development. They emphasized the value of
the identification and quantification of cocaine in infants.
In another blinded study, neurodevelopmental and

neurobehavioral performance were prospectively
assessed in 131 neonates (mean age 43 hours) exposed
in utero to cocaine, with or without other drugs (279).
Cocaine-exposed neonates were developmentally at risk
in the tests compared with infants exposed to other drugs
alone or in combination. As in the previous study, larger
amounts of cocaine were associated with higher neurobe-
havioral risk scores.
In a study of immediate and late dose–response effects

of cocaine exposure in utero on neurobehavioral perfor-
mance, 251 full-term urban neonates were examined by

blinded raters at 2 and 17 days (280). The babies were
classified as having been heavily exposed, lightly exposed,
or not exposed to cocaine. After controlling for covari-
ates, in contrast to the studies mentioned above (275,280),
there were no neurobehavioral effects of exposure at 2
days of age. However, at 17 days there was a significant
dose-related effect: heavily exposed infants had poorer
state regulation and greater excitability, implying impair-
ment of their ability to modulate arousal. The authors
postulated that these late effects might be expected if
cocaine exposure in utero is associated with evolving
neuroanatomical damage or disruption of the monoami-
nergic neurotransmitter systems. These effects did not
appear to be related to intrauterine growth retardation,
as has been suggested by others.
Arousal and attention have been investigated in 180

healthy nursery infants before hospital discharge and at
1 month of age (281). Cocaine-exposed infants showed a
lack of arousal-modulated attention and preferred faster
frequencies of stimulation, regardless of arousal condition
compared with non-exposed infants. There were similar
differences 1 month after birth, showing that these effects
persisted beyond the period of presence of cocaine or its
metabolites at birth. These effects were independent of
absence of prenatal care, alcohol use, minority status, or
sex, suggesting a direct and even chronic effect of intrau-
terine cocaine exposure on arousal-modulated attention
and presumably on the developing nervous system of the
infants.
The behavioral and hormonal responses in 30 preterm

cocaine-exposed infants were compared with the
responses in 30 non-cocaine-exposed infants of similar
gestational age (282). The mothers of cocaine-exposed
infants were more often single, had higher parity and
more obstetric complications, and were less likely to
visit, touch, hold, and feed their infants than the other
mothers. Cocaine-exposed infants had smaller head cir-
cumferences at birth, spent more time in the neonatal
intensive care unit, and had a greater incidence of peri-
ventricular or intraventricular hemorrhages. They also
had poorer state regulation and difficulty in maintaining
alert states and in regulating their own behavior. They
spent more time in indeterminate sleep (suggesting ner-
vous system immaturity), with reduced periods of quiet
sleep and increased amounts of agitation, tremulousness,
mouthing, multiple limb movements, and clenched fists.
There were higher urinary noradrenaline, dopamine, and
cortisol concentrations and lower plasma insulin concen-
trations in the cocaine-exposed infants, suggesting that
they may have experienced a high degree of stress in the
perinatal period.
In a study of 464 inner-city black infants, whose

mothers were recruited prenatally based on alcohol and
cocaine use during pregnancy, gestational age of less than
38 weeks was significantly correlated with cocaine use in
the mothers (283). The infants were tested at 6.5, 12, and
13 months of age; the cocaine-exposed infants were more
excitable, preferred faster frequencies of stimulation, had
more difficulty habituating, were more reactive, and
showed a greater startle response to noise. Moreover,
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these effects of cocaine on cognitive function were docu-
mented beyond the neonatal period, thus eliminating
effects from acute cocaine exposure or withdrawal. The
authors suggested that two separate mechanisms may
underlie the effects of cocaine on gestational age and
cognition. The nervous system deficits, poorer cognitive
performance, and faster reactivity are probably mediated
by a direct action of cocaine (requiring heavy exposure)
on neurotransmitters, whereas shortened gestation may
be mediated by vasoconstriction, which occurs at lower
exposure. Timing of exposure during pregnancy may also
play a critical role in determining the type of deficits.
The effects of prenatal maternal cocaine use on neurobe-

havior have been reported in 2-week old infants (284). The
BNBA Scale was administered to the infants of mothers
who had a reported high frequency of cocaine use during
pregnancy: (n = 23, >75th percentile reported days of use)
or a low frequency (n = 32, <75th percentile). Infants with
high intrauterine exposure had higher scores on the
BNBAS excitability cluster than infants with low exposure.
Infants with a high BNBAS excitability score had poorer
tone and motor movement, were more irritable and hard to
console, and had difficulties in self-quieting.
In a meta-analysis of 18 published reports (1985–1988,

13 of which failed to meet the inclusion criteria and were
excluded) on the effect of in utero exposure to cocaine on
infant neurobehavioral outcome, cocaine-exposed infants
were compared to non-exposed infants on BNBAS cluster
scales at birth and at 3–4 weeks of age (285). Although the
sample size was large enough to detect statistical signifi-
cance in most of the tests of difference between the two
groups, the magnitude of all the effects was small. This
was true for differences in the motor performance and
abnormal reflex clusters in the infant groups (with a slight
trend toward increasing standard differences over time)
and in the orientation and autonomic regular clusters
(with a trend toward a reduced effect size over time).
However, the main finding of the study was the small
magnitude of the neurobehavior dysfunction at both
times. The authors cautioned that these data may not be
generalizable, since polydrug exposure, the amount of
cocaine exposure, and other variables could have con-
founded the data.
In158 cocaine-exposed (82heavily and76 lightly exposed)

and 161 non-cocaine exposed infants, neurobehavioral func-
tion was assessed at 43 weeks after conception (286).
Mediating factors (the timing and amount of drug exposure)
and maternal psychological distress as a confounding factor
were considered in the design and statistical analysis. The
infants with heavy cocaine exposure had significantly more
jitteriness and attentional difficulties. They were also more
likely to be identified with an abnormality and less likely to
cooperate with testing procedures than infants in the other
groups. Higher concentrations of cocaine metabolites,
cocaethylene and benzoylecgonine, were associated with a
higher incidence of movement and tone abnormalities, jit-
teriness, and the presence of any abnormality. Higher
cocaethylene concentrations were associated with atten-
tional abnormalities; higher concentrations of metahydrox-
ybenzoylecgonine were associated with jitteriness.

Cognitive, motor, and behavior development, as mea-
sured by the Mullen Scales of Early Learning and the
Bayley Scales of Infant Development-II, were compared
in 56 prenatally cocaine-exposed infants and toddlers
(aged 1–3 years) and 56 non-exposed matched controls
(287). There were developmental problems in expressive
and receptive language areas in those who had been
exposed prenatally.
The effect of intrauterine cocaine exposure on visual

attention, cognition, and behavior has been investigated
in 14 cocaine-exposed children and 20 controls aged 14–60
months (288). The cocaine-exposed children were slower
in tests of disengagement and sustained attention. They
also had greater difficulties in behavioral regulation.
Research on the effects of prenatal cocaine exposure on

development in the first 2 years of life has been reported
in 203 full-term infants (289). The infants, who were
defined as having had no cocaine exposure, light expo-
sure, or heavy exposure, were tested with the Bayley
Scales of Infant Development at 6, 12, and 24 months.
Assays of neonatal meconium for cocaine metabolites
along with mothers’ self-reports were used to evaluate
the dose–response relation. There were no significant
adverse effects due to cocaine exposure on scores in the
major tests up to 24 months of age. Cocaine-exposed
infants with the lowest 10th percentile birth weight and
those placed with kinship caregivers had less optimal
development. Cocaine-exposed infants who participated
in child-focused early intervention programs scored
higher than the others.
The behavioral effects of prenatal cocaine exposure at

age 5 years have been studied in 140 children exposed to
cocaine, 61 exposed to alcohol, tobacco, and/or mari-
juana, and 120 not exposed to any drugs (290). They
were evaluated with the Achenbach Child Behavior
Checklist. There was no association between behavior
and intrauterine cocaine exposure. However, the current
behavioral health of the mother, including recent drug use
and psychological functioning, did affect the child’s inter-
nalizing and externalizing behavior.

Gastrointestinal

Cocaine exposure in utero can affect various fetal organs.
Gastrointestinal disorders, including ten cases of necrotiz-
ing enterocolitis (291), one of intestinal atresia, and one of
spontaneous colonic perforation, have been reported
(292).
Amelia and humeral ‘‘bifurcation’’ due to humeroradial

synostosis are both very rare limb abnormalities and
occur in less than 1 in 50 000 births.

� A 29-year-old Canadian Aboriginal woman, who had
used cocaine intermittently during the first 8 weeks of
pregnancy, gave birth to a boy at 38 weeks.
Amniocentesis was normal and labor was unremark-
able (293). The boy’s left arm was absent and he had
right-sided phocomelia with a three-fingered hand.
Radiography showed hypoplasia of the left clavicle
and scapula, and absence of the left pedicle at T5.
There was ulnar aplasia, with a short radius fused to
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the humerus on the right side. The family history was
unremarkable.

This was one of the most severely affected children
reported. In most cases the defect is unilateral. When
both arms are involved, oligodactyly is often asymmetri-
cal. Such cocaine related defects have also been reported
in animal models (294,295,296).

� A 23-year-old woman who was taking methadone
34 mg/day and lorazepam 4 mg/day admitted to irre-
gular alcohol abuse of up to 3 liters of beer per day
and regular intravenous use of cocaine and heroin
over the previous 3 months at dosages and frequen-
cies that could not be accurately ascertained (297).
She was positive for hepatitis B and C. At 12 weeks
her urine contained cocaine, cannabis, codeine, and
morphine. At 17 weeks, ultrasonography showed ahy-
dramnios, and color Doppler confirmed bilateral
renal agenesis. After termination an autopsy con-
firmed the renal findings but also showed a right
upper limb reduction defect and single umbilical
artery. The right arm skeleton consisted of a round
rudiment of the humerus and a near normal ulna,
with no evidence of a radius. The hand lacked the
thumb and two fingers.

The authors reviewed the literature and reported that
cocaine abuse in pregnancy results in congenital defects in
15–20% of cases, primarily involving the brain, heart,
genitourinary tract, and limbs. They reported that at
their hospital, since 1996, 35 cases of cocaine abuse in
pregnancy had been identified. From this group another
four cases of congenital defects, including talipes, optic
nerve atrophy, acromelia of the left hand and right fin-
gers, and an isolated single umbilical artery, were identi-
fied. The overall defect rate at their center was 14%. They
quoted other human and animal studies suggesting an
increased risk of vascular disruption defects after in
utero cocaine exposure and supported this by the findings
from their case of a single umbilical artery. They further
suggested that some of the findings are similar to the
teratogenic effects of thalidomide, a well known inhibitor
of angiogenesis, supporting the notion that these findings
are due to cocaine-induced vascular disruption syndrome
in pregnancy.

Reproductive system

An increased incidence of genital malformations has
often been noted (298).

Fetotoxicity

The prevalence rate of cocaine use during pregnancy is
10–45% in some centers in North America. As cocaine
use is increasing and widespread, information on the pos-
sible adverse effects secondary to fetal cocaine exposure
continues to amass in case reports and studies.
However, in a prospective, large-scale, longitudinal

study there was no association between prenatal cocaine
exposure and congenital anomalies in 272 offspring of 154
cocaine-using mothers and 154 non-using matched

controls (299). The cocaine-exposed group had signifi-
cantly more premature infants, who were significantly
smaller in birth weight, length, and head circumference
than the control infants. However, there were no differ-
ences in the type or number of abnormalities.
The impact of prenatal exposure to cocaine on fetal

growth and fetal head circumference has been studied in
476 African-American neonates, including 253 full-term
infants prenatally exposed to cocaine (with or without alco-
hol, tobacco, or marijuana) and 223 non-cocaine exposed
infants (147 drug-free, 76 exposed to alcohol, tobacco, or
marijuana) (300). The cocaine-associated deficit in fetal
growth was 0.63 standard deviations and for gestational
age 0.33 standard deviations. There were also cocaine-asso-
ciated deficits in birth weight and length, but no evidence of
a disproportionate effect on head circumference.
The relation between prenatal cocaine exposure and

early childhood outcome has been reviewed (301).
Prospective longitudinal studies of perinatal cocaine
exposure and associated outcomes were studied in a sur-
vey of 36 of 74 reports, published from 1984 to October
2000, in which the examiners were blinded to cocaine
exposure. Prenatal cocaine exposure did not alter physical
growth, developmental test scores, or receptive and
expressive language among children aged 6 years or less.
The authors concluded that there is no convincing evi-
dence that prenatal cocaine exposure is associated with
effects on a child’s physical or behavioral development,
and that many findings once thought to be specific effects
of in utero cocaine exposure instead correlated with fac-
tors such as the quality of the child’s environment and
prenatal exposure to tobacco, marijuana, or alcohol.
This review generated responses from other authorities

in the field. Some commented that the conclusions may be
premature, given the age of the subjects, and drew atten-
tion to several studies that have shown subtle but consis-
tent deficits in cognitive and attentional processes in 6-
and 7-year-old children (302). These effects may become
more prominent as development continues and may per-
sist into adulthood. Others criticized the attempt to iso-
late cocaine exposure from all other associated risk
factors; from a public health perspective, prenatal cocaine
exposure clusters with other risk factors, such as poor
caregiving, child maltreatment, domestic violence, and
prenatal exposure to other substances (303).
Furthermore, the selection criteria narrowed the total
articles reviewed to under half of the 74 articles found.
Others suggested that the study had been misinterpreted
(304).
The effects of prenatal cocaine exposure have been

assessed prospectively in 217 infants, 95 (44%) of whom
had benzoylecgonine, a cocaine metabolite, in their meco-
nium (278). Among these infants, benzoylecgonine con-
centration was inversely related to fetal growth (birth
weight, length, and head circumference), whereas mater-
nal self-report of days of cocaine use did not correlate
with either fetal growth or meconium benzoylecgonine
concentration. The report suggested a dose–response
relation between the magnitude of prenatal cocaine expo-
sure and impaired fetal growth.
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In 39 cocaine-exposed infants and 39 control infants
aged 35 weeks or older, head size was smaller and birth
weight tended to be lower in the cocaine-exposed infants
(305). Moreover, the head circumference of the cocaine-
exposed infants was significantly smaller at any given
birth weight than in the control infants. The behavioral
scores were significantly higher (on days 1 and 2) in the
cocaine-exposed infants; the higher scores were most fre-
quently attributed to increased jitteriness, a hyperactive
Moro response, and excessive sucking. Lastly, cocaine-
exposed infants had an increase in flow velocity in the
anterior cerebral arteries between days 1 and 2; however,
there was no increased propensity to ischemic and/or
hemorrhagic cerebral injury in the infants exposed to
cocaine. The blood flow changes on the second day may
have reflected falling infant cocaine concentrations after
birth.
In a longitudinal evaluation of 28 infants exposed to

cocaine in utero and 22 unexposed controls for 15 months,
the cocaine-exposed infants weighed significantly less at
birth than the control infants, but not subsequently (306).
Compared with controls, motor development was com-
promised in the cocaine-exposed infants at 4 and 7
months, but not at 1 and 15 months, suggesting that
compromised motor performance in the exposed group
normalized for later milestones, probably through a self-
righting process. A disturbing aspect of this study was the
extremely poor performance in all-motor assessments at
every age by every infant (including the controls). The
investigators postulated that in an inner-city population
(such as that studied here), once an infant accumulates
three or more risk points (as most infants in the study
did), additional risk factors (including exposure to
cocaine) have little further negative impact on their
development.
The complex interplay between the relative effects of

prenatal cocaine exposure and the perinatal and environ-
mental factors on development has been evaluated, using
a structural model to describe the direct and indirect
effects of prenatal drug exposure on developmental out-
come from birth to age 6 months (307). Key variables
included prenatal drug exposure, perinatal medical char-
acteristics, maternal/caregiver/family characteristics, the
home environment, and neurobehavioral outcomes. The
study was based on 154 predominantly crack-using
women and 154 control subjects matched for pregnancy
risk, parity, race, and socioeconomic status. Prior exclu-
sion criteria included age under 18 years, a major illness
diagnosed before pregnancy, chronic use of legal drugs,
and any use of illicit drugs other than cocaine and mar-
ijuana. Urine specimens were collected at two unantici-
pated times and positive serum samples were confirmed
by gas chromatography/mass spectroscopy. Measures
analysed by blinded evaluators included medical assess-
ment at birth and developmental assessments at birth, 1
month, and 6 months, as well as caregiver characteristics
and environmental factors at birth and 1 month.
Exposure to cocaine affected development at birth.

Increasing exposure was significantly related to poor
developmental outcomes, as measured by the Brazelton

qualifier scores. Although no direct effects of cocaine
were found at either 1 month or 6 months analysed sepa-
rately, time-dependent analysis showed an effect on
development at 6 months. The indirect effects of cocaine
exposure were mediated through maternal psychosocial
well-being at delivery and birth head circumference. In
addition, indirect effects of prenatal cocaine exposure
were also related to concomitant alcohol and tobacco
use and the birth head circumference. Neither maternal
nor caregiver factors at 1 month was directly related to
developmental outcome at any time. These findings sup-
port previous findings (308–310) that suggest that cocaine
is a mild teratogen with regard to neurodevelopmental
outcome.
The presence of cocaine during the prenatal period

disrupts the development of neural systems involved in
mediating visual attention. Of 14 cocaine-exposed chil-
dren and 20 control children aged 14–60 months, whose
visual attention, cognition, and behavior were assessed,
the cocaine-exposed children had slower reaction times,
supporting the hypothesis that impairment in disengage-
ment and sustained attention are associated with prenatal
cocaine exposure (311). There was a trend to slower
reaction times to targets presented in the right visual
field, but not the left visual field. Cocaine-exposed chil-
dren also had greater difficulties in behavioral regulation,
especially related to an ability to cope with heightened
levels of positive and negative emotions (312).
An association between prenatal cocaine exposure and

deficits in total language functioning was found in 236
cocaine-exposed and 207 non-cocaine exposed full-term
children (313). The link between prenatal cocaine expo-
sure and language deficits during early childhood was not
related to cocaine-associated deficits in birth weight,
length, or head circumference. Three different but poten-
tially interacting mechanisms whereby maternal cocaine
use might affect early language development have been
proposed (314):

� subtle dysregulation of attentional systems, with poten-
tial for disrupting an infant’s ability to extract and
process available linguistic information;� disruptions in parent–child linguistic interactions due
to cocaine and other drug use;� impoverished, unstable, and endangering social and
care-giving environments.

Early detection of language deficits allowed ameliorative
intervention aimed at improving academic performance
and social adaptation in preschool and school-aged children.
The Maternal Lifestyle Study, a prospective rando-

mized study, has followed 717 infants exposed only to
cocaine and 7442 non-exposed infants from birth to hos-
pital discharge at 12 network sites (315,316). Cocaine-
exposed infants were younger (1.2 weeks), weighed less
(536 g), and were smaller (2.6 cm shorter and head cir-
cumference 1.5 cm smaller). Congenital anomalies were
not increased. Acute subtle changes in central and auto-
nomic nervous system function, such as irritability, jitteri-
ness, tremors, high pitched crying, and excessive suck,
were more common in the cocaine-exposed group.

518 Cocaine

ª 2009 Elsevier B.V. All rights reserved.



There was a significantly increased prevalence of infec-
tion in the infants of cocaine-using mothers. Hepatitis was
42 times more common, syphilis was 15 times as common,
and human immunodeficiency virus positivity was 16
times more common (although the overall prevalence
was only 0.1%). Exposure to cocaine increased the like-
lihood of involvement with social services such as child
protection agencies.
The preliminary results of the Meconium Project, a

study done in Barcelona between October 2002 and
February 2004, have been reported (317). The findings
were based on the first 830 meconium samples and 549
mother–infant pairs. Overall drug use was 7.9%, and
drug screens detected 6-monoacetymorphine and
cocaine. There was under-reporting of drug abuse. The
self-reporting rates in interviews were opiates 1.3%,
cocaine 1.8%, and both drugs 1.3%; meconium analysis
showed higher rates (8.7. 4.4, and 2.2% respectively).
One declared case of ecstasy consumption was con-
firmed. Arecoline, the main alkaloid in areca nuts, was
found in meconium samples from four Asian neonates
whose mothers had consumed betel nuts. The use of
opiates and cocaine during pregnancy was associated
with active use of cannabis, tobacco smoking, and a
higher number of cigarettes smoked. Lower birth weight
in newborns was associated with mothers who used
cocaine only and both cocaine and opiates. One of the
four infants exposed to arecoline had a low birth weight,
hypotonia, and hyporeflexia.

Cardiovascular

In a retrospective review of all dysrhythmias in children
with prenatal cocaine exposure, 18 cases were detected
in 554 infants who had positive urine screens for cocaine
(318). In 13 neonates the dysrhythmia occurred beyond
the period of direct cocaine exposure and six of the
children had dysrhythmias after the neonatal period.
Most of the dysrhythmias were supraventricular extra
beats. Overall, the rate of consultations for dysrhyth-
mias was higher among cocaine-exposed neonates than
expected. Some cocaine-exposed children had sympto-
matic dysrhythmias that were persistent or recurrent
and required treatment to maintain cardiac output and
restore normal cardiac rhythm. Children who were
exposed prenatally to cocaine appeared to be at
increased risk of abnormal responses to stress, mani-
fested by symptomatic dysrhythmias beyond the period
of cocaine exposure.

� A child presented at 12 months of age with status
epilepticus, sustained ventricular tachycardia, and a
positive urine screen for cocaine. At 22 months he
returned with a cardiac arrest, a history of a fall, a
head injury, and a positive test for cocaine in the
urine. He died soon after.

There has been a recent report of a myocardial infarct in a
full-term infant born to a 28-year-old woman who had
used cocaine 2–3 times per week and methadone 40 mg/
day (319).

Respiratory

Respiratory rates in the 3-week-old babies of mothers
who had used cocaine during pregnancy were higher
than expected; in addition newborn babies who had
been exposed prenatally to both cocaine and narcotic
analgesics had abnormal control of breathing (following
hypercapnia challenge) during the first few months of life
(320). The preliminary results of another study are also of
some interest; this prospective study of maternal drug
abuse showed a reduced incidence of respiratory distress
syndrome among premature infants prenatally exposed to
cocaine (321). The authors noted that while this finding
needs to be confirmed, it may suggest that fetal lung
maturation can be accelerated by exposure to cocaine.
Prenatal cocaine exposure appears to have short-term

effects on respiratory function in very low birth weight
infants. In a retrospective study of 149 such infants, 48
cocaine-exposed and 101 non-exposed, the cocaine-exposed
infants had transiently improved respiratory status at time
of delivery; they needed surfactant treatment in lower doses
and at a lower frequency and intubation less often (322). At
24 and 48 hours there was no significant difference between
the treatment requirements in the two groups. The devel-
opment of bronchopulmonary dysplasia was also similar.
The authors suggested that prenatal cocaine exposure
affects the fetus by two mechanisms: indirectly through
reduced uterine blood flow with placental insufficiency
and directly through an adrenergic effect on the fetus. The
fetus may experience cocaine as a stressor that leads to
accelerated fetal lung maturity.

Nervous system

Fetal microcephaly has been attributed to cocaine abuse
during pregnancy (323). Urine toxicology confirmed the
presence of morphine, benzoylecgonine, barbiturates,
paracetamol, and propoxyphene. Analyses of amniotic
fluid, placenta, and fetal serum and urine were also posi-
tive for these substances. The authors suggested that vas-
cular disruption was the likely major mechanism of
anomalies, both behavioral and malformative, due to pro-
longed exposure to cocaine in utero.

� An infant born at 37 weeks gestation to amother who had
engaged in discontinuous cocaine abuse during the first
and second trimesters of pregnancy had microcrania
(below the 10th percentile), a closed anterior fontanelle,
and overlapping of all sutures (324). The infant was of low
birth weight (2290 g; 25th percentile). There were deep
scalp rugae, a prominent occipital bone, and normal hair
pattern.AnMRI scan of the brain showed enlargement of
the lateral ventricles and pericerebral spaces, with severe
reduction of the cerebral and cerebellar parenchyma and
white matter abnormalities.

These findings are part of the recognizable pattern of
defects in the rare condition termed fetal brain disruption
sequence. The presence of a normal hair pattern suggests
normal brain development during the first 18 weeks of
gestation. At a later stage partial destruction of the brain
results in reduced intracranial pressure and subsequent
collapse of the fetal skull.

Cocaine 519

ª 2009 Elsevier B.V. All rights reserved.



Prenatal cocaine exposure has been associated with
subependymal hemorrhage and subependymal cyst for-
mation in term neonates and more recently in preterm
neonates (<36 weeks of gestation) (325). Medical records
and cranial sonograms obtained during 1 year on 122
premature infants showed an increased incidence of sub-
ependymal cysts in preterm cocaine-exposed infants (8 of
18) compared with non-exposed infants (8 of 99). There
was no increase in the incidence of major structural
abnormalities. All subependymal cysts resolved by 4
months of age. The authors noted that the neurodevelop-
mental implications of such cyst formation are unknown.
An unusual congenital malformation, the cloverleaf

skull, has been associated with cocaine exposure in utero
(326). In this condition, the cranium is trilobed, with
severe brain deformity and hydrocephalus, because of
premature fusion of the coronal and lambdoid sutures.

� A girl born by cesarean section at 38 weeks gestation
weighed 3515 g and measured 54 cm in length and
needed cardiopulmonary resuscitation. She had feed-
ing and respiratory problems. Cranial sonography on
day 11 showed a trilobed cranial mass with ventricular
enlargement. She was discharged on day 35. The
mother, a 24-year-old cocaine user, had engaged in
active drug use for the 2 years before and during the
first 2 months of pregnancy; she had also used alcohol
(three units per day) and smoked marijuana (1–2 joints
per day) during the first 5 months, and she had smoked
10 joints per day throughout the entire pregnancy. The
father was also a marijuana smoker. The infant failed
to thrive (body weight at 6 months 3120 g, height
57 cm), developed sepsis, and died. Autopsy showed
adrenal infarction secondary to systemic infection.

Motor development
A second report from the Maternal Lifestyle Study
focused on motor development in 392 children prenatally
exposed to cocaine and 776 non-exposed control infants
who were identified by meconium assay and mothers’
self-reporting (327). Motor skills were assessed at 1
month with the NICU Network Neurobehavioral Scale
(NNNS), at 4 months with the posture and fine motor
assessment of infants (PFMAI), at 12 months with the
Bayley Scales of Infant Development-2nd edition (BSID-
II), and at 18 months with the Peabody Developmental
Motor Scales (PDMS). The infants with prenatal cocaine
exposure had motor skill deficits at 1 month, but normal
function at 18 months. Heavy cocaine use was associated
with poorer motor performance. Both lower and higher
nicotine exposures related to poorer motor performance.

Neurodevelopment
Neurodevelopmental and cognitive outcomes among pre-
natally cocaine exposed children have been documented
by measuring school performance in 62 cocaine-exposed
and 73 control children who were students at an
American inner-city school (328). The children were fol-
lowed prospectively from birth to the end of the 4th grade.
Their report cards, standardized test results, teacher and
parent reports, and birth and early childhood data were

studied. Both groups had poor grade progression from
grades 1 to 4 (71% versus 84%), low Grade Point
averages, reading skills below grade level (30% versus
28%), and below-average standardized test scores. The
children with higher Full Scale Intelligence Quotients and
better home environments, regardless of drug status, had
successful progression.
Prenatal exposure to cocaine can alter the typical

developmental trajectory of functional asymmetries.
Twenty infants who were prenatally exposed to cocaine
performed a grasping task with their right hand for sig-
nificantly shorter durations and were less likely to show a
dominant hand preference at 1 month of age (329). It is
unclear from this study whether the absence of side biases
in motor functions seen in cocaine-exposed, 1-month-old
infants continues beyond the neonatal period.
Considering how much plasticity there is in infants’
brains, any early nervous system disorganization or
damage may not predict later outcomes. Therefore, the
possibility that absence of motor asymmetries seen in
these infants may reflect a transient effect of prenatal
exposure to cocaine must be considered.
The development of motor asymmetries was assessed in

20 infants who were exposed to cocaine prenatally and 23
infants who were not (330). Asymmetries in stepping,
grasping, and head orientation were assessed at 1 month
of age. As expected, based on the findings of previous
research on high-risk infants, infants who were exposed to
cocaine prenatally preformed a grasping task with their
right hand for significantly shorter durations than the
control infants, who were more likely to have a side bias
for head orientation and stepping. There was a dose-
response relation between maternal substance use during
pregnancy and motor asymmetries in the infants. These
findings suggest that prenatal exposure to cocaine alters
the typical developmental trajectory of functional asym-
metries and may have important implications for long-
term developmental outcomes. However, longer term
studies with larger samples are needed to explore these
issues.

Sensory systems

Eyes
Neither cocaine (nor cigarette smoke) exposure in utero
is associated with poor acuity or visual abnormalities early
in infancy (331). At six weeks of age, infants’ visual acuity
was measured with the Teller acuity card procedure, and
a neurological examination was carried out, including
examination of the visual system, with assessment of eye-
lid edema, visual attention, and gaze ability in 96 infants.
This does not exclude the possibility that cocaine expo-
sure has an effect on the developing eye, but suggests that
these abnormalities may occur later in life or very rarely,
thus necessitating longer follow-up.
The long-term consequences of prenatal cocaine expo-

sure in school-age children on intelligence, visuomotor
skills, and motor abilities have been studied by compar-
ing 101 children exposed perinatally to cocaine with 130
unexposed children at age 7 years (332). The children
who were exposed prenatally to cocaine continued to
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display deficits in tasks of verbal, visuomotor integration,
and fine motor skills. However, the effect of cocaine was
rendered non-significant by inclusion of sociodemo-
graphic and environmental variables, especially the
care-giver’s vocabulary and the child’s home environ-
ment. These results suggest that prenatal cocaine expo-
sure per se may overlap with other cognitive risk factors
experienced by children of low-income families. This
study had several limitations: although cocaine exposure
was established through a careful review of hospital
records, including urine screens and maternal reports,
misclassification of drug exposure was possible. The
groups were initially recruited at different ages, ranging
from birth to 2 years old, and there was a possibility that
accuracy of maternal recall of cocaine abuse may have
been less reliable the further removed the mother was
from the experience of pregnancy. Moreover, both
groups often used other drugs, especially alcohol and
nicotine. The dichotomous classification (exposed/non-
exposed) may have masked important differences in the
groups. Alternatively, during the course of 7 years after
the time of prenatal cocaine exposure, the postnatal
environmental variables may have had a strong effect
on development, masking the subtle effects of prenatal
cocaine exposure.

Ears
The auditory brainstem responses (ABR) in neonates
who were exposed prenatally to cocaine showed pro-
longed absolute peak latencies compared with non-
exposed neonates and may indicate compromise of the
auditory system from gestational exposure to cocaine
(333). Among 58 infants studied, 21 (36%) were positive
by meconium analysis for cocaine, and five (8.5%) were
also positive for cannabinoids. There were significant dif-
ferences in mean maternal age, gravidity, parity, birth
weight, and head circumference among cocaine-exposed
infants.
Animal studies have shown that cocaine has a direct

toxic effect on the organ of Corti or its embryonic pre-
cursor, the otic placode (334). Human studies have shown
that cocaine has an acute toxic effect on brainstem audi-
tory neurons, causing impaired synaptic efficiency and
prolongation of interpeak latencies (335,336).
Conversely, no apparent effect of maternal cocaine use
during pregnancy on the developing auditory system in
otherwise healthy term infants has been noted (337). In
addition, abnormalities in the fetal auditory system may
also be secondary to the effects of cocaine on the mater-
nal circulation. Impaired fetal growth and undernutrition
can also affect brainstem maturity, as a result of delayed
myelination, and can result in an abnormal auditory
brainstem response. It is well established that maternal
cocaine abuse is associated with low birth weight and
intra-uterine growth restriction (338,339). Thus, a multi-
plicity of factors may explain the variations in reports of
the effects of cocaine on hearing in neonates. Other fac-
tors, such as the timing of cocaine exposure during preg-
nancy, the amount of exposure, the effect of other abused
substances, and the susceptibility of the sensorineural

organs of hearing at various stages of gestation, singly or
additively, can determine the effects of cocaine on the
auditory system (Tan-Laxa 357).

Psychological

A study in 105 African-American infants suggested that
infants exposed prenatally to cocaine are at a high risk of
significant problems in arousal and attention (340). The 8-
week-old infants had their heart rates recorded when
presented with a series of stimuli. The order of the stimuli
was as follows: auditory (rattle), visual (red ring), and
social (examiner’s face and voice). There were four
groups of infants: preterm drug-exposed (n = 25), full-
term drug-exposed (n = 32), preterm non-exposed
(n = 22), and full-term non-exposed (n = 26). Preterm
infants’ ages were corrected to match those of the full-
term infants. There were significant differences in the
responses to social stimuli. Drug-exposed infants had an
accelerated heart rate (indicating distress or arousal),
whereas non-drug exposed infants had a slowed response
(indicating focused attention). However, there were no
heart rate differences among the groups in the auditory or
visual conditions.
There have been two studies of the adverse effect of

prenatal cocaine on behavior of the offspring. In the first,
31 cocaine-exposed, very low birth weight infants and
matched very low birth weight controls followed long-
itudinally were assessed at 3 years (341). The cocaine-
exposed children had delayed cognitive, motor, and lan-
guage development compared with the controls. Of the
exposed children 45% scored in the range of mental
retardation compared with 16% of the controls. Infants
in the exposed group during the neonatal period were less
responsive in their interactions and their mothers were
less nurturing and less emotionally available.
In contrast, in a second study there were few differences

in interactive behaviors between prenatally cocaine-
exposed and non-exposed 12-month-old infants and their
mothers (342). Videotapes recorded African-American
infants and their mothers engaged in interactions (49
cocaine-exposed, 63 non-exposed). Children who were pre-
natally exposed to cocaine ignored theirmother’s departure
during separation significantly more often than controls.
Mothers who abused cocaine used more verbal behavior
with their children than non-abusers.

Psychomotor development
Although in utero exposure to cocaine has been suggested
to produce substantial deficits in multiple areas of func-
tioning, this view has been supplanted by reports suggest-
ing that the impact of exposure is subtle (343,344). Some
reports using broad measures of developmentally appro-
priate performance have suggested that prenatal cocaine
exposure is associated with modest reductions on the
Bayley Mental Development Index (345), whereas other
reports have not shown a significant effect (346). Using
standardized assessments, including the Bayley
Psychomotor Development Index, most studies have
shown no deficits in motor functions (Jacobson
581,347,348). Direct effects of prenatal cocaine exposure
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on mental, motor, and behavioral outcomes have been
evaluated longitudinally in 1-, 2-, and 3-year-old infants
(349). The cocaine exposed infants (n ¼ 474) scored 1.6
Mental Development Index points below infants who
were not exposed to cocaine (n ¼ 655). The effect of
cocaine remained significant after controlling for co-vari-
ates, including birth weight, socioeconomic status, mater-
nal education, vocabulary size, race, and
psychopathology, as well as prenatal exposure to alcohol,
cigarettes, and marijuana. Cocaine exposure in this study
was not high compared with another large-scale study
(Frank 1143).
It has been argued that cocaine exposure effects will be

most evident in the domains of attention and affective
regulation (Frank 1613,350). It is therefore plausible that
the effects of prenatal cocaine exposure may nevertheless
become more evident during the development of more
advanced motor (351), cognitive (352), language (353),
and behavioral skills (354).

Behavior
Sex influenced the impact of prenatal cocaine exposure
on child outcome (355). Boys but not girls with persistent
prenatal cocaine exposure were most likely to have
adverse behavioral outcomes in central processing,
abstract thought, and motor skills, with moderate to
large effect sizes. In addition, and in contrast to the effect
of some exposure, boys with persistent cocaine exposure
were rated as more positive to their environment com-
pared with either the groups with some or no exposure.
The primary innovation of this study was that it encom-
passed five critical design elements: (1) analyses stratified
by sex; (2) ordinal measures of cocaine exposure; (3)
extension of the observation period into early school
age; (4) appropriate controlling for confounders (other
prenatal drug exposures, socioeconomic status, and post-
natal family characteristics, including drug exposure); (5)
a sensitive tool specifically designed to index behaviors
associated with prenatal cocaine exposure.
The impact of prenatal cocaine exposure on children’s

physiological and behavioral functioning has been exam-
ined. Responses to emotion-inducing stimuli were studied
in 27 children aged 3–6 years who were prenatally
exposed to cocaine compared with 27 non-exposed con-
trols (356). The children’s affect during infant crying, a
mildly frustrating task, and simulated maternal distress
were observed and electroencephalographic activity was
monitored. The drug-exposed group had greater right
frontal electroencephalographic asymmetry, a pattern
that may relate to negative emotional regulation and
greater overall electroencephalographic activation.
These children also showed less empathic behavior and
an inability to complete mildly frustrating tasks.
It has been argued that a failure to find enduring beha-

vioral effects of prenatal cocaine exposure in some studies
may have been related to the use of broad, relatively
insensitive measures (357,358). Furthermore, to judge
the effect of prenatal cocaine exposure based on a dichot-
omous variable (yes/no) may not be an appropriate study
design (359,360).

In one study, drug-exposed infants did not differ from
non-exposed infants on Neonatal Behavioral Assessment
Scale (NBAS) clusters or on birth characteristics (361).
Infants (n ¼ 137) born to three groups of low-income
mothers—cocaine and poly-drug-using mothers in a treat-
ment group (n ¼ 76), users in a treatment rejecter group
(n ¼ 18), and non-users (n ¼ 43)—were examined at 2
days and 2–4 weeks. The motor cluster improved and
regulation of state worsened from the first to the second
examination. There were no interactions of group by
time. Regression analyses found no competing variables
to explain the group differences. Power analysis showed
that sample size was sufficient to have detected differ-
ences. The literature on prenatal cocaine exposure on
infants is mired with contradictory perspectives, ranging
from detrimental findings to the absence of any effects.
The studies done thus far suffer from methodological
problems or confounding variables, such as the use of
other drugs and nicotine and nutritional status, making
it harder to generalize.
The degree to which sex-specific effects can be identi-

fied in relation to prenatal cocaine exposure was the focus
of two studies by the same group of researchers. In the
first study 499 subjects, who had been prospectively fol-
lowed since pregnancy, were evaluated in a laboratory at
7 years (362). The findings support sex- and alcohol-mod-
erated effects on prenatal cocaine exposure. Among boys
with prenatal alcohol exposure, those with significant
cocaine exposure had significantly higher levels of
Delinquent Behavior than the boys with no cocaine expo-
sure. Prenatal cocaine exposure in the alcohol-exposed
boys doubled the likelihood of clinically significant
Externalizing Behavior scores compared with controls.
In the absence of prenatal alcohol exposure, prenatal
cocaine exposure alone in boys had no significant effect.
In contrast, among girls with no prenatal alcohol expo-
sure, the presence of prenatal cocaine exposure corre-
lated with significant Externalizing Behaviors and
Aggressive Behaviors compared with controls. Clinically
significant Externalizing Behavior scores were almost five
times as likely in this group. In contrast, among girls with
prenatal alcohol exposure, no association was found.
Prenatal cocaine exposure in the alcohol-exposed group
of boys doubled the likelihood of clinically significant
Externalizing Behavior scores compared with controls.
In contrast, among girls with prenatal alcohol exposure,
there was no association between prenatal cocaine expo-
sure and behavior.
In the second study the same group evaluated the

effects of prenatal cocaine exposure on child behavior in
506 African–American mother-child pairs (363). The
mothers were identified as cocaine users and non-users
during the initial prenatal visits with urine screen confir-
mation. Offspring behavior was assessed 6–7 years later
using caregiver reports with the Achenbach Child
Behavior Checklist (CBCL). Analyses stratified by sex
and prenatal alcohol exposure showed that behaviors in
girls without prenatal alcohol exposure but with prenatal
cocaine exposure were adverse: 6.5% of the unique var-
iance in behavior was related to prenatal cocaine
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exposure. Among these girls, the likelihood of scoring in
the abnormal range for Aggression was 17 times control.

Cognition
Although data from animal research has also confirmed a
sex-specific effect of prenatal cocaine exposure (364),
studies in humans have not consistently supported this
(365). Nevertheless, there is other evidence that prenatal
cocaine exposure has a sex-related effect on cognition at 4
years of age (366).

Language
There have been two new reports on language abilities
and prenatal cocaine exposure. Both studies used the
Clinical Evaluation of Language Fundamentals (CELF-
P). One documented language outcomes in 4-year-old
children (189 cocaine-exposed and 185 non-exposed chil-
dren) (367). There were more mild receptive language
delays in the cocaine-exposed group. These children
were also less likely to have higher expressive abilities.
Of the cocaine-exposed group, children who were in
adoptive or foster care performed with higher language
skills compared with children who remained in the origi-
nal household.
In the second study language outcomes were assessed

in 3-year-olds (368). CELF-P was administered to 424
children (226 cocaine-exposed and 198 non-cocaine
exposed). Structural equation modelling was done on
the data for expressive and receptive language function-
ing. There was a relation between increased level of pre-
natal cocaine exposure and reduced expressive language
functioning. For receptive language functioning, there
was no statistically significant association with prenatal
cocaine exposure.
The Miami Prenatal Cocaine Study is a prospective

study starting at birth. The effect of prenatal cocaine
exposure on language functioning in 476 full-term
African–American infants has been evaluated longitud-
inally at six times, from 4 months to 3 years of age
(369). The children were categorized as cocaine-exposed
(n ¼ 253) or non-cocaine exposed (n ¼ 223) by mater-
nal self report and bioassays using maternal/infant urine
and meconium. The Bayley Scale of Infant
Development was administered at 4, 8, 12, 18, and 24
months and the Clinical Evaluation of Language
Fundamentals-Preschool at 36 months; 464 children
received at least one language assessment. In longitudi-
nal analyses, using Generalized Estimating Equations,
cocaine-exposed children had lower overall language
skills than non-cocaine-exposed children. The findings
were stable after evaluation of potential confounding
effects, including exposure to other prenatal substances
and sociodemographic factors. Preliminary evidence also
suggested possible mediation through an intermediary
effect involving cocaine-associated defects in fetal
growth. Cocaine-exposed-children scored on an average
15% of a standard deviation lower on measures of
global language ability. These results were strongest at
18 and 36 months. There was no relation between head
circumference and language function, suggesting that

language development was affected by a more general-
ized defect, perhaps associated with low birth weight
and related susceptibility factors, as opposed to a spe-
cific defect resulting from smaller head circumference.
The major limitation of this study was the lack of inclu-
sion of infants with major congenital malformations or
HIV or other infections. The authors hypothesized that
this phenomenon may be underpinned by impairment of
neurobehavioral arousal and attention processes that
are essential to processing linguistic cues and informa-
tion, disruption of specific parent-child interactions cri-
tical to language development as a result of parental
drug use, and the effect of negative social environments
typically associated with parental use of cocaine and
other drugs.
The effects of prenatal cocaine exposure on later learn-

ing abilities, including language, have been further inves-
tigated in 265 infants aged 1 year (134 cocaine-exposed
and 131 matched non-exposed), who were tested using the
Preschool Language Scale-3 (PLS-3) by blinded exami-
ners (370). The infants were assigned to three cocaine
exposure groups (as defined by maternal self-report and
infant meconium assay): non-exposure (n = 131), heavier
exposure (n = 66), and lighter exposure (n = 68). Fetal
cocaine exposure was associated with deficits in develop-
mental precursors of speech/language skills. At 1 year of
age, more heavily exposed infants had poorer auditory
comprehension than the non-exposed infants and worse
total language performance than lighter and non-exposed
infants. The more heavily exposed infants were also more
likely to be classified as mildly delayed than non-exposed
infants. Moreover, the degree of cocaine exposure had an
inverse relation to auditory comprehension.

Drug Administration

Drug administration route

With the use of cocaine eye-drops, poisoning can occur
with doses as small as 20 mg (10 drops of cocaine 4%).
Victims generally collapse and die after associated cardi-
ovascular abnormalities, dysrhythmias, and respiratory
failure. Signs and symptoms of intoxication include exci-
tement, restlessness, headache, nausea, vomiting, abdom-
inal pain, convulsions, and delirium.
Children who live in homes in which there is active drug

use may be at risk of passive environmental drug expo-
sure (371).

� A 6-year-old boy developed general malaise and mild
agitation, tachycardia, hypertension, and dilated
pupils. His mother was a cocaine addict. Cocaine and
benzodiazepines were found in significant amounts in
the child’s urine and hair: the urine contained 109 ng/
ml of cocaine and 145 ng/ml of benzodiazepines. Hair
samples contained 16 ng/ml of cocaine and 0.6 ng/ml
of benzodiazepines.

The authors emphasized that passive environmental
exposure may be dangerous for children.
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Drug overdose

Body packing, the act of swallowing packets holding ille-
gal drugs in order to hide the evidence from legal autho-
rities, can cause symptoms of drug intoxication or
overdose (SEDA-22, 44; 372). In an analysis of all cases
of cocaine body packers reported to a metropolitan poi-
sons control center from January 1993 to May 1994, 34 of
46 individuals were symptom-free. Eight had mild symp-
toms (hypertension and tachycardia) that resolved with
decontamination (activated charcoal or whole body irri-
gation) or tranquilizers (one received benzodiazepines).
Two had severe symptoms, including seizures and cardiac
dysrhythmias, and both died.
An increase in the number of deaths of all body packers

in New York has been associated with an increase in
deaths among opiate body packers: of 50 deaths among
body packers from 1990 to 2001, 42 were due to opiates
(373). Four were related to cocaine and four to both
opiates and cocaine. In 37 cases open or leaking drug
packets in the gastrointestinal tract resulted in acute
intoxication and death. Five cases involved intestinal
obstruction or perforation, one a gunshot wound, one an
intracerebral hemorrhage due to hypertensive disease,
and one was undetermined. The number of packets recov-
ered was 1–111 (average 46).

� A 49-year-old man became ill during a plane flight
(374). He admitted to having swallowed 102 latex
packages of cocaine 5 g each and 20 tablets of acti-
vated charcoal 125 mg. After stabilization in an emer-
gency room, he suffered a seizure. After restabilization
he had not defecated and was given a laxative of a
mineral oil liquid paraffin. During the next 24 hours
his condition worsened. His serum cocaine concentra-
tion increased from 1.95 to 2.2 mg/ml. During prepara-
tion for surgery he developed an untreatable
dysrhythmia and died. Autopsy showed cocaine
packages in the gut, 71 ruptured and 95 intact.

The reported lethal oral dose of cocaine is 1–3 g. In this
case, paraffin may have contributed to rupture of the
packages by dissolving the latex.

� A 28-year-old man aboard a flight reported feeling ill,
became confused, and had a generalized seizure (375).
After landing he had two further generalized seizures
and a cardiac arrest. With medical management, his
dysrhythmia, a wide complex tachycardia with features
of right bundle branch block (Brugada syndrome) and
ST segment elevation in the anteroseptal leads, was
converted to sinus rhythm. He had raised troponin
and creatine kinase MB. In the next 24 hours, he
developed acute renal insufficiency and was treated
with intermittent hemodialysis. A contrast CT showed
generalized edema of the brain and features of coning,
subarachnoid hemorrhage, and acute hydrocephalus.
A plain abdominal X-ray showed multiple radio-opa-
que shadows. A CT scan of the abdomen confirmed
the presence of multiple radio-opaque densities consis-
tent with foreign bodies. There was free gas in the

abdomen, consistent with bowel perforation. He died
96 hours after admission. Autopsy showed 120 con-
doms containing cocaine in the gastrointestinal tract;
one had ruptured.

Successful management of a cocaine body packer after
endoscopic removal has been reported (376).

� A 55-year-old man was found unconscious at Al Doha
airport in Qatar later had a generalized seizure. He
was unconscious, afebrile, and tachypneic. His blood
pressure was 150/90 mmHg and his pulse rate 105/min-
ute. His pupils were fixed and dilated. A brain CT scan
was unremarkable. A plain X-ray of the abdomen
showed two packets in the stomach and one in the
rectum. The packets, each of which weighed about
80 g, were removed by endoscopy, and he recovered
consciousness after five days of conservative treat-
ment.

In this case cocaine was found in the urine and the
packets contents were also identified as cocaine.
In another cocaine body packer, non-surgical manage-

ment was followed by the development of a giant gastric
ulcer (377).

� A 35-year-old man presented to the emergency room 5
days after swallowing 35 latex-wrapped packages of
cocaine. He was asymptomatic but concerned that
only 10 of the 35 packets had passed in his stools. He
was treated with laxatives and passed only 8 packages
during the next 8 days. Radiography showed that 10–15
foreign bodies remained clustered in the stomach 14
days after ingestion. Several fragments of latex wrap-
ping were found in his stools. On exploratory laparot-
omy, 15 latex packages were found impacted in the
antrum just proximal to the pylorus. Beneath the
packages there was a giant gastric ulcer, 2.5 cm in
diameter. He had an uneventful postoperative course.

Fatal crack cocaine ingestion has been reported in an
infant (378).

� A 10-month-old girl developed apnea, ventricular
fibrillation, and a metabolic acidosis, and died shortly
afterwards. Her 2-year-old brother had fed her crack
cocaine. At autopsy the brain had a thinned corpus
callosum, ranging in thickness from 0.2 to 0.5 cm.
There were two pieces of crack cocaine in the duode-
num and high concentrations of cocaine in the blood
and other tissues.

The authors noted that the thinned corpus callosum sug-
gested that the infant had been exposed to cocaine in
utero or during the early postnatal period.
Aspects of non-fatal cocaine overdose among cocaine

users have been studied in Australia in 200 current
cocaine users (120 injecting users and 80 non-injecting
users), who volunteered for a structured interview; 13%
had overdosed on cocaine, 7% in the preceding 12 months
(379). Those who had overdosed were more likely to
inject cocaine, to be female, to have longer cocaine habits,
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to have used more cocaine in the preceding month and
preceding 6 months, and to have had higher degrees of
cocaine dependence and more polydrug use.

Drug–Drug Interactions

Alcohol

Cocaine abusers have reported that alcohol prolongs the
euphoriant properties of cocaine, while ameliorating the
acutely unpleasant physical and psychological sequelae,
primarily paranoia and agitation. It may also lessen the
dysphoria associated with acute cocaine abstinence. It has
also been proposed that concurrent alcohol abusemay be an
integral part of cocaine abuse. The combination of cocaine
with alcohol can cause enhanced hepatotoxicity and
enhanced cardiotoxicity (380). Trauma in patients who use
cocaine plus alcohol has been reported (381). Those who
use cocaine plus alcohol are 3–5 times more likely to have
homicidal ideation and plans; this is particularly prominent
in patients with antisocial personality disorder (382). A
large high school survey by the Centers for Disease
Control and Prevention showed that illicit substance
abuse, prevalence of weapon carrying, and physical fighting
were higher among the adolescents who reported recent use
of cocaine, marijuana, alcohol, and corticosteroids. Among
215 female homicide offenders, 70% had been regular drug
users at some time before imprisonment. Alcohol, crack,
and powdered cocaine were the drugs most likely to be
related to these homicides (383).
In a double-blind study, subjects meeting DSM-IV cri-

teria for cocaine dependence and alcohol abuse partici-
pated in three drug administration sessions, involving
intranasal cocaine with oral alcohol, cocaine with oral
placebo alcohol, and cocaine placebo with oral alcohol
(384). Cocaine plus alcohol produced greater euphoria
and increased perception of well-being than cocaine
alone. Heart rate was significantly higher with cocaine
plus alcohol than with either alone. Cocaine concentra-
tions were higher after cocaine plus alcohol than after
cocaine alone. Metabolism of cocaine to cocaethylene
was observed only during administration of cocaine plus
alcohol. The authors concluded that enhanced psycholo-
gical effects during abuse of cocaine plus alcohol may
encourage the ingestion of larger amounts of these sub-
stances, placing users at increased risk of toxicity than
with either drug alone.
The adverse effects of the combined use of alcohol and

cocaine have been reviewed (385). There is little evidence
that this combination acts synergistically or that either
drug enhances the negative effects of the other.
However, the combination leads to the formation of
cocaethylene, which may potentiate cardiotoxic effects
and the combination has a greater than additive effect
on heart rate. Lastly, cocaine antagonizes the learning and
psychomotor performance deficits and driving impair-
ment caused by alcohol.
Reports of liver complications after cocaine use are

infrequent. However, fulminant hepatitis with acute

renal insufficiency requiring liver transplantation
occurred after the use of cocaine and alcohol (386).

� A 33-year-old chronic alcoholic with hepatitis C devel-
oped acute liver and renal insufficiency with grade III
encephalopathy. Hemodialysis was begun and emer-
gency liver transplantation was performed. The
explanted liver showed marked diffuse macrovesicular
steatosis with massive coagulative-type necrosis. The
postoperative course included a persistently raised
gamma-glutamyltransferase, but he recovered fully
after 60 days.

Macrovesicular steatosis can be attributed to alcohol or
cocaine, but massive liver necrosis is more probably due
to cocaine. The mechanisms of cocaine hepatotoxicity,
such as increased lipid peroxidation, free radical activity,
and impaired calcium sequestration, may be potentiated
by alcohol.

Atropine

Anticholinergic poisoning involving adulterated cocaine
has been reported (387).

� A 39-year-old man who was a recreational user of
alcohol and cocaine presented with agitation, halluci-
nations, and delirium. He had a dry flushed skin, tachy-
cardia, dilated, minimally reactive pupils, urinary
retention, and absent bowel sounds. He was treated
with intravenous fluids and a sedative. There were
cocaine metabolites in the urine. Reanalysis of a
urine sample by thin layer chromatography confirmed
the presence of the anticholinergic drug atropine.

Clozapine

An interaction of clozapine with cocaine has been
reported (388). Eight male cocaine addicts underwent
four oral challenges with increasing doses of clozapine
(12.5, 25, and 50 mg) and placebo, followed 2 hours later
by cocaine 2 mg/kg intranasally (389). Subjective and
physiological responses, and serum cocaine concentra-
tions were measured over 4 hours. Clozapine pretreat-
ment increased cocaine concentrations during the study
and significantly increased the peak serum cocaine con-
centrations dose-dependently. Despite this rise in blood
concentrations, clozapine pretreatment significantly
reduced subjective responses to cocaine, including
‘‘expected high,’’ ‘‘high,’’ and ‘‘rush’’ effects, notably at
the 50 mg dose. There were also significant effects on
‘‘sleepiness,’’ ‘‘paranoia’’ and ‘‘nervousness.’’ Clozapine
caused a significant near-syncopal episode in one subject,
requiring withdrawal. Clozapine had no significant effect
on baseline pulse rate or systolic blood pressure, but it
attenuated the significant pressor effects of a single dose
of intranasal cocaine. These data suggested a possible
therapeutic role for clozapine in the treatment of cocaine
addiction in humans, but also suggest caution due to the
near-syncopal event and the increase in serum cocaine
concentrations.
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Ephedrine

Chronic cocaine use sensitizes coronary arterial a-adre-
noceptors to agonists (SEDA-22, 154).

Indometacin

Cocaine combined with indometacin in a 23-year-old
pregnant woman at 34 weeks gestation may have caused
fetal anuria and neonatal gastric hemorrhage (390).

Monoamine oxidase inhibitors

The combination of monoamine oxidase inhibitors with
cocaine can cause hyperpyrexia (391).

Neuroleptic drugs

Cocaine-abusing psychiatric patients significantly more
often develop neuroleptic drug-induced acute dystonia
according to a 2-year study carried out on the island of
Curaçao, Antilles, where cocaine and cannabis are often
abused (392). The sample consisted of 29 men with neu-
roleptic drug-induced acute dystonia aged 17–45 years
who had received high potency neuroleptic drugs in the
month before admission; nine were cocaine users and 20
non-users. Cocaine use was a major risk factor for neuro-
leptic drug-induced acute dystonia and should be added
to the list of well-known risk factors, such as male sex,
younger age, neuroleptic drug dosage and potency, and a
history of neuroleptic drug-induced acute dystonia. The
authors suggested that high-risk cocaine-using psychiatric
patients who start to take neuroleptic drugs should be
provided with an anticholinergic drug as a prophylactic
measure to prevent neuroleptic drug-induced acute dys-
tonia.

Nimodipine

It has been suggested that calcium channel blockers can
be used to treat cocaine dependence, and some studies
have shown reductions in cocaine-induced subjective and
cardiovascular responses with nifedipine and diltiazem.
The cardiovascular and subjective responses to cocaine
have been evaluated in a double-blind, placebo-con-
trolled, crossover study in five subjects pretreated with
two dosage of nimodipine (393). Nimodipine 60 mg atte-
nuated the rise in systolic, but not diastolic, blood pres-
sure after cocaine. In three subjects nimodipine 90 mg
produced greater attenuation than 60 mg. The subjective
effects of cocaine were not altered by either dose of
nimodipine.

Opiates

The combination of opiates and cocaine in drug overdose
deaths has been examined retrospectively in a review of
all accidental drug overdoses that resulted in death in
New York City from 1990 to 1998 (394). There were
7451 accidental overdose deaths, of which opiates played
a role in 71%, cocaine in 70%, and alcohol in 40%; one of
these drugs was identified in 98% of all overdose deaths.
As evidence of higher polydrug mortality, 58% of the

deaths were caused by more than one drug. The most
common combination was opiates plus cocaine, which
caused a peak death rate in 1994 of 44 per million per-
son-years, compared with rates of 21 and 31 deaths per
million person-years for opiates and cocaine alone respec-
tively. Although it was retrospective, this study has ela-
borated and highlighted the dangers of polydrug abuse
and has shown that the risk of overdose is significantly
increased when opiates and cocaine are used together.
Rhabdomyolysis and ventricular fibrillation has been

attributed to cocaine plus diamorphine (heroin) ingestion
(395).

� A 28-year-old man went into cardiorespiratory arrest
after using intravenous cocaine and diamorphine. He
was intubated and ventilated and given adrenaline,
naloxone, and sodium bicarbonate. During a thoracot-
omy he developed ventricular fibrillation and was elec-
trically converted to sinus rhythm. He had
hyperkalemia and myoglobinuria. He developed
acute renal insufficiency, disseminated intravascular
coagulopathy, and a right leg compartment syndrome.
There were cocaine metabolites and opioids in his
urine. Hemodialysis and fasciotomy were performed,
but he died 2 months later with a complicating bronch-
opneumonia.

The authors discussed the possibility that naloxone, an
effective opioid antidote, may have been harmful in this
case.

Selegiline

In a single-blind, placebo-controlled, within-subject, non-
randomized, crossover study in 12 cocaine-dependent
subjects, intravenous cocaine (20 mg and 40 mg) was
evaluated before and during transdermal selegiline
(20 mg), a selective inhibitor of monoamine oxidase B
(396). Selegiline attenuated the effects of cocaine on sys-
tolic blood pressure and heart rate and many of its sub-
jective effects, including the desire to use cocaine.
Selegiline did not alter the pharmacokinetics of cocaine
or cocaine-induced changes in prolactin and growth hor-
mone. These results provide further evidence that selegi-
line may be useful in the treatment of cocaine abuse and
dependence and provide safety documentation important
in justifying the need for larger-scale therapeutic trials.

Suxamethonium

Procaine and cocaine are esters that are hydrolysed by
plasma cholinesterase and may therefore competitively
enhance the action of suxamethonium (succinylcholine)
(397). Chloroprocaine may have a similar action.
Lidocaine also interacts, although the mechanism is not
clear unless very high doses are used (398).
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DEXAMFETAMINE

See also Amphetamines

General Information

Dexamfetamine or (+)-amfetamine is significantly more
potent than (�)-amfetamine. The use of dexamfetamine as
an appetite suppressant has rapidly declined, because of
appreciation of its potential for abuse and addiction. These
arise mainly from euphoria, which may be followed by
depression as the effect of the drug wears off. Stimulant
effects were reported in 23% of 347 patients using dexamfe-
tamine as an appetite suppressant (SED-9, 10).
Dexamfetamine is extremely variable in its effects, and

can even produce drowsiness in a small proportion of
subjects. Postmenopausal women are more prone to
drowsiness, anger, and sadness than euphoria (1).
Adverse effects due to sympathetic overactivity are fairly
common but not usually serious. However, in view of
dexamfetamine’s addiction potential, other anorectic
drugs should be considered first.
When it was first introduced, one of the most frequent

uses of amfetamine was as an anorexigenic agent in the
treatment of obesity. A number of anorectic agents, many
of them related to amfetamine, have since been manufac-
tured. Most are stimulants of the central nervous system.
In descending order of approximate stimulatory potency,
they are dexamfetamine, phentermine, chlorphentermine,
mazindol, diethylpropion, and fenfluramine. The last of
these has a stimulatory effect only in overdosage. One of
the problems that has concerned clinicians over the use of
anorectic drugs for the treatment of weight reduction is
that despite 6 weeks to 3 months of weight reduction

efficacy, the effect begins to wear off and on withdrawal
weight gain rebounds.
The anorectic agents produce adverse effects mainly of

the central nervous system sympathomimetic type.
Therapy should therefore only be allowed under strict
medical supervision, to ensure the earliest possible detec-
tion of any signs of drug abuse. Long-term drug treatment
of obesity should be avoided altogether.

Organs and Systems

Metabolism

Hyperinsulinemia secondary to chronic administration of
dexamfetamine, with a fall in fasting blood sugar after a
few weeks of use, has been described (SED-9, 10).

Drug Administration

Drug formulations

Introduction of modified-release formulations has pro-
vided some improvement in the use of anorectic drugs.
Steady release of the drug permits a constant concentra-
tion in the blood throughout the entire day. Thus, a
sudden excess of physiological hunger is prevented, and
adverse effects involving the central nervous system are
diminished.

Reference

1. Halbreich U, Asnis G, Ross D, Endicott J. Amphetamine-

induced dysphoria in postmenopausal women. Br J

Psychiatry 1981;138:470–3.
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DIAMORPHINE (HEROIN)

General Information

Heroin is a potent opioid that offers no substantial advan-
tages over morphine. In the UK it is the preferred par-
enteral opioid for subcutaneous administration to
cachectic cancer patients, because of its high solubility.
The adverse of other opioid analgesis are covered in
SED-15.
The prevalence of heroin as a drug of abuse has been

reviewed (1). There are over 1 million heroin addicts in
the USA. The lifetime prevalence among those aged 12–
25 years continues to increase gradually.

Comparative studies

High-dose diamorphine has been compared with mor-
phine in a double-blind, crossover, randomized study in
39 intravenous opioid users who were allocated to either
morphine 3% solution or diamorphine 2% solution, gra-
dually increasing up to an individual maintenance dose
adjusted to meet the patient’s subjective needs (2). Those
who started with diamorphine and subsequently switched
to morphine terminated prematurely owing to excessive
histamine reactions, all of which occurred during cross-
over to morphine. Symptoms included severe pruritus,
flushing, swelling, urticaria, severe headaches, nausea,
general malaise, hypotension, and tachycardia. Only
44% of the original cohort finished the 6-week study (14
getting diamorphine at the end and three getting mor-
phine). Average daily doses were 491 mg for diamorphine
and 597 mg for morphine. These results suggest that dia-
morphine produces fewer adverse effects than morphine
and may be preferable for high-dose maintenance pre-
scription. However, the study was very small and the
subject selection was biased, as were the variables used
to determine a successful outcome. The result was con-
trary to all the well-established pharmacological facts, and
the authors did not mention the risks associated with high
doses of short-acting opioids.
In a randomized, double-blind study, 64 patients under-

going total knee arthroplasty received either intrathecal
morphine 0.3 mg or intrathecal diamorphine, 0.3 mg in
0.3 ml, with 2–2.5 ml of 0.5% heavy spinal bupivacaine
(3). The patients given morphine had significantly greater
analgesia at 4, 8, and 12 hours postoperatively. The inci-
dence of opioid-related adverse effects was not signifi-
cantly different between the groups.
In a single-blind, randomized, controlled study, 70

patients scheduled for elective cesarean section under
spinal anesthesia using hyperbaric bupivacaine 0.5%
received intrathecal fentanyl 20 mg, intrathecal diamor-
phine 300 mg, or 0.9% saline (4). Significantly less intrao-
perative and postoperative ‘‘analgesic control’’ was
required in the opioid groups, especially in those given
diamorphine. Diamorphine produced longer-lasting
analgesia than fentanyl (12 hours versus 1 hour).

Nausea, vomiting, and pruritus occurred relatively infre-
quently, with no differences between the groups; sedation
was more frequent with fentanyl.
In two separate open, randomized, controlled but

unblinded trials, 549 patients were divided into five treat-
ment groups. In the first study there were 375 patients in
three groups:

� methadone alone for 12 months (controls);� methadone plus inhaled heroin for 12 months;� methadone alone for 6 months followed by methadone
plus inhaled heroin for 6 months.

In the second study there were 174 patients in two
similar experimental groups in whom injectable rather
than inhaled heroin was used (5). A response to treatment
was defined as at least a 40% improvement in physical,
mental, or social domains of quality of life, if not accom-
panied by a substantial (over 20%) increase in the use of
another illicit drug, such as cocaine or amphetamines.
After 12 months those who took methadone and heroin
(smoked or injected) had significantly better outcomes.
The incidences of adverse effects (constipation and drow-
siness) were similar in all the groups. However, owing to
the limitations of the study and the complex nature of
drug dependence, the therapeutic outcomes could not be
justifiably and solely attributed to the specific drug(s).

Placebo-controlled studies

In a randomized, double-blind study, 14 patients who
underwent elective surgery for correction of bilateral
arthritic deformities of the feet received 15 ml of 0.9%
saline containing diamorphine 2.5 mg into the cannula in
one foot and 15 ml of saline into the other foot (6).
Intravenous regional diamorphine did not improve post-
operative pain relief or secondary hyperalgesia. There
were no significant adverse effects.

Organs and Systems

Respiratory

‘‘Chasing the dragon,’’ or inhaling heroin vapor through a
straw, is a technique by which heroin users avoid the risks
of injection. In Amsterdam, 85% of heroin users smoke or
chase the drug. Pulmonary function can be affected by
heroin inhalation. It can depress the respiratory center,
release histamine (which can trigger asthma), result in
septic emboli, and increase susceptibility to infectious
diseases, such as tuberculosis and pneumonia. In 100
methadone maintenance users, lung function and short-
ness of breath were evaluated using spirometry and clin-
ical history (7). Impaired lung function and shortness of
breath correlated with chronic heroin smoking.
Heroin insufflation has been identified as a trigger for

asthma (8). Of 23 patients aged 50 years and younger who
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were admitted to Cook County Hospital during 6 months
with a primary diagnosis of asthma exacerbation, 13
reported heroin use and identified it as an asthma trigger,
four reported heroin use but did not associate it with
asthma exacerbation, and six had no recent history of
heroin use. The patients with heroin-triggered symptoms
stated that asthma exacerbation had not occurred on first
use but had developed over time. Five of the seven
patients whose asthma developed in adulthood reported
that their heroin use had predated their asthma.
The same group of researchers then conducted a retro-

spective case-control study of all asthma admissions in
patients under 50 over a period of 2 years. The charts of
patients admittedwith diabetic ketoacidosis during the same
period were used as controls. Drug histories and urine drug
screens were used to identify heroin users. Of 104 admis-
sions (84 patients), 38 acknowledged a history of heroin use
and 34 returned a urine drug screen that was positive for
opiates. Both a history of heroin use and a positive urine
drug screen were significantly more common in those with
asthma than in those with diabetic ketoacidosis.
These two studies taken together suggest that heroin

insufflation commonly triggers asthma, and that heroin
use is more prevalent in patients with asthma. It is possi-
ble that heroin causes bronchospasm or pulmonary mast
cell degranulation; alternatively, since heroin becomes a
trigger over a long period of time, allergic sensitization
could be involved. Another possibility is that the cutting
agents and contaminants in street heroin act as irritants to
the airways.
In a retrospective study of the case notes of patients

who had been admitted to hospital with acute attacks of
asthma, there was a high prevalence of heroin use—15%
had used only heroin and another 16% had used both
heroin and cocaine (9). Heroin users had been intubated
more often than non-drug users (17% versus 2.3%).
Similarly, more heroin users were admitted to ICU than
non-users (21% versus 12%). However, they did not
spend more time receiving mechanical ventilation or
being in hospital. These findings suggest that heroin
induced some degree of bronchoconstriction and respira-
tory depression, which worsened the initial presentation
of asthma.
Heroin-induced pulmonary edema, or ‘‘heroin lung’’

(SEDA-19, 29; SEDA-25, 39), is a serious complication,
which may be due to release of histamine, with increased
pulmonary lymph flow and capillary permeability. There
have been 27 reports of non-fatal heroin overdose asso-
ciated with non-cardiogenic pulmonary edema (10). In a
retrospective case-control study there were 23 heroin
fatalities and 12 controls with sudden cardiac deaths
(11). The authors tried to verify that defects of the alveo-
lar capillary membranes and/or an acute anaphylactic
reaction can lead to pulmonary congestion, edema, and
hemorrhages. There were defects of the epithelial and
endothelial basal laminae of the alveoli in both groups.
There was an insignificant increase in IgE-positive cells in
the heroin group. The findings suggested that heroin-
associated lung edema is generally not caused by an ana-
phylactic reaction.

Bilateral pulmonary edema associated with heroin
abuse has been reported several times (12).
Bronchospasm has been noted following the use of street
heroin, perhaps due to contaminants (13).

Nervous system

Delayed onset oculogyric crisis and generalized dystonia
occurred in a 19-year-old man after intranasal heroin use,
possibly due to bilateral hypoxic infarction of the palli-
dum and pallidothalamic tracts (14).
There has been one report of mixed transcortical apha-

sia attributed to heroin (15).
Myoclonic spasm has been reported about 24 hours

after withdrawal of an epidural infusion of diamorphine
(SEDA-16, 81).
Demyelination has been attributed to diamorphine

(16).

� A 41-year-old chronic diamorphine user developed an
unsteady gait and dysarthria over 2 weeks, followed by
severe cerebellar ataxia and moderate dysmetria of the
arms and legs. An MRI scan suggested myelin damage,
with symmetrical involvement of the cerebellar hemi-
spheres and decussation of the superior cerebellar ped-
uncles, the corticospinal tracts, and the centrum
semiovale, suggesting spongiform leukoencephalopa-
thy. Two years later having taken no more diamor-
phine he was improved, with minor regression of the
MRI lesions, especially the white matter lesions.

Myelopathy has been reported after intranasal insuffla-
tion of diamorphine (17).

� A 52-year-old man with a history of diamorphine
abuse presented with sudden paraplegia a few hours
after intranasal insufflation. He had flaccid paralysis of
both legs, acute urinary retention, and reduced rectal
tone. Deep tendon reflexes were absent and plantar
responses were extensor. An MRI scan of the spine
and an immunoglobulin profile supported the conclu-
sion that this was a case of acute myelopathy with an
immunopathological cause, involving a protein specific
to spinal cord parenchyma, triggering acute local
inflammation, ischemia, and tissue damage. Seven
weeks later he recovered normal neurological function.

This case of heroin myelopathy is similar to other
reported cases, except that this case occurred with intra-
nasal rather than intravenous use. The MRI findings were
consistent with a transverse myelitis. The authors sug-
gested that hypersensitivity and an immune-mediated
attack on the spinal cord was the likely mechanism of
injury.
Reflex sympathetic dystrophy, in which there is an

excessive or abnormal sympathetic nervous system
response in a limb, has been associated with rhabdomyo-
lysis secondary to heroin abuse (18).

� A 37-year-old male heroin smoker developed tea-
colored urine and pain, swelling, and tenderness in
both feet. He had acute renal insufficiency and
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rhabdomyolysis and was treated with hemodialysis.
Urine toxicology was negative. He also had persistent,
burning pain in both feet, with cool, pale, thin skin on
both legs, a mild reduction in sensation on the lateral
aspects of the lower legs and diminished bilateral knee
and ankle reflexes. Walking was restricted, with lim-
ited range of movement owing to the severe pain. His
feet would swell and redden after a 5-meter walk,
suggesting loss of sympathetic regulation. Nerve con-
duction velocity studies of the tibial, peroneal, and
sural nerves were abnormal. Radiographs showed
mildly reduced bone mineralization in the legs.
Three-phase bone scintigraphy showed diffusely
increased radiotracer accumulation over both feet in
all three phases, as found in reflex sympathetic dystro-
phy. The diagnosis was confirmed by local anesthetic
sympathetic blockade. Nasal calcitonin spray led to
pain relief 2 months later. A follow-up three-phase
bone scintigram showed less radiotracer uptake, con-
sistent with a good response to calcitonin therapy.

Progressive spongiform leukoencephalopathy

A rare consequence of inhaling heated heroin (‘‘chasing
the dragon’’) is a progressive spongiform leukoencepha-
lopathy. The first cases of leukoencephalopathy due to
inhalation of heroin pyrolysate were described in the
Netherlands in 1982. The first three cases in the USA
were reported in 1996 (SEDA-22, 35).
The condition has three stages, progressing from cere-

bellar signs and motor restlessness to pyramidal and pseu-
dobulbar signs and, in a minority of patients (about 25%),
to a terminal stage characterized by spasms, hypotonic
paresis, and ultimately death. Symmetrical spongiform
degeneration occurs, particularly in the cerebral and cer-
ebellar white matter and in corticospinal and solitary
tracts. Involvement of the cerebellum and the posterior
limb of the internal capsule, with sparing of the anterior
limb, appear to be characteristic, helping to distinguish
this condition from other causes of leukoencephalopathy.
Neuroimaging techniques contribute significantly to the
management of such patients, as is evident from recent
cases.

� A 16-year-old man was found at home drowsy 36
hours after smoking heroin for the first time (19). He
had a gaze paresis and sensorimotor hemiplegia on the
left side. A CT scan showed bilateral hypodense
lesions in the globus pallidus. An MRI scan 5 days
later showed symmetrical hyperintense signals in the
T2 weighted images, along with a massive diffusion
disorder in the diffusion weighted images. This was
predominantly in the deep white matter of the par-
ieto-occipital cortex. There were also bilateral hyper-
intense T2 signals in the ventral globi pallidorum. MR
spectroscopy suggested combined hypoxic and mito-
chondrial damage, resulting in axonal injury without
demyelination. He was discharged 1 month later with
no hemiplegia. A follow-up MRI scan 6 months later
showed improvement. There were no signs of brain
atrophy.

According to the authors, this is first reported MRI
follow-up study of acute leukoencephalopathy after a
single inhaled dose of heroin. It most likely involved a
complex mechanism triggered by heroin, causing mito-
chondrial and hypoxic injury limited to specific areas of
the white matter of the brain.

� A 21-year-old man became unconscious after smoking
heroin at a rave party and developed an aspiration
pneumonia, bilateral pyramidal signs, and spastic par-
esis (20). He was given clonidine and midazolam, but
continued to have daily episodes of stretching spasms,
hyperventilation, profuse sweating, pyrexia, and
mydriasis. He was given coenzyme Q 300 mg qds on
day 14. A CT scan showed diffuse hypodensities in the
white matter indicative of spongiform leukoencephalo-
pathy. On day 30, he began to improve and an MRI
scan showed diffuse abnormal lesions in the white
matter. He gradually recovered and an MRI scan on
day 59 showed less extensive lesions. At 7 months he
had regained all functions but had a residual gait
ataxia. A follow-up MRI scan showed recovery of the
white matter, but some necrosis.

Another report has provided more details from physi-
cal assessments and laboratory and radiological (MRI and
MRS) data, and more information about the course of
this heroin-related effect (21). The three cases showed
raised concentrations of intracerebral lactate (reflecting
mitochondrial dysfunction), which suggests a conversion
of aerobic to anaerobic metabolism seen in hypoxic-
ischemic conditions, including stroke. One patient recov-
ered quite well after antioxidant therapy, supporting a
metabolic effect of the heroin-related toxin; a similar
response to co-enzyme Q has been found in other mito-
chondrial disorders with a high CSF lactate. Thus, the
authors recommended that although the role of antioxi-
dant therapy in this condition is unclear, it may be pru-
dent to administer oral co-enzyme Q supplemented with
vitamins C and E to patients with this syndrome.
Intravenous administration of pure heroin did not

cause a leukoencephalopathy in a patient in whom inha-
lation had caused it (22), and toxicity in these cases may
have been due to the heating of the heroin. This might
have implications for young heroin users who, because of
the known increased risk of HIV infection, prefer to
‘‘chase’’ (smoke) the drug, rather than to inject it intrave-
nously.

� A 23-year-old pregnant woman at 39 weeks of gesta-
tion developed tonic-clonic seizures and hypothermia
after taking excessive heroin intravenously (23). She
developed Cheyne-Stokes respiration needing intuba-
tion and a cesarean section was performed, after which
she developed inappropriate secretion of antidiuretic
hormone and acute renal insufficiency. She made a
complete recovery.

The mechanism of heroin-induced spongiform leukoen-
cephalopathy is not known and the disease is not repro-
ducible in animals. Suspicions have been raised about
potential contaminants, such as strychnine, caffeine, phe-
nacetin, quinine, and procaine. This man started inhaling
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heroin 2 weeks before the onset of the disease, but he
used it in large amounts, raising the possibility that the
severity of the disease is dose-related. In the two cases
discussed above, the onset was abrupt, which is not usual.
Antioxidant therapy, such as the use coenzyme Q, is
supported by its efficacy in previous cases and also
because mitochondrial swelling has been reported in
patients with such lesions. The authors stressed that
there was a favorable outcome with prolonged and sup-
portive care and the use of coenzyme Q, especially in a
patient who developed stretching spasms, a feature that
has been associated with a very high mortality rate.

Because cases occur in clusters, even though many
others who inhale heroin do not get this effect, there is
suspicion about the possible role of contaminants of small
batches of drug by an unknown substance. In addition,
some have suggested that heating could be important,
since leukoencephalopathy has not been reported with
other means of heroin use (until this year, as reported in
the next case). The authors of the report postulated that
there might be a relation between the amount of heroin
inhaled and the severity of the illness. Once symptoms
develop, progression continues, usually for 2–3 weeks, but
in some individuals it progresses for up to 6 months after
exposure. ‘‘Coasting,’’ or the phenomenon of symptom
progression after cessation of exposure to toxins, has
been observed with other toxins, and it is proposed to
result from the storage of toxin in lipid-rich neural or
non-neural body tissues, with subsequent release into
the bloodstream. Although the ‘‘toxin’’ involved in this
condition is unknown, progression could be due to ‘‘coast-
ing.’’ Alternatively, oxidative damage could be initiated
by the toxin and produce persistent metabolic changes in
the affected white matter. Whatever the mechanism, the
illness is extremely grave, with no known treatment and
with progression to akinetic mutism and death in about
20% of reported cases.

A cluster of five cases of toxic leukoencephalopathy
over a span of 5 weeks after inhalation of heroin vapor
has been reported, with details of three (24).

� A 27-year-old man was found at home in a low state of
consciousness after smoking heroin. He developed
aphasia and spastic quadriparesis. A CT scan showed
symmetrical white matter hypodensity in the cerebel-
lum and symmetrical white matter hypoattenuation in
the posterior limb of the internal capsule and optic
radiations. An MRI scan showed white matter hypoin-
tensity in the cerebellum, with sparing of the cortex
and dentate nuclei. There were also hyperintensities in
the medial lemnisci and spinothalamic tracts. He died
after a seizure 6 weeks later. An autopsy showed spon-
giform degeneration of the white matter that coincided
with the MRI scans.� A 39-year-old man developed bradykinesia and ataxia
after smoking heroin. A brain MRI scan showed sym-
metrically increased signals in the white matter of the
cerebellum, the peduncles, and the pons, with sparing
of the dentate nuclei. There were abnormal signals in
the posterior limb of the internal capsule and optic
radiations. The signal abnormalities in this patient

were not as pronounced as the previous one, who
ultimately died. This patient was also taking metha-
done in a maintenance program.� A 32-year-old man in a methadone program developed
dysarthria, bradykinesia, and ataxia after smoking her-
oin. CT scans showed symmetric hypodensities in the
cerebellum with sparing of the dentate nuclei. There
were abnormal signals in the internal capsule and optic
radiations., although not as extensive as in those who
died.

These cases were typical of toxic leukoencephalopathy
secondary to heroin inhalation. Moreover, they had symp-
toms involving both cerebellum and non-cerebellar struc-
tures.
In two reports from China 10 cases (nine men and one

woman) of heroin-induced spongiform leukoencephalo-
pathy have been reviewed. The first report discussed six
cases with cerebellar signs and symptoms, with symmetri-
cal lesions on neuroimaging in the white matter of the
cerebellum, basal ganglia, posterior crus of the internal
capsule, and the semi-oval center (25). The second report,
described four cases that occurred during the abstinence
period and showed improvement after 4 weeks of com-
prehensive treatment (26).
Two cases of possible toxic leukoencephalopathy fol-

lowing probable inhalation of heroin vapor have been
reported (27).

� A 55-year-old man developed confusion, behavioral
change, aggression, poor attention, disorientation in
time, and impaired short-term memory. He had full
ocular movements with no nystagmus, brisk deep ten-
don reflexes, and bilateral extensor plantar responses.
He became progressively drowsy with myoclonic jerks
and died 2 weeks later.� A 36-year-old man with a history of substance abuse
became unresponsive, with his eyes in mid-position
gaze, with pinpoint pupils, brisk deep tendon reflexes,
and bilateral extensor plantar responses. On day 9 he
spontaneously opened his eyes. However, he died 1
month later with persistent pyrexia from methicillin
resistant Staphylococcus aureus.

Neuroimaging and neuropathology in both cases
showed diffuse symmetrical degeneration of white matter,
with sparing of subcortical U fibers, cerebellum, and brain
stem. Toxicology was negative, but was done some time
after the report of substance use. In these case reports
heroin use could not be confirmed. Although the findings
suggested the possibility of heroin toxicity due to inhala-
tion, sparing of the cerebellum and brain stem, frontal
predominance of degeneration, and the more prominent
axonal involvement are not typical of heroin toxicity,
throwing speculation on an unidentified impurity.

� A 37-year-old male cocaine abuser was admitted with
intoxication, mutism, and substupor (28). His toxicologi-
cal screening was positive for heroin and cocaine. There
was spasticity of all limbs and Babinski reflexes. The CSF
contained some erythrocytes. The electroencephalogram
showed generalized slowing, and a CT scan showed
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bifrontal confluent hypodensities in the deep white mat-
ter. The cranial MRI scan showed diffuse bihemispheric
whitematter lesions dominantly in the frontal lobe on T2-
weighted images. There were abnormal hyperintense
lesions in the pyramidal tracts and the corpus callosum.
He gradually improved and made a complete recovery
within 6 months, as confirmed by neurological and neu-
ropsychological examination.

The findings of toxic leukoencephalopathy in this
patient’s brain-imaging studies were similar to those
reported in patients who have inhaled impure heroin.
However, he had used intravenous heroin and cocaine.
This is therefore the first case report of leukoencephalo-
pathy after intravenous use of these drugs. However, it
should be noted that the authors did not indicate how the
route of drug use was confirmed. They noted that lipo-
philic substances, such as hexachlorophene or triethylthin,
were likely impurities in the abused substances.

� A 53-year-old man with a 7-year history of heroin
abuse presented with confused speech and unsteady
gait (29). A CT scan showed low attenuation in the
white matter tracts and an MRI scan showed increased
signal intensity in the white matter tracts extending
from the centrum semiovale, corpus callosum, corona
radiata, posterior limbs of the internal capsules, cere-
bral and cerebellar peduncles, and pyramidal tracts,
suggestive of spongiform demyelination. He became
bed-bound and tetraplegic and died of a chest infec-
tion.� A 37-year-old man, with a short history of heroin and
cocaine use, presented with spasticity of all limbs, a
confusional state, and mutism (28). The electroence-
phalogram, CT scan, and MRI scan showed predomi-
nantly positive frontal pathology, with other lesions in
the pyramidal tracts and corpus callosum. The diagno-
sis was leukoencephalopathy. The symptoms gradually
abated after 4 weeks, and repeat tests after 6 months
shown to be normal.

Three cases of toxic and progressive spongiform leukoen-
cephalopathy have also been reported as a result of vapor
inhalation of heroin (21). There were generalized white
matter abnormalities and pathology in the cerebellum,
internal capsule, corpus callosum, and brain stem.
Heroin-induced leuckoencephalopathy has been mis-

diagnosed as psychiatric illness (30).

� A 47-year-old woman, with a history of amphetamine
abuse, depression, and paranoia, smoked heroin for 4
weeks after stopping amphetamines, and 10 days later
became drowsy and confused with increased paranoia
and depression. She was disoriented and restless. Her
speech was garbled. She had frequent non-purposeful
movements and an unsteady gait. A CT brain scan was
normal. She was given chlorpromazine, doxepin, and
diazepam, but her ataxia and incontinence worsened,
her speech and all her movements slowed, with
increased tone in all limbs and cogwheel rigidity. Her
power and sensation were normal. Truncal ataxia
impaired walking. An MRI brain scan showed diffuse

high-intensity signals in both cerebral hemispheres,
and review of the CT scan showed hypodensities in
the same regions. She was treated with co-enzyme Q
and regained mobility and continence, but with no
improvement in cognitive impairment.

Progressive myelopathy

Another form of brain injury, progressive myelopathy,
has been reported after inhalation of heroin vapor (31).

� A 46-year-old man chronically abused heroin through
inhalation and developed a gait disorder with paresthe-
sia of the legs, incontinence, and impotence. MRI
scans showed bilateral subcortical lesions and bilateral
signal abnormalities in the corticospinal tract and pos-
terior columns. Motor evoked potentials were slow,
with prolonged F wave latency, which is evidence of
peripheral nerve disease. Multivitamins and high doses
of prednisone did not produce benefit.

This condition was diagnosed as progressive myelopa-
thy affecting only the corticospinal tract and posterior
columns, the characteristics of which differ from acute
leukoencephalopathy significantly, although both are ser-
ious consequences of heroin inhalation. Progressive mye-
lopathy has been reported after heroin insufflation but
never after inhalation of vapors. The authors favored an
immune mechanism.

Cerebellar lesions

Symmetrical deep cerebellar lesions have been associated
with heroin smoking (32).

� A 40-year-old man presented to the emergency room
after smoking heroin on 2 consecutive days. He com-
plained of unsteadiness and clumsiness. While speak-
ing to a nurse, his condition dramatically worsened,
and he became severely ataxic, dysarthric, and clumsy
and was unable to stand. An MRI scan showed sym-
metric bilateral ‘‘C-shaped’’ lesions in the white matter
and dentate nuclei of the cerebellum. The diagnosis
was toxic leukoencephalopathy secondary to inhaled
heroin. Six months later, his cerebellar dysfunction was
unchanged.

Because of clustering of cases, it was thought that an
additive in the heroin had brought on the symptoms.

Parkinsonism

Reversible Parkinsonism from heroin vapor inhalation
has been reported (33).

� A 38-year-old Caucasian woman, who had taken her-
oin vapor 2 weeks before, developed confusion, ataxia,
and urinary incontinence. She was afebrile and spoke
with a slow low-volume monotonous voice. She had
marked truncal ataxia with absent postural reflexes,
cogwheel rigidity in her limbs, and marked bradykine-
sia. She had used non-prescription amfetamine up to 4
g/day intermittently for 8 years. After a bout of depres-
sion, she came under the care of a psychiatrist and
stopped taking amfetamine after she was given chlor-
promazine and diazepam. She then started using
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heroin. In the CSF, protein was raised with normal
glucose and lactate; homovanillic acid, a dopamine
metabolite, was markedly reduced and the serotonin
metabolite 5-hydroxyindoleacetic acid (5-HIAA) was
mildly reduced. Tetrahydrobiopterin was just detect-
able. She was given co-enzyme Q 30 mg tds and
became more alert and began to move and talk. She
had recovered fully 1 month later.

According to the authors tetrahydrobiopterin has a
range of co-factor roles, including being required for the
activity of tyrosine and tryptophan hydroxylase, enzymes
that are essential for dopamine and serotonin synthesis.
They speculated that something present in the heroin
pyrolysate, a product formed when heroin is heated to
250�C, inhaled by the patient, acted as a reversible inhi-
bitor of tetrahydrobiopterin metabolism, providing a bio-
chemical explanation for impairment of dopamine
metabolism and Parkinsonism in this case.

Sensory systems

Profound reversible deafness with vestibular dysfunction
has been attributed to heroin abuse (34).

� A 47-year-old intravenous opiate user, after a period of
abstinence, injected about 0.25 g of illicit diamorphine
during a period of 24 hours and developed bilateral
symmetrical sensorineural hearing loss, ear fullness,
and loud tinnitus 20 minutes later. His symptoms gra-
dually subsided with no sequelae after 3 weeks.

The authors pointed out that bilateral deafness after her-
oin relapse after prolonged abstinence had been reported
in previous two cases, suggesting resensitization of a tol-
erized opioid system or prolonged hypersensitization of a
system in withdrawal.
Seven cases of acute strabismus related to opiate abuse

in Switzerland between 1993 and 2001 have been reported
(35). In five cases the symptoms coincided with heroin
withdrawal and acute esotropia occurred a few days after
heroin was stopped. The other two patients developed
acute exotropia that was related to opiate abuse. All the
symptoms disappeared spontaneously. It is likely that
changes in the blood opioid concentration disrupted the
oculomotor system and affected binocular vision,
although the exact mechanism underlying this phenom-
enon is not known.

Psychiatric

A group of 210 young individuals, aged 18–24 years,
participating in the Australian Treatment Outcome
Study, was studied for longitudinal treatment outcomes
of heroin dependency (36). There was a high rate of
psychiatric co-morbidity, including post-traumatic stress
disorder (37%), current major depression (23%), antiso-
cial personality disorder (75%), and borderline personal-
ity disorder (51%). While 17% had attempted suicide in
the preceding year, 41% had overdosed at some time,
24% in the previous year. First heroin use occurred at
age 16.8, first monthly use at age 17.2, and first intrave-
nous use at age 17.4 years. The authors concluded that

young heroin users moved to problematic drug use more
quickly than did older users. Thus, there is a very limited
window during which early intervention can be applied
before young heroin users progress to problematic use.

Endocrine

The syndrome of inappropriate secretion of antidiuretic
hormone (SIADH) has been attributed to heroin (23).

� A 23-year-old pregnant woman developed antepartum
bleeding at 35 weeks and a tonic-clonic convulsion and
hypothermia at 39 weeks, having used heroin 4 hours
before. She had further tonic-clonic seizures, became
obtunded, and required intubation. She had occasional
runs of ventricular bigeminy. A cesarean section was
performed. The neonate had poor respiratory effort
and required ventilation. Blood chemistry suggested
inappropriate secretion of antidiuretic hormone,
acute renal insufficiency, and acute pancreatitis. She
and the baby recovered after 2 weeks.

Nutrition

In a case-control study in 106 heroin-dependent indivi-
duals undergoing an opioid detoxification program (n ¼
19) or a methadone maintenance treatment program (n ¼
87) there were large significant differences in the mean
values of some vitamins and minerals between the heroin-
dependent individuals and the healthy, non-dependent
controls (37). Dependent individuals had higher white
cell counts and transaminases and lower erythrocyte
counts and cholesterol, albumin, tocopherol, folic acid,
sodium, selenium, and copper concentrations.

Gastrointestinal

In a small randomized study, 40 women undergoing elec-
tive cesarean section received either diamorphine 300
micrograms or 0.9% saline as part of a standard spinal
anesthesia (38). Intrathecal diamorphine may contribute
to the delay in gastric emptying that occurs immediately
after elective spinal cesarean section. This is relevant
within the context of other possible compounding vari-
ables that might delay the reintroduction of a solid diet
postoperatively.

Urinary tract

Following an observation that many patients develop
acute renal insufficiency after using heroin, the authors
identified 27 patients (mostly men, average age 29 years)
who developed renal insufficiency after intravenous her-
oin use (39). Rhabdomyolysis was the likely cause of renal
insufficiency in all cases. Twelve had a history of polydrug
abuse and all had a history of intravenous diamorphine
use in the 24 hours before presentation. Eight patients
required renal dialysis for an average of 14 days. Patients
who required dialysis had a higher admission creatine
kinase, a higher peak creatine kinase, and a lower urine
output in the initial 24 hours. They also had a longer
hospital stay. Some had positive tests for hepatitis B
(10%), hepatitis C (74%) and HIV (5%); viral infections
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can compound rhabdomyolysis and subsequent renal
impairment through glomerulonephritis. No patient died
and all patients recovered normal renal function.
Rhabdomyolysis is a recognized cause of renal insuffi-
ciency, but its pathogenesis after heroin use is not fully
understood.
In most of 19 renal specimens from autopsies of intra-

venous diamorphine users there was severe lymphomono-
cytic glomerulonephritis as a result of activation of the
classical pathway of the complement binding system (40).
This could have been a result of diamorphine itself, adul-
terants, or active hepatitis B and/or C infection.
Heroin was presumed to be the cause of reversible

nephrotic syndrome in patients dependent on heroin (41).
Renal amyloidosis can be a late effect (41).

Skin

A traumatic skin lesion with blisters and sweat gland
necrosis was described in a 24-year-old man who was
comatose as a result of heroin overdose; immunofluores-
cence showed deposits of immunoglobulin and C3 in der-
mal vessels (42).

Musculoskeletal

Focal myopathy has been reported after intramuscular
diamorphine (43).

� A 36-year-old man developed progressive, painless
stiffness of both knee joints over 3 months. It had
started 4 weeks after he began to give himself heroin
injections two to three times a day in alternate thigh
muscles. He had a broad-based stiff gait, and he
walked without bending his knees. Because of contrac-
tures of the quadriceps muscles, which were indurated,
active and passive knee flexion was limited to an angle
of 5–10 degrees. Electromyography of the right quad-
riceps muscle showed firm fibrous resistance to need-
ling without insertional activity. Ultrasound showed a
preserved but enlarged muscle structure and thicken-
ing of the connective tissue. A muscle biopsy showed
variation in fiber size with scattered collection of
atrophic fibers and perivascular and endomysial infil-
trates comprised chiefly of lymphocytes and macro-
phages. The serum creatine kinase activity was
normal. After 7 weeks of physiotherapy, MRI of the
thighs showed severe fibrosis of the muscle, suggesting
a possible inflammatory component. Following treat-
ment with prednisone and D-penicillamine, he was
entirely normal, except for slightly limited knee flexion
on both sides.

This patient’s main symptom was progressive stiffness,
due to contractures of the quadriceps muscles induced
by chronic heroin injections. The findings made it very
likely that heroin caused a primarily vascular lesion lead-
ing to non-specific inflammatory changes and subsequent
fibrosis. Clinically, weakness was minimal and there was
painless contracture. This presumably reflects the predo-
minantly fibrotic process within muscle tissue.
Combination therapy with prednisone and D-penicilla-
mine led to significant improvement. The regenerating

process was confirmed by the second muscle biopsy, and
electromyography showed reinnervation. The second
biopsy did not show inflammatory cells, indicating
absence of the inflammatory component. Thus, this case
suggests that heroin-induced fibrotic myopathy is reversi-
ble.

Infection risk

Injection of heroin can cause local infection.

� A 32-year-old man with pyomyositis developed
abdominal pain and vomiting, fresh rectal bleeding,
hematuria, and a swelling on his lower back (44).
Two weeks before, he had accidentally given himself
an extravascular injection of heroin into his left groin.
A CT scan showed a large left sided gluteal abscess
communicating through the left sacroiliac joint with
the retroperitoneal space. He needed catheterization
and multiple open drainage of the abscess and was
discharged after 2 months.

Necrotizing fasciitis, a rapidly progressive soft tissue
infection with high morbidity and mortality, is most com-
monly associated with drug abuse b y injection. On the
West Coast of the USA it is associated with the use of
black tar heroin, which is a dense, gummy, coal-colored
substance that is produced from opium grown in northern
Mexico. Crude processing leads to contamination. In a
retrospective review of cases of necrotizing fasciitis occur-
ring in the year 2000 there were 20 cases associated with
black tar heroin; 17 were men (45). The mean age was 44
years and there were nine African Americans, six
Caucasians, and five Hispanics. Eleven had involvement
of the torso. The hospital mortality was 50%. Four
patients had fever, 16 had tachycardia, four had blisters/
bullae on their skin, and eight had brawny/woody skin.
The mean white cell count was 37 x 109/l, but survivors
had lower counts than non-survivors (25 x 109/l versus 49
x 109/l). Blood cultures were positive in seven and surgical
cultures in 15. The white cell count was the most consis-
tent abnormal finding, and the degree of increase was
associated with mortality. Hyponatremia was also com-
mon (47%). Lactate concentrations were raised but did
not predict survival or mortality. Soft tissue gas on X-ray
was present in one-third of the subjects. There was no
common or predominant responsible organism, arguing
against a single contaminated batch of black tar heroin.

Death

Heroin contributes significantly towards mortality world-
wide and heroin users are at significantly greater risk of
premature death than their non-heroin-using peers (46).
Men are typically over-represented, up to 80% in some
instances. The mean age at the time of death is late
twenties or early thirties and it typically occurs in those
who are regular users rather than novices. Death usually
occurs 1–3 hours after heroin use. It is not instantaneous
and tends to occur in the company of other people. It is
also likely to involve the use of other nervous system
depressants taken in conjunction with heroin. Medical
help is often sought too late; in only 14% of cases was
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an ambulance called as a first action. Multiple drug use is
common in heroin-related deaths, with alcohol or benzo-
diazepine as significant co-abused substances. Blood mor-
phine concentrations are generally not higher than in
controls. Intravenous use accounts for most fatal over-
doses. The validity of the term ‘‘heroin overdose’’ for
these deaths has been questioned, as there is frequent
co-abuse of another drug and post-mortem morphine
concentrations are not in excess of individual tolerance
in most instances. Snorting or smoking heroin still carries
a considerable risk of a lethal outcome, owing to a com-
bination of polydrug abuse, variability in morphine blood
concentration, and reduced tolerance because of periods
of reduced or sporadic use. Clinicians should take into
account the complexity of multiple drug dependence dur-
ing assessments and in designing treatment. There should
also be raised awareness among drug users of the differ-
ent potential risk of overdose and subsequent drug-
related death (47).
Doctor shopping is a common form of drug-seeking

behavior in which there is a fraudulent presentation of
disease to multiple doctors and pharmacies in order to
procure prescription drugs. The authors of a study from
Australia explored drug-seeking behavior patterns among
young people who subsequently died of heroin overdose
(48). They examined 202 consecutive Coroner’s Court
cases (149 men and 53 women) from 1994 to 1999, of all
heroin-related deaths in individuals aged under 25 years,
excluding probable suicides. Their mean age was 21 years
(range 14–24). Heroin or its derivatives were detected in
all but two subjects. Other drugs were present in 90% of
cases. Prescription and pharmacy drugs were present in
80% of the cases, benzodiazepines being most common
and especially in women. Benzodiazepines, opiates, and
psychotropic drugs accounted for 43%, 11%, and 8% of
all prescriptions respectively. They reviewed the use of
prescriptions from two different insurance groups. In the
Pharmaceutical Benefits Scheme, the average number of
prescriptions per person increased in the 4 years before
death from four per person per year in the fourth year
before death to a peak of 17 in the year before death.
Although all prescriptions increased, the rates for benzo-
diazepines and other opioids increased more than pre-
scriptions for other drugs. In the Medicare Beneficiary
Scheme, 22% saw an average of more than 15 medical
practitioners per year and 40% averaged more than 30
services per year. Women were disproportionately repre-
sented.
In this study there were high levels of polydrug and

prescription drug use in heroin-related deaths. The
authors suggested that their data provided circumstantial
evidence of drug-seeking behavior before death, includ-
ing increasing visits to multiple doctors and dispropor-
tionate increases in prescriptions for drugs likely to be
misused. They reiterated that among younger heroin
users, such drug-seeking behavior, besides indicating an
increased risk of fatal overdose, may also provide an
opportunity to intervene. ‘‘Doctor shoppers’’ are defined
as those individuals who have seen more than 15 different
GPs and have had 30 or more consultations in 1 year.

However, in this study only 22% saw more than 15 GPs
and 40% averaged more than 30 medical services, sug-
gesting that most did not meet the official doctor shop-
ping criteria, even when they increased their use of
medical services. The authors suggested that an increase
in doctor shopping in the years before heroin-related
death while certainly a fiscal issue, may represent an
opportunity to intervene and reduce mortality.
In a review of 239 cases of heroin-related drug deaths

between 1997 and 2000, 18 deaths were associated with
non-intravenous administration (49). The median mor-
phine concentration in these non-injectors was 0.05 mg/g
and this was significantly lower than in injectors (2.3 mg/
g). There was concurrent use of alcohol, other illicit drugs,
and/or pharmaceutical formulations in 17 of the 18 cases.
A review of 139 methadone-related deaths between

1998 and 2002 in Palm Beach County supported those of
previous investigations and suggested that it is not possi-
ble to establish a definitive lethal methadone blood con-
centration range. Methadone-related death is usually
associated with the use of other drugs and toxicological
analysis in such cases should be contextualized by the
clinical circumstances surrounding the event and even a
few months before the incident occurred (50).
The role of methadone and opiates in accidental over-

dose deaths in New York City has been investigated using
data from the Office of Chief Medical Examiner of all
accidental drug overdose deaths between 1990 and 1998
(51). There were 7451 overdose deaths in all during this
period, of which 1024 were methadone-induced, 4627
were heroin-induced, and 408 were attributable to both.
Thus, 70% of the deaths from accidental overdose were
due to opiates. Co-variates significantly associated with
methadone-induced deaths were female sex, older age,
and absence of cocaine, heroin, cannabis, and alcohol in
toxic screens. Co-variates associated with heroin overdose
were male sex, Caucasian or Hispanic ethnicity, younger
age, and the absence of cocaine and methadone and the
presence of cannabis and alcohol in toxic screens.
The proportion of accidental deaths in New York City

from methadone overdose of 13–16% of total overdose
mortality did not change appreciably, although the pro-
portion of overdose deaths attributed to heroin increased
significantly (from 54 to 64%) during the study. Deaths
from accidental overdose were 3–6 times more common
among heroin users than methadone users during the
same time. This absence of an increase in deaths from
methadone use is noteworthy, because the number of
people taking methadone during this period rose from
25 795 to 33 666 (a 31% increase). Thus, both heroin-
induced overdose mortality and prescriptions of metha-
done increased during the same interval. Methadone-
induced death risk was highest for those aged 35–44.
The risk of heroin-induced overdose death fell with age.
The lower likelihood of methadone-induced overdose
death in those who had positive toxicology for cocaine,
heroin, or alcohol suggests that individuals with metha-
done-induced deaths were less likely to be using other
drugs concurrently. This also suggests that methadone
deaths occurred in those who were using medicinal
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methadone rather than from the street. There was no
association of these accidental deaths with the weekend
use of these drugs.

Long-Term Effects

Drug abuse

Smoking heroin by heating the free base over tin foil and
inhaling the vapors is known as ‘‘chasing the dragon,’’ a
method that probably originated in Southeast Asia. Some
are using this to reverse the stimulant effects of ecstasy. In
102 patients (55 men and 47 women, mean age 21 years)
interviewed at four clinics in Dublin, Ireland, three sub-
groups of opiate users were identified: (a) those who had
ever used opiates to come off ecstasy, who were com-
pared with those who had never used opiates for this
purpose, (b) those whose first use of opiates had been to
come off ecstasy, and (c) those who had started opiates by
‘‘chasing’’ and then did or did not move to injecting (52).
Of the 102 patients, 92 reported having taken ecstasy, 68
of whom reported having taken opiates to come off it, and
the remaining 24 of whom had not. The 68 patients who
reported taking opiates to come off ecstasy had signifi-
cantly heavier ecstasy use, in terms of the number of
nights per week and number of tablets taken per night.
Of 36 who reported that their first ever experience of
using opiates was in the context of ‘‘chasing’’ to come
off ecstasy, 28 reported this as their main reason for
starting to use opiates and the other eight reported that
they would probably have tried opiates independent of
their ecstasy use. Of the 86 patients whose initial route of
using heroin was ‘‘chasing,’’ 61 reported changing to
injecting, 23 continued to smoke heroin, and two switched
to an oral formulation of methadone or morphine. When
those who came to inject heroin were compared with
those who did not (61 versus 23), the injectors had
begun illicit drug use earlier, had started heroin at a
younger age, were younger at the time of interview, and
had been more likely to have a history of ecstasy use.
Despite the younger age of onset of illicit drug use in
those who came to inject, they had not been using illicit
drugs for longer at the time of interview. This study con-
firmed the authors’ previous findings that heroin smoking
was associated with ecstasy use.
The Swiss government has developed a program called

PROVE, which provides prescriptions of injectable
opioids for the treatment of heroin-dependent patients.
This program has generally been viewed to be successful
in terms of retention in treatment, morbidity and mortal-
ity, legal behavior, and cost-effectiveness. However, dur-
ing the 26-month observation period, epileptic seizures
occurred in 11% of the 186 patients treated. This finding,
along with previous reports of reduced regional blood
supply to the brains of opioid users, led the authors to
study cerebral deoxygenation after intravenous opioid
administration in ten opioid-dependent subjects and to
compare it with intravenous saline in ten matched con-
trols using Near Infrared Spectroscopy (NIRS) (53).

Heroin and methadone produced a rapid and dramatic
reduction in both respiratory rate and cortical hemoglo-
bin oxygenation, while saline had no effects. The authors
suggested that opioid-induced acute deoxygenation of
cortical hemoglobin was probably associated with
respiratory depression. In one in three subjects, oxygen
saturation after intravenous heroin fell rapidly, a finding
that has not previously been described in humans.
The authors suggested two possible mechanisms for this

phenomenon. They discounted the possibility that opioids
increase the utilization of oxygenated hemoglobin in the
CNS, because PET data from other studies suggest
decreased utilization of glucose (indicating reduced
brain activity) following opioids. They believed that it
was more likely that the increase in cortical-reduced
hemoglobin was related to opioid-induced respiratory
depression, with carbon dioxide retention and resulting
vasodilatation. Although preliminary, these data have
potential implications for treatment programs involving
intravenous opioid maintenance. The authors suggested
that intravenous opioids may produce both systemic and
cerebral hypoxia, which may at least in part account for
the hyperexcitability (as measured by electroencephalo-
graphy) found after intravenous opioids in other studies.
Furthermore, hypoxia may mediate or contribute to the
rush sensation, similar to that seen with high altitude or in
cases of asphyxiophilia.

Drug withdrawal

The relation between the severity of opiate withdrawal
and the dose, duration, and route of administration of
heroin has been assessed in a retrospective analysis of
heroin withdrawal in 22 patients (54). Abrupt withdra-
wal from opiates resulted in increased symptom sever-
ity, peaking on day 2 and then abating after that until
day 7. Both the dose and the route of administration
were related to the withdrawal score: intravenous heroin
was linked to greater total and maximum withdrawal
severity than smoking heroin. The authors speculated
that the effect of the route of administration may have
been due to lower systemic availability of smoked com-
pared with injected heroin. Their data suggested that
even the duration of the withdrawal symptoms seemed
to increase with higher doses and intravenous use.
However, there were several limitations to this study.
It was retrospective and the period of observation lasted
only 7 days although the withdrawal symptoms lasted
much longer. In addition, many subjects took doxepin
and benzodiazepines during the observation phase,
which may have reduced or suppressed their withdrawal
symptoms.
Opioid withdrawal symptoms should be included as

part of the differential diagnosis in young people with
restless legs syndrome.

� Restless legs syndrome was a feature of opioid with-
drawal on days 3–4 in two heroin-dependent indivi-
duals (55). They were treated with levodopa and
clonidine.
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Second-Generation Effects

Fetotoxicity

A report of death associated with intravenous heroin use
has provided insights about the distribution of heroin and
its metabolites in the fetus (56).

� A 17-year-old girl with a history of heavy drug abuse
for 2 years was found dead in a public restroom, with
fresh needle puncture marks. She was 18–20 weeks
pregnant with a male fetus, and had massive brain
and lung edema from acute intoxication. Analysis of
her hair showed that she had used heroin over the
previous few months. Drug screening of body fluids
showed only opiates (high concentrations of 6-mono-
acetyl-morphine and morphine) in the maternal and
fetal circulation at the time of death. Unexpectedly
high amounts of morphine, 6-monoacetyl-morphine,
and morphine-3-glucuronide were also found in the
amniotic fluid. Only morphine-3-glucuronide was
detected in the fetus, whereas both morphine-3-glucur-
onide and morphine-6-glucuronide were detected in
the mother, in the body fluids, and in all investigated
organ tissues except the brain.

The authors noted that heroin is considered a ‘‘pro-drug,’’
with 6-monoacetyl-morphine, morphine, and morphine-6-
glucuronide accounting for most of its narcotic activity. In
blood, diamorphine is rapidly converted to the active
metabolite 6-monoacetyl-morphine, which is presumably
converted to morphine in the liver. The majority of the
morphine is converted to morphine-3-glucuronide and
small amounts are converted to morphine-6-glucuronide,
which is pharmacologically active. They concluded that
morphine-3-glucuronide can cross the placenta and that
high concentrations of heroin and its metabolites can be
found in fetal compartments during heroin abuse by the
mother. Lastly, heroin and its pharmacologically active
metabolites appear to be present in the fetal central ner-
vous system for much longer than in the maternal circula-
tion, because of low fetal drug-metabolizing capacity as
well as minimal drug elimination from the amniotic fluid
in advancing pregnancy.
In nine prospective, longitudinal, multicenter studies,

1227 infants who were exposed in utero to cocaine (n ¼
474), opiates (n ¼ 50), cocaine þ opiates (n ¼ 48), or
neither (n ¼ 655) were followed for 1–3 years after birth.
Prenatal exposure to cocaine and/or opiates was not asso-
ciated with mental, motor, or behavioral defects after
controlling for birth weight and environmental risks.
This result should be treated with caution, since the
effects of prenatal opiates or cocaine exposure may
become more evident as more advanced motor, cognitive,
language, and behavioral skills develop (57).

Drug Administration

Drug contamination

Atypical reactions after the use of heroin have been
attributed to contamination with clenbuterol (58).

� Four patients, aged 21–43 years, all developed chest
pain, palpitation, and shortness of breath after inhaling
heroin. They had tachycardias, low blood pressure,
hypokalemia, and hyperglycemia.

In all the cases the heroin had been adulterated with
veterinary clenbuterol.

Drug dosage regimens

High-dose intrathecal diamorphine for analgesia after
elective cesarean section has been studied in 40 women
who were randomized to diamorphine 0.5 or 1 mg (59).
All also received diclofenac 100 mg at the end of the
cesarean section and morphine via a patient-controlled
analgesia system. Postoperative analgesia was more pro-
longed and reliable in those who were given diamorphine
1 mg, who needed significantly less morphine. There was
postoperative nausea in just under half of the patients in
each group, and most of the patients (93%) had mild to
moderate pruritus. There were no cases of excessive seda-
tion or oxygen desaturation.

Drug administration route

Chasing the dragon

The term ‘‘chasing the dragon’’ originated in East Asia,
where typically heroin powder is placed on aluminum foil
and heated from beneath with a lighter or matches, caus-
ing heroin to liquefy into a reddish brown blob (heroin
pyrolysate), which moves around on the foil and emits a
white vapor (SEDA-24, 40). The blob or ‘‘dragon’’ is
‘‘chased’’ with the lighter and the vapor is sucked through
a straw or pipe. This method of administration avoids the
negative consequences of intravenous use. It is also
known as ‘‘Chinese blowing’’. This became a popular
method of heroin administration when the drug was
cheap but impure.

Intranasal

The pharmacokinetic profile of intranasal diamorphine
has been studied in adults. Diamorphine is rapidly
absorbed as a dry powder and has similar pharmacoki-
netic properties to intramuscular diamorphine, with simi-
lar physiological responses (for example reduced pupil
diameter, respiration, and temperature) and behavioral
measures (for example euphoria, sedation, and dys-
phoria).
Intranasal diamorphine has been evaluated in a multi-

center, randomized, controlled trial as an alternative to
intramuscular morphine in 404 patients aged 3–16 years
with suspected limb fractures (i.e. in acute pain of mod-
erate to severe intensity) (60). They were randomized to
either intramuscular morphine sulfate 0.2 mg/kg (n ¼
200) or intranasal diamorphine hydrochloride 0.1 mg/kg
(n ¼ 204). Intranasal diamorphine was significantly better
tolerated: 80% had no obvious discomfort compared with
only 9% of those given morphine. There were no serious
adverse effects of diamorphine, but the lack of blinding
may have introduced bias.
The intranasal route of administration is also not with-

out problems when abused. Some non-fatal complications
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include neurological, acute myelopathy, oculogyric crisis
and generalized dystonia, hypersensitivity reactions,
pneumonitis, pemphigus, and pancreatitis (60).
Intranasal diamorphine is as effective as intramuscular

morphine and is much better tolerated by children, with
no apparent increased risk of adverse effects (61,62). In a
multicenter, randomized, controlled study, 404 children
aged 3–16 years with a fracture of an arm or leg were
given either nasal diamorphine 0.1 mg/kg or intramuscu-
lar morphine 0.2 mg/kg. The onset of pain relief was
faster with nasal diamorphine, and there were no serious
adverse effects. The frequencies of opioid-related mild
adverse effects were similar in the two groups.

Epidural

In a randomized, placebo-controlled, double-blind study
of the relative efficacies of patient-controlled analgesia
(PCA) regimens (63), 60 patients undergoing elective
total hip or knee replacement were randomly allocated
to receive epidural diamorphine 2.5 mg followed by a
PCA bolus 1 mg with a 20-minute lockout (group 1),
subcutaneous diamorphine 2.5 mg followed by a PCA
bolus 1 mg with a 10-minute lockout (group 2), or epi-
dural diamorphine 2.5 mg in 4 ml of 0.125% bupivacaine
followed by a PCA bolus of 1 mg diamorphine in 4 ml
0.125% bupivacaine with a 20-minute lockout (group 3).
Diamorphine demands were significantly higher in group
2 in the first postoperative 24-hour period, but pain scores
were only significantly higher in group 2 in the first 3
hours postoperatively compared with group 3 and group
1. There were also fewer opioid-related adverse effects in
group 2, and group 3 reported higher incidences of var-
ious adverse effects. The conclusion was that PCA dia-
morphine given with or without bupivacaine provides
analgesia of similar efficacy once adequate pain relief
has been achieved. Taking the incidences of adverse
effect profiles into account, diamorphine subcutaneous
PCA was a simple and effective method of providing
analgesia.

Intrathecal

In 62 women who asked for regional analgesia in labor
and who were randomized to an intrathecal injection of
either bupivacaine 2.5 mg with fentanyl 25 mg or bupiva-
caine 2.5 mg with diamorphine 250 mg, the diamorphine
provided longer analgesia (64). There were significant
differences in adverse effects between the groups. There
were no instances of nausea or vomiting, but pruritus was
more common in those who received fentanyl. The dose
of diamorphine was deliberately low, and more studies
are needed to confirm these findings.

Drug overdose

The main life-threatening complications of heroin intox-
ication include acute pulmonary edema and delayed
respiratory depression with coma after successful nalox-
one treatment. In a prospective study of the management
of 160 heroin and heroin mixture intoxication cases trea-
ted in an emergency room in Switzerland between 1991
and 1992, there were no rehospitalizations after discharge

from the emergency room and there was only one death
outside the hospital due to pulmonary edema, which
occurred at between 2.25 and 8.25 hours after intoxication
(65). A literature review found only two reported cases of
delayed pulmonary edema, which occurred 4 and 6 hours
after hospitalization. The authors recommended surveil-
lance of a heroin user for at least 8 hours after successful
opiate antagonist treatment.
In a retrospective chart review (66) of patients with

heroin overdose between July 1996 and July 1999 at a
Medical Center, 13 of 125 charts indicated the presence of
non-cardiogenic pulmonary edema and all the patients
were men. The mean field respiratory rate for individuals
with non-cardiogenic pulmonary edema was 5.9 com-
pared to 9.7 in those without. All the patients with non-
cardiogenic pulmonary edema and 68% without received
naloxone. The mean duration of heroin use was less in
patients with non-cardiogenic pulmonary edema (2.9
years) than in patients without (14 years). The results of
this chart review are limited, but it seems that in a small
percentage of cases, heroin overdose results in non-car-
diogenic pulmonary edema. These individuals typically
have a respiratory rate close to six and need naloxone.
The authors postulated that there may be a higher risk of
non-cardiogenic pulmonary edema in men who are rela-
tively inexperienced heroin users.
Among heroin users, the annual rate of mortality is 1–

4%; overdose and HIV infection being the leading causes.
The effect of the frequency and route of heroin adminis-
tration on the occurrence of non-fatal heroin overdose
has been studied (67). Among 2556 subjects with heroin
dependence, 10% had taken overdoses requiring emer-
gency care in the prior 12 months. The cumulative risk of
overdose increased as the frequency of heroin use fell.
Among daily heroin users, the risk was greater with
increased frequency of heroin injection, but not among
non-daily users. The risk of overdose was greater with
injection than with other routes of administration.
Strategies for preventing heroin overdose have been

discussed (68). Heroin overdose is a leading cause of
morbidity and mortality among active heroin injectors.
Education, family support groups, and motivational inter-
views after overdose have been proposed as complemen-
tary strategies to reduce morbidity and mortality. The
author concluded that methadone maintenance is the
most effective method of reducing mortality from over-
dose, and that home treatment with naloxone by a sig-
nificant other is a possible future strategy. However, the
use of naloxone is regarded as controversial by some
health professionals.

Drug–Drug Interactions

Alcohol

Many heroin users use heroin and alcohol together. There
has been an evaluation of the pharmacokinetic interaction
between heroin and alcohol and the role of that interac-
tion in the cause of 39 heroin-related deaths that were
attributed to either heroin or heroin + ethanol (69). The

Diamorphine (Heroin) 551

ª 2009 Elsevier B.V. All rights reserved.



cases were arbitrarily divided into two groups according
to blood ethanol concentration (low-ethanol group, under
1000 mg/ml, and high ethanol group, over 1000 mg/ml. The
high-ethanol group was associated with reduced hydroly-
sis of 6-acetylmorphine to morphine, and there was an
inverse correlation between blood ethanol concentration
and hydrolysis of 6-acetylmorphine to morphine. The
concentration of total morphine was lower in the high-
ethanol group. High blood ethanol concentrations were
also associated with an increased ratio of unbound to total
morphine and with reduced excretion of unbound and
total morphine. The relative concentrations of conjugated
heroin metabolites were reduced in the presence of a high
blood ethanol concentration. The authors hypothesized
that alcohol inhibits the glucuronidation of morphine,
resulting in less conjugated morphine in the blood. Thus,
in patients with high blood ethanol concentrations the
additional depressant effects of unconjugated heroin
metabolites may contribute to a more acute death.

Anticholinergic drugs

Combining opiates with anticholinergic drugs is a com-
mon practice in recreational abuse (SEDA-21, 34).
Heroin mixed with hyoscine (scopolamine) is nicknamed
‘‘polo’’ and ‘‘point on point.’’ Mixed drug toxicity, with
atypical signs and symptoms of opiate abuse, has been
reported (70).

� A 41-year-old woman who had taken 11 alprazolam
tablets and heroin mixed with an unknown substance
developed slurred speech and a staggering gait. She
was also taking paroxetine. Her pupils were dilated,
her skin warm and dry. Electrocardiography showed a
sinus bradycardia. She was given intravenous naloxone
2.0 mg and became acutely agitated and combative.
She was delirious, agitated, and disoriented, and was
given an intravenous sedative and intubated. Her urine
contained codeine, morphine, and atropine.

This case exemplifies the difficulty in identifying antic-
holinergic drugs such as atropine, and unfortunately the
finding of dilated pupils did not raise the suspicion of
mixed drug toxicity. The use of naloxone uncovered florid
agitation due to anticholinergic drug toxicity.

Interference with Diagnostic Tests

Blood glucose

Diamorphine flattens the glucose tolerance curve and
increases glycosylation of HbA1 (71).

Antithrombin III

Diamorphine depresses the biological activity of antith-
rombin III (72).
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DIMETHYLTRYPTAMINE

General Information

Dimethyltryptamine is a psychedelic drug (1,2). It can be
smoked, inhaled, injected, or used as an enema. It is
inactive by mouth, except when there is inhibition of gut
monoamine oxidase (MAO type A). Its effects are similar
to those of lysergide (3,4). The derivative 5-methoxy-N,N-
dimethyltryptamine has similar actions. Both compounds
are found in various plants (5,6).
Indigenous peoples of the Amazon have used dimethyl-

tryptamine for spiritual and medicinal purposes for thou-
sands of years (7). South American powdered snuffs are
usually prepared from the seeds of Anadenanthera pere-
grina or the bark of Virola trees. Ayahuasca is the name
given by the Quechua to any of various psychoactive
infusions or decoctions prepared from plants that are
found in the Amazon Rainforest. Ayahuasca prepared
from Banisteriopsis caapi vines and Psychotria viridis con-
tains reversible beta-carboline alkaloids (harmine, tetra-
hydroharmine, and harmaline, from the former), which
inhibit monoamine oxidase type A, thus enabling the oral
absorption of dimethyltryptamine (from the leaves of the
latter) (8); this gives hallucinogenic effects for 3–4 hours
(9). In some parts of South America Diplopterys cabrer-

ana is used instead of Psychotria viridis (10). In the USA
dimethyltryptamine is found in common plants such as
Phalaris arundinacea, Phalaris tuberosa, or Phalaris aqua-
tica (canary grass) (11).
Animal studies of the median lethal dose of dimethyl-

tryptamine and of several harmala alkaloids suggested
that the lethal dose of these substances in humans is
probably greater than 20 times the typical ceremonial
dose (12).

Observational studies

In 15 healthy men, ayahuasca caused pupillary dilatation
from 3.7 to 4.7 mm at 40–240 minutes after ingestion (10).
There was a small increase in body temperature, from
37�C to a maximum of 37.3�C at 240 minutes. Heart rate
increased from 72/minute at baseline to a maximum of 79/
minute by 20 minutes, fell to 65 bpm by 120 minutes, and
then gradually returned to baseline by 240 minutes. There
was a concomitant increase in blood pressure from 126/
83 mmHg to a maximum of 137/92 mmHg at 40 minutes,
with return to baseline by 180 minutes. Plasma prolactin,
cortisol, and growth hormone all increased within 60–120
minutes.

Organs and Systems

Psychological

The effects of intramuscular N,N-dimethyltryptamine 250
micrograms/kg have been assessed in 38 volunteers, of
whom 12 received placebo (13). Altered states of

consciousness and somatic changes were measured by
questionnaires administered after the experiment. In
spite of the low dose compared with other studies there
were significant differences from placebo in the following
syndromes of altered states of consciousness: visual hallu-
cinations, impairment of memory and attention, changes
in body image, depersonalization syndrome, derealization
syndrome, euphoric state, anxious–depressive state, and
delusion. The somatic adverse effects were mainly sub-
jective respiratory problems, dizziness, and weakness.
The effects of dimethyltryptamine have been studied

in15 healthy men who used ritualistic ayahuasca once
every 2 weeks on average and 15 age-matched men who
had never used ayahuasca (10). On the Tridimensional
Personality Questionnaire, ayahuasca users had greater
stoic rigidity versus exploratory excitability, greater regi-
mentation versus disorderliness, and a trend toward
greater reflection versus impulsivity. On the Harm
Reduction Scale, users had significantly greater confi-
dence versus fear of uncertainty and trends toward
greater gregariousness versus shyness and greater opti-
mism versus anticipatory worry. On the WHO–UCLA
Auditory Learning Verbal Memory Test, the users per-
formed significantly better than controls on word recall
tests.

Long-Term effects

Drug abuse

There is no evidence that ayahuasca use leads to substan-
tial or persistent abuse potential (12).

Drug Administration

Drug overdose

� A 25-year-old white man was found dead the morning
after he had consumed herbal extracts containing beta-
carbolines and hallucinogenic tryptamines (14). No
anatomical cause of death was found at post-mortem
examination. N,N-dimethyltryptamine (0.02 mg/l), 5-
methoxy-N,N-dimethyltryptamine (1.88 mg/l), tetra-
hydroharmine (0.38 mg/l), harmaline (0.07 mg/l), and
harmine (0.17 mg/l) were found in post-mortem blood.

The coroner ruled that the cause of death was halluci-
nogenic amine intoxication.
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GAMMAHYDROXYBUTYRATE

General Information

Sodium gammahydroxybutyrate (GHB or sodium oxy-
bate) is an endogenous compound, a precursor of
GABA, which increases the release of dopamine and
acetylcholine in the brain. It was first synthesized in
1960 as a potential anesthetic, and was popular in the
late 1980s and early 1990s as a dietary supplement (as a
replacement for L-tryptophan after it had been recalled
from the market), an aid to sleep, and a bodybuilding
agent. It was subsequently used in the treatment of nar-
colepsy. However, it has also been used as a party drug,
since it causes alcohol-like effects and aroused sexuality.
In large doses it can cause disorientation, nausea and
vomiting, and muscle spasms. It is also known as BDO,
Blue Nitro, Enliven, GBH, Liquid ecstasy, Midnight Blue,
RenewTrient, Reviarent, Serenity, and SomatoPro. An
analogue, gammavalerolactone (GVL), is a precursor
and has also been used recreationally, but it is very expen-
sive.
In 1990 the FDA limited the availability of gammahy-

droxybutyrate, and in March 2000, the Drug Enforcement
Agency made it a Schedule I drug. In 2001 the Expert
Advisory Committee on Drugs (EACD) in New Zealand
advised the New Zealand Medicines and Medical Devices
Safety Authority to schedule gammahydroxybutyrate
under the Misuse of Drugs Act 1975 (1). In June 2003
gammahydroxybutyrate was categorized as a Class C drug
in the UK.
Ingestion of 0.5–3 teaspoons of sodium gammahydrox-

ybutyrate can produce vomiting, drowsiness, hypotonia,
and/or vertigo; loss of consciousness, irregular respiration,
tremors, or myoclonus can follow. Seizure-like activity,
bradycardia, hypotension, and/or respiratory arrest have
also been reported. The severity and duration of symp-
toms depend on the dose and on the presence of other
nervous system depressants, such as alcohol.
In a double-blind, randomized, placebo-controlled,

crossover study in 24 patients with narcolepsy, gammahy-
droxybutyrate 60 mg/kg in a single night-dose for 4 weeks
reduced the daily number of hypnagogic hallucinations,
daytime sleep attacks, and the severity of subjective day-
time sleepiness, and tended to reduce the number of daily
attacks of cataplexy (2). It reduced the percentage of
wakefulness during REM sleep and the number of awa-
kenings out of REM sleep, and tended to increase slow
wave sleep. Adverse events were few and mild.

Organs and Systems

Nervous system

In a double-blind, double-dummy comparison of clo-
methiazole and gammahydroxybutyrate in ameliorating
the symptoms of alcohol withdrawal, alcohol-dependent
patients were randomized to receive either clomethia-
zole 1000 mg or gammahydroxybutyrate 50 mg/kg (3).
There was no difference between the treatments in rat-
ings of alcohol withdrawal symptoms or requests for
additional medications. After tapering the active medi-
cation, there was no increase in withdrawal symptoms,
suggesting that physical tolerance did not develop to
either clomethiazole or gammahydroxybutyrate during
the 5-day treatment period. The most frequently
reported adverse effect of gammahydroxybutyrate was
transient vertigo, particularly after the evening double
dose.

Drug Administration

Drug overdose

Some who have taken gammahydroxybutyrate without
knowing what it was have subsequently awakened in hos-
pital having been deeply comatose for a few hours, with-
out after-effects (4).
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KHAT

General information

Khat, or qat, is a stimulant commonly used in East Africa,
Yemen, and Southern Saudi Arabia. Khat leaves from the
evergreen bush Catha edulis are typically chewed while
fresh, but can also be smoked, brewed in tea, or sprinkled
on food. Its use is culturally based.
The major effects of khat on the central nervous system

can be attributed to cathinone (S-(–)-alpha-aminopro-
priophenone) in fresh khat leaves and cathine (norpseu-
doephedrine) in dried khat leaves and stems. Cathinone, a
phenylalkylamine, is the major active component and is
structurally similar to amfetamine. It degrades to norp-
seudoephedrine and norephedrine within days of leaf
picking. Cathinone increases dopamine release and
reduces dopamine re-uptake (1).
Khat is often used in social gatherings called ‘‘sessions’’,

which can last 3–4 hours. They are generally attended by
men, although khat use among women is growing. Men
are also more likely to be daily users. Users pick leaves
from the khat branch, chew them on one side of the
mouth, swallowing only the juice, and adding fresh leaves
periodically. The khat chewer may experience increased
alertness and euphoria. About 100–300 grams of khat may
be chewed during each session, and 100 grams of khat
typically contains 36 mg of cathinone.
Khat has been recognized as a substance of abuse with

increasing popularity. It is estimated that 10 million peo-
ple chew khat worldwide, and it is used by up to 80% of
adults in Somalia and Yemen. It now extends to immi-
grant African communities in the UK and USA. It is
banned in Saudi Arabia, Egypt, Morocco, Sudan, and
Kuwait. It is also banned in the USA and European
countries. However, in Australia, its importation is con-
trolled by a licence issued by the Therapeutic Goods
Administration, which allows up to 5 kg of khat per
month per individual for personal use.
There have been several review articles describing khat

and its growth. The World Health Organization Advisory
Group’s 1980 report reviewed the pharmacological effects
of khat in animals and humans (2). The societal context of
khat use has also been reviewed (3).

Organs and Systems

Cardiovascular

Khat is a sympathomimetic amine and increases blood
pressure and heart rate. Limited evidence suggests that
khat increases the risk of acute myocardial infarction. In
Yemen 100 patients admitted to an intensive care unit
with an acute myocardial infarction were compared with
100 sex- and age-matched controls recruited from an
ambulatory clinic (4). They completed a questionnaire
on personal habits, such as khat use and cigarette

smoking, past medical history, and a family history of
myocardial infarction. Use of khat was an independent
risk factor for acute myocardial infarction, with an odds
ratio of 5.0 (95% CI ¼ 1.9, 13). The relation was dose-
related: ‘‘heavy’’ khat users were at higher risk than
‘‘moderate’’ users, although the extent of use and the
potency of khat used were estimated, being hard to quan-
tify. To explain the increased risk of acute myocardial
infarction, the authors suggested that it may have been
related to increased blood pressure and heart rate, with a
resultant increase in myocardial oxygen demand. They
also suggested that khat could have acted via the mechan-
isms proposed to explain acute myocardial infarction after
the use of amphetamines, such as catecholamine-induced
platelet aggregation and coronary vasospasm.

Nervous system

The prevalence and health effects of headache in Africa
have been reviewed (5). Of 66 khat users, 25% reported
headaches (6). Among people with migraine, 12%
reported using khat (7).

Psychiatric

In addition to the acute stimulant effects of euphoria and
alertness caused by khat, there is the question of whether
continued khat use alters mood, behavior, and mental
health.

� A 33-year-old unemployed Somali man with a 10-year
history of khat chewing, who had lived in Western
Australia for 4 years, wand who was socially isolated,
started to sleep badly, and had weight loss and persec-
utory delusions (8). His mental state deteriorated over
2–3 months and he thought that his relatives were
poisoning him and that he was being followed by crim-
inals. He had taken rifampicin and ethambutol for
pulmonary tuberculosis for 1 year but became non-
compliant for 2 months before presentation. He had
reportedly chewed increasing amounts of khat daily
from his backyard for last 2 years. There was no history
of other drug use and his urine drug screen was nega-
tive. He responded well to olanzapine 20 mg/day and
was discharged after 4 weeks, as his psychosis was
gradually improving.

The impact of khat use on psychological symptoms was
one of several factors considered in a study in which 180
Somali refugees were interviewed about psychiatric symp-
toms and about migration-related experiences and trau-
mas (9). Suicidal thinking was more common among
those who used khat (41 of 180) after migration compared
with those who did not (21 of 180). However, a causal
relationship cannot be deduced from these data.
The authors raised the concern that khat psychosis

could be increasing in Australia because of a growing
number of African refugees. Furthermore, factors related
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to immigration, such as social displacement and unem-
ployment, may predispose to abuse, especially as khat is
easily available in Australia.
In a cross-sectional survey of Yemeni adults the self-

reported frequency of khat use and psychological symp-
toms was assessed using face-to-face interviews with
members from a random sample of urban and rural
households (10). Of 800 adults surveyed, 82% of men
and 43% of women had used khat at least once. There
was no association between khat and negative adverse
psychological symptoms, and khat users had less phobic
anxiety (56%) than non-users (38%). The authors were
surprised by these results and offered several explana-
tions: that the form of khat used in Yemen is less potent
than in other locations; that prior reports of khat-related
psychosis occurred in users in unfamiliar environments;
that the sampling procedure may have under-represented
heavier khat users; and that their measurement tool was
not sensitive enough to detect psychological symptoms.
In Hargeisa, Somalia, trained local interviewers

screened 4854 individuals for disability due to severe
psychiatric problems and identified 169 cases (137 men
and 32 women) (11). A subset of 52 positive screening
cases was randomly selected for interview and each was
matched for age, sex, and education with a control. In all,
8.4% of men screened positive and 83% of those who
screened positive had severe psychotic symptoms. Khat
chewing and the use of greater amounts of khat were
more common in this group. Khat users were also more
likely to have had active war experience. Only 1.9% of
women had positive screening. Khat use starting at an
earlier age and in larger amounts (in ‘‘bundles’’ per day)
correlated positively with psychotic symptoms.

Gastrointestinal

Constipation is a common physical complaint among khat
users (3). The World Health Organization Advisory
Group attributed this adverse effect to the tannins and
norpseudoephedrine found in khat (12).
Anorexia due to khat is probably due to norephedrine

(12).
The tannins in khat have been associated with delayed

intestinal absorption, stomatitis, gastritis, and esophagitis
observed with khat use (12).
Khat chewing may be a risk factor for duodenal ulcer.

In a case-control study 175 patients with duodenal ulcera-
tion (all diagnosed by endoscopy) and 150 controls com-
pleted a questionnaire about their health habits (13).
Khat use, defined as chewing khat at least 14 hours/
week, was significantly more common among the cases
(76 versus 35%). Potential confounding variables, includ-
ing smoking, use of alcohol or NSAIDs, a family history,
and chronic hepatic and renal disease, were not signifi-
cantly different between the two groups. The authors
postulated several mechanisms, including a physiological
reaction to the stress response to cathine or exposure to
chemicals, such as pesticides.

Long-Term Effects

Drug dependence

Khat use can lead to dependence, which is more impor-
tant because of its social consequences than because of
the effects of physical withdrawal. Khat users may devote
significant amounts of time to acquiring and using khat, to
the detriment of work and social responsibilities. The
physical effects of early khat withdrawal are generally
mild. Chronic users may experience craving, lethargy,
and a feeling of warmth during early khat abstinence.

Tumorigenicity

Three studies of the association of khat with head and
neck cancers have been reviewed (14) The studies showed
a trend towards an increased risk of oral cancer and head
and neck cancer with the use of khat, but there were too
few data for a definitive conclusion. Tobacco use, which is
common among khat users, and alcohol use were con-
founding factors.
A possible association of cancer of the oral cavity

with khat has been studied in exfoliated buccal and
bladder cells from healthy male khat users; the cells
were examined for micronuclei, a marker of genotoxic
effects (15). Of 30 individuals who did not use cigar-
ettes or alcohol, 10 were non-users of khat and the
other 20 used 10–60 g/day. The 10 individuals who
used more than 100 g/day had an eight-fold increase
in the frequency of micronuclei compared with non-
users. There was a statistically significant dose-
response relation between khat use and the number
of micronuclei in oral mucosal cells but not urothelial
cells. In a separate set of samples taken from khat
users and non-users who also used cigarettes and alco-
hol, alcohol and cigarette use caused a 4.5-fold
increase in the frequency of micronuclei and use of
khat in addition to alcohol and cigarettes further
doubled the frequency. In buccal mucosal cells from
four individuals who ingested 100 g/day for 3 days, the
maximum frequency of micronuclei occurred at 27 days
after chewing and returned to baseline after 54 days.
These data together suggest that khat, especially in
combination with alcohol and smoking, may contribute
to or cause oral malignancy.
However, in a small study of biopsies taken from the

oral mucosa of 40 Yemeni khat users and 10 non-users
there were no histopathological changes consistent with
malignancy (16). In the khat users, there were changes
such as acanthosis, orthokeratosis, epithelial dysplasia,
and intracellular edema on both the chewing and non-
chewing sides of the oral mucosa. However, none of these
lesions was malignant or pre-malignant. The authors
thought that these changes were most probably due to
mechanical friction or possibly due to chemical compo-
nents of the khat or pesticides that had been used on the
plants.
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Second-Generation Effects

Fertility

Reduced sperm count, semen volume, and sperm motility
have been associated with khat dependence (17).

Fetotoxicity

Reduced infant birth weight has been reported in khat-
using mothers (1).

Lactation

Reduced lactation has been reported in khat-using
mothers (1).

Drug Administration

Drug contamination

Some khat leaves are grown with chemical pesticides. In
114 male khat users in two different mountainous areas of
Yemen, users of khat that had been produced in fields in
which chemical pesticides were used regularly had more
acute gastrointestinal adverse effects (nausea and abdom-
inal pain) and chronic body weakness and nasal problems
(18). The authors suggested that organic chemical pesti-
cides such as dimethoatecide can cause such adverse
effects.
Drug overdose Acute toxicity requiring emergency

medical treatment is rare. When it occurs there is a typical
sympathomimetic syndrome, which should be treated
with fluids, control of hyperthermia, bed rest, and, if
necessary, sedation with benzodiazepines (1).
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LYSERGIDE

General Information

Lysergic acid diethylamide (LSD) is a hallucinogen that is
usually taken orally. Its initial effects, anticholinergic and
sympathomimetic in type, occur within about half an hour
and include tachycardia, hyperthermia, mydriasis, piloer-
ection, hypertension, and occasionally nausea and vomit-
ing. The more important psychoactive effects develop 1–2
hours later and can last 24–48 hours. They are principally
changes in perception, mood, and behavior, leading in
many cases to acute panic, hallucinations, delusions, and
in some cases a classical psychosis. Perception may be
strikingly heightened and distorted, and initial percep-
tions may mask and overshadow later sensory perception.
Users often grossly exaggerate their mental and emo-
tional capacities, attributing to themselves extraordinary
powers. Visual hallucinations, loss of appreciation of time
and space, and instability of mood are common.
Meaningfulness and a sense of universal union often pre-
dominate. A significant problem in street purchase is the
uncertain quality and likely impurity of the material
obtained. Doses of 25 mg and more are sufficient to
cause its psychophysiological effects, which are generally
dose-related up to 500 mg. The half-life is about 3 hours,
but the effects last considerably longer (1).
Acute panic attacks and hallucinogen-induced psycho-

tic disorder often occur when people with pre-existing
personality disorder or pre-psychotic personalities use
hallucinogens. Suicide and self-injury have been reported.
Prolonged psychotic disorders can occur, but psychiatric
opinion is divided as to whether these occur only in peo-
ple with pre-existing disorders or in healthy individuals as
well. ‘‘Flashbacks’’ occur particularly when there has been
prolonged heavy use, but eventually disappear (SED-11,
83) (1,2). Self-injury and suicide can result (3).
Hypersensitivity reactions are exceedingly rare and no

reports have been validated. Tumor-inducing effects are
possible, as a consequence of various reports from animal
and human studies that chromosomal abnormalities may
be associated with exposure to LSD. However, its muta-
genic effects in practice are questionable, and no useful
evidence for or against its potential for carcinogenicity
has been produced (4).

Organs and Systems

Cardiovascular

Vasoconstriction, affecting both cerebral and peripheral
circulations, has been associated with LSD (5), but it is
not usually significant at ordinary doses in people with a
normal circulatory system.

Nervous system

Hallucinogen-induced mood disorder is associated with
changes in affect, varying from euphoria to manic-like
symptoms, panic/fear, and depression, often occurring
within minutes and often varying in the same individual
on different occasions. Changes in sensory perception,
with a loss of ability to distinguish temporal or spatial
reality and sensory hallucinations, particularly visual and
tactile, are frequent, with a tendency to assume godlike
attributes. These features often merge in a psychosis,
particularly with repeated use. Whether chronic psychosis
after LSD is the result of the drug or of a combination of
the drug and predisposing factors is currently unanswer-
able (6–8).
The repeated use of LSD is associated not only with

psychoses, but also with more specific neurological signs
and symptoms, including ataxia, incoordination, dyspha-
sia, paresthesia, and tremor. Convulsions have been
reported. ‘‘Flashback,’’ or the return of hallucinogenic
effects, occurs in almost a quarter of those who have
used LSD, particularly if they have also used other CNS
stimulants, such as alcohol or marijuana (2,9). They can
experience distortions of perception of objects, space, or
time, which intrude without warning into reality, resulting
in delusions, panic, and unusual images. A ‘‘trailing phe-
nomenon’’ has also been reported, in which the visual
perception of objects is reduced to a series of interrupted
pictures rather than a constant view (10). The frequency
of these events may slowly abate over several years, but in
a significant number their incidence later increases (1,3).

Sensory systems

Apart fromvisual hallucinations (discussed under the section
Nervous system in this monograph), diplopia, blurred vision,
mydriasis, and other visual disturbances occur (11). Pupillary
dilatation, combined with altered sensory appreciation, has
led to a number of instances of retinal damage after contin-
ued direct exposure to the sun (12).

Hematologic

The only hematological effect reported has been an
increased rate of blood clotting associated with severe
hyperthermia (13).

Gastrointestinal

Retroperitoneal fibrosis has been reported, not unexpect-
edly, in view of the structural similarity between LSD and
methysergide (3).
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Body temperature

Hyperthermia can occur but does so very seldom with
usual doses (14). It has been produced experimentally
with high doses.

Second-Generation Effects

Teratogenicity

Animal studies have not shown that LSD is teratogenic.
Various publications have referred to a high incidence of
abortions and congenital abnormalities associated with
LSD. However, none of these has shown any consistent
pattern of abnormality, and neither has there been an
acceptable control group (4).

Susceptibility Factors

People who are predisposed to psychosis, schizophrenia,
or a family history thereof, may be at considerable risk of
developing LSD psychosis (3,8). People with epilepsy may
be more prone to convulsions, with a reduction in con-
vulsant threshold.

Drug–Drug Interactions

Monoamine oxidase inhibitors

Chronic administration of a monoamine oxidase inhibitor
causes a subjective reduction in the effects of LSD, per-
haps due to differential changes in central serotonin and
dopamine receptor systems (15).

Phenothiazines and butyrophenones

Phenothiazines and butyrophenones can counteract the
psychoactive effects of LSD and benzodiazepines can
depress their effects (16).

Reserpine

Reserpine can accentuate the effects of LSD (17).

Interference with Diagnostic Tests

Ambroxol

A urine sample from a patient with a severe head injury
tested positive for LSD (18). The test was carried out
using a homogeneous immunoassay CEDIA DAU LSD
(Boehringer, Mannheim). Although LSD has a half-life of
3 hours, the patient’s urine tested positive for several
days. Analysis of the same urine samples using high-per-
formance liquid chromatography (HPLC) failed to detect
LSD. LSD screening was then performed in urine samples
obtained from ten other patients in the same ward. All
samples tested positive for LSD by the CEDIA DAU
LSD assay but negative using HPLC. All of the patients
were taking ambroxol. Ambroxol was detected in the

urine by HPLC. In a volunteer, LSD was not detected in
a fasting urine sample. After a dose of ambroxol 15 mg a
urine sample obtained 90 minutes later tested positive for
LSD. The addition of 50 ml of Mucosolvan juice (which
contains ambroxol) to the negative fasting urine sample
resulted in a positive test for LSD. The authors concluded
that ambroxol should be excluded when LSD screening is
performed using the CEDIA DAU LSD test.
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MESCALINE

General Information

Mescaline is one of eight hallucinogenic alkaloids derived
from the peyote cactus, slices of which (‘‘peyote buttons’’)
have been used in religious rites by North and South
American Indian tribes. Mescaline itself is only one of
the alkaloids present in peyote, but it produces the same
effects as the crude preparation. Chemically, it is related
to amfetamine. In doses of some 300–500 mg it depresses
nervous system activity and produces visual and occasion-
ally auditory hallucinations, illusions, depersonalization,
and depressive symptoms (1). The total picture can clo-
sely resemble that caused by lysergic acid diethylamide.
Its physical effects include nausea, tremor, and sweating.

Organs and Systems

Psychological, psychiatric

The effects of mescaline have been investigated in a
psychiatric research study (2). Psychosis induced during
the experiment was measured with the Brief

Psychiatric Rating Scale and the Paranoid Depression
Scale. During use of mescaline neuropsychological
measures showed reduced functioning of the right
hemisphere. Single photon emission computed tomo-
graphy (SPECT) studies showed a hyperfrontal pat-
tern, with an emphasis on the right hemisphere. The
authors discussed the possible educational value of
experimentally induced psychosis in understanding the
psychotic state.
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METAMFETAMINE

See also Amphetamines

General Information

Metamfetamine has been abused for more than 80 years.
It is easily synthesized in home laboratories and has a low
street price, more prolonged effects, and a high potential
for abuse/dependency. It is therefore not surprising that
there has been a worldwide surge in its use in recent years.
It is often sold as ‘‘crank’’, ‘‘speed’’, ‘‘shabu’’, ‘‘meth’’,
‘‘chalk’’, ‘‘crystal’’, ‘‘glass’’, or ‘‘ice.’’

Organs and Systems

Cardiovascular

A retrospective chart review was conducted to explore
metamfetamine-associated acute coronary syndromes in
patients who presented to the emergency room at a
University Center between 1994 and 1996 (1). There
were 36 admissions, three of which were repeat patients.
Nine of these patients had acute coronary syndrome. Of
these, one had an acute anterior Q wave myocardial
infarction with cardiac arrest, seven had non-Q wave
myocardial infarctions, and one had unstable angina.
There were potentially life-threatening cardiac complica-
tions in three subjects (8%). The authors suggested that
acute coronary syndromes and life-threatening complica-
tions associated with the use of metamfetamine are not
uncommon, as evidenced by their experience in this study.
The frequency of acute coronary syndrome in patients

who developed chest pain after using metamfetamine has
been described. In 33 patients (25 men, 8 women, mean
age 40 years) metamfetamine abuse was confirmed by
urine screening. Acute coronary syndrome was diagnosed
in nine patients. Three patients (two of whom had acute
coronary syndrome) had cardiac dysrhythmias. The
authors concluded that acute coronary syndrome is com-
mon in patients with chest pain after metamfetamine use,
and that the frequency of other potentially life-threaten-
ing cardiac complications is not negligible. A normal elec-
trocardiogram reduces the likelihood of acute coronary
syndrome, but an abnormal electrocardiogram is not
helpful in distinguishing patients with or without acute
coronary syndrome (2). These conclusions were based
on a small population that included hospitalized patients,
not all of whom underwent non-invasive cardiac stress
testing or coronary angiography. Thus the generalizality
of these findings is limited.

� A 44-year-old female metamfetamine abuser died
unexpectedly due to right-sided infective endocarditis
(3).� A 27-year-old man who had used intravenous amfeta-
mine had an acute myocardial infarction (4).

The authors suggested that coronary angiography with
an ergometrine provocation test might be necessary in
patients who use amfetamine and who develop acute
coronary syndrome.
The cardiovascular effects of metamfetamine in 11

patients with Parkinson’s disease have been described
and compared with six healthy controls (5). All were
tested twice, once with intravenous saline and once with
intravenous metamfetamine 0.3 mg/kg. Cardiovascular
measurements were taken for 15 minutes before drug
administration and for 103 minutes after. Both groups
had significant increases in blood pressure after metamfe-
tamine, but the patients with Parkinson’s disease had a
shorter duration of increased blood pressure and a lower
increase from baseline than the controls. The authors
proposed that these results suggested cardiac and vascular
hyposensitivity to metamfetamine in Parkinson’s disease
due to impaired metamfetamine-induced catecholamine
release.

Nervous system

Subcortical hemorrhage after metamfetamine abuse has
been reported (6).

� A 32-year-old woman was found comatose with left
hemiplegia. A brain CT scan showed a subcortical
hemorrhage in the right parietal lobe with a midline
shift of more than 10 mm. Cerebral angiography did
not show any vascular anomalies. A craniotomy was
performed immediately to remove the hematoma. The
serum metamfetamine concentration was very high at
120 ng/ml. She admitted using intravenous metamfeta-
mine before she became unconscious. She was dis-
charged 40 days later with a residual left hemiparesis.

The authors strongly recommended testing for drugs in
young, non-hypertensive patients with angiographically
negative intracranial hemorrhage.
Intracerebral hemorrhage after metamfetamine abuse

has been reported (7).

� A 31-year-old man was found dead 9.5 hours after
smoking and snorting metamfetamine. He developed
a headache with nausea and vomiting 15 minutes after
taking the drug and decided to sleep it off. His friends
checked on him throughout the night and noted that he
had slurred speech and was falling off his seat. He also
complained of left-sided numbness. He was later found
dead, with only the left side of his body clothed.
Autopsy showed a subarachnoid hemorrhage and an
intracerebral hemorrhage lateral to the basal ganglia.
His blood metamfetamine concentration was 300 ng/
ml.

According to the authors, the cause of death was a
spontaneous intracerebral hemorrhage and subarachnoid
hemorrhage without vasculitis.
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Chronic cerebral vasculitis and delayed ischemic stroke
due to metamfetamine has been reported (8).

� A 19-year-old woman used metamfetamine intrave-
nously four times over 2 months and had a headache
on each occasion, except the second. She stopped using
it, but the headache continued, and about 3 months
later she developed severe right-sided headache. She
also noticed blurred vision on the left side and numb-
ness of the left arm and leg. She denied any other drug
use, including oral contraceptives. Her blood pressure
was 110/70 mmHg. Magnetic resonance angiography
showed bleeding of the right posterior cerebral artery
and characteristic features of vasculitis. Her symptoms
gradually improved.

Delayed-onset stroke due to metamfetamine is rare,
but is associated with the use of other sympathomimetics,
such as ephedrine and cocaine.
Electroencephalographic abnormalities were examined

in 11 recently abstinent metamfetamine abusers and 11
non-drug-using controls (9). The metamfetamine-depen-
dent subjects were hospitalized for 4 days to ensure absti-
nence during the study. The abstinent metamfetamine
users had increased power in their electroencephalograms
for lower frequency bands, with robust effects in all
regions. This effect did not appear to be due to drowsi-
ness. There was also a higher rate of generalized electro-
encephalographic slowing than in controls. Two of the 11
controls and seven of the 11 metamfetamine abusers had
abnormal electroencephalograms. The authors contended
that the patterns seen here are indicative of the develop-
ment of an encephalopathy, suggesting that the neuro-
toxic effects of metamfetamine may contribute to
electroencephalographic abnormalities. The authors sug-
gested that these abnormalities may be associated with
other cognitive dysfunction.

Psychological

The effects of metamfetamine abuse on cognition and on

brain structures and function

The effects of metamfetamine on cognition have been
studied in 25 subjects who remained abstinent after treat-
ment for metamfetamine abuse, 25 who relapsed, and 25
who continued to use it throughout treatment (10). The
cognitive test battery covered six domains: manipulation
of information and perceptual speed; ability to ignore
irrelevant information; executive function, mental flex-
ibility, and logical thinking; learning; episodic memory;
and working memory. There were significant differences
between groups in measures of selective reminding and
the repeated memory test. There were no differences
between the abstinent and relapse groups. On the selec-
tive reminding task the continuing use group had a sig-
nificantly higher number of correct responses than the
abstinent group. For the episodic memory tasks, the
relapse group performed significantly worse than contin-
uous use group. These results suggest that there is cogni-
tive impairment after a subject stops using
metamfetamine. There were no significant differences
between those who relapsed and those who remained

abstinent, although the relapse group performed better
on most tasks. This study was limited, because the relapse
group included individuals who relapsed after varying
times of abstinence. It is possible that differing periods
of abstinence could have distinctive effects on cognition.
However, these results do suggest that relapse has a dele-
terious effect on episodic memory compared with absti-
nence in ex-users and continued use.
The association of metamfetamine dependence and

cognitive function in the initial stages of abstinence has
been examined in 27 metamfetamine-dependent subjects
and 18 non-drug using controls (11). The subjects were
required to stop using metamfetamine and to produce a
negative urine sample on the day of cognitive testing with
a standard neurocognitive battery. Metamfetamine-
dependent subjects had significantly impaired measures
of attention, verbal learning, and memory, and fluency-
based measures of executive function compared with con-
trol subjects. These results suggest that metamfetamine
abuse may be associated with cognitive impairment across
a number of domains. The authors claimed this to be the
first evidence that metamfetamine dependence is asso-
ciated with a broad range of cognitive deficits, the degree
of which is substantial and greater than in cocaine depen-
dence. However, causality cannot be inferred, owing to
the study design and the sample size, and it is possible that
withdrawal symptoms were related to poor performance
in those using metamfetamine.

Structural changes in the brain and cognitive impairment

Since metamfetamine interacts with brain mechanisms, it
may affect brain structures. The cortical surface and sub-
cortical structures have been compared in 22 metamfeta-
mine abusers (15 men, 7 women) and 21 controls (10 men,
11 women) (12). In addition toMRI scans, the subjects were
also administered a neuropsychological battery to assess
episodic memory and gave self-ratings on depressive symp-
toms and anxiety. There was a significant gray matter deficit
in metamfetamine abusers in the cingulate gyrus, subgenual
cortex, and paralimbic belts. The most severe deficits were
in the cingulate regions, where gray matter volumes were
11% below control. In addition, hippocampal volume in
metamfetamine abusers was significantly lower than in the
controls by 7.8%. This effect occurred across the left and
right hemispheres and remained significant even after con-
trolling for extensive marijuana use in the metamfetamine
group. Furthermore, hippocampal volume correlated posi-
tively with episodic memory performance. Metamfetamine
abusers also had significantly more white matter in the
temporal and occipital regions. These findings are similar
to the structural abnormalities seen in schizophrenia or
dementia. It is not clear how these abnormalities occur
and whether they are progressive or reversible.
In another study PET was used to investigate metabolic

abnormalities in 20 recently abstinent metamfetamine abu-
sers and 22 controls (13). The mood disturbances in these
individuals were also compared with their cerebral meta-
bolism. Metamfetamine abusers were tested after 4–7 days
of abstinence. All gave self-ratings on depression, anxiety,
and craving for metamfetamine. PET images were acquired
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50 minutes after administration of FDG (fluorodeoxyglu-
cose) for 30 minutes. Metamfetamine abusers had signifi-
cantly higher scores on the Beck Depression Inventory,
which correlated with recent metamfetamine use. There
was higher cerebral glucose metabolism in a portion of
the brain extending from the central to the posterior region
of the cingulate gyrus in abstinent metamfetamine abusers.
Glucose metabolism was significantly lower in metamfeta-
mine users than in controls in the following regions: infra-
genual accumbens; left perigenual accumbens; right insula.
Metamfetamine abusers had significantly higher activity in
the following regions: lateral orbitofrontal cortex; right,
middle, and posterior cingulate; amygdala; ventral stria-
tum; cerebellar vermis. In addition, depression scores in
metamfetamine abusers correlated positively with activity
in the right perigenual accumbens. Depression scores also
correlated with activity in the amygdala in metamfetamine
abusers. Since most of the systems examined in this study
have dopaminergic connections, it is possible that these
abnormalities are caused by changes in the dopamine sys-
tem; a decrease in dopamine input to a specific region could
cause a metabolic deficit. It is unknown whether the effects
seen in this study reflected abstinence, chronic metamfeta-
mine abuse, or factors that predatedmetamfetamine abuse.
Magnetic resonance imaging (MRI) and new computer-

ized brain-mapping techniques have been used to evaluate
the pattern of structural brain alterations associated with
chronic metamfetamine abuse and how these changes are
related to deficits in cognitive impairment (14,15). In 22
human subjects who abused metamfetamine compared with
21 age-matched, healthy controls, cortical maps showed
severe gray-matter deficits in cingulate, limbic, and paralim-
bic cortices ofmetamfetamine abusers, averaging 11%below
control. Hippocampal deficits, measured as volume, and
white-matter hypertrophywere correlatedwithmemory per-
formance on a word-recall test. MRI-based cortical maps
suggested that chronic metamfetamine abuse causes a selec-
tive pattern of cerebral deterioration that contributes to
impaired memory performance. Metamfetamine abuse can
also selectively damage the medial temporal lobe and, con-
sistent with metabolic studies, the cingulate-limbic cortex,
includingneuroadaptation, neuropil1 reduction, or cell death.
Prominent white-matter hypertrophy has been sug-

gested to result from altered myelination and adaptive
glial changes, including gliosis secondary to neuronal
damage (Thompson6028). A potential limitation of this
study relates to matching of the two groups: most of the
metamfetamine abusers were smokers, compared with
only two of the control subjects.
In smokers structural changes in the brain have been

reported (16), although these were more restricted than in
metamfetamine abusers.
Metamfetamine current abusers show evidence of def-

icits in performance on tests of memory, perceptual motor

speed, inhibition, problem solving, manipulation of infor-
mation, abstract thinking, and mental flexibility (17,18).
Studies on those who have abused metamfetamine for
periods of 5 days to several years have shown that these
performance deficits continue during abstinence. These
individuals have impaired performance on tests of the
ability to inhibit irrelevant information (19,20), decision
making (21), memory (22,23), and spatial processing and
learning (Kalechstein215,24). Studies of other cognitive
functions, such as tests of verbal memory, have yielded
inconsistent results, with reports of deficits (Simon
61,Kalechstein 215) or normal performance (Chang 65).

Effects of relapse

Data from 75 participants in a longitudinal study of
metamfetamine abusers has attempted to differentiate
the cognitive performance of those who remained absti-
nent, relapsed, or continued to use metamfetamine during
treatment (25). Relapse of metamfetamine abuse can
affect episodic memory differently than it affects other
cognitive functions. This highlights the fact that indivi-
duals who are either abstinent or relapsing may have
more problems with treatment that requires their atten-
tion, understanding, and memory for compliance than
those who continue to use metamfetamine.

Susceptibility factors for impaired cognition

Metamfetamine use is high in individuals with HIV infec-
tion, who already have neurocognitive impairment (26).
Furthermore, metamfetamine and HIV both have influ-
ences on the striatal and striatal–cortical pathways, so
there could be additive effects when the two are com-
bined. This has been studied in 200 individuals in four
groups: HIV-positive and metamfetamine dependent (n
¼ 43); HIV-negative and metamfetamine dependent (n ¼
47); HIV-positive and metamfetamine non-user (n ¼ 50);
and HIV-negative and metamfetamine non-user (n ¼ 60).
The neurocognitive test battery consisted of tasks depen-
dent on seven different domains: speed of information
processing; learning; recall; abstraction/executive func-
tioning; verbal fluency; attention/working memory; and
motor skills. In addition, a Global Deficit Score (GDS)
was calculated, displaying the severity of impairment
across all tests in the battery (calculated by adding deficit
ratings for each test and dividing by the total number of
tests). Each of the three groups with risk factors for
cognitive impairment had higher GDS scores than con-
trols. Among individual domains, HIV-negative metam-
fetamine abusers had more impairment in tests of
attention and recall than controls. HIV-positive metam-
fetamine abusers performed significantly worse than con-
trols on tests of learning and motor skills. In addition, the
percentage global impairment was greatest for HIV-posi-
tive metamfetamine abusers than for any other group.
These results confirm the separate neurocognitive deficits
of HIV infection and metamfetamine abuse, and also
show that the combination may have increased deleter-
ious effects on cognition. Since HIV’s mechanism of brain
injury is not completely understood, it cannot be said with
certainty how these two susceptibility factors interact.

1 The The brain parenchyma is composed of neurons supported

by a framework of glial cells (astrocytes, oligodendrocytes, and

ependyma), blood vessels, and microglia. The processes of

these cells combine to form a delicate fibrillar background

termed the ‘neuropil’.

ª 2009 Elsevier B.V. All rights reserved.

Metamfetamine 569



Given the increased risk of brain injury among metam-
fetamine abusers, it has been questioned whether conco-
mitant hepatitis C (HCV) infection, which produces
deficits in cognitive functions (27,28), could have a further
detrimental effect. In six hepatitis C-positive metamfeta-
mine abusers, 10 hepatitis C-negative abusers, and 10
controls, MR spectroscopy showed that hepatitis C infec-
tion may worsen metamfetamine-associated neuronal
injury in white-matter, as measured with N-acetylaspar-
tate; a reduction in the concentration of this marker cor-
related with worse global neuropsychological deficits
(29). Without a longitudinal study, it is not possible to
determine whether the suggested neuronal injury is rever-
sible. However, the findings of this study vary from those
of a previous report (30).

Psychiatric

The toxic effects of methamphetamine on brain neuro-
transmitters have been investigated (31). Loss of the
dopamine transporter in the brain due to metamfetamine
abuse was studied, in order to determine its correlation
with psychiatric symptoms, in 11 abstinent metamfeta-
mine abusers and nine healthy controls. In the metamfe-
tamine group, the mean duration of use was 4.8 years, and
the mean length of abstinence was 5.6 months. Dopamine
transporter density was measured by analysing PET scans
of the orbitofrontal cortex, dorsolateral prefrontal cortex,
and amygdala. Dopamine transporter density was signifi-
cantly lower in metamfetamine abusers in all three
regions. The reductions in dopamine transporter densities
in the orbitofrontal and dorsolateral prefrontal cortices
were significantly associated with the duration of metam-
fetamine use and with the severity of persistent psychia-
tric symptoms.
Two young women with metamfetamine abstinence

developed mania after taking fluvoxamine, which was
prescribed for persistent depressive symptoms (32). Both
had abused metamphetamine for several years. Two
weeks after starting to take fluvoxamine 100 mg/day and
brotizolam 0.5 mg/day they became manic, with elevated
mood, talkativeness, and increased activity. When fluvox-
amine was withdrawn the manic state gradually abated
and they were discharged from hospital 3 months after
admission. It is not known whether a manic switch in
metamfetamine users with depression is specific to fluvox-
amine, or can occur with other SSRIs.
Once metamfetamine psychosis has developed, patients

in remission are liable to spontaneous relapse without
again consuming metamfetamine (33). It has been postu-
lated that a sensitization phenomenon induced by
repeated consumption of metamfetamine develops in
the brain in patients with metamfetamine psychosis and
is the neural basis for increased susceptibility to relapse
(34).

Metabolism

Antioxidant systems were generally preserved in the post-
mortem brains of 20 metamfetamine abusers. In the sub-
group of abusers with very low dopamine concentrations,

there were changes in several antioxidant systems in the
caudate. These data suggest that metamfetamine may
cause dopamine-related oxidative stress in the brain
(35). Animal studies also support this view (36). A mas-
sive reduction in post-mortem striatal dopamine has also
been shown in metamfetamine abusers (37).
Metamfetamine abusers during early abstinence have

dysfunction in the limbic and paralimbic regions, which
has been linked with negative affective states (London
73). In a comparison of 17 metamfetamine abusers who
abstained for 4–7 days and 18 controls, measuring mood
and cerebral glucose metabolism during the performance
of vigilance tasks, earlier reports of long-term neurotoxic
effects of metamfetamine assessed by impaired cerebral
metabolism (38,39) and reduced numbers of dopamine
transporters (40) were supported. This study had limita-
tions, including the fact that although all of the regions
tested influence mood, they also contribute to other beha-
vioral states not addressed in this study. While the groups
were similar in most categories, most of the metamfeta-
mine abusers, but none of the control subjects, were
tobacco smokers; a potential confounding variable was
the craving associated with abstinence in nicotine-depen-
dent smokers. Notwithstanding these caveats, these
results suggest that the long term neurotoxic effects of
metamfetamine are associated with discrete changes in
cerebral metabolism. It is not clear how these deficits
emerge over time. Whether they are progressive, and to
what extent therapy or abstinence can reverse them, is not
known.

Urinary tract

Acute transient urinary retention associated with metam-
fetamine and ecstasy (3,4 methylenedioxymetamfeta-
mine, MDMA) in an 18-year-old man has been
described (41). Analysis by gas chromatography–mass
spectrometry confirmed the presence of metamfetamine
(>25 mg/ml), MDMA (> 5 mg/ml), amfetamine (1.4 mg/ml),
and methylenedioxyamfetamine (3.7 mg/ml) in the urine.
Bladder dysfunction resulting from alpha-adrenergic sti-
mulation of the bladder neck may have explained the
observed effect.

Death

Metamfetamine-related deaths have been reported (42).

� A 22-year-old man was found dead in a field. At
autopsy, all organs were severely congested.
Concentrations of metamfetamine in the heart, urine,
and stomach were 0.8, 17, and 6.2 mg/ml respectively.
Immunohistochemical tests on skeletal muscle showed
lower than normal immunoreactivity of myoglobin,
and 70-kDa heat shock protein was positive in the
kidney. Because the concentration of metamfetamine
in the blood was not lethal, acute intoxication was not
deemed to have been the cause of death. Rather, based
on the immunohistochemical findings, it was suggested
that the patient had died of hyperthermia and meta-
bolic acidosis. The patient’s muscular hyperactivity
had led to hyperthermia and metabolic acidosis.
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� An 18-year-old woman died after taking a single dose
of oral metamfetamine. The autopsy showed severe
congestion and edema in the lungs. The metamfeta-
mine concentration in blood from the heart was 17 mg/
ml and metamfetamine was also found in the urine and
stomach contents. This patient also had reduced con-
centrations of myoglobin in skeletal muscle, but there
was no evidence of 70-kDa heat shock protein in the
kidney, in contrast to the previous case. As the con-
centration of metamfetamine in the patient’s heart was
above the lethal concentration, she was reported to
have died of acute metamfetamine intoxication.

The authors proposed that immunohistochemical stain-
ing can be useful in the diagnosis of metamfetamine poi-
soning.
An unexpected death due to right-sided infective endo-

carditis has been reported in a metamfetamine abuser
(43).

� A 44-year-old female metamfetamine abuser was
brought to hospital after losing consciousness. She
had a low blood pressure, anuria, a high fever, and a
significant increase in white blood cell count. She had
many scars from previous intravenous injections and
old scars of cuts from previous suicide attempts. She
died 6 hours later. The postmortem g/ml. An autopsy
showed mycoticmmetamfetamine blood concentration
was 0.6 emboli in the pulmonary artery and primary
infective endocarditis in the tricuspid valve. The
emboli had also been disseminated to other organs in
the body. There was no evidence of acute infection at
the sites of scars or intravenous injections. She was said
to have died from septicemic shock due to right-sided
infective endocarditis.

According to the authors, right-sided infective endocar-
ditis, often a consequence of intravenous drug abuse, is
rare and has a better prognosis than left-sided infective
endocarditis. Among drug abusers, the injected particu-
late matter can damage the tricuspid valve through con-
tinuous bombardment of the endothelial surface. The
authors recommended a high degree of suspicion of drug
abuse in right-sided infective endocarditis, even when an
injection site is not visible.
Metamfetamine has been implicated in another death

that was attributed to impaired performance due to ner-
vous system effects (44).

� A 44-year-old man was found dead after his Cessna
airplane crashed in mountainous terrain. A gas chro-
matography/mass spectrometer was used to conduct
stereochemical analyses of metamfetamine and amfe-
tamine present in the pilot’s body. At autopsy the total
concentration of amphetamines in the urine was
8.0 mg/ml and the blood concentration of metamfeta-
mine was 1.13 mg/ml, enough to produce toxic effects
that could have impaired his performance.

The authors concluded that he had taken oral metam-
fetamine in a dose high enough to impair nervous system
function. A combination of poor weather conditions and
metamfetamine intoxication probably caused him to
crash.

Long-Term Effects

Drug abuse

Concerns have been raised in an editorial about the
effects on children, through abuse and neglect, of metam-
fetamine abuse in parents (45). The author provocatively
suggested that the drug users are not victims but rather
violators of the law and thus criminals who needed to be
confined when necessary and rehabilitated to protect
society and families. Indeed, in some regions in the USA
more than 50% of the inmates are being held on metam-
fetamine-related crimes. One rural county of 11 000 peo-
ple in Colorado had more than 4 dozen children placed in
foster care in just 1 year because of metamfetamine-
related abuse and neglect. The health-care costs for den-
tistry, psychiatry, and social services are substantial and
increasing in this group, and violence is also on the
increase. This epidemic has led the US congress to form
a Meth Caucus to consider legislation to chart an effective
course of action.

Drug dependence

Metamfetamine dependence was associated with impair-
ment across a range of neurocognitive domains in users
whose abstinence was continually monitored with urine
screening (46). The authors compared 27 metamfetamine-
dependent individuals who achieved abstinence for 5–14
days and 18 control subjects and evaluated neurocognitive
measures sensitive to psychomotor speed, measures of
verbal learning and memory, and executive systems mea-
sures sensitive to fluency. The differential performance
across the test and control groups was not attributable to
demographic factors, estimated premorbid IQ, or self-
reported depression. It is unlikely that the observed neu-
rocognitive deficits resulted from residual symptoms of
withdrawal, because symptoms of metamfetamine with-
drawal resolved to minimal levels by the fifth day of
abstinence (47). Moreover, metamfetamine-dependent
individuals had poor test performances even after 12
months of abstinence, suggesting that impairment
observed during the early phase of abstinence was rela-
tively stable (48). It is possible that neurocognitive
impairment from amphetamines is associated with worse
functional outcomes, including poorer vocational func-
tioning during the rehabilitation program, thus undermin-
ing the effectiveness of psychosocial treatment for
metamfetamine dependence.

ª 2009 Elsevier B.V. All rights reserved.

Metamfetamine 571



Genotoxicity

The genetic toxicity of metamfetamine in human abusers
has been studied (49). Previous research has suggested
that amfetamine can act as a mutagen, so the researchers
sought to understand the genotoxicity of metamfetamine.
In order to obtain samples for analysis, they recruited 76
current metamfetamine abusers from a treatment facility.
The control group comprised 98 healthy volunteers.
Blood samples were taken from all participants, added
to cultures, and incubated for 72 hours. Assays were then
run for sister chromatid exchange and micronucleus, indi-
cators of genotoxicity. The results suggested that metam-
fetamine abuse significantly increases the incidence of
sister chromatid exchange and micronucleus compared
with healthy controls. In addition, the amount of metam-
fetamine consumption correlated positively with the
degree of increase. These results suggest that metamfeta-
mine is a genotoxic agent whose effects are dose-related.
The authors speculated that long-term metamfetamine
abuse produces high concentrations of reactive oxygen
species, which in turn consume natural antioxidants and
scavengers in the body. This reduction could make a
person more vulnerable to genotoxicity.

Second-Generation Effects

Fetotoxicity

The effects of prenatal metamfetamine exposure on fetal
growth and drug withdrawal symptoms in infants born at
term have been described (50). In 294 mother–infant pairs
of methamphetamine-exposed and non-exposed pairs,
withdrawal symptoms requiring pharmacological inter-
vention were observed in 4% of methamphetamine-
exposed infants. There was growth restriction in metham-
phetamine-exposed infants and a confounding effect of
nicotine. There was also growth restriction in infants who
had been exposed to metamfetamine during all three
trimesters of pregnancy. Since this study included only
infants seen at term, the effect of metamfetamine on
premature delivery was not addressed. Since toxicology
screens were not conducted on control infants, it is possi-
ble that some of the neonates in the control group had
also been exposed to drugs.
The effects of in utero exposure to metamfetamine on

fetal growth and withdrawal symptoms have been studied
(51). Consenting pregnant women with a positive urine
toxicology screen were interviewed and followed until
delivery. A control group of unexposed infants was
obtained through newborn logbooks during the same
time. A total of 294 mothers took part in the study, 134
in the exposed group and 160 in the unexposed group.
There were no significant differences found between
exposed and unexposed infants for any of the outcome
measures. The percentage of infants who were small for
gestational age was higher in the exposed group, but this
did not reach significance. However, there were signifi-
cant differences in the metamfetamine-exposed group.
For instance, infants who were exposed to

metamfetamine during all three trimesters had reduced
weight and head circumference compared with infants
who were exposed for only a portion of the pregnancy.
Another important finding was that concurrent use of
metamfetamine and nicotine resulted in significantly
reduced growth parameters compared with infants who
were exposed to metamfetamine alone. These results
suggest that the frequency of metamfetamine use and its
combination with nicotine could negatively affect the
growth of a developing fetus. Withdrawal symptoms
requiring pharmacological intervention were observed in
4% of metamfetamine-exposed infants.

Susceptibility factors

Genetic

Glutathione S-transferases play an important role in the
defence against oxidative stress due to metamfetamine.
The genes encoding glutathione S-transferases, and spe-
cifically the GSTP1 gene, may have a role in inducing
genetic vulnerability (52). Genotyping in 189 metamfeta-
mine abusers and 199 controls showed that a functional
polymorphism on exon 5 of the GSTP1 gene, especially
the G allele of the GSTP1 polymorphism, may contribute
to a vulnerability to psychosis associated with metamfe-
tamine abuse in the Japanese population. Specifically,
variant GSTP1 genes may lead to an excess of metabolic
products of the oxidative process induced by metamfeta-
mine and may lead to metamfetamine-induced neurotoxi-
city, including damage to dopamine neurons.
Deletion of glutathione S-transferase M1 (GSTM1) has

been examined in metamfetamine abusers (53). As
GSTM1 plays a role in the antioxidant systems of the
brain that help prevent neurotoxicity, the authors sought
to explore the presence of the alleles of GSTM1 in 157
metamfetamine abusers and 200 controls. Female abusers
had a higher frequency of the deletion allele than female
controls but the effect did not reach statistical signifi-
cance. Also, the frequency of carrying the deletion allele
was significantly higher in female abusers than male abu-
sers. These results suggest that deletion of the GSTM1
gene may contribute to the development of metamfeta-
mine abuse in women.
Genetic variation in dopaminergic function may con-

tribute to the risk of becoming a metamfetamine abuser.
In a case-control study in 416 metamfetamine abusers and
435 healthy controls, two polymorphisms in genes encod-
ing proteins of the dopaminergic system, the Val 158 Met
polymorphism in the catechol-O-methyl transferase
(COMT) gene and the 120-bp VNTR polymorphism in
the promoter of the dopamine D4 receptor gene, were
investigated for their association with metamfetamine
abuse (54). All the subjects were Han Chinese from
Taiwan. There was an excess of the high-activity Val158
allele in the metamfetamine abusers, consistent with pre-
vious reports of an association of this allele with drug
abuse. The 120-bp VNTR polymorphism in the promoter
of the dopamine D4 receptor gene itself did not show a
significant association with metamfetamine abuse.
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However, analysis of the 120-bp VNTR polymorphism
and the exon 3 VNTR in the dopamine D4 receptor as a
haplotype showed a significant association. There were
interactive effects between polymorphisms in the COMT
and dopamine D4 genes. However, an earlier similar
study did not find such interactive effects (55). It is possi-
ble that substance abuse is a complex polygenic trait, and
a number of genes may act as susceptibility factors, each
gene having a weak or moderate effect on risk. The
effects of the genes may be masked by the effects of
other susceptibility genes, so that epistatic gene–gene
interactions are more significant in determining the asso-
ciation (56).
Metamfetamine is reported to be the most popular drug

among young abusers in Japan, where genetic factors
have been studied and may contribute to vulnerability to
the effects of metamfetamine. Methamphetamine-asso-
ciated psychosis resembles paranoid schizophrenia.
Oxidative stresses in dopaminergic pathways are postu-
lated to underlie this neurotoxicity, and polymorphisms in
the quinone oxidoreductase (NQO2) gene may contribute
(57). In 191 Japanese subjects polymorphisms in the
NQO1 and NQO2 genes were determined. The genotype
and allele frequencies for the polymorphism (Pro 187 Ser)
of the NQO1 gene did not differ across the subgroups of
patients and controls. In contrast, the genotype frequency
for the insertion/deletion polymorphism was significantly
different in patients with prolonged-type metamfetamine
psychosis. If this is confirmed, the insertion/deletion poly-
morphism in the promoter region of the NQO2 gene
would be a specific mechanism by which genetic variation
leads to a risk of metamfetamine-induced psychosis.
There is evidence for dopamine–quinone mediated
metamfetamine psychosis (58), and detoxification of
dopamine–quinones is catalysed by the quinoreductases,
NQO1 and NQO2 (59) (60).
The hDAT1 gene (SLC6A3) encodes the human dopa-

mine transporter. A possible genetic influence of hDAT1
gene variants on the development of metamfetamine
dependence or psychosis has been investigated. Analysis
of four exonic polymorphisms of the hDAT gene—242 C/
T (exon 2), 1342 A/G (exon 9), 2319 G/A (3’UTR of exon
15), and VNTR (3’UTR of exon 15)—in 124 Japanese
patients with metamfetamine dependence or psychosis
showed that the presence of nine or fewer repeat alleles
in the hDAT1 gene is a strong risk factor for a worse
prognosis of metamfetamine psychosis (61).
Six single nucleotide polymorphisms (SNPs) in the

GABAA receptor g2 subunit gene (GABRG2), three of
which are new, have been identified (62). Two of these
SNPs, 315C>T and 1128þ99C>A, were used as represen-
tatives of the linkage disequilibrium blocks for further
case-control association analysis. No associations were
found in either allelic or genotype frequencies. There
was a haplotypic association in GABRG2 with metamfe-
tamine use disorder. These findings suggest that
GABRG2 may be one of the susceptibility genes for
metamfetamine use disorder.

Drug-drug interactions

Amfebutamone (bupropion)

When bupropion and metamfetamine were co-adminis-
tered to 26 subjects, 20 of whom completed the protocol,
there was no evidence of additive cardiovascular effects
(63). The subjects received metamfetamine 0, 15, and
30 mg intravenously before and after randomization to
bupropion 150 mg bd in a modified-release formulation
or matched placebo. There was a non-significant trend for
bupropion to reduce metamfetamine-associated increases
in blood pressure and a significant reduction in the
metamfetamine-associated increase in heart rate.
Bupropion reduced the plasma clearance of metamfeta-
mine and the appearance of amfetamine in the plasma.
Metamfetamine did not alter the peak and trough con-
centrations of bupropion or its metabolites. These find-
ings are relevant to the potential use of bupropion in
ameliorating acute abstinence in metamfetamine users.
However, the risk of seizures during bupropion treatment
for metamfetamine abuse has not been estimated.

Morphine

There have been two new reports of the fatal combination
of metamfetamine with morphine (64).

� A 43-year-old man was found dead in bed after inject-
ing metamfetamine and morphine the night before. An
autopsy showed mild edema of the brain and lungs,
fatty liver, and active HCV hepatitis. The postmortem
findings suggested hyperthermia. The blood metamfe-
tamine concentration was 550 ng/ml, and the blood
morphine concentration was 760 ng/ml.� A 21-year-old man was found dead in bed after inject-
ing metamfetamine and morphine the previous eve-
ning. He had severe edema of the brain and lungs,
swollen tonsils, and enlarged deep cervical lymph
nodes. The postmortem findings suggested hyperther-
mia. The blood metamfetamine concentration was
2640 ng/ml, and the blood morphine concentration
was 500 ng/ml.

In both cases, the blood metamfetamine concentration
was less than the lethal concentration of 4.5 mg/ml.
Morphine concentrations were higher than the non-toxic
concentration of 0.3 mg/ml. It is unlikely that morphine
was the cause of death, because it would have caused
hypothermia instead of hyperthermia. It is more likely
that morphine interacted with metamfetamine, increasing
the hyperthermic effect that is typical of metamfetamine
overdose. This would explain why hyperthermia caused
death, despite a non-lethal blood concentration of
metamfetamine.

Management of adverse reactions

Many have raised concerns about the public health pro-
blem created by the use of metamfetamine, especially in
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urban gay and bisexual men. Some communities have
prevalences of metamfetamine use 20 times that in the
general population. High-risk sexual behaviors facilitated
by metamfetamine has been consistently associated with a
high rate of HIV infection. Cognitive behavioral therapy
and contingency management techniques have been used
in the treatment of cocaine dependence and are now
being tried for metamfetamine dependence. In a rando-
mized controlled trial of four behavioral treatments (cog-
nitive behavioral therapy, contingency management,
cognitive behavioral therapy þ contingency management,
and gay-specific cognitive behavioral therapy) for 16
weeks with follow-up for 1 year in 162 treatment-seeking,
metamfetamine-dependent gay and bisexual men, 61% of
whom were HIV-positive, treatments that included con-
tingency management produced maximum suppression of
metamfetamine use (65). The contingency management
therapy included an operant reinforcement schedule that
provided increasingly valuable incentives delivered in the
form of vouchers for consecutive urine samples that docu-
mented abstinence; these vouchers could be exchanged
for goods or services promoting an addiction-free life-
style. Heavy users were excluded. Maximum reductions
in unprotected receptive anal intercourse resulted from
the gay-specific cognitive behavioral therapy, which also
produced the fastest rate of reduction in reported unpro-
tected receptive anal intercourse. Cognitive behavioral
therapy þ contingency management significantly reduced
metamfetamine use (measured using urine drug screens)
and increased attendance at therapy sessions over stan-
dard cognitive behavioral therapy. Extent of drug use and
psychiatric problems reduced during the treatment period
across conditions, with maintenance of improvements up
to 1 year after randomization, suggesting that the specific
treatments delivered to gay and bisexual men seeking
treatment for metamfetamine dependence are less impor-
tant than that they receive significant exposure to some
treatment. The structural effects of regular clinic visits,
urine screens, etc may contribute towards maintenance.
Thus, drug abuse treatments merit consideration as a
primary strategy for preventing HIV infection in this
population.
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METHADONE

General Information

Methadone is an MOR(OP3, m) receptor agonist with
pharmacological properties similar to those of morphine.
It is an attractive alternative MOR opioid receptor
analgesic, because of its lack of neuroactive metabolites,
a clearance that is independent of renal function, good
oral systemic availability, a longer half-life with fewer
doses needed per day, and extremely low cost. It is mainly
metabolized by CYP3A4.

Drug studies

Pain relief

Experience with methadone in cancer pain is limited. Its
long half-life tends to produce delayed toxicity, especially
in older patients, but in chronic renal insufficiency and
stable liver disease methadone is safe, unlike morphine.
Methadone is being used increasingly for treating

chronic pain and cancer pain (neuropathic and somatic)
that is non-responsive or has lost responsiveness because
of tolerance to high-dose MOR opioid receptor agonists
(for example morphine, fentanyl, oxycodone) (1). There
are several protocols for converting from morphine to
methadone and for initiating and stabilizing maintenance
dosages.
In a prospective uncontrolled study, 45 patients with

advanced cancer were given 0.1% methadone 2–3 times a
day as required (2). Ten had nausea and vomiting, none had
drowsiness, and 17 had constipation. In another study, nine
of 29 patients in a tertiary level cancer pain clinic could not
take opioid analgesics owing to uncomfortable adverse
effects: nausea, vomiting, and drowsiness in four and other
adverse effects in five (3). The average daily dose of metha-
done at the end of the titration phase (range 1–79 days) was
208 (range 15–1520) mg. Twenty patients had methadone
toxicity during titration. In 12 patients mild drowsiness was
a problem, six patients had nausea, and one patient each
had confusion and severe headaches. In a third cross-sec-
tional prospective study, 24 patients with advanced cancer
pain were rapidly switched form oral morphine to oral
methadone using a fixed ratio of 1:5 (4). There was a
significant reduction in pain intensity and adverse effects
intensity within 24 hours of substitution, although five
patients required alternative treatments.
In a prospective, open, uncontrolled study 50 patients

with a history of cancer taking daily oral morphine (90–
800 mg) but with uncontrolled pain with or without
severe opioid adverse effects were switched to oral 8-
hourly methadone in a dose ratio of 1:4 for patients
receiving less than 90 mg of morphine daily, 1:8 for
patients receiving 90–300 mg daily, and 1:12 for patients
receiving more than 300 mg daily (5). Methadone was
effective in 80% of the patients when comparing analgesic

response with opioid-related adverse effects. Ten patients
were switched because of uncontrolled pain, eight
because of moderate or severe adverse effects in the pre-
sence of acceptable pain control, and 32 because of
uncontrolled pain with morphine-related adverse effects.
In the last 32 there were significant improvements in pain
intensity, nausea and vomiting, constipation, and drowsi-
ness, with a 20% increase in methadone dose over and
above the recommended starting dose.
In a prospective uncontrolled study of intrathecal

methadone in 24 patients with a history of intractable
chronic non-malignant pain, methadone was a better
analgesic than morphine, with improved quality of life
and no adverse effects in 13 patients (6). The final rates
of methadone infusion were 20% higher than the preced-
ing morphine rates.

Opioid dependence

An analysis of the balance of benefit to harm during
methadone maintenance treatment for diamorphine
dependence has shown lower mortality and morbidity
with improvement in quality of life (7). The risks of
methadone treatment include an increased risk of opiate
overdosage during induction into treatment, and adverse
effects of methadone in some patients. However, with
careful management the benefits of prescribing metha-
done outweigh the risks.
The validity of self-reported opiate and cocaine use has

been studied in 175 veterans enrolled in a methadone
treatment program (8). Urine analysis showed higher
rates of substance use than the patients themselves
reported. The authors encouraged the development of
more objective measures for assessing patient progress
and the performance of the methadone program.

Restless legs syndrome

Methadone 16 mg/day was effective in 29 patients with
restless legs syndrome that had not responded to dopa-
mine receptor agonists (9). Most (n ¼ 17) were still taking
methadone at follow-up and reported a 75% reduction in
symptoms. Of 27 patients, 17 reported at least one
adverse event while taking methadone, including consti-
pation (n ¼ 11), fatigue (n ¼ 2), and insomnia, sedation,
rash, reduced libido, confusion, and hypertension (one
each). Five patients stopped treatment because of adverse
events.

Organs and Systems

Cardiovascular

A variety of complications following parenteral self-
administration of oral methadone were noted, including
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regional thrombosis, often associated with shock and mul-
tiorgan failure (10).
The use of methadone/dihydrocodeine has been linked

to an acute myocardial infarction (11).

� A 22-year-old man with a 6-year history of intravenous
heroin use was maintained on methadone 60 mg/day
and dihydrocodeine 0.5 g/day. He had an extensive ante-
rior myocardial infarction as a result of occlusion of the
left anterior descending coronary artery, which was reo-
pened by percutaneous transluminal coronary angio-
plasty.

This case presents circumstantial evidence only, and the
association was probably not a true one.

QT interval prolongation

Opioids block the cardiac human ether-a-go-go-related
gene (HERG) potassium current in susceptible patients
without any apparent heart disease and can thus prolong
the QT interval (12).Two cases of QTc interval prolonga-
tion and torsade de pointes have been reported in patients
taking methadone (13).

� A patient was found unconscious with plasma concen-
trations of bromazepam 277 mg/ml and methadone
3500 mg/ml, both of which were above the toxic thresh-
old. The QTc interval was 688 ms. After initial
improvement, torsade de pointes occurred and the
patient was treated with DC shock 200 J, isoprenaline,
magnesium, and potassium. The QTc interval
improved to 440 ms after 3 days.� The second patient was admitted to the hospital in a
comatose state. Sinus bradycardia was present with a
QTc interval of 736 ms. The plasma concentration of
methadone was 1740 mg/ml. Ventricular bigeminy was
followed by torsade de pointes. The patient was trea-
ted with DC shock 200 J, lidocaine, and magnesium.
By the fifth day after the episode, the QTc interval had
improved to 502 ms.

This potentially life-threatening dysrhythmia has been
reported previously in association with methadone and
is probably under-recognized in this population. The
authors did not provide details about the sex of the
patients and reasons why methadone concentrations
were high.
Following reports similar to those mentioned above,

changes in the QTc interval were studied in 132 heroin-
dependent patients as they were starting treatment with
methadone (14). After baseline electrocardiography
methadone 30–150 mg/day was given and a second elec-
trocardiogram was obtained 2 months later. Across all
doses of methadone, the QTc interval increased signifi-
cantly by a mean of 11 ms over the first 2 months of
treatment. No episodes of torsade de pointes were
reported. Male sex and methadone doses over 110 mg/
day were associated with the greatest prolongation. The
average follow-up QTc interval was 428 ms. Clinical sig-
nificance is generally attributed to an increase in QTc

interval of 40 ms or greater or a value above 500 ms.

None of these patients had an increase that was above
this threshold. While these results were statistically sig-
nificant, the authors were not sure of their clinical signifi-
cance.
The synthetic opioid levacetylmethadol, a metabolite of

methadone, can also cause torsade de pointes, and its use
requires electrocardiographic screening before treatment
and during titration (Krantz 1615).
There have been another 11 cases showing a direct link

between QT interval prolongation and oral methadone
maintenance treatment at doses of 14–360 micrograms/
day (15) (16). QT interval prolongation can lead to
arrhythmias such as torsade de pointes, especially when
high doses of methadone are given intravenously and
associated with concomitant use of cocaine and/or medi-
cations that inhibit the hepatic clearance of methadone
(e.g. antidepressants and antihistamines).
Methadone-related torsade de pointes has been

reported in a patient with chronic bone and vaso-occlu-
sive pain due to sickle cell disease (17).

� A 40-year-old man with sickle cell disease, hyperten-
sion, congestive heart failure, and a past history of
cocaine and marihuana abuse, was given a large dose
of oral methadone 560 mg/day, following hydromor-
phone 170 mg intravenously and by PCA for progres-
sive back and leg pain. On day 2, he developed
asymptomatic bradycardia and QTc prolongation
(454–522 msec). On day 3, he developed profuse
sweating and non-sustained polymorphous ventricular
tachycardia consistent with torsade de pointes. He had
hypokalemia and hypocalcaemia. Echocardiography
showed normal bilateral ventricular function, mild pul-
monary hypertension, and trivial four-valve regurgita-
tion. Methadone was replaced by modified-release
morphine and a continuous epidural infusion of hydro-
morphone þ bupivacaine. Daily electrocardiography
showed a heart rate of 50–69/minute, a QTc interval
of 375–463 msec, and no further dysrhythmias.

This case highlights the importance of very careful
monitoring especially when prescribing such large doses
of methadone. The effects of methadone on cardiac func-
tion are potentially fatal.
Another report has highlighted the potential risks of

combining prodysrhythmic drugs on cardiovascular func-
tion (18).

� A 39-year-old man had recurrent episodes of sinus
tachycardia at 115/minute, with no other abnormal-
ities. He was taking methadone 120 mg/day for opioid
dependency and doxepin 100 mg/day for anxiety, and
was given metoprolol 50 mg/day. During the next few
weeks he had episodes of recurrent syncope with sinus
bradycardia (47/minute) and prolongation of the QT
interval (542 ms). The QT interval and heart rate nor-
malized after withdrawal of all treatment.

In this case it is likely that the myocardial repolariza-
tion potential of methadone and doxepin may have been
influenced or triggered by bradycardia induced by
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metoprolol. This shows the importance of cardiac mon-
itoring in patients receiving combination therapy with
potential adverse cardiac effects. Patients with co-morbid-
ities are at high risk.
The association between methadone treatment and

QTc interval prolongation, QRS widening, and bradycar-
dia has been explored prospectively in 160 patients with at
least a 1-year history of opioid misuse (19). The QTc

interval increased significantly from baseline at 6 months
(n ¼ 149) and 12 months (n ¼ 108). The QRS duration
and heart rate did not change. There were no cases of
torsade de pointes, cardiac dysrhythmias, syncope, or
sudden death. There was a positive correlation between
methadone concentration and the QTc interval.
There has been a report of five cases of episodes of

syncope and an electrocardiogram showing ventricular
tachydysrhythmias with prolonged QT intervals and epi-
sodes of torsade de pointes; all the patients were taking
high doses of methadone (270–660 mg/day) with no pre-
vious history of cardiac disease (20). Torsade de pointes
also occurred when high doses (3 mg/kg) of the long-
acting methadone derivative, levomethadyl acetate HCl
(LAAM), were given to a 41-year-old woman with a
history of heroin dependence (21). She was also taking
fluoxetine and intravenous cocaine, which can prolong
the QT interval, and fluoxetine and marijuana, which
inhibit the activity of CYP3A4, which is responsible for
the metabolism of LAAM and its active metabolite.
In a retrospective case study in methadone mainte-

nance treatment programs in the USA and a pain man-
agement center in Canada, 17 methadone-treated patients
developed torsade de pointes during 5 years (22). The
dose of methadone was 65–1000 mg/day. Six patients
had had an increase in methadone dose in the months
just before the onset of torsade de pointes. One patient
had taken nelfinavir, a potent inhibitor of CYP3A4,
begun just before the development of torsade de pointes.
The above two risk factors (increased drug dosage and
drug interactions) are important when eliciting the cause
of torsade de pointes in patients taking methadone.

Respiratory

In 10 stable patients maintained on methadone
(50–120 mg/day) and nine healthy subjects assessed
using polysomnography, the methadone-maintained
patients had more abnormalities of sleep architecture,
with a higher prevalence of central sleep apnea (23).
Methadone depresses respiration, probably by acting on
m opioid receptors in the ventral surface of the medulla
and possibly on other receptor sites in the lung and spinal
cord. All the patients taking methadone also used benzo-
diazepines and cannabis, which may have influenced the
above findings.

Nervous system

Reversible choreic movements of the upper limbs, torso,
and speech mechanism developed in a 25-year-old man
taking methadone as a heroin substitute (24).
Spastic paraparesis has been attributed to metha-

done (25).

� A 43-year-old patient taking methadone for pain sec-
ondary to a squamous cell carcinoma of the larynx,
which progressed despite surgery and radiation ther-
apy, developed reversible spastic paraparesis with pro-
minent extensor spasms in the legs while receiving an
infusion of high-dose intravenous methadone 100 mg/
hour. On the second day, after 5 hours on 100 mg/hour,
he noted weakness in both legs, uncontrollable trem-
bling, bilateral tinnitus, and generalized anxiety.
Dexamethasone 6 mg intravenously every 6 hours
was started and the methadone was reduced to
60 mg/hour. Dexamethasone was withdrawn when an
MRI scan confirmed the absence of metastases in the
thoracic and cervical spinal cord. Because of persistent
spastic paraparesis, methadone was switched to levor-
phanol 40 mg/hour intravenously, and there was com-
plete resolution of symptoms 24 hours later.

Methadone can cause movement disorders characterized
by tremor, choreiform movements, and a gait abnormality
(26).

� A 41-year-old woman with a 15-year history of chronic
neuropathic pain was given methadone 5 mg tds and
then qds. One month after the final increase she had
bilateral tremor spreading from her arm up to her
neck, followed by choreiform movements of the
torso, a broad-based gait, and staccato-like speech.
She was switched from methadone to modified-release
oxycodone 60 mg/day, with complete resolution after 3
weeks.

Coprolalia is a typical symptom of Tourette’s syndrome
that can take on a malignant quality in response to phar-
macological agents. Malignant coprolalia in association
with heroin abuse has been reported (27).

� A 37-year-old woman developed Tourette’s syndrome
at 9 years of age, with motor and phonic tics. At 25 she
began to smoke heroin weekly. After 3 months, her
motor tics became uncontrollable and she began to
have coprolalia for the first time at a rate of about 10
words per minute. Heroin was withdrawn over 6
months but her motor tics and coprolalia did not
improve, despite various drug treatments. Six months
later she smoked heroin again and was readmitted with
violent motor tics and constant coprolalia. She was
sedated and her condition improved slightly, after
which she was given sulpiride 600 mg/day and clona-
zepam 4 mg/day. She made a partial recovery with
inadequate control of motor tics.

Since the mechanisms that underlie heroin abuse and
Tourette’s syndrome overlap, specifically involving dopa-
minergic innervation, it is likely that this condition was
caused by the effects of heroin in the ventral tegmental
area and its projections.

Psychological, psychiatric

In a randomized, double-blind, crossover study of 20
patients on a stable methadone regimen, a single
dose of methadone caused episodic memory deficits
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(28). This was significant in patients with a history of
diamorphine use averaging more than 10 years duration.
Such deficits can be avoided by giving methadone in
divided doses.
Psychomotor and cognitive performance has been stu-

died in 18 opioid-dependent methadone maintenance
patients and 21 non-substance abusers (29). Abstinence
from heroin and cocaine for the previous 24 hours was
verified by urine testing. The methadone maintenance
patients had a wide range of impaired functions, including
psychomotor speed, working memory, decision making,
and metamemory. There was also possible impairment of
inhibitory mechanisms. In the areas of time estimation,
conceptual flexibility, and long-term memory, the groups
performed similarly.

The combinations of methadone þ carbamazepine and
buprenorphine þ carbamazepine have been compared in
the treatment of mood disturbances during the detoxifica-
tion of 26 patients with co-morbidities (30). The bupre-
norphine combination had more of an effect. More
patients taking the methadone combination dropped out
of the study (58% versus 36%). However, both regimens
were considered safe and without unexpected adverse
effects. The results of this study need to be interpreted
with caution because of the small sample size.

Endocrine

Prolonged therapy with methadone causes increases in
serum thyroid hormone-binding globulin, triiodothyro-
nine, and thyroxine, as well as albumin, globulin, and
prolactin, and these must be monitored (SEDA-15, 71;
SEDA-17, 81).

Fluid balance

Edema has been reported after methadone treatment
(SEDA-17, 81; 31).

� A 31-year-old white man with depression, hepatitis C,
and cirrhosis of the liver was hospitalized for alcohol
detoxification. He had taken methadone 50 mg bd for
opium dependence for 6 months. He developed bilat-
eral pedal edema and 27 kg weight gain. There was no
ascites, portal hypertension, or congestive heart fail-
ure. Most of his laboratory tests were within the refer-
ence ranges, except for reduced prothrombin time and
platelet count. After stopping alcohol, his methadone
dose was reduced to 60 mg/day; his edema resolved 15
days later. When the dose of methadone was increased
to 70 mg/day there was a progressive increase in the
edema. When methadone was withdrawn his edema
completely resolved and he lost 8 kg in 2 weeks.

The exact frequency of fluid retention from methadone
is not known. Based on a review of previous case reports,
the authors suggested that the usual time necessary to
develop edema is 3–6 months, but it can take several
years. Marked fluid retention occurs mostly at high
doses of methadone and the resultant edema is refractory
to diuretics alone. Edema is reversible after withdrawal of
methadone and recurs with re-challenge. The exact

mechanism is not clear, but it has been speculated to be
related to increased secretion of antidiuretic hormone,
abnormalities in the globin fraction of total serum pro-
teins, orthostatic circulatory congestion, or release of his-
tamines from mast cells or basophils causing increased
venular permeability leading to angioedema.

Gastrointestinal

In a randomized, double-blind, placebo-controlled trial of
the efficacy of intravenous methylnaltrexone (0.015–
0.095 mg/kg) in treating chronic methadone-induced con-
stipation in 22 patients attending a methadone mainte-
nance program (oral methadone linctus 30–100 mg/day),
methylnaltrexone induced immediate bowel movements
in all subjects (32). There were no opioid withdrawal
symptoms or significant adverse effects.

Skin

Subcutaneous administration can cause skin erythema
and induration at the injection site (SEDA-16, 81).
Parenteral self-administration of oral methadone can

cause cellulitis, abscess formation, and necrosis of the
skin and deeper tissues (10).

Immunologic

The immunotoxic potential of methadone has been stu-
died in rats that were given methadone 20 or 40 mg/kg/
day for 6 weeks (33). The higher dose increased serum
IgG concentrations but had no effect on functioning of
the immune system. This suggests that methadone is not
associated with immunotoxicity, even at dosages that
were very high compared with usual clinical doses. The
author advised caution in extrapolating animal data to
humans.

Death

There has been a cross-sectional survey of 238 patients in
New South Wales who died during a methadone main-
tenance program in a 5-year period (34). There were 50
deaths (21%) in the first week of methadone maintenance
treatment, 88% of which were drug-related. These find-
ings reinforce the importance of a thorough drug and
alcohol assessment of people seeking methadone mainte-
nance treatment, cautious prescribing of methadone, fre-
quent clinical review of patients, and tolerance to
methadone during stabilization.
In a retrospective study of cases from the Jefferson

County Coroner/Medical Examiners Office, Alabama,
USA between January 1982 and December 2000 there
were 101 deaths in patients in whom methadone was
detected in the blood (35). Methadone was the sole
intoxicant in 15 cases, with a mean concentration of
0.27 mg/ml. A benzodiazepine was the most frequently
detected co-intoxicant in 60 of the 101 cases and the only
co-intoxicant in another 30 cases. In 26 cases methadone
had been taken with a range of non-benzodiazepine
substances, including antidepressants, antipsychotic
drugs, antiepileptic drugs, and cocaine. The high
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incidence of benzodiazepine + methadone related deaths
can be explained by synergistic respiratory depression.
Higher concentrations of methadone can occur with
chronic abuse of methadone plus benzodiazepines,
because over time benzodiazepines inhibit the hepatic
enzymes that metabolize methadone. This might explain
why the mean methadone concentration in the 30 deaths
attributed to methadone plus a benzodiazepine was only
0.6 mg/ml.

Long-Term Effects

Drug abuse

Since its first use as a treatment for opioid dependence,
methadone has been the subject of much debate. Since it is
itself an opioid, there is a potential for abuse. In one study all
unexpected deaths positive formethadone in the Strathclyde
Police region of Scotland from 1991 to 2001 were identified
and were classified as being ‘‘methadone-only’’, ‘‘metha-
done-related’’, or ‘‘not methadone-related’’ (36). Of 352
cases, 82 were considered not methadone-related; the
other 270 were thought to be caused by methadone alone
or in combination with other drugs. Of these drug-related
deaths, methadone was identified as the sole cause in 56,
while methadone in combination with other drugs was
responsible for 140 deaths. The other 74 cases were positive
for methadone, but the concentration was not high enough
to be considered contributory. When methadone-only
deaths and methadone-related deaths were compared,
there was a significant difference in blood methadone con-
centrations, which were higher on average in methadone-
only cases (800 versus 400 ng/ml). This does not mean that
methadone is unsafe, but rather that its use in methadone
maintenance programs needs to be closely monitored.

Drug tolerance

Several methadone studies have focused on opioid-
dependent or opioid-abusing subjects. For example, six
opioid-dependent individuals maintained on methadone
subsequently developed cancer and continued to use
methadone, but in a higher dose as an analgesic (25,37).
The first five were partly refractory to the analgesic
effects of opioids other than methadone, but all six
achieved adequate analgesia without sedation or respira-
tory depression from aggressive upward intravenous
methadone titration using an infusion of 100 mg/hour.
Methadone was given in divided doses every 6–12 hours
rather than once daily, as is customary in maintenance
therapy for opioid dependence. The reasons for increas-
ing the methadone dosage and frequency of administra-
tion are cross-tolerance to other opioids and the presence
in methadone-maintained individuals of hyperalgesia to
pain (a low pain tolerance to pain detection ratio) (38).
These issues are also relevant to determining whether
other drugs are more effective than morphine in mana-
ging acute pain in these patients.

Drug withdrawal

Four patients with methadone withdrawal psychosis have
been described (SEDA-20, 79).

Drug withdrawal

The neonatal abstinence syndrome occurs in 30–80% of
infants whose mothers have taken opiates during preg-
nancy. The incidence is higher in those whose mothers
have a history of opioid dependence and are taking
methadone maintenance than in those who are taking
methadone for chronic pain (39). The methadone blood
concentration may be a useful predictor of the likelihood
of severe withdrawal requiring treatment, but clinical
assessment by a standardized scoring system is still
required to determine the need to treat the neonatal
abstinence syndrome (40).

Second-Generation Effects

Pregnancy and fetotoxicity

Methadone is extensively used in opioid withdrawal and
maintenance programs (see Drug tolerance in this mono-
graph), and has been safely used for this purpose in preg-
nancy, with only mild effects on the offspring (41).
However, fetal exposure to methadone in utero can
cause a neonatal abstinence syndrome after delivery.
The outcomes in 100 chronic opiate-dependent preg-

nant women who received levomethadone substitution
treatment have been reported (42). The average gesta-
tional age at delivery was 38 weeks and the mean birth
weight was 2869 g. The rate of premature labor was 19%
and the risk of premature delivery 11%. There were with-
drawal symptoms in 74% of the neonates at a mean of 39
hours and all responded well to levomethadone.
A newborn girl born of an HIV-positive mother who

took antiretroviral drugs and methadone during preg-
nancy developed a methadone abstinence syndrome at
day 7 (43). She was HIV-negative and was treated symp-
tomatically for 15 days with chlorpromazine. The platelet
count was 1049 � 109/l on day 17 and fell progressively to
290 � 109/l at 8 weeks. The authors suggested that the
thrombocytosis had been secondary to intrauterine
methadone exposure.
In a randomized controlled trial in 18 pregnant women

in the second trimester, a change from short-acting mor-
phine to methadone or buprenorphine was explored (44).
The transition was accomplished without any adverse
events in mother or fetus and with minimal withdrawal
discomfort.
In 42 methadone-maintained women methadone had

profound effects on fetal neurobehavioral functioning,
implying a disruption of or threat to fetal neural develop-
ment (45). At peak concentrations the fetuses had slower
heart rates, less heart rate variability, fewer heart rate
accelerations, reduced duration of movements, reduced
motor activity, and a lower degree of coupling between
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fetal movement and fetal heart rate. The long-term effects
of such daily changes in the fetus are not known. There
were very few effects on maternal physiology.

Susceptibility Factors

From a literature search and subsequent analysis of data
on the relation between methadone prescribing and mor-
tality, it was concluded that (46):

(a) 69% of deaths attributed to methadone occurred in
subjects who had not previously received methadone;

(b) 51% of deaths attributed to methadone occurred dur-
ing the dose-stabilizing period of methadone mainte-
nance treatment;

(c) the dose of illicit methadone exceeded that prescribed
for methadone maintenance therapy;

(d) deaths were attributed to discharge from prison and
immediate intravenous injection of methadone in
people who had lost their tolerance to high doses of
methadone when incarcerated.

Subsequent advice related to the above identifiable sus-
ceptibility factors included:

(a) restriction of take-home prescriptions with daily
supervised consumption of methadone in pharmacy
premises;

(b) meticulous evaluation of substance abuse history;
(c) slowing down of increases and tolerance testing dur-

ing the stabilization period of methadone mainte-
nance; enhanced psychosocial assistance during the
first months out of prison;

(d) use of naloxone as an adjunct to methadone syrup.

Drug Administration

Drug dosage regimens

The role of opioid rotation in cancer pain management
has been described, highlighting the limitations of
equianalgesic tablets and the need for monitoring and
individualization of dose. This is particularly important
when methadone is used as the opioid for conversion.
The authors referred to a greater than expected potency
of methadone, with excessive sedation and opioid-
related adverse effects, if the switch is done on a
one-to-one basis. They suggested that the calculated
equianalgesic dose of methadone should be reduced by
75–90% and the dose then titrated upwards if necessary
(47,48).

Drug administration route

Methadone has been used for intrathecal administration.
Although this route can provide prolonged analgesia, the
adverse effects have been reported to be unacceptable
(SEDA-16, 81).
Of 90 patients undergoing abdominal or lower limb

surgery randomly assigned double-blind to two
groups, 60 received racemic methadone in initial doses

of 3–6 mg followed by 6–12 mg by continuous infusion
over 24 hours, and 30 received repeated boluses of
3–6 mg every 8 hours (49). In both groups the highest
visual analogue score occurred 2 hours after surgery.
From then on the pain diminished gradually and signifi-
cantly at each recording. Opioid-related adverse
effects were not different between the two groups, except
for miosis, which was significantly more common in
the bolus group. The results suggested that both
epidural methadone protocols used in this study provide
effective and safe postoperative analgesia. However,
the infusion method should be preferred, as the doses
of methadone can be reduced after the first day of
treatment.

Drug–Drug Interactions

Antiretroviral drugs

Methadone is often used for opioid replacement therapy
in intravenous drug abusers. The incidence of HIV infec-
tion is significantly higher in this population than in the
general public, and interactions with drugs used for the
treatment of AIDS are therefore important.
Methadone is predominantly metabolized by CYP3A4.

Antiretroviral therapy with a non-nucleoside reverse
transcriptase inhibitor (for example efavirenz, abacavir,
and nevirapine) and/or a protease inhibitor (for example
amprenavir) will induce the metabolism of methadone.
This therapeutic combination is becoming increasingly
common in HIV-positive substance misusers. Two studies
have explicitly shown a significant reduction of metha-
done concentration by 28–87%. In the first study, 11
patients taking methadone maintenance therapy were
given efavirenz and had a mean increase in methadone
dosage requirement of 22% (50). In the second study, five
methadone-maintained opioid-dependent individuals
were given a combination of abacavir and amprenavir;
the methadone concentration fell to 35% of the original
concentration within 14 days (51).
In a prospective study of 54 patients taking antiretro-

viral drugs who also took methadone and a further 154
patients who did not take methadone there were similar
clinical, virological, and immunological outcomes after 12
months (52). These results support the usefulness of
methadone in the management of intravenous drug
users with HIV infection.

Protease inhibitors

In an in vitro study of the effects of the HIV-1 protease
inhibitors, ritonavir, indinavir, and saquinavir, which are
metabolized by the liver CYP3A4, all three protease inhi-
bitors inhibited methadone demethylation and buprenor-
phine dealkylation in rank order of potency
ritonavir > indinavir > saquinavir (53). Clinical studies
are required to establish the further relevance of these
observations.
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Zidovudine

The metabolism of the antiviral nucleoside zidovudine to
the inactive glucuronide form in vitro was inhibited by
methadone (54). The concentration of methadone
required for 50% inhibition was over 8 mg/ml, a
supratherapeutic concentration, thus raising questions
about the clinical significance of the effect. However, in
eight recently detoxified heroin addicts, acute methadone
treatment increased the AUC of oral zidovudine by 41%
and of intravenous zidovudine by 19%, following the start
of oral methadone (50 mg/day) (55). These effects
resulted primarily from inhibition of zidovudine glucuro-
nidation, but also from reduced renal clearance of zido-
vudine, and methadone concentrations remained in the
target range throughout. It is recommended that
increased toxicity surveillance, and possibly reduction in
zidovudine dose, are indicated when the two drugs are
co-administered.

Cimetidine

Cimetidine increases the effects of methadone, probably
by inhibition of methadone metabolism (56).

Drugs that affect CYP3A

In a randomized four-way crossover study in healthy sub-
jects, the effects of intravenous and oral methadone were
measured after pre-treatment with rifampicin (hepatic/
intestinal CYP3A induction), troleandomycin (hepatic/
intestinal CYP3A inhibition), grapefruit juice (selective
intestinal CYP3A inhibition), or nothing (57). Intestinal
and hepatic CYP3A activity affected methadone N-
demethylation only slightly and had no significant effects
on methadone concentrations, clearance, or clinical
effects. There was a significant correlation between
methadone oral availability and intestinal availability,
since only rifampicin altered oral methadone availability.
This suggests a role of intestinal metabolism and in first-
pass extraction of methadone. This study used a single,
relatively low dose of methadone (15 micrograms) rather
than a therapeutic dose at steady state (80–100 micro-
grams/day), when tolerance will be taken into considera-
tion.

Enzyme inducers

Enzyme-inducing drugs, such as carbamazepine, pheno-
barbital, phenytoin, and rifampicin, enhance the metabo-
lism of methadone, leading to lower serum methadone
concentrations (58).

Fluconazole

In a randomized, double-blind, placebo-controlled trial,
oral fluconazole increased the serum methadone AUC by
35% (59). Although renal clearance was not significantly
affected, mean serum methadone peak and trough con-
centrations rose significantly, while renal clearance was
not significantly altered.

Grapefruit juice

In an unblinded study, the effect of grapefruit juice on the
steady-state pharmacokinetics of methadone was evalu-
ated for 5 days in eight patients taking methadone (mean
dose 107, range 63–150, micrograms/day) (60). Grapefruit
juice was associated with a modest increase in methadone
availability that would not normally enhance its adverse
effects. Only 6–8 glasses of grapefruit juice per day can
lead to inhibition of hepatic CYP3A. Further studies need
to be done to clarify to what extent intestinal and/or
hepatic metabolic activities play a part in methadone
availability and the subsequent risk of overdosage in indi-
viduals taking high maintenance doses of methadone.
Since the therapeutic effect of methadone is mainly
mediated by the R-enantiomer, monitoring plasma con-
centrations of R-methadone could be recommended, but
it is an imprecise indicator of therapeutic activity (61).

Phenytoin

Phenytoin enhances the metabolism of methadone (59).

Rifampicin

Enzyme-inducing drugs, such as rifampicin, enhance the
metabolism of methadone, leading to lower serum metha-
done concentrations (59). This interaction is thought to
have caused acute methadone withdrawal symptoms in
two patients with AIDS (SEDA-16, 81).

Selective serotonin re-uptake inhibitors

Fluvoxamine

Fluvoxamine increases the effects of methadone, prob-
ably by inhibition of methadone metabolism (62).

Paroxetine

Paroxetine 20 mg/day, a selective CYP2D6 inhibitor, was
given for 12 days to 10 patients on methadone mainte-
nance (63). Eight were genotyped as CYP2D6 homozy-
gous extensive metabolizers and two as poor
metabolizers. Paroxetine increased the steady-state con-
centrations of R-methadone and S-methadone, especially
in the extensive metabolizers.

Use of methadone in opioid withdrawal

A widely used technique for opioid detoxification, pio-
neered by Isbell and Vogel (64), involves the substitution
of methadone for the illicit opioid, followed by a gradual
reduction in the amount of methadone taken.
Methadone maintenance treatment was established in

1964 in New York City by Vincent Dole and Marie
Nyswander. In the initial studies, subjects who were heavily
addicted to heroin were evaluated and stabilized on daily
methadone doses as inpatients before transfer to an out-
patient clinic for continued treatment. With further experi-
ence, it was feasible to drop the inpatient phase (65).
Methadone is used to substitute for a variety of opioid

drugs. It is well absorbed after oral ingestion, with peak
blood concentrations after about 4 hours. Steady-state
concentrations are reached after about 5 days. By virtue
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of its long duration of action (the half-life with regular
dosing is about 22 hours), methadone suppresses opioid
withdrawal symptoms for 24–36 hours. In the early stages
of treatment patients may report problems such as drow-
siness, insomnia, nausea, euphoria, difficulty in micturi-
tion, and excessive sweating. With the exception of
chronic constipation and excessive sweating, these effects
do not generally persist.
Methadone maintenance treatment is considered to be a

medically safe treatment with relatively few and minimal
adverse effects. However, the danger of serious adverse
effects and death with the increasing use of methadone as
maintenance therapy in drug addicts has been highlighted.
It must be emphasized that a daily maintenance dose of
50–100 mg is toxic in a non-tolerant adult and as little as
10 mg can be fatal in a child. There is an increasing number
of reports of the deaths of children of mothers on main-
tenance therapy from inadvertent ingestion.
British studies have shown that, using methadone, about

80% of inpatients, but only 17% of outpatients, were suc-
cessfully withdrawn (66,67). However, the technique is not
without problems, one being that the methadone reduces
but does not eliminate withdrawal symptoms. The with-
drawal response has been described as being akin to a mild
case of influenza, objectively mild but subjectively severe
(68). The fear of withdrawal symptoms expressed by those
dependent on drugs should not be underestimated: these
factors are associated with the subsequent severity of with-
drawal symptoms, and they are more closely related to
symptom severity than drug dosage (69). Methadone sub-
stitution can result in a protracted withdrawal response,
with patients still experiencing significantly more symp-
toms than controls 2 weeks after withdrawal (70).
In a study of methadone withdrawal, patients who were

withdrawn over 10 days had a withdrawal syndrome that
began to increase in severity from day 3, with peak severity
of symptoms on day 13; in those who were withdrawn over
21 days, symptoms began to increase about day 10 with a
peak on day 20 and abated thereafter, although some
patients did not recover fully until 40 days after starting
withdrawal (71). Thus, the duration of the withdrawal
syndrome is much the same for both treatments in terms
of symptom severity. It is possible that an exponential
rather than linear reduction in dosage may improve the
withdrawal response. These results may be of clinical sig-
nificance, in that patients may feel it important that they
recover from withdrawal as quickly as possible, in order to
participate fully in other aspects of drug withdrawal pro-
grams. However, although there was no difference
between the 10-day and 21-day programs regarding com-
pletion rates for detoxification (70 and 79% respectively),
the dropout rates after detoxification were significantly
different. During the 10 days after the last dose of metha-
done, the dropout rate in the 21-day group was 18% com-
pared with 30% in the 10-day group. These results may
also have financial implications in respect of the number of
subjects who can be admitted to treatment programs.
In some treatment programs, total abstinence is not

considered to be a practical objective and treatment may
involve the use of drugs such as methadone as

maintenance therapy with the expectation of reducing
illicit drug consumption (72). Well-organized methadone
maintenance treatment can reduce the intake of illicit
opioids in many injecting drug users (73,74).
Outcome studies of methadone maintenance treatment

have reported favorable results. High rates of patient reten-
tion, reduced criminality, and improved social rehabilitation
are reported. Despite its proved effectiveness, it remains a
controversial approach among substance abuse treatment
providers, public officials, policy makers, the medical pro-
fession, and the public at large. Nevertheless, almost every
nation with a significant narcotic addiction problem has
established a methadone maintenance treatment program.
For patients entering treatment from an institution

where they have been drug-free, initial daily methadone
doses should be no more than 20 mg. Otherwise initial
daily doses of 30–40 mg should be sufficient to obtain the
necessary balance between withdrawal and narcotic
symptoms. Thereafter, stabilization is achieved by gradu-
ally increasing the dose. When methadone is given in
adequate oral doses (usually 60 mg/day or more), a single
dose in a stabilized patient lasts 24–36 hours, without
creating euphoria and sedation. Tolerance to methadone
seems to remain steady, and patients can be maintained
on the same dose, in some cases for more than 20 years.
The methadone dose must be determined individually,
owing to individual variability in pharmacokinetics and
pharmacodynamics. Maintenance of appropriate metha-
done blood concentrations is recommended.
Tolerance to the narcotic properties of methadone

develops within 4–6 weeks, but tolerance to the auto-
nomic effects (for example constipation and sweating)
develops more slowly.
The major adverse effects during treatment occur dur-

ing the initial stabilization phase. In addition to constipa-
tion and sweating, the most frequently reported adverse
effects are transient skin rash, weight gain, and fluid
retention. Since the main metabolic pathway of metha-
done is CYP3A4, numerous drug interactions can be
expected. Drugs that interact with methadone are listed
in the table in the monograph on opioids.
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METHYLENEDIOXYMETAMFETAMINE (MDMA, ECSTASY)

See also Amphetamines

General Information

Methylenedioxymetamfetamine (MDMA), commonly
known by names such as ‘‘ecstasy’’, ‘‘XTC’’, ‘‘E’’, or
‘‘Love Drug’’, was synthesized in 1914 for use in chemical
warfare, but has more recently become a popular drug of
abuse among young people, especially at ‘‘raves’’. It is
relatively easy to obtain and is erroneously regarded as
a safe drug. However, it has actions like those of amphe-
tamine.
It is the usual and expected constituent of the tablets

that are known as ecstasy, although adulteration with
other substances is not uncommon (see the section on
Drug contamination in this monograph). MDMA and
other drugs, such as its N-demethylated derivative
(MDA), 3,4-methylenedioxyamfetamine (MDA), 3,4-
methylenedioxyethylamfetamine (MDEA), N-methyl-
benzodioxazolylbutamine (MBDB), and 4-bromo-2,5-
dimethoxyphenylethylamine (2-CB or Nexus), are often
grouped together as ‘‘ecstasy’’. Some have used the term
‘‘enactogen’’, meaning ‘‘touching within’’, to describe
ecstasy.

Clinical effects

Ecstasy that is sold on the streets is a heterogeneous
substance, with enormous variations in its main active
ingredients. It most often contains derivatives of
MDMA and 3,4-methylenedioxy-N-ethylamfetamine
(MDEA). Other amphetamine derivatives that it can con-
tain include 3,4-MDA, N-methyl-1-(1,3-benzodioxol-5-
yl)-2-butanamine (MBDB), and 2,5-dimethoxy-4-bro-
mamfetamine (DOB). The amount of active ingredient
in street ecstasy ranges from none to very high. In addi-
tion, other amphetamines or hallucinogens can be mixed
in low doses MDMA produces a pleasant altered state of
mind, with enhanced emotional closeness, but it is also
used in high doses and settings in which toxicity is often
reported (1). In the UK, considerable adverse effects have
been reported from its use at rave dances. In the 1970s
and 1980s its mind-altering effect caused some clinicians
to advocate its use as an adjunct to psychotherapy (2).
Concern has been raised about the increasing use of

ecstasy in Europe (3), particularly the UK and the
Netherlands. The patterns and trends of substance use
among college students have been evaluated over a 30-
year period (4). Alcohol use remained stable, but illicit
drug use peaked in 1978 and fell sharply over the next 20
years. Ecstasy was the exception: its use rose from 4.1% in
1989 to 10% in 1999. Ecstasy was the second most fre-
quently tried illicit drug after marijuana.

Associated with increased physical activity and altered
thermoregulation, ecstasy has been reported to cause
unconsciousness, seizures, hyperthermia, tachycardia,
hypotension, disseminated intravascular coagulation, and
acute renal insufficiency, as well as death.
Ecstasy has a mild stimulant effect and is modestly

hallucinogenic. The results of one study suggested that
tolerance to its effects develops, but that adverse effects
can increase with continued use (5). Recent reports
have highlighted some disturbing effects, particularly
when it is used while dancing vigorously at rave parties
(6). In this setting, with increased physical activity,
ecstasy can cause unconsciousness, seizures, hyperther-
mia, tachycardia, hypotension, disseminated intravascu-
lar coagulation, rhabdomyolysis, and acute renal
insufficiency (7). Severe complications are also linked
to uncontrolled fluid intake, hemodilution, and salt-los-
ing syndromes. Deaths after the use of ecstasy in such
settings have been described (8). It has been suggested
that severe toxicity from ecstasy can result from altered
thermoregulation in the face of excessive activity in
warm environments (9).
The toxic effects of ecstasy have been reported in seven

individuals who took it in a nightclub and developed
varying degrees of toxicity (10). Three collapsed in or
around the nightclub and arrived in an ambulance. Four
came in themselves.

� A 20-year-old man collapsed at the nightclub. He had
tachycardia, hypotension, hyperglycemia, hyperther-
mia, and significant hyperkalemia. He was ventilated
but died 1 hour later.� A 22-year-old man collapsed after falling 15 feet
through a glass roof into a stairwell. He was coma-
tose and had hypoglycemia, tachycardia, hypotension,
hyperthermia, raised liver enzymes, significantly
raised creatine kinase activity, and hyperkalemia.
Although he was treated vigorously, metabolic acido-
sis persisted. He developed significant myoglobinuria
and his creatine kinase activity peaked at 215 000 IU/
l. His liver, kidney, respiratory, and cardiovascular
function started to fail and he died 58 hours after
admission.� An 18-year-old man was found collapsed outside the
nightclub. He had taken five ecstasy tablets and some
‘‘powder’’ that was later confirmed as ecstasy. He was
vomiting and agitated, had a tachycardia and
hyperthermia, and needed mechanical ventilation. He
later developed rhabdomyolysis and renal impairment
with raised liver enzymes. He went on to develop
pneumonia and a urinary tract infection. He was dis-
charged after 32 days with a mildly ataxic gait and
dysphonia secondary to vocal cord damage.� A 23-year-old man took two tablets of ecstasy and
developed a tachycardia and a fever, which responded
to treatment.
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� An 18-year-old man took four tablets of ecstasy and
became anxious but showed no clinical signs of
MDMA toxicity.� An 18-year-old woman took two tablets and had no
clinical signs of toxicity except a tachycardia.� A 17-year-old man took one ecstasy tablet and was
well without any symptoms.

No other drugs were detected in the serum samples
from any of these patients. Detailed analyses of the
tablets obtained from the patients showed ecstasy and
no contaminants. The authors commented on the unpre-
dictable nature of toxicity with ecstasy, especially when
death can occur with one tablet in some cases, while
others survive even after they have consumed large quan-
tities. In this series there was no correlation between the
amount of ecstasy taken and the resulting serum MDMA
concentration in most patients. However, high serum con-
centrations correlated with the severity of symptoms,
including death. The local news headlines prominently
implied that ‘‘poisoned’’ ecstasy had led to death when
in fact there was no contamination. The authors suggested
that such headlines lead people to believe erroneously
that ecstasy use is safe except when it is contaminated.
Deaths related to ecstasy and MDEA in seven young

white men, two of whom had hyperthermia, have been
reviewed (11). In all cases, autopsy showed striking liver
damage with necrosis; five patients had heart damage
(contraction band necrosis and cell necrosis with inflam-
mation), and others had brain damage, including focal
bleeding, gross edema, and hypoxic changes. In one
patient, who died of acute water intoxication, the pituitary
gland was necrotic and there was accompanying cerebral
edema. The authors proposed that the spectrum of patho-
logical findings suggested more than one mechanism of
damage, injury being caused by hyperthermia in some
cases and a toxic effect (directly accountable for damage
to liver and other organs) in others.
In a retrospective review of all violent deaths from

1992 to 1997 in South Australia, six deaths were asso-
ciated with ecstasy abuse; all occurred after September
1995. Three victims had documented hyperthermia and
there was evidence of hyperthermia in another. The
authors suggested that individual susceptibility to
MDMA may be caused by impaired metabolism by
CYP2D6 or through genetically poor metabolism (seen
in 5–9% of Caucasians). One woman, who died with a
cerebral hemorrhage, had fluoxetine (a CYP2D6 inhibi-
tor) present in her blood. Furthermore, toxicology iden-
tified paramethoxyamfetamine (PMA) in all the cases,
amfetamine/metamfetamine in four cases, and MDMA
in only two cases. PMA, which is sold as an MDMA
substitute or is present as a contaminant, is associated
with a high rate of lethal complications (12).

� A 35-year-old male criminal died under suspicious
circumstances (13). The police had seen him alive
about 1.5 hours before the alleged time of death during

a patrol visit to his home. Evaluation of the corpse
showed an obvious head injury and the body was in
an advanced stage of rigor mortis, despite the fact that
the alleged time of death had been less than 4 hours
earlier. The body temperature was significantly raised
(42�C). A witness testified that the deceased had taken
ecstasy at various times during the night, after which he
had been groaning, before taking off his clothes and
thrashing on the floor while hitting his head and bump-
ing into things. When resuscitation had been
attempted, his jaw had been locked. Toxicology
detected amfetamine, metamfetamine, and PMA in
the blood.

The authors suggested that in a subgroup of amfetamine
abusers, a triad of amfetamine use, prolonged exertion,
and hyperthermia can be potentially lethal. Any tempera-
ture above 42�C requires active cooling (to below 38.5�C)
and carries a poor prognosis. In this case rigor mortis may
have started almost at the time of death. An ecstasy tablet
that was allegedly from the same batch contained 50 mg
of PMA.

Epidemiology of the use of ecstasy

‘‘Club drugs’’, which are used primarily by young adults at
all night ‘‘raves’’, dance parties, including ecstasy, have
been frequently reviewed (14) (15) (16). Ecstasy is classi-
fied as an empathogen or enactogen, as the subjective
experience has been described by users as intensely emo-
tional and as creating a perception that one can experi-
ence the emotions of others.
A survey of 3021 young adults (14–24 years old) in

Germany showed that regular use of ecstasy by itself is
uncommon (2.6%). Among lifetime users, 97% have also
used cannabinoids, 59% cocaine, 48% other substances,
46% hallucinogens, and 26% opiates. However, the inter-
views revealed that the use of ecstasy and hallucinogens is
increasing, especially in young people. The authors
observed that a large number of first-time users are at
risk of regular use (17).
Recent US data suggest a decline in the use of ecstasy.

Programs sponsored by the US Drug Enforcement
Administration have systematically collected results
from toxicological analyses conducted by state and local
forensic laboratories on substances seized by law enforce-
ment operations. The numbers of seizures of ecstasy in
2003 were down from a peak in 2001. These data are
concordant with other surveys done in the USA, including
a decline in the prevalence of use by students in secondary
schools, which appears to be related to reduced availabil-
ity and perceptions of the risks associated with its use.
The percentage of 12th graders who said that there was a
great risk of harm associated with using ecstasy increased
from 38% in 2000 to 58% in 2004. The perceived avail-
ability of ecstasy by students fell from 62% in 2001 to
48% on 2004. Moreover, the disapproval of people who
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tried ecstasy once or twice increased from 81% in 2001 to
88% in 2004.
Surveys conducted by the Office of Applied Studies of the

Substance Abuse and Mental Health Services
Administration (SAMHSA) on the prevalence, patterns,
and consequences of the use and abuse of alcohol, tobacco,
and illegal drugs in the general US civilian non-institutiona-
lized population in 2003 showed that 4.6% of the US popu-
lation aged 12 and above had ever used ecstasy, 0.9% had
used it in the past year, and 0.2% had used it in the past
month. About 2.4% of those aged 12–17 years had ever used
ecstasy compared with 15% of those aged 18–25 years and
3.1% of those aged 26 and over. However, the trend was
different in Australia, where a national survey showed an
increase in lifetime use of ecstasy from 2.4% in 1998 to 6.1%
in 2001, with past year use rising from 0.9% to 2.4%.
Furthermore, 10% of teenage ecstasy users and 6.9% of
users in their twenties used ecstasy daily or weekly.
Lifetime use of ecstasy among 10th grade students in
Turkey rose from 2.7% in 1998 to 3.3% in 2001.
New data suggest that use of ecstasy occurs in a variety

of settings and is not any more restricted to raves.
Amongst US university undergraduate students, the num-
ber of sexual partners increased the likelihood of ecstasy
use, as did self-reported sexual identity. Gay, lesbian, and
bisexual students were more than two times as likely to
have used ecstasy in the past year. Poly-substance use
amongst ecstasy users was the norm (Maxwell).
In an epidemiological study of 2000randomly selected

individuals in West Germany and 1000 in East Germany
in 2001, the lifetime prevalences of ecstasy and amfeta-
mine use were about 4% and 3% respectively. The per-
centage of people who reported that ‘‘one should never
try (ecstasy) at all’’ increased from 72% in 1993 to 87% in
2001. In another epidemiological study in Germany invol-
ving 8139 randomly selected adults aged 18–59, 46%
responded. In West Germany, 1.5% reported having
tried ecstasy at least once. The younger subjects were
more experienced—5.2% and 5.7% of the 18–20 and 21-
24 year-olds respectively reported using it; 1.8% and 3.7%
of the 18–20 year-olds and 3.7% of the 21-24 year-olds
had used ecstasy within the last 12 months. During the 30
days before the interview, 0.3% of the interviewees
reported having used ecstasy. However, in East
Germany, ecstasy was the only substance with a higher
prevalence, which, when extrapolated, suggested that 1.2
million of the 18–59 year-olds reported having taken
ecstasy within the 12-months before the interview.
The Early Developmental Stages of Psychopathology

Study recruited a representative sample of 14–24 year olds
from metropolitan Munich and its surrounds; the longitudi-
nal analyses involved 2446 of the 3021 interviews done at
baseline. The findings suggested that men use ecstasy more
often than women. While the onset of use was unlikely
before the age of 14, it was followed by a sudden surge in
use, which appeared to stagnate at age 24 for women and 26
for men. The increase in use was in the younger cohort.
Ecstasy users, compared with non-users, had a higher prob-
ability of using other illicit drugs. Use of ecstasy appeared to

be a transient phenomenon—88% of the occasional users
were non-users at follow-up and only 0.8% of the sample
fulfilled the diagnostic criteria for a lifetime ecstasy-related
substance use disorder. Moreover, increased proportions of
the subjects in the group of lifetime ecstasy users had at least
one mental disorder besides abuse or dependency. In most
of the cases (88%), the onset of mental disorders occurred
before the first use of ecstasy or a related substance. There
were no significant differences in the incidence of mental
disorders prospectively between the baseline ecstasy abstai-
ners and ecstasy users in the follow-up period.
In the 1990s, a new dance and music culture called

‘‘techno’’ emerged in many European countries. Techno
music was often associated with raves, which were also
known as Techno raves. Around the same time, in Berlin,
the Love Parade movement, ardent techno fans, started and
attracted 1.5 million people in 1999. This caught the atten-
tion of the leisure industry, and magazines, music, and other
paraphernalia were aimed at the adolescents and young
adults involved in the techno scene. The use of club drugs
is closely associated with this culture. In a study of 1664
adolescents and young adults designed to investigate the
phenomenon of ecstasy use in the ‘‘techno party scene’’ in
1996, cannabis was the most commonly used drug in this
group. About 50% of the group had used ecstasy once in
their life and 44% had used speed; the 12-month and last-
month usage rates were 40% and 28% respectively for
ecstasy and 46% and 35% for speed. Ecstasy users were
likely to have used combination drugs, the most prevalent
sequences being ‘‘cannabis–ecstasy–speed’’ (10%) followed
by ‘‘cannabis–ecstasy–speed–hallucinogens’’ (8%). The
authors reported that the exclusive use of ecstasy in the
techno party scene was almost non-existent. In the
‘‘Techno Study’’, in which 1412 persons were interviewed,
the variability and stability of ecstasy use behavior in the
techno party scene were explored. This study found even
more drug use in 1998–9. Again cannabis was the more
commonly used drug. The lifetime, 12-month, and last-
month prevalences were respectively 40, 30, and 20% for
ecstasy and 41, 31, and 21% for speed.
During 19 in-depth interviews, with a response rate of

46%, exploring the reasons for ecstasy use, the three main
explanations identified were (a) affiliation, (b) stimulation,
and (c) relaxation (Soellner). Ecstasy was perceived as being
extremely helpful in stimulating interactions with people and
stimulating effects were mentioned, especially in combina-
tion with music. ‘‘Feeling good’’ or ‘‘a desire to feel good’’
were the most commonly cited reasons for using ecstasy.
Fear of reduced efficiency (75%) and fear of damage to
health (62%) and developing addiction (36%) were com-
mon reasons for quitting. However, 44% stated that ‘‘ecstasy
did nothing to me’’. The author concluded that ecstasy is
second only to cannabis in illegal drug preferences among
adolescents and young adults in Germany. Increased rates of
ecstasy use in East Germany paralleled increases in ecstasy-
related crimes by 60% in that area. Moreover, ecstasy users
were more often polydrug users with increase degrees of
psychopathology; the existence of mental illness increased
the likelihood of future use of ecstasy. According to the
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author, ecstasy does not seem to determine substance-speci-
fic drug-use-related behavior. It rather seems to be yet
another substance in the youth-related illicit substance car-
ousel. Most people who begin to use a variety of illicit
substances for whatever reasons, stop on their own without
treatment of any sort.
Many large metropolitan areas saw a surge in the use of

ecstasy among its young adults during the late 1990s. In the
USA, Seattle reported high levels of club drug use com-
pared with the national average and increases in proble-
matic behavior and morbidity/mortality associated with the
use of these drugs. Seattle also had a history of providing
permits for large rave dance parties. Those who had ever
used ecstasy were much more likely to use almost all other
drugs; 26% of ecstasy users at rave parties mentioned ever
using ‘‘research chemicals’’ (a broad array of poorly studied
psychoactive chemicals used to explore new psychedelic
experiences) compared with 1% of non-ecstasy users. At
raves, behaviors associated with the use of ecstasy in the
prior 6months included unprotected sex by nearly one-third
and driving under the influence of ecstasy by 38%. The
proportion who reported having ‘‘overdosed, passed out,
or had a bad experience’’ caused by ecstasy was 15%; 6%
agreed that their use had been out of control in the previous
6months.About 26% said that they worried that theymight
later have problems with health and memory. The use of
adulterated ecstasy was reported by respondents in all
groups, from 29% to 59% at rave parties. About 12–18%
of those who had ever used ecstasy reported that they had
used antidepressants to control its effects; 16% took vita-
mins and 11% took 5-hydroxytryptophan to protect against
the depressant effects of ecstasy. Lifetime ecstasy use was
11% among 12th graders nationally, compared with 16% in
Seattle; usage during the prior 30 days was 2% nationally
and 6% locally. Use of ecstasy was second only to use of
cannabis among illicit drugs used by school children. About
50% of all those surveyed who had ever used ecstasy had
not used it in the past 6 months and most of those who had
used it reported using it less than monthly. Not only were
ecstasy users less likely to be active users than active drin-
kers, but those who did use it did so much less frequently.
Among men who have sex with men, drug use and

sexual activity were inextricably connected for all partici-
pants who also reported strong expectations that ecstasy
and other drugs lowered inhibitions and increased cour-
age in finding sex partners, trying new sexual experiences,
or going to gay venues they might not otherwise visit. All
except African–Americans described ecstasy as a com-
monly used drug. Those who had ever used ecstasy were
more likely to report unprotected anal sex and were more
likely to have a sexually transmitted disease than those
who had never used ecstasy.
Of 13 deaths in which ecstasy was identified, three were

determined to have resulted at least partly from ecstasy.
Nine out of 10 cases in which ecstasy was present but was
ruled as not having directly caused the death were due to
gun shot wounds or motor vehicle accidents. There was
one case of overdose with ecstasy and metamfetamine. In
four of 10 cases, ecstasy concentrations were above the
concentration associated with recreational use, but death

was ruled to be caused by physical trauma. There were
three suicides with gun shot wounds to the head, of whom
two were positive for ecstasy.
Community surveys have shown that Latinos report sig-

nificantly lower levels of lifetime use of ecstasy, while STD
clinic data point to significantly lower ecstasy use among
African–Americans. Thus, ecstasy users were primarily
Caucasians and men in their late teens or twenties (18).
Most people who have ever used ecstasy either no longer
continue to use it or use it infrequently, so opportunities for
acute negative consequences are infrequent compared with
alcohol. Acute toxicity due to moderate doses of ecstasy
appears to be low, based on self-reporting and lowmortality
rates in the community. Rates of emergency department
admissions and student use of ecstasy were higher in
Seattle than the national average. Among men who have
sex with men, ecstasy use was higher than among hetero-
sexual men and was associated with higher levels of both
unprotected sex and sexually transmitted diseases.
In a report from Korea, hair and urine samples were

collected from 791 subjects aged 20–62 years suspected of
drug use (19). Ecstasy and/or MDA (its main metabolite)
were found in 5.6%. Only four subjects were positive for
MDA alone. However, only 9 subjects had both ecstasy
and MDA in the urine. Abuse of ecstasy or MDA was
found principally among young adults, of whom 73%
were aged 20–29 and 27% aged 30–39; in this group
88% of men and 18% of women had positive hair sam-
ples. The concentrations of ecstasy and MDA in the hair
of male abusers were higher than in female abusers. The
authors speculated that it may be difficult to detect
ecstasy or MDA in urine samples from occasional abu-
sers. They also observed that polydrug use was not com-
mon among the Korean users of ecstasy.

Pharmacokinetics

The pharmacokinetic effects of ecstasy have been studied
in healthy volunteers (20). In the pilot phase, two subjects
each took ecstasy 50, 100, and 150 mg. In the second
phase, eight subjects took ecstasy 75 and 125 mg. All
were CYP2D6 extensive metabolizers. The ecstasy
plasma concentrations were not proportional to dose,
probably indicating non-linear kinetics in the dosage
range usually taken recreationally. While the results
were not conclusive (owing to problems in the study
design) and require further exploration, the finding that
relatively small increases in the dose of ecstasy ingested
can translate to disproportionate rises in ecstasy plasma
concentrations, if confirmed, would be important.

Organs and Systems

Cardiovascular

Cardiotoxicity following ecstasy use has been reported
(21).

� A 16-year-old boy took three tablets of ecstasy and
amfetamine 0.3 g and several hours later had convulsions
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and a temperature of 40.9�C. His heart rate was 210/
minute and his blood pressure 100/75 mmHg. His crea-
tine kinase activity was raised and he hadmyoglobinuria,
renal impairment, hyperkalemia, and hypocalcemia. An
electrocardiogram showed ventricular and supraventri-
cular tachycardias but no myocardial ischemia. A diag-
nosis of serotonin syndrome due to ecstasy ingestion with
associated hyperpyrexia and rhabdomyolysis was made.
Following active treatment, his condition stabilized, with
restoration of sinus rhythm and normal urine output.
However, 12 hours later he developed jaundice, raised
liver enzymes, and coagulopathy, suggesting acute liver
failure due to ecstasy. With supportive treatment, his
liver function improved. However, another 12 hours
later, he developed shortness of breath associated with-
sided chest signs and X-ray changes compatible with
aspiration pneumonia, and required emergency intuba-
tion 4 days later. He developed pulmonary edema, his
pulmonary artery was occluded, and an echocardiogram
showed globally impaired left ventricular function with
an ejection fraction of 30–35%; there was electrocardio-
graphic T wave inversion. Primary myocardial damage
causing cardiac dysfunction was investigated using serial
creatine kinase and troponin measurements. He recov-
ered completely with treatment and an echocardiogram
showed an ejection fraction of 60%.

The authors reported that this was the first case report of
clinical, radiological, biochemical, and echocardiographic
evidence of myocardial damage and cardiac dysfunction
following ecstasy and amfetamine use.
Transient myocardial ischemia associated with ecstasy

has been reported (22).

� A 25-year-old man, a regular alcohol drinker with a
history of asthma, had been out drinking 8 pints of
lager and 4 gins. His last drink was spiked with a tablet
that was presumably ecstasy. He scooped the tablet out,
and even though some of the tablet may have dissolved,
he finished the drink. He awoke 3 hours later with rest-
lessness, nausea, and abdominal cramps. In the emer-
gency room, his temperature was 37.2�C, and he was
sweating. His heart rate was 120/minute and his blood
pressure 130/70 mmHg. He had some abdominal dis-
comfort. A diagnosis of ecstasy ingestion was made,
although urine MDMA concentrations were not mea-
sured. His electrocardiogram on admission showed sinus
tachycardia, with T wave inversion in leads I, aVL, and
V4–6 and the voltage criteria for left ventricular hyper-
trophy. The next day the electrocardiogram had returned
to normal. An echocardiogram was within normal limits.
He was well on discharge.

The authors reasoned that the myocardial ischemia did
not proceed to necrosis or a dysrhythmia because the
amount of drug exposure was low.
Coronary spasm has been attributed to ecstasy (23).

� A previously healthy 20-year-old Caucasian woman
developed intermittent left-sided chest tightness asso-
ciated with palpitation but no dyspnea, hemoptysis,
calf pain, or swelling. She had been out the night
before with her friends to a club, since when she had

become more restless, anxious, and unable to sleep.
She was very talkative, but cold and sweaty and had
dilated pupils. She had normal heart sounds and sinus
rhythm. An electrocardiogram showed ischemia, with
wide spread ST segment depression and T wave inver-
sion, consistent with coronary artery spasm. Her crea-
tine kinase and troponin T concentrations were not
raised and an echocardiogram was normal. She made
a complete recovery with standard intravenous doses
of nitrates. Amphetamine derivatives, presumed to
have been from a drink laced with ecstasy, were
found in her urine.

The authors speculated that the mechanism of action
was endothelial dysfunction, similar to that postulated for
cocaine-induced coronary spasm.
Atrial fibrillation after use of ecstasy has been reported

(24).

� A 17-year-old previously healthy man had a general-
ized tonic-clonic seizure. He denied drug abuse, but his
urine drug screen was positive for ecstasy. He had an
irregular heart rhythm with a normal blood pressure.
An electrocardiogram showed atrial fibrillation with a
ventricular rate of 102/minute. His routine laboratory
investigations, a brain CT scan, and an electroencepha-
logram were normal. There were no underlying cardiac
lesions. He was stabilized with medical treatment and
was doing well 6 months later.

Since atrial fibrillation is unusual in young people, the
authors speculated that ecstasy may have contributed in
this case even though this adverse effect has not been
reported before.
Of 50 participants, randomly recruited on four different

nights from a popular night club, users of ecstasy, alcohol,
cannabis, and other psychostimulants did not have signif-
icant differences in their body temperature despite
increases in environmental temperature and period of
dancing (25). However, increased blood pressure was pre-
dicted by the number of ecstasy tablets ingested and the
amount of cocaine used. There were significant differ-
ences in both heart rate and blood pressure between
polysubstance users compared with the alcohol and can-
nabis users. The authors suggested that polysubstance
users may be at higher risk of cardiovascular toxicity.
However, more data are needed to confirm these obser-
vations.
Cardiovascular autonomic functioning during MDMA

use has been investigated in 12 MDMA users and a
matched group of non-users (26). Resting heart rate varia-
bility (an index of parasympathetic tone) and heart rate
response to the Valsalva maneuver (Valsalva ratio, an
index of overall autonomic responsiveness) were both
reduced in the drug users. Thus, seemingly healthy users
of MDMA had autonomic dysregulation, comparable to
that seen in diabetes mellitus. In several users there was a
total absence of post-Valsalva release bradycardia, a sign
of parasympathetic dysfunction. Since no cardiac data
were available for these patients before their use of
ecstasy, and since all were multidrug users, the findings
must be interpreted with caution.
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Extensive aortic dissection with cardiac tamponade and
mesenteric ischemia has been attributed to ecstasy (27).

� A29-year-oldmanwho took ecstasy and alcohol at a rave
had no immediate adverse effects, slept well later on, and
was in good health until he suddenly collapsed to the floor
about 2 hours after waking. When seen 36 hours after the
last dose of ecstasy hewas short of breath and had abdom-
inal pain, diarrhea, and vomiting. He had a loose bloody
bowel movement but refused further investigations. He
was discharged with a diagnosis of gastroenteritis, only to
be readmitted 8 hours later after suddendeterioration and
hypertension. Despite extensive efforts, his condition
deteriorated and he died 5 hours later. At autopsy, there
was a type I aortic dissection, starting at the root and
spreading to the bifurcation, which had resulted in cardiac
tamponade. The dissection had involved the mesenteric
arteries, resulting in bowel ischemia.

Since this condition is rare in young adults, diagnosis can
be difficult. The authors believed that this was the first
case report of aortic dissection secondary to ecstasy.
Ecstasy has been associated with sudden death and

cardiovascular complications. Eight healthy self-reported
ecstasy users participated in a four-session, ascending-
dose, double-blind, placebo-controlled comparison of
the echocardiographic effects of ecstasy and those of
dobutamine (28). Ecstasy 1.5 mg/kg increased the mean
heart rate by 28 beats/minute, systolic blood pressure by
25 mmHg, diastolic blood pressure by 7 mmHg, and car-
diac output by 2 l/minute. The effects of ecstasy were
similar to those produced by dobutamine (40 mg/kg/min-
ute), except that ecstasy had no measurable inotropic
effects. Thus, ecstasy increases systolic and diastolic
blood pressures in the absence of a significant change in
cardiac contractility and end-systolic wall thickness. The
resulting increase in the tension of the ventricular wall
leads to disproportionately higher myocardial oxygen
consumption than would be expected from the observed
changes in the heart rate and blood pressure. The authors
commented that the behavioral and environmental fac-
tors accompanying the use of ecstasy—sustained exercise
from dancing, often in crowded nightclubs with high
ambient temperature and humidity—could further
potentiate toxicity. They recommended a combination
of beta-blockers and vasodilators for the emergency treat-
ment of ecstasy-associated vascular instability.

Respiratory

Pneumomediastinum after MDMA has been reported.

� Spontaneous pneumomediastinum occurred in a 17-
year-old man who presented with chest pain and
vomiting after taking two tablets of ecstasy (29).� A 16-year-old boy took six ecstasy tablets over 2 hours
(30). A period of vomiting ensued and he developed
chest pain and swelling in the neck. A chest X-ray
showed pneumomediastinum. He was managed con-
servatively and his emphysema settled uneventfully
within 2 days.

The authors of the second case reported that five such
cases have been reported in the past 4 years in the British
literature; the respiratory complications were thought to
be due to severe physical exercise or secondary to vomit-
ing. It is therefore possible that this complication may not
be due to a direct effect of MDMA, but rather a conse-
quence of repeated Valsalva maneuvers associated with
the dance habits of ecstasy users or vomiting induced by
the drug.
Two cases of pneumomediastinum occurred in people

who took ecstasy at the same rave party (31).

� A 23-year-old woman developed chest, back, and neck
pain, and surgical emphysema over the chest and neck
7 hours after taking ecstasy. She had surgical emphy-
sema in the mediastinum and neck and was given
intravenous fluids and antibiotics.� A 22-year-old man developed anterior chest and neck
pain and surgical emphysema over the neck and chest 8
hours after taking four ecstasy tablets. He had surgical
emphysema in the mediastinum and neck and contrast
swallow showed a leak at the posterolateral aspect of
the mid-esophagus. He was given intravenous fluids
and antibiotics.

These symptoms were possibly related to the use of
ecstasy, but it is also possible that a corrosive additive in
the ecstasy was responsible. Ecstasy can cause gastroin-
testinal dysmotility, which could have resulted in esopha-
geal rupture.
Adverse effects can develop after amphetamines are

abused in combination (32).

� A 28-year-old healthy woman had left-sided pleuritic
chest pain for 18 hours, having taken one tablet of
ecstasy and one tablet of speed (metamfetamine
hydrochloride) 4 hours earlier. There was surgical
emphysema in her neck. On auscultation there was a
crunching cardiac systolic sound. Chest X-ray showed
pneumopericardium and pneumomediastinum. She
was given analgesics and monitored. The chest pain
subsided after 4 days.

Her respiratory problems could have been due to alveolar
rupture, caused by an increase in intra-alveolar pressure,
due to the exertion while she had been dancing strenu-
ously. Alternatively, it could have been secondary to her
use of positive ventilatory pressure after taking the drugs;
this is done by a partner, either by direct mouth-to-mouth
contact or through a cardboard cylinder, to enhance the
user’s experience of the stimulant’s effects.
Hemopneumothorax has been reported in association

with MDMA abuse (33).

� A 33-year-old man developed shortness of breath and
right-sided chest pain 12 hours after taking two tablets
of MDMA. His blood pressure was 110/60 mmHg and
his pulse 120/minute. A chest X-ray showed a complete
right-sided pneumothorax with left shift of the med-
iastinal structures. Needle decompression was
completed and 200 ml of blood was drained over 1
hour. A CT scan showed apical bullae with
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hemopneumothorax. Another 1500 ml of blood was
drained over the next 2 days.

Spontaneous hemopneumothorax has not been pre-
viously reported in association with MDMA. The authors
suggested that ruptured bullae with torn apical vascular
adhesions were responsible.

Nervous system

Two previously reported cases of cerebral edema asso-
ciated with the syndrome of inappropriate secretion of
antidiuretic hormone (SIADH) after ingestion of ecstasy
elicited strong responses (34). The writers questioned the
certainty of the clinical diagnosis on the basis of the
biochemical details, specifically the plasma and urine
osmolalities (35). They pointed out that cerebral edema
can occur secondary to severe water consumption without
SIADH and suggested that the use of intravenous fluids
or water consumption after exposure to MDMA requires
close monitoring. The original authors replied that they
strongly agreed with the potential risks of unlimited fluid
intake in MDMA users.
Dry mouth, with possible increased risk of enamel ero-

sion and dental caries, has also been described (36).
Since the toxic effects of MDMA resemble certain

features of both the serotonin syndrome and the neuro-
leptic malignant syndrome, some have suggested that
MDMA may have combined actions on both the dopa-
mine and serotonin systems (37). However, dantrolene
(which may be helpful in cases of neuroleptic malignant
syndrome) does not appear to be useful in dealing with
MDMA toxicity (38).
A report linking ecstasy use and parkinsonism gener-

ated considerable discussion (39).

� A 29-year-old man developed difficulty in walking and
lost the ability to write or drive 4 weeks after develop-
ing clumsiness of his extremities. He was unable to
work or live independently. His electroencephalogram,
lumbar puncture, and MRI and positron emission
tomography (PET) scans were normal. Eleven weeks
after the onset of symptoms he had disturbed gait and
fine motor coordination; his condition deteriorated
and 8 weeks later he had bradykinesia of the face and
limbs, absence of blinking, hypokinesia in relation to
speech, postural instability, and a markedly parkinso-
nian gait. However, his cognitive function was intact.

This patient had taken ecstasy 10 times during the year
before, the last time about 3 months before the onset of
symptoms. Apart from marijuana, he denied using other
substances. He was treated with maximal tolerable doses
of levodopa and pramipexole, without improvement. The
authors reported that they had no explanation for this
patient’s symptoms, other than the use of ecstasy. They
felt that the parkinsonian symptoms most closely
resembled MPTP-induced parkinsonism. They further
postulated that this could be a delayed neurotoxic effect
of ecstasy in the substantia nigra and striatum and could
have occurred as a result of neuronal damage by free
radicals.

This report brought many responses. The first criticized
the authors’ conclusion that the neurotoxic effects in their
patient were similar to those seen with MPTP (40). They
argued that the PET scan was normal, and that the
patient’s condition did not respond to the use of antipar-
kinsonian drugs, unlike MPTP-induced damage, which
does respond. They further argued that the extensive
animal and human experience involving MDMA has not
shown damage to the dopaminergic system. Furthermore,
MDMA and MPTP are chemically unrelated and share
neither precursors nor metabolites. Although the purity
of street drugs is suspected and a contaminant could have
been responsible, they seriously doubted that MPTP was
one of the contaminants ingested.
Another group expressed the concern that although

other types of amfetamine can cause dopaminergic neu-
rotoxicity in animals and are sometimes sold as MDMA,
they have not been associated with parkinsonism, despite
more than 60 years of worldwide therapeutic and illicit
use (41). Furthermore, they observed that the pattern in
this case, in which symptoms began 8 weeks after drug
exposure, did not fit the expected pattern of drug toxicity.
They proposed that the problem had either been caused
by contaminants or by a highly idiosyncratic reaction.
However, if the toxicity had been from a contaminant, a
cluster of cases would have been expected, as was seen
with MPTP. On the other hand, if this had been an
idiosyncratic case, the symptoms would have emerged
soon after drug use. They were also puzzled by the
absence of hair analysis to confirm MDMA use.
The authors of the original report responded by citing

evidence that MDMA can be toxic to dopaminergic neu-
rons and can cause lasting changes in neuronal responses
to dopamine (42). They further stated that although par-
kinsonism has not been reported after MDMA, the pos-
sibility that such an association exists cannot be excluded.
They raised the possibility that clinical evidence of par-
kinsonism can be missed, particularly when the disorder is
mild and, as in their patient, when tremor is absent. They
pointed out that with valproate the first full report of
parkinsonism did not appear until 18 years after its intro-
duction into the USA, even though those who commonly
prescribe it (neurologists and psychiatrists) should have
noticed it earlier. The authors clarified that they had
mentioned MPTP as an example of a substance that
may have a delayed neurotoxic effect on monoaminergic
neurons, without intending to suggest that MDMA acts
chemically in the same manner as MPTP. They agreed
that a contaminant could have played a role, and raised a
concern that contaminants also put MDMA users at risks
of adverse effects. They countered the argument that all
idiosyncratic responses have to be immediate, by quoting
examples from the literature to suggest that the course of
a reaction depends on the underlying mechanism.
The patient discussed in the case report also responded,

alleging that his permission had not been obtained before
publication (43). Contradicting the original published
report, he stated that he had never used marijuana; the
authors defended their data by stating that when the
patient’s friend, who had accompanied him to the clinic,
mentioned cannabis use the patient did not deny it. He
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also reported using creatine, ephedrine, caffeine, and
aspirin, none of which, the authors noted, has previously
been associated with parkinsonian symptoms.

� A 38-year-old man developed Parkinsonism that pro-
gressed to Hoehn and Yahr stage 5 within 4 years of
onset (44). Treatment with ropinirole resulted in
further deterioration, levodopa was not tolerated, and
subthalamic nucleus stimulation provided only partial
relief. The patient reluctantly reported heavy use of
ecstasy through most of his twenties and thirties. He
had a family history of Parkinsonism, but other inves-
tigations to determine the underlying cause, such as
urine copper and heavy metals, were non-contributory.

The authors cautioned against making a strong link
between ecstasy use and parkinsonian symptoms, because
there are other potential toxins that could have caused it
and the use of ecstasy may have been coincidental.
Impaired cerebral blood flow after ecstasy intoxication

has been reported (45).

� A 19-year-old woman had a grand mal seizure 4 hours
after taking 10 ecstasy tablets and developed coma,
hyperthermia, tachycardia, tachypnea, raised liver
enzymes, and renal insufficiency. After wakening, she
reported hallucinations, helplessness, panic attacks,
and amnesia, though she was oriented. Her brain CT
and MRI scans were normal. Her urine toxicology
screen was positive for ecstasy and opiates. A SPECT
study 20 days after intoxication showed reduced non-
homogeneous supratentorial tracer uptake bilaterally,
suggesting hypoperfusion. Electroencephalography
showed diffuse slowing and occasionally generalized
sharp waves. After treatment with valproic acid, she
had slight amnesia, her neuropsychological deficits dis-
appeared, and the SPECT scan normalized 29 days
later, followed by normalization of the electroencepha-
logram.

The authors thought that the abnormal SPECT scan
was best explained by reduced cerebral blood flow due
to vasoconstriction, which could have been due to ecstasy-
induced reduction in serotonin.
Two cases of non-aneurysmal subarachnoid hemor-

rhage associated with ecstasy have been reported (46).

� A 29-year-old woman had a sudden severe occipital
headache and photophobia with nausea and vomiting.
She had marked nuchal rigidity. Her head CT scan was
normal, but the CSF was blood-stained with spectro-
photometric evidence of xanthochromia. Cerebral
angiography showed beading of vessels in the posterior
circulation. However, MRI/MRA did not show any
abnormality and the ESR was normal. The patient
admitted to having used ecstasy for the first time.
Cerebral angiography 2 months later showed that the
abnormalities had completely resolved.� A 24-year-old man smoked marijuana and then con-
sumed one and a half ecstasy tablets at a party, and
several hours later had a sudden severe retro-orbital
headache and felt unwell. Shortly after, he had a

generalized tonic-clinic seizure, after which he was
alert and oriented with an unremarkable neurological
examination. He then had another seizure and a brain
CT scan showed a subarachnoid hemorrhage, localized
to several parasaggital sulci towards the vertex.
Cerebral angiography showed focal beading of periph-
eral branches to the right anterior cerebral cortex,
consistent with arteritis.

In both cases, angiography suggested vasculitis, when
there was subarachnoid hemorrhage in the absence of a
vascular malformation, probably associated with the use
of ecstasy. The authors recommended that an accurate
drug history is essential in any young person with a
subarachnoid hemorrhage. The precise etiology of
ecstasy-associated subarachnoid hemorrhage is not
known.
Other neurological adverse effects have been reported

in a first-time ecstasy user (47).

� A 19-year-old man, an occasional user of benzodiaze-
pines and heroin, developed dizziness and loss of con-
sciousness the morning after taking ecstasy for the first
time. He was intubated and ventilated. He had a
monocular hematoma, pulmonary edema, and cuta-
neous emphysema, without focal neurological deficits.
There was rhabdomyolysis with renal insufficiency but
no rise in temperature. Body fluid toxicological analy-
sis showed only benzodiazepines and amphetamines.
After he was weaned from the respirator, although
awake, he did not react to noxious stimuli and showed
no spontaneous movements. A CT scan of the brain
had been normal on admission, but 2 and 3 weeks later
it showed multiple hypodense lesions in the white mat-
ter. One month after admission, he was in a vegetative
state, with marked spasticity, intermittent non-specific
reactions to noise, and sustained generalized myoclo-
nus. An electroencephalogram showed generalized
slowing with intermittent theta wave activity. An
MRI scan showed bilateral severe white matter
damage.

Brain damage in this patient was restricted to the white
matter. Although hypoxia was present at the time of
admission, the authors did not believe that it was the
only causative factor. By a process of elimination, they
concluded that ecstasy might have caused the toxic ence-
phalopathy, although it was not detected by toxicological
analysis. They suggested that myelin damage might be an
indirect sequel of MDMA-related metabolic oxidative
stress and multiorgan failure due to individual suscept-
ibility. They also entertained the idea of a lipophilic toxic
contaminant rather than MDMA as the causative toxic
agent.
An unusual case of bilateral sixth nerve palsy asso-

ciated with ecstasy has been reported (48).

� A 17-year-old man developed horizontal diplopia in all
directions of gaze while using ecstasy tablets every 5–7
days for 2 months. A diagnosis of bilateral sixth nerve
palsy was confirmed. Ocular motility returned to
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normal within 5 days without treatment. There was no
evidence of inflammation or degenerative disease of
the central nervous system.

The authors speculated that the most likely cause of the
lesion was either an interaction of ecstasy with serotoner-
gic neurons or cerebral edema (albeit not detected by
MRI) secondary to ecstasy.

Sensory systems

Ten heavy ecstasy users and 10 age-matched controls
underwent single-pulse transcranial magnetic stimulation
(TMS) of the occipital cortex to evaluate the hypothesis
that use of ecstasy can increase excitability in the visual
cortex, which can result in visual hallucinations (49).
Transcranial magnetic stimulation can elicit conscious
subjective light sensations (phosphenes) in the absence
of visual stimuli. The minimum intensity that evokes
phosphenes, also known as the phosphene threshold is
thought to be a useful measure of cortical excitability.
The phosphene threshold was significantly reduced in
ecstasy users compared with controls and correlated nega-
tively with the frequency of ecstasy consumption but not
the duration of ecstasy use. The phosphene threshold of
subjects with hallucinations was lower than that of sub-
jects without hallucinations. However, the presence of
hallucinations correlated directly with the frequency of
ecstasy use. The authors suggested that this may represent
neurotoxicity of ecstasy linked to massive serotonin
release, followed by serotonin depletion in this cortical
area.

Psychological, psychiatric

Concerns have been raised about the long-term nervous
system effects of MDMA use from animal data, which
suggest that the dose of MDMA used for recreational
purposes by humans can cause toxic effects in non-
human primates, especially involving the serotonin sys-
tem. In a case-control study, 10 long-term MDMA users
were compared with 10 controls who had not used
MDMA but were drug abusers and were matched for
age, sex, education, and premorbid intellect (50). All
participated in a single photon emission computed tomo-
graphy (SPECT) study with a serotonin transporter
(SERT) ligand. Dopamine transporter binding was deter-
mined from scans acquired 23 hours after injection of the
tracer. Hair analysis, which covers about the last 4 weeks
of drug use, generally confirmed the drug use history,
although two ecstasy users tested negative for both amfe-
tamine and metamfetamine. On neuropsychological test-
ing, both groups showed comparable performances in
tests of verbal and spatial memory, psychomotor speed,
attention, and executive function. Larger lifetime doses of
ecstasy were associated with reduced verbal memory per-
formance on the California Verbal Learning Test and
more errors in the Spatial Working Memory Test.
Ecstasy users showed a cortical reduction of SERT bind-
ing prominently in primary sensorimotor cortex, with
normal dopamine transporter binding in the lenticular
nuclei. There was also an association between the length

of the MDMA-free period (mean 18 days) before the scan
and ligand binding in the cingulate. Spatial working mem-
ory performance and SERT binding in the left calcarine
cortex were negatively correlated with the estimated life-
time dose of MDMA in the ecstasy users. While these
results could be coincidental, or reduced SERT binding
could be the imaging correlate of a psychobiological pre-
disposition to heavy use of ecstasy, the authors suggested
that this study provided evidence for specific albeit tem-
porary serotonergic neurotoxicity of MDMA in humans.
If confirmed, these effects on the serotonergic system
could underlie psychiatric morbidity in ecstasy users.
The neurotransmitter systems involved in the psycho-

logical and information processing effects of ecstasy have
been studied in 16 ecstasy-naı̈ve subjects (51). Ecstasy
produced a state of enhanced mood, well-being, increased
emotional sensitiveness, little anxiety, moderate thought
disturbances, but no hallucinations or panic reactions. It
caused thought disturbances, such as difficulty in concen-
trating, thought blocking, and difficulty in reaching deci-
sions. Women had greater subjective responses to ecstasy
than men. For instance, they scored higher on ratings of
anxiety, adverse effects, and thought disturbances, sug-
gesting differences in the metabolism of ecstasy. Prepulse
inhibition of the startle response was used to measure
physiological changes. Prepulse inhibition and startle
habituation have been used as operational measures of
sensorimotor gating and habituation functions, respec-
tively, in investigations of attention. Moreover, some stu-
dies have associated prepulse inhibition with endogenous
serotonin release. Ecstasy 1.7 mg/kg increased prepulse
inhibition, suggesting that the overflow of endogenous
serotonin caused by ecstasy may interfere with the startle
response and cause a breakdown of cognitive integrity.
This effect further suggests serotonin dysregulation in
response to ecstasy.
Reports of adverse neuropsychiatric effects of MDMA

have included descriptions of flashbacks, anxiety, insom-
nia (52), panic attacks (35,53), and psychosis (54).
Subacute adverse effects that have been reported follow-
ing MDMA use include drowsiness, depression, anxiety,
and irritability (55). Prolonged or chronic effects have
also been reported, including panic disorder (56,57), psy-
chosis (54,58,59), flashbacks (54), major depressive disor-
der (35,60), and memory disturbance (35). The
observation that only certain individuals develop neurop-
sychiatric disturbances after using ecstasy suggests that
certain predisposing psychiatric factors (or high-dose regi-
mens) may make some individuals more vulnerable to
these untoward effects.

Two cases of ecstasy abuse with unusual neuropsychia-
tric complications have been reported (61).

� A 24-year-old man had perinatal asphyxia and subse-
quently a slight delay in psychomotor development. At
age 3–4 years, he had problems in school because of
ADHD and had difficulty with relationships, persisting
into adulthood. From age 21 he abused ecstasy and
marijuana. He suffered a ‘‘horror trip’’ with a panic
attack after using LSD at age 23. Although he
abstained from LSD, he used more ecstasy and
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cannabis. Three months later, he developed a
psychosis. He was anxious and paranoid and reported
bizarre delusions and auditory and visual hallucina-
tions. He had a normal brain CT scan and no
medical, neurological, or laboratory abnormalities.
Electroencephalography showed normal basal activity,
with paroxysmal discharges in both temporal regions
but no evidence of seizures. The diagnosis was para-
noid schizophrenia and he was treated with antipsy-
chotic drugs, with progressive improvement over 6
weeks. After discharge, he stopped taking his medica-
tions and resumed sporadic ecstasy and cannabis
abuse. Drug intake was often followed by short-lasting
prepsychotic decompensation with increased impulsiv-
ity and hyperactivity. However, he recovered after
such episodes within 2–3 days without any antipsycho-
tic medication.

� A 23-year-old woman who had been heroin dependent
for several years and was taking methadone mainte-
nance and who had abused cannabis and benzodiaze-
pine in the past, used ecstasy for the first time and
within 3 hours developed a wide range of sympathomi-
metic symptoms, including tachycardia, tremor,
mydriasis, and headache. She felt extremely anxious,
had psychomotor agitation, and was incoherent in
thinking and disoriented in time and place. Her urine
drug screen was positive for benzodiazepines, canna-
bis, and ecstasy. Electroencephalography suggested
temporal lobe epilepsy with a normal CT scan. She
then had two series of four and five complex-partial
seizures, two with secondary tonic-clonic generaliza-
tion. Although her psychotic symptoms persisted for
a while, even with treatment, her seizures responded
well to anticonvulsant drugs (phenobarbital 100 mg/
day, clonazepam 3 mg/day, and diazepam as required)
and her electroencephalogram normalized.

While acknowledging that only a minority of ecstasy
users develop psychosis and even fewer develop seizures,
the authors argued that symptoms suggestive of toxic
psychosis were present in both cases and that the electro-
encephalographic abnormalities showed seizure activity.
They suggested that individuals with potential genetic
vulnerability to psychosis and seizures may be at higher
risk when they use ecstasy, especially in combination with
cannabis.
With increasing use of ecstasy, there is considerable

interest in its effects on psychopathology and cognition.
The residual effects of ecstasy on psychopathology and
cognition have been examined in 18 current regular users,
15 ex-users with an average abstinence of 2 years, 16
ecstasy-naı̈ve polydrug users, and 15 non-drug users
(62). Both current and previous users had significantly
worse psychopathology than the controls and polydrug
users. Ecstasy users had higher scores on the Symptoms
Check List SCL-90-R Global Severity Index and the
Positive Symptom Distress Index. They also scored sig-
nificantly higher on eight specific factors on the SCL-90-
R: somatization, obsessive-compulsive disorder, anxiety,
phobic anxiety, interpersonal sensitivity, depression,
paranoid ideation, and altered appetite/restless sleep.

Current users had higher scores across more categories,
but the values were not significantly different from ex-
users. Current and ex-users had lower working memory
and verbal learning abilities than the controls and poly-
drug users, but there were no significant differences
between the two groups. Using regression analyses, the
investigators found that the best indicator of increased
psychopathology was a high consumption of cannabis,
while cognitive deficits were best predicted by the amount
of previous ecstasy use. Thus, the investigators suggested
that ecstasy-induced cognitive impairment may not be
reversible over time and with abstinence, suggesting that
ecstasy is a potent neurotoxin.
The neuropsychological effects of ecstasy have been

studied in 20 polydrug users (63). Various functions and
processes throughout the brain, such as verbal fluency,
spatial working memory, and attention, were assessed.
Ecstasy users showed a significant deficit in complex
visual pattern recognition and spatial working memory
compared with the polydrug abusers who were not taking
ecstasy. Since these tests are sensitive to temporal lobe
functioning, the authors suggested that there is a selective
temporal lobe deficit in ecstasy users, with relative spar-
ing of executive functioning. Based on previous studies,
they postulated that serotonin dysfunction in the tem-
poral lobe may be associated with impaired visuospatial
working memory. However, they did not study a drug-
free control group and the ecstasy group used higher
amounts of drugs in general. In addition, the sample size
was small.
Some reports have suggested that the relation between

the dose of ecstasy and its complications may not be
straightforward (64). Some people have problems with
very small amounts.

� A 21-year-old woman developed a protracted psycho-
tic depersonalization disorder with suicidal tendency
after taking two tablets of ecstasy for the first time
(65).� A 23-year-old man with no prior psychiatric history
developed panic disorder after taking a single dose of
ecstasy (56).� A psychosis occurred in an 18-year-old man who had
used ecstasy on an occasional recreational basis (66).

The acute and short-term effects of a recreational dose of
MDMA (1.7 mg/kg) given to 13 MDMA-naı̈ve healthy
volunteers in a double-blind, placebo-controlled study
have been reported (67). MDMA produced a state of
enhanced mood, well-being, and enhanced emotional
responsiveness, with mild depersonalization, derealiza-
tion, thought disorder, and anxiety. The subjects also
had changes in their sense of space and time, heightened
sensory awareness, and increased psychomotor drive.
MDMA increased blood pressure moderately, except in
one case of a transient hypertensive reaction. The most
frequent somatic adverse effects were jaw clenching, poor
appetite, restlessness, and insomnia. Lack of energy, dif-
ficulty in concentrating, fatigue, and feelings of restless-
ness during the next day were also described. The authors
suggested that MDMA produces a psychological profile
different from classic hallucinogens or psychostimulants.
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The potential risk of hypertensive effects of recreational
dosages of ecstasy should also be considered in the safety
profile.
Using PET with a radioligand that selectively labels the

serotonin (5-HT) transporter, 14 MDMA users who were
currently abstaining (for 3 weeks) from use and 15
MDMA-naı̈ve controls were studied (68). MDMA users
showed a reduction in global and regional brain 5-HT
transporter binding, a measure of the number of 5-HT
neurons, compared with controls. Deficiency in SERT
correlated positively with the extent of previous drug
use. The authors suggested that ecstasy users are suscep-
tible to MDMA-induced serotonin neural injury.
The effect of MDMA on densities of the serotonin

transporter has been studied with PET imaging in 30
current users, 29 former users, 29 users of other drugs,
and 29 drug-naïve controls (69). Former users were
required to be abstinent for 20 weeks before the study.
On the day of PET scanning, hair samples were taken
for drug analysis. Serotonin transporter volumes were
reduced in current MDMA users in the posterior cingu-
late gyrus, left caudate, thalamus, occipital cortex, med-
ial temporal lobes, hippocampus, and brainstem. Among
current users men and women had different deficit pro-
files: women had lower serotonin binding in all areas
except the left caudate and auditory cortex; men had
deficits in the occipital cortex and medial temporal
lobes. There were no significant differences in the
other three groups. In addition, there was a negative
correlation between the usual dose of MDMA and the
serotonin density in the occipital lobe and the left pre-
central sulcus in current users. The fact that serotonin
transporter numbers were higher in female than male
current users suggests that MDMA may be more dama-
ging to the female brain. These results suggest that
MDMA causes changes in the serotonin transporter
system, but that the effect is also reversible after absten-
tion. One possible confounding factor was that a period
of 3 days without drugs was required before PET ima-
ging. However, it is possible that MDMA remained in
the brain tissue, a factor that would certainly have
affected the results of the study.
Although alterations in serotonergic systems after the

use of ecstasy have been documented, it is unclear
whether these neurotoxic effects are reversible. In 117
subjects who underwent PET studies using a serotonin
transporter (SERT) ligand, 30 subjects were actual
ecstasy users, 29 were former ecstasy users, 29 were
drug-naïve controls, and 29 were using drugs other than
ecstasy. The distribution volume ratios in ecstasy users
were significantly reduced in the mesencephalon and the
thalamus (70). The distribution volume ratio in former
ecstasy users was very close to that in drug-naïve controls
in all brain regions. The distribution volume ratio in poly-
drug users was slightly higher than that in the naïve group.
The authors therefore concluded that ecstasy causes pro-
tracted but fully reversible alterations in the serotonin
transporter. However, this does not imply full reversibility
of the neurotoxic effects.

Panic disorder

A case of ecstasy-related panic disorder has been
reported (71).

� A 21-year-old man used increasing dosages of ecstasy
(seven tablets or 400–500 mg/day) over a period of 5
months. After taking six tablets on one day, he devel-
oped palpitation, chest pain, sweating, vertigo, and a
fear of dying. He responded well to alprazolam and
was discharged. Several days later, the panic attacks
recurred spontaneously. Five weeks later, he had a
complete medical work-up that was unrevealing.
Since his panic attacks persisted in the absence of any
drugs, he was given the SSRI paroxetine 20 mg/day
plus alprazolam; his panic attacks gradually abated
and stopped 3 months later. The paroxetine was gra-
dually tapered over the next 3 months and he contin-
ued to be symptom-free at 6 months.

The authors suggested that this case may have exempli-
fied dose-dependent serotonergic neurotoxicity from
ecstasy abuse.

Acute psychoses

Acute psychoses have been reported following the use of
ecstasy.

� A 26-year-old man without previous psychopathology
(except social phobia) unknowingly consumed ecstasy
with alcohol and developed an acute psychosis 12
hours later (58,72).

The authors reported that 12 cases of acute psychosis
have previously been reported after the use of ecstasy
once or twice. Based on a previously suggested hypoth-
esis, they proposed that the psychosis was probably due to
the indirect effects of MDMA on the dopaminergic sys-
tem, secondary to serotonergic deregulation. Most
patients who went on to develop a chronic psychosis
were either chronic ecstasy users or multiple substance
users. However, in the case mentioned here, after 6
months the patient still had symptoms of psychosis. The
authors further suggested that genetically slow metaboli-
zers of ecstasy are probably more vulnerable to this
adverse effect, even with a single exposure.

Depression

Past reports have suggested that ecstasy use is associated
with increased scores on self-report measures of depres-
sion. The long-term effects of ecstasy consumption on
depression have been examined in 29 individuals who
had consumed large quantities of the drug in the past,
but were now leading relatively drug-free lives (73). They
had taken an average of 1.5 ecstasy tablets in the last
month, 8.4 in the last 6 months, and 23.3 in the last 12
months. None had taken it in the last 14 days. The former
chronic ecstasy users had not taken ecstasy for an average
of 26 weeks. The female former users had taken ecstasy
more recently than the men (15 versus 31 weeks respec-
tively). The levels of depression, as measured by Beck’s
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depression inventory (BDI), were significantly increased
compared with a matched non-drug using control group.
The depression scores were independent of alcohol and
cannabis use. Peak usage (maximum ecstasy usage in 12
hours) and current levels of perceived stress together
significantly predicted depression scores. Thus, former
chronic ecstasy users may be at a high risk of developing
more severe depression.
In 430 regular ecstasy users, a semi-structured interview

was administered to evaluate the psychological effects of
different patterns of ecstasy use in men and women (74).
Factor analysis established three main categories of acute
effects of ecstasy—namely positive and negative effects
on mental health and physical effects. In terms of suba-
cute effects, 83% reported low mood and 80% reported
impaired concentration between ecstasy-taking sessions.
Susceptibility factors influencing these effects included
age, sex, extent of ecstasy use, and concomitant use of
cocaine or amfetamine. Specifically, the individuals who
had mid-week lows were older than those who did not,
and in men length of use was also a significant factor.
Women who reported impaired concentration between
ecstasy-taking sessions were older than those who did
not. Surprisingly, men who had mid-week lows consumed
ecstasy less often. This may be because they were aware,
based on their previous experience, that higher consump-
tion leads to an increase in mid-week symptoms. The
most common long-term effects included tolerance to
ecstasy (59%), impaired ability to concentrate (38%),
depression (37%), and feeling more open towards people
(31%). In terms of what might persuade abusers to stop
using ecstasy, their most prominent concern was the
drug’s long-term effects on mental health. Those who
took cocaine with ecstasy had higher scores on the nega-
tive effect factor.
Serotonin deficits and mood disorders in MDMA users

have been studied (75). This topic is of interest because
mood disorders and the effects of MDMA may be modu-
lated through the serotonin system. The researchers com-
pared the prevalence of mood disorders to serotonin
transporter densities in short-term, long-term, and absti-
nent MDMA users, in the following subgroups: moderate
users (n ¼ 15), heavy users (n ¼ 23), former heavy users
(n ¼ 16), and MDMA-naïve controls (n ¼ 15). Former
MDMA users had had to be abstinent from the drug for at
least 12 months. The subjects agreed to abstain from any
drug use for 3 weeks before the study, and this condition
was confirmed by a urine drug screen. Mood disorders
were evaluated using the Composite International
Diagnostic Interview (CIDI) and the Beck Depression
Inventory (BDI). Serotonin transporter densities were
calculated using SPECT imaging techniques. Across all
groups, CIDI scores did not differ for current or lifetime
mood disorders. BDI scores differed significantly
between former users and controls, former users scoring
higher. Additionally, BDI scores correlated positively
with the total number of MDMA tablets taken.
Serotonin transporter densities were lower in heavy
MDMA users than in the other groups, and lower in
women than in men. There were no relations between

serotonin transporter densities and mood disorder scores.
An interesting component of the results is that serotonin
transporter densities appear to recover after heavy
MDMA use stops, whereas the prevalence of mood dis-
orders does not improve. However, the results of this
study were limited by the small sample size.
National drug information strategies convey the mes-

sage that the use of ecstasy is associated with an increase
in both the incidence and severity of major affective
disorder. However, very little research supports this.
Many reviewers have felt that the use of ecstasy results
in a depressed mood. In a meta-analysis of 22 studies of
self-reported depressive symptoms in ecstasy users there
was a significant but small effect size of 0.31 (95% CI ¼
0.17, 0.37) (76). Estimated lifetime ecstasy use, but not
duration of use, usual dose per episode, or abstention,
predicted the effect size. Although the effect size was
small, it contrasted with most published literature,
which has generally shown no association between the
use of ecstasy and depressive symptoms. It is possible
that individual studies were not statistically powerful
enough to detect effects that only emerged through
meta-analysis. However, the authors noticed that smaller
studies produced larger effect sizes. Furthermore, they
questioned the quality of the primary data sources.
Only nine of the 23 studies controlled for use of cannabis
between the groups, and only eight of these recorded use
parameters. This meant that it was not possible to differ-
entiate the effects of ecstasy accurately from those of
cannabis. Very few studies reported wider drug histories.
The authors cited the example of a study that showed
that although most of the volunteers self-reported a pre-
ference for using ecstasy, their actual behavior was dis-
crepant and they valued intoxication over the effects of
individual drugs. A posteriori classification of most
ecstasy-using populations would more accurately define
them as having a preference for alcohol and cannabis.
There was no association between effect size and absten-
tion from ecstasy. The authors suggested that although
use of ecstasy may have been postponed or stopped,
other substance misuse had continued, preventing a lin-
ear relation between abstention and effect size. They
mentioned problems with the measuring scales used and
heterogeneity amongst the ecstasy users. Specifically,
self-reported scales may be heavily confounded by the
somatic effects of substance misuse. Interpretation is
further complicated by the high prevalence of psychiatric
co-morbidity amongst drug users. The observed effects
may be common to polysubstance misuse in general
rather than to the use of ecstasy per se. The authors
recommended that drug users should be informed that
substance misuse has both acute and subacute effects that
may have negative effects on health, work, and relation-
ships.

Cognitive effects

Several studies have focused on the cognitive effects of
ecstasy, and a review of the adverse effects of MDMA in
animals has raised concerns about potential toxicity in
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humans (77). MDMA can selectively damage brain ser-
otonin (5-HT) neurons in animal brains, even at doses
within the range of those typically used recreationally. In
many studies, lasting reductions in various brain 5-HT
markers have been reported in MDMA-treated animals.
Axons of 5-HT neurons were damaged in MDMA-treated
animals, including monkeys, and neurotoxic effects of
MDMA have been observed in every animal species stu-
died so far. In non-human primates, the toxic dose of
MDMA closely approaches the dose used by humans.
In 30 regular ecstasy users (drug use 10 or more times

per month) and 31 ecstasy-free controls, prospective
memory—the process of remembering to do things at
some future time—was assessed using a self-report ques-
tionnaire (78). Ecstasy users reported global impairment
in prospective memory, even after controlling for the use
of other drugs. The authors observed that their finding of
impairment of cognitive functions, especially memory, in
regular ecstasy users is similar to findings in other recent
studies. They postulated that serotonergic toxicity sec-
ondary to chronic ecstasy exposure can cause cognitive
impairment, as serotonergic pathways are involved in
memory function.
More support for a relation between memory impair-

ment, serotonin neurotoxicity, and chronic ecstasy use has
come from a study of cognitive performance and seroto-
nin function in two groups of 21 men with moderate or
heavy ecstasy use and a control group of 20 men who had
not used ecstasy (79). Ecstasy users had a broad spectrum
of statistically significant but clinically subtle impairment
of memory and prolonged reaction times. Heavy users
had larger effects than moderate users. Serotonergic func-
tion was assessed in a double-blind crossover challenge
with dexfenfluramine 30 mg or placebo. Release of corti-
sol, but not prolactin, after dexfenfluramine was signifi-
cantly reduced in both groups of ecstasy users compared
with controls. According to the authors, these neuroendo-
crine findings are similar to those observed in animals and
humans. Recent exposure to ecstasy, psychosocial pro-
files, and the use of other drugs did not explain the
differences.
The density of serotonin transporters (SERTs) in

humans can be measured by neuroimaging techniques,
such as SPECT and PET. Two groups of ecstasy users
(22 recent but abstinent and 16 ex-users) were compared
with ecstasy-naı̈ve controls (80). In subjects who had
stopped using ecstasy more than 1 year before the study,
cortical densities of SERTs did not differ from those of
controls. However, recent ecstasy users had global reduc-
tions in SERTs. In addition, individuals who had stopped
using ecstasy had a deficit in verbal memory similar to
that in current ecstasy users. Higher lifetime doses of
ecstasy were associated with greater impairment of
immediate verbal memory. The authors suggested that
the absence of reductions in SERT densities in ex-ecstasy
users suggested reversibility of ecstasy-induced changes in
brain SERTs. Thus, ecstasy use can lead to neurotoxic
changes in human cortical 5-HT brain neurons, but these
changes may be reversible. However, functional conse-
quences of ecstasy on cortical brain 5-HT neurons may

not be reversible, as seen by impaired memory function in
this group, similar to that in current ecstasy users.
The amino acid N-acetylaspartate is a robust, non-spe-

cific marker of neuronal loss or brain dysfunction. It is
detectable by proton magnetic resonance spectroscopy
(MRS). The ratio of creatine to phosphocreatine, another
marker that remains stable in many brain diseases, can
also be assessed using MRS. In a recent study, the ratio of
N-acetylaspartate to creatine/phosphocreatine was used
to determine whether there are memory deficits in ecstasy
users and whether there are changes in specific brain
regions (81). Eight men with a history of ecstasy use and
seven ecstasy-naı̈ve male controls took part. The findings
included a significant difference in delayed recall between
ecstasy users and ecstasy-naı̈ve controls. There was a
strong association between impaired memory function in
ecstasy users and neuronal pathology, specific to the pre-
frontal cortex. Poorer performance on verbal memory
testing was associated with greater neuronal loss or dys-
function in ecstasy users. These findings implicate ecstasy
as a cause of serotonergic neuronal damage and memory
impairment.
Another group has assessed cognitive function in 80

subjects who were non-users, novice users, regular users,
or currently abstinent users of ecstasy (82). Compared
with the non-users, all three groups of ecstasy users had
significantly poorer verbal fluency and immediate and
delayed prose recall. Days since last use and total lifetime
consumption of ecstasy made separate contributions to
the variance in recall scores. Novice and currently absti-
nent users likewise had significantly poorer immediate
recall than non-users. The novice users had milder impair-
ment than the regular users, while those who were cur-
rently abstinent performed at a similar level to regular
users. These deficits were not attributable either to differ-
ences in general reasoning ability or to impairment of
working memory. The authors expressed concern that
increased use of ecstasy in large numbers of young people
and its enduring effects on memory are under-appreciated
consequences.
However, cognitive impairment and ecstasy use is a

complex association to study, with difficult confounding
variables. For example, ecstasy users may consume can-
nabis to relieve the negative experience that occurs when
ecstasy-related euphoria diminishes. In a recent study the
concurrent use of cannabis was controlled by the recruit-
ment of 31 drug-naı̈ve controls, 11 ecstasy/cannabis users,
and 18 cannabis users (83). Users were instructed to
abstain from drug use for 48 hours before testing. The
ecstasy/cannabis user group had deficits in learning, mem-
ory, verbal word fluency, speed of processing, and manual
dexterity compared with the healthy controls. The
authors suggested that the deficits in the drug group
were not related to ecstasy. They observed that the
study group did not perform poorly compared with
those who used cannabis only. Moreover, the finding
that the ecstasy/cannabis group was no different from
the cannabis group suggested that ecstasy does not cause
significant cognitive deficits. The poorer performance of
the ecstasy/cannabis users was very little affected by the
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frequency of use or total ecstasy consumption. However,
co-varying for indices of cannabis consumption removed
most of the significant differences between the groups.
On the other hand, ecstasy did affect the measures of
working memory, such as forward and backward digit
span. The authors raised the question of whether previous
evaluations of the effects of ecstasy on cognition had been
confounded by the concomitant use of cannabis.
In one study, investigators used a working memory task

and functional magnetic resonance imaging (fMRI) to
investigate cerebral activation in 11 previously heavy but
currently abstinent ecstasy users and two equal-sized
groups of moderate users and non-users (84).
Surprisingly, there were no significant group differences
in working memory and no differences in cortical activa-
tion patterns for a conservative level of significance.
However, ecstasy users had stronger activation in the
right parietal cortex than controls. Furthermore, heavy
users had a weaker blood oxygenation level-dependent
(BOLD) response than moderate users and controls.
Although these results suggest subtly altered brain func-
tioning associated with prior use of ecstasy, the authors
cautioned that an alternative interpretation of the group
differences must be considered. The ecstasy users in this
study had also used other amphetamines and cannabis,
further confounding the data.
A meta-analysis of 10 studies that met a priori inclu-

sion/exclusion criteria evaluated the possible functional
neurotoxic effects of ecstasy use in humans on verbal
short-term memory, verbal long-term memory, processing
speed, and percent errors (attention) (85). The mean
effect sizes were significant. Ecstasy users had poorer
verbal short-term memory and long-term memory,
reacted more slowly, and made more errors. However,
the meta-regressions of effect sizes against total lifetime
ecstasy consumption were not significant, and the effect
sizes for long-term memory became insignificant, suggest-
ing that ecstasy does not impair long-term memory.
Although the conclusions were based on a very low num-
ber of studies, the results supported the idea that chronic
ecstasy use impairs short-term memory. There was no
support for a link between lifetime ecstasy consumption
and functional neurotoxicity. The author suggested that
there may be a stepwise relation rather than a continuous
one. Moreover, it is possible that the damage threshold is
reached after the first few doses of ecstasy, so that lifetime
use does not matter. Furthermore, apparent neurotoxic
effects of ecstasy may actually be due to the effects of
concomitant drugs used, such as alcohol.
The effects of MDMA use on visuospatial memory

have been reported in 25 current MDMA users (11 men,
14 women), 10 former users who were abstinent for at
least six months (6 men, 4 women), and 18 non-using
controls (6 men, 12 women) (86). Both user groups per-
formed more poorly than the controls, even controlled for
age, years of education, intelligence, and alcohol and
tobacco use. However, when cannabis use was considered,
the main effect became non-significant. These results
suggest that current and former MDMA users have

deficits in visuospatial memory compared with controls.
Since the tasks in question here involve executive func-
tioning in addition to visuospatial memory, it is possible
that these deficits are mediated through the prefrontal
cortex. However, the authors did not propose a mechan-
ism for this interaction.
The effects of MDMA on verbal working memory

(reading span and computation span) have been studied
in 42 current users (22 men, 20 women), 17 previous users
(9 men, 8 women), and 31 non-users (12 men, 19 women)
(87). Previous users were required to have been abstinent
for at least 6 months and users were asked to abstain for 7
days before the test. Both MDMA groups performed
significantly worse on computation span; reading span
was not significantly affected. After controlling for other
types of drug use, all the effects remained. The fact that
there was impairments in current and former users of
MDMA suggests that there are long-term effects of
MDMA abuse on working memory. It is not known
whether this impairment is caused by changes in executive
function or a more specific effect on working memory
processes. One potential problem with the current study
was that there was no guarantee that subjects had not
used drugs before testing.
Executive functioning (cognitive flexibility, working

memory, and response inhibition) has been investigated
in relation to MDMA use in 59 participants (26 MDMA
users, 33 non-users) (88). Male users had a specific set of
deficits compared with controls: they performed poorly
on tasks that required set shifting (cognitive flexibility)
and complex executive function tasks. These functions are
related to the ability to adapt quickly to changes in the
environment. Other processes remained intact. These
effects were noted in moderate MDMA users (a mean
of 1.7 MDMA tablets per month). The fact that these
deficits were not seen in female users could be explained
by the fact that men had significantly more MDMA con-
sumption than women (mean use of 54 tablets versus 39
tablets). It is not known whether these deficits are severe
enough to affect behavior in real life.
In an analysis of the nature of cognitive deficits in

ecstasy users, 60 currently abstinent ecstasy users and 30
non-users were given memory tests (89). Heavy ecstasy
users (n¼30; lifetime dose at least 80 ecstasy tablets) had
poorer memory than both non-users and moderate users
(n¼30). However, there were no group differences in cen-
tral executive function, working memory, planning ability,
and cognitive impulsivity between ecstasy users and con-
trols. Poorer memory was associated with a heavier pattern
of ecstasy use. Poor memory performance did not predict
poor working memory, planning ability, central executive
control, or high cognitive impulsivity. Thus, the authors
concluded that primary memory dysfunction in heavy
ecstasy users (lifetime consumption of about 500 ecstasy
tablets) may be related to a particularly high vulnerability
of the hippocampus to the neurotoxic effects of ecstasy.
Hippocampal dysfunction after the use of ecstasy may be a
susceptibility factor for earlier onset and/or more severe
age-related memory impairment in later years.
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Concerns have been raised about the effect of long-
term ecstasy use on cognition. Visual evoked potentials
have been studied during digit discrimination in eight
heavy ecstasy users, 8 moderate ecstasy users, and 18
drug-free controls (90c). Only one subject had used
ecstasy in the previous 6 months. The heavy users made
significantly more errors than the other two groups. They
had reduced amplitude but not latency of visual evoked
potentials at both the occipital (Oz) and frontal (Fz) leads
during the task. The effect in the occipital leads was
present in P200 for heavy users only and in P300 compo-
nents for both groups of users. In the frontal leads the
amplitude effect was present in N250 for heavy users only
and in P300 components for both groups. These results
suggest that ecstasy consumption affects cortical activity,
reflected in both exogenous and endogenous aspects of
information processing, especially those components that
affect attentional demands. Long-term exposure to
ecstasy causes long-term electroencephalographic deficits
suggesting altered cortical activity.
Ecstasy-related deficits in cognitive functioning, such as

shifting, inhibition, updating, and access to long-term
memory elements of the central executive functions,
have been evaluated in two studies, one of which focused
on updating and access to long-term memory, and the
other on switching and inhibition (91). The first study
supported an ecstasy-related deficit in memory updating
and access to long-term memory that was not related to
sex, intelligence, amphetamine use, or sleep quality.
Access to long-term memory, as indexed by word fluency
scores, was more related to aspects of cocaine use than to
equivalent indices of ecstasy use. Contrary to the investi-
gators’ expectations, updating executive component pro-
cess was influenced by cannabis. In the second study,
there was no evidence of any ecstasy-related deficit on
inhibition and switching measures. Thus, ecstasy/polydrug
users reached a lower level on the computation span task
and recalled fewer letters correctly on the letter-updating
task. Ecstasy/polydrug users scored higher on an intelli-
gence test and significantly higher on a sleep question-
naire, and the main effect remained significant after
controlling for these co-variates. Contrary to expecta-
tions, ecstasy/polydrug users actually performed better
than controls on the random letter generation task used
to measure inhibition. There were no significant ecstasy/
polydrug-related effects on the tasks used to measure
switching. Thus, both studies provide support for
ecstasy/polydrug-related deficits in memory updating
and access to semantic memory, but not shifting or inhibi-
tion. The authors questioned the unanticipated effects of
ecstasy in producing more letters and caution in over-
interpreting these findings, saying that on other similar
measures these differences did not exist. As ecstasy users
were frequently poly-drug users, and since the impact of
concurrently used drugs in ecstasy users appears to be
significantly large, the contribution of other drug use
cannot be minimized. Effects of ecstasy/polydrug use on
executive functions are not uniform—ecstasy/polydrug
users perform worse on updating and access tasks, but

not shifting and inhibition tasks, which appear to be rela-
tively unaffected.

Susceptibility factors

Sex differences in subjective experiences of ecstasy use
have been reported. Three previously published con-
trolled studies of the acute effects of ecstasy in healthy
subjects with no or single previous ecstasy experience
have been summarized (92). There were 74 subjects (54
men and 20 women), aged 20–49 (mean 27) years, of
whom 69 were ecstasy-naı̈ve and five had used it on one
or two occasions before. All had been screened using a
semi-structured interview, and anyone with a personal or
family history of mood disorders, schizophrenia, or other
psychiatric disorders was excluded. The analysis included
psychological and physiological effects of ecstasy in con-
trolled settings. Generally, subjective effects of ecstasy
were more intense in women than men. Women had
especially higher scores for ecstasy-induced perceptual
changes, anxiety, and adverse effects. In contrast, men
were slightly activated by ecstasy compared with women
and had significantly higher increases in systolic blood
pressure. The authors suggested that women may be
more sensitive to the effects of ecstasy. Many previous
studies have suggested sex differences in markers for
serotonergic activity in ecstasy users, with suggestions
that serotonergic function is relatively impaired in
women compared with men. The authors, based on their
findings coupled with data from previous reports, raised
the question of whether women might be more suscepti-
ble to ecstasy-induced depletion of serotonin.

Nutrition

In a study of plasma concentrations of 33 amino acids, 159
subjects were recruited, of whom 107 were ecstasy users
(93). The subjects were grouped according to cumulative
lifetime use: under 100 tablets (n ¼ 34), 100–499 tablets (n
¼ 42), 500–2500 tablets (n ¼ 30), abstinent subjects (n ¼
11), and never users (n ¼ 41). All were ecstasy free for at
least 3 days, as verified by toxicological analysis. In 49%
of the users, the time to the last use of ecstasy was 1
month or less. There were significant reductions in the
serum concentrations of phosphoserine, glutamate, citrul-
line, methionine, tyrosine, and histidine. Based on find-
ings from other studies, the authors speculated that the
reductions in serine and methionine may underlie psycho-
sis associated with the use of ecstasy. Reduced glutamate
may also add to the burden of psychiatric symptoms in
ecstasy users.

Electrolyte balance

Hyponatremia secondary to the syndrome of inappropri-
ate antidiuretic hormone secretion (SIADH) has been
reported (SEDA-23, 36; SEDA-25, 37).

� A previously healthy 18-year-old woman had an
altered mental state after using ecstasy, followed by
excessive thirst and consumption of a lot of water
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within a few hours (94). She became anxious, remorse-
ful, and mildly agitated, with visual hallucinations. She
vomited several times, became lethargic and unrespon-
sive, and had pronounced bruxism. Her pupils were
dilated with a sluggish response, she was hypothermic,
and she had a serum sodium concentration of
124 mmol/l; serum and urine osmolalities suggested
SIADH and serum ADH concentration was inappro-
priately high. A urine drug screen was only positive for
amphetamines. She was given isotonic saline, and her
sodium concentration fell further to 114 mmol/l. She
was given hypertonic saline and recovered completely
after medical treatment.

The combination of SIADH and excessive fluid intake
after the use of ecstasy played a significant role in causing
water intoxication, which was worsened by isotonic saline
in the early stages of treatment. The authors reviewed the
literature, and found that 17 of the reported 18 cases were
young women aged 15–30 and the majority admitted tak-
ing only one tablet along with large quantities of fluid.
The interval between the consumption of ecstasy and the
onset of symptoms was 4–24 hours, with serum sodium
concentrations of 101–130 mmol/l. There were three
deaths and all were women. Hyperthermia was extremely
rare (one case). Initial treatment appears to have played
an important role in reducing mortality. When treatment
other than hypertonic saline was used initially, there was a
higher risk of death. The authors strongly recommended a
high degree of suspicion of water intoxication and aggres-
sive treatment with hypertonic saline instead of diuretics
and water restriction.
A death from hyponatremia after ecstasy use has been

reported from New Zealand, where it is a commonly used
recreational drug (95).

� A 27-year-old woman was admitted to the intensive
care unit with coma and respiratory arrest. She had
been seen taking two ecstasy tablets while dancing at
a nightclub about 5 hours before admission. She had
drunk copious amounts of water to cool herself. When
she reached the hospital, her Glasgow score was 3 and
she was in respiratory arrest with fixed dilated pupils.
Her serum sodium concentration was 124 mmol/l with
a low serum osmolarity (267 mmol/l) and normal renal
function. Her toxicology screen was positive for etha-
nol, and MDMA was found in her serum. The electro-
cardiogram showed a sinus tachycardia without
ischemia, and a chest X-ray showed gross pulmonary
edema. A CT scan of the brain showed generalized
cerebral edema, diffuse cerebral swelling, and signifi-
cantly increased intracranial pressure; the basal cis-
terns and extracerebral spaces were completely
effaced. Brain death was confirmed by cerebral angio-
graphy, which showed no intracranial flow in the car-
otid or vertebral arteries. The post-mortem report
confirmed marked cerebral edema with signs of cere-
bellar tonsillar herniation.

The authors reviewed the possible explanations, which
included excess water ingestion, SIADH, and the seroto-
nin syndrome. While many ecstasy users drink water to

counter its hyperthermic effects, others do it because of
‘‘health advice’’ given at such parties to prevent toxic
effects. However, death can occur due to water intoxica-
tion, albeit infrequently.
In a retrospective analysis of all cases of hyponatremia

associated with ecstasy (SEDA-25, 37) at the London
Centre of the National Poisons Information Service from
December 1993 to March 1996, 17 patients were identified
with a serum sodium concentration under 130 (range 107–
128 mmol/l) (96). In 10, ecstasy was identified analytically,
and six of them had SIADH. The clinical presentation was
very consistent, with initial vomiting and delirium, and 11
had seizures. There was complete recovery in 14, but two
died of cerebral edema 5 hours after ingestion.

� A 20-year-old woman attended a ‘‘rave’’, where she
took ecstasy and drank large amounts of water (often
suggested to prevent dehydration and other life-threa-
tening consequences) (97). She felt drowsy and had a
headache. After lying still for 3 hours, she had a tonic-
clonic seizure and was brought to hospital, where her
plasma sodium concentration was 112 mmol/l and she
had cerebral edema. She was treated with hypertonic
saline and recovered fully.

These reports show that hyponatremia due to ecstasy
occurs primarily due to inappropriate secretion of anti-
diuretic hormone and relative excess liquid intake, usually
in the setting of a warm environment and possible
hyperthermic effects of ecstasy. Excess water ingestion
should be discouraged in ecstasy users.
Two deaths in patients with hyponatremia after ecstasy

intoxication have been reported (98).

� A 15-year-old woman developed impaired conscious-
ness and psychomotor agitation and 10 minutes later
reactive bilateral mydriasis and decerebration. A CT
scan showed diffuse brain edema and subarachnoid
hemorrhage. She had hyponatremia (119 mmol/l) and
was considered brain dead 32 hours later.� A 19-year-old woman became disoriented and had
hyponatremia (131 mmol/l) and a serum ethanol con-
centration of 2.4 mmol/l. Her serum sodium had fallen
to 120 mmol/l 10 hours later, and 5 hours later she
suddenly deteriorated and had a respiratory arrest,
coma, and sinus tachycardia of 180/minute with bige-
miny. A CT scan showed diffuse edema in the poster-
ior fossa. She was considered brain dead 23 hours after
taking the ecstasy.

Hyperkalemia has been reported in association with
fatal MDMA toxicity (99).

� A 19-year-old man took 12 tablets of MDMA and
danced in a hot environment throughout the night.
His heart rate rose to 180/minute and his blood pres-
sure fell to 70/50 mmHg. He had a cardiac arrest and
was resuscitated and mechanically ventilated. His
potassium blood concentration was 6.3 mmol/l. He
remained comatose until a second cardiac arrest
proved fatal 2.5 hours later. The plasma MDMA con-
centration was 3.65 mg/ml.
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The authors suggested that the patient’s hyperkalemia
was precipitated by a hypermetabolic state in which there
was reduced glomerular filtration and the beginning of
rhabdomyolysis.

Mineral balance

SIADH has been associated with MDMA (100,101).

� A healthy 19-year-old woman complained of nausea
and vomited 8 hours after taking unknown quantities
of MDMA and beer; 3 hours later, she suddenly
clenched her jaw, had tonic contractions of all four
limbs, and collapsed. She was obtunded, with occa-
sional moaning and non-purposeful movements of the
limbs. Head CT scan showed mild cerebral edema. Her
serum electrolytes, including a sodium of 115 mmol/l
and a corresponding urine osmolality of 522 mosm/kg,
suggested SIADH. Despite treatment, the serum
sodium concentration 10 hours later was 116 mmol/l,
but 18 hours after treatment, it rose to 125 mmol/l. She
became progressively more responsive, with normal-
ization of her sodium concentration, and after 48 hours
was awake and alert, with a serum sodium concentra-
tion of 136 mmol/l.

The authors reviewed nine other reported patients with
MDMA-related SIADH, all of whom were women. They
concluded that MDMA-associated SIADH is multifactor-
ial and that MDMA may stimulate vasopressin secretion
in susceptible individuals. They further suggested that
hyponatremia can also occur secondary to voluntary
increases in fluid or water intake aimed at preventing
the adverse effects of MDMA. With appropriate treat-
ment, full recovery is possible in almost all cases of this
life-threatening condition.

� An 18-year-old woman developed impaired conscious-
ness, psychomotor shaking, hallucinations, tics, and
delirium. Her serum sodium concentration was low at
120 mmol/l with a plasma osmolality of 242 mosm/kg
and a urine osmolality of 562 mosm/kg, suggesting
SIADH. Most other blood tests were within the refer-
ence ranges, except for a raised creatine kinase. Urine
toxic screen was positive for amphetamines. Treatment
with hypertonic saline brought about resolution of
symptoms. The patient recalled taking three ecstasy
tablets over 6 hours.

Hematologic

Transient anemia has been associated with ecstasy (102).

� A 36-year-old HIV-positive man taking zidovudine,
lamivudine, and indinavir was noticed to have a mild
asymptomatic anemia (hemoglobin 10.2 g/l, white cell
count 10.4 � 109/l with a normal differential count,
and platelets 237 � 109/l). The blood film suggested
hemolysis. He had taken ecstasy 2 weeks earlier for
the first time. The anemia was reportedly ‘‘secondary
to oxidative stress, probably due to drug toxicity.’’
Three weeks later his hemoglobin returned to normal.

In the absence of other explanations, the authors con-
cluded that this syndrome had probably been caused by
ecstasy toxicity.

Mouth

Oral complications of topical application of ecstasy have
not been described previously (103).

� A 15-year-old boy developed an atraumatic painful
swelling of the upper lip, fever, and malaise. He had
good oral hygiene and no pathological periodontal
pockets, but there was a swelling of the maxillary labial
vestibule in relation to the upper central incisors. Both
maxillary central incisors had grade II mobility and
were tender to percussion. The dentoalveolar abscess
was incised and drained and culture yielded commen-
sal oral flora. His white cell count was normal with
raised eosinophils; the ESR was slightly raised at 23
mm/hour and he had a mild rise in hepatic enzymes.
He had used ecstasy 1 day before the onset of symp-
toms and had stored the drug in the upper anterior
labial vestibule adjacent to the site of periodontal
destruction. He denied previous use of ecstasy or
other recreational drugs.

The authors diagnosed local drug-induced necrotizing
gingivitis and said that although similar lesions have been
reported with local cocaine, none has been reported with
ecstasy.

Teeth

An unusual adverse effect of MDMA, tooth wear, has
been reported (104).

� A healthy 17-year-old boy, who complained of dental
sensitivity that occurred only when he consumed fizzy
drinks, presented with marked tooth wear. All the
teeth were involved, especially the premolars and per-
manent molars. He ate a poorly balanced diet, with
500 ml carbonated drinks twice daily. He subsequently
admitted to frequent MDMA abuse.

Current health promotions advise that ecstasy users
should frequently consume ‘‘sports’’ type or fruit drinks
to counteract dehydration and avoid ion imbalances.
These particular drinks may be erosive to the teeth.
Bruxism and trismus associated with ecstasy use can also
contribute to tooth wear.

Liver

Cases of ecstasy-associated hepatotoxicity have been
reported.

� A 27-year-old man developed jaundice without fever
(105). He used ecstasy regularly and had recently
increased his consumption. All other possible causes
of acute hepatitis were ruled out. After withdrawal of
ecstasy, the condition resolved completely.� A 17-year-old girl developed progressive jaundice and
weight loss (106). Four months before, she had had
malaise, anorexia, a sore throat, and tender cervical
lymph nodes. Two months later she reported eating
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‘‘hallucinogenic mushrooms.’’ Five weeks before
admission she observed blood clots in her stool.
Three weeks later, she ate more mushrooms. She
then developed progressive jaundice, with vomiting,
dark urine, light-colored stools, and raised aminotrans-
ferases. She drank alcohol in binges and reported mar-
ijuana use since the age of 15. She had used ecstasy on
several occasions during the previous 2 months. She
had a minimally tender enlarged liver. Her viral hepa-
titis screen was negative. Genetic, metabolic, and auto-
immune disorders were also ruled out. A urine screen
for drugs was positive only for cannabinoids.
Abdominal ultrasound showed periportal edema and
contraction of the gall bladder, but no gallstones or
dilated bile ducts. A CT scan showed moderate
amounts of free fluid in the abdomen and pelvis and
periportal hepatic edema. Percutaneous liver biopsy
showed acute cholestatic hepatitis with cholangitis,
eosinophils, and histiocytes, strongly suggesting a
hypersensitivity reaction. There was no evidence of
chronic liver disease. Within 24 hours after the liver
biopsy, her liver enzymes and coagulopathy had begun
to improve.� A 21-year-old soldier had nausea, vomiting, abdominal
pain, and fever, having taken 7–8 ecstasy tablets a
week (107). He was treated with intravenous fluids
and paracetamol (650 mg/day) for 3 days. His symp-
toms did not improve and he developed jaundice. He
had increased transaminase activities and total biliru-
bin concentrations and all tests for viral hepatitis were
negative. He was considered for liver transplantation,
but over the next 2 weeks improved spontaneously.

The authors of the last report postulated a hyperthermic
effect of ecstasy on the liver or a direct toxic effect of
ecstasy on hepatocytes as possible mechanisms.
Cases of successful liver transplantation after ecstasy-

induced hepatotoxicity have been reported (98,108,109).

� A 19-year-old man with no significant past history of
medical problems took 11/2 tablets of ecstasy and some
alcohol. Within 2–4 days, he developed tiredness, nau-
sea, malaise, and vomiting and on the fifth day weak-
ness and anorexia; 12 days later, he was admitted to
hospital with marked jaundice and weight loss. He
deteriorated and developed hepatomegaly and an
abnormal prothrombin time; his total bilirubin was
571 (reference range 5–17) mmol/l, aspartate transami-
nase 213 (14–50) U/l, and alanine transaminase 336
(11–60) U/l. By day 20, his condition had deteriorated,
with increased jaundice, somnolence, mild disorienta-
tion, and altered glucose metabolism. His total biliru-
bin was 654 mmol/l, aspartate transaminase 1290 U/l,
and alanine transaminase 1932 U/l. A liver biopsy
showed swollen hepatocytes, patches of necrosis, and
patchy cholestasis. Two days later, he developed a
grade III encephalopathy and further disturbances of
coagulation. Abdominal ultrasonography showed
hepatic atrophy, and a liver biopsy showed massive
necrosis. Serological tests for viral infections were
negative. The probable diagnosis was toxic hepatitis
secondary to MDMA. On day 31, he had a right

auxiliary liver transplantation, but there was no clinical
and laboratory improvement during the next 48 hours.
Histopathology of the transplanted liver showed mas-
sive liver necrosis consistent with a ‘‘diagnosis of pri-
mary non-function’’. A second liver transplant on day
33 was successful.� A 17-year-old girl with no history of drug abuse took
two tablets of ecstasy at a disco 10 days apart, and
reported malaise, constipation, and icterus 6 days
after taking the second. She had severe acute hepatic
failure. Viral hepatitis was ruled out. Following rapid
clinical and neurological deterioration (encephalopa-
thy grade I–II), she had an urgent liver transplant and
made a good recovery. In the affected liver, there was
submassive centrilobular hemorrhagic necrosis (75–
80%) with massive periportal and lobular lymphocytic
infiltration (CD 8+) and moderate fatty changes.� A 25-year-old woman developed abdominal pain, jaun-
dice, and vomiting 5 days after consuming ecstasy. She
had hepatocellular failure with a prothrombin ratio of
6.5, cytolysis, cholestasis, renal insufficiency, and ence-
phalopathy. She had a liver transplant 2 days later and
recovered fully.� A 17-year-old man developed toxic subacute hepatitis
with grade II encephalopathy and coagulation disor-
ders a few days after consuming ecstasy. Liver trans-
plantation was performed and he recovered fully.� A 16-year-old woman consumed ecstasy and devel-
oped jaundice, hepatic failure, a prothrombin ratio of
9, and grade I encephalopathy. She had a liver trans-
plant and was asymptomatic at 11 months.

Many cases of hepatotoxicity and somedeaths have occurred
in drug-naı̈ve subjects after the ingestion of relatively small
amounts of ecstasy. The authors reported that more than 70
deathshavebeen reportedworldwidebetween1990 and1998
after the onset of severe hepatic damage from ecstasy.
Although many patients died after liver transplantation, a
significant number recovered. The authors suggested that in
emergency care the use of ecstasy should be suspected in
young people who present with unexplained jaundice, hepa-
tomegaly, or altered liver function, in the absence of other
known substance exposure. Early referral for liver transplan-
tation may be significantly beneficial. The prognosis may be
better with grade I–II encephalopathy than grade III–IV,
which is usually associated with rapid deterioration and a
poor prognosis.

Urinary tract

Transient proximal tubular renal injury following ecstasy
has been reported (110).

� An 18-year-old woman presented with new onset sei-
zures and polydipsia. She had a hyponatremia of
117 mmol/l, polyuria for several hours, renal glycosuria
with urine glucose of over 55 mmol/l, a blood glucose
of 6.6 mmol/l, and solute diuresis. She had low tubular
reabsorption of phosphorus, with an appropriate trans-
tubular potassium gradient of 3.0 and a serum potas-
sium of 3.7 mmol/l. After medical treatment and
gradual correction of her hyponatremia, her tubular
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reabsorption of phosphorus normalized and her glyco-
suria resolved. An extensive drug screen was positive
for ecstasy.

The authors thought that this was the first report of
acute transient proximal tubular injury with ecstasy. In
contrast to SIADH, there was a high urine output in the
presence of hyponatremia and solute diuresis.
Urinary retention has been reported (111).

� A 17-year-old man developed abdominal pain and
urinary retention after taking ecstasy the previous eve-
ning. He had a tachycardia, mydriasis, and a tender
suprapubic mass, which resolved with catheterization.
He was discharged the next day.

The authors suggested that ecstasy had caused release
of noradrenaline, which had caused urinary retention
through alpha-adrenoceptor stimulation.
Acute transient urinary retention associated with metam-

fetamine and ecstasy (3,4 methylenedioxymetamfetamine,
MDMA) in an 18-year-old man has been described (112).
Analysis by gas chromatography–mass spectrometry con-
firmed the presence of metamfetamine (>25 mg/ml),
MDMA (> 5 mg/ml), amfetamine (1.4 mg/ml), and methyle-
nedioxyamfetamine (3.7 mg/ml) in the urine. Bladder dys-
function resulting from alpha-adrenergic stimulation of the
bladder neck may have explained the observed effect.

Skin

Two cases of facial papules have been reported (113).

� A 20-year-old woman developed diarrhea and a pruri-
tic yellowish skin 7 days after she had taken half a
tablet of ecstasy. Her liver was enlarged and tender.
Her urine was positive for MDMA. A diagnosis of
acute hepatotoxicity after MDMA was made. She
rapidly developed reddish papules over the face with
a perioral and acne-like distribution.� A 21-year-old-man developed similar skin lesions after
using ecstasy, without hepatotoxicity.

Both patients responded to a low fat diet and 1% metro-
nidazole ointment. The authors suggested that serotonin
indirectly affects the nerve endings of the eccrine glands
via other peptides, and that the interaction of MDMA
with serotonin may have caused the rapid development of
pimples in these abusers.
Guttate psoriasis has been reported after the use of

MDMA (114).

� A 23-year-old man reported to the hospital 5 days after
MDMA ingestion with a pruritic generalized eruption.
The rash, small papules of 10 mm in a guttate pattern,
covered his legs, arms, trunk, and face. There were para-
keratosis, elongated rete ridges, epidermal spongiosis,
hypogranulosis, and superficial mononuclear cell infiltra-
tion. The rash responded completely to glucocorticoids
and narrow bandUVBat amaximum dose of 0.85 J/cm2.

The authors described this as a case of a lichenoid drug
eruption caused by MDMA or a contaminant in the
tablet. The patient denied using any other illicit medica-
tions.

Immunologic

Four healthy male MDMA users volunteered for a ran-
domized, double-blind, double-dummy, crossover pilot
study in which they took single oral doses of MDMA
75 mg (n = 2) or 100 mg (n = 2), alcohol (0.8 mg/kg),
MDMA plus alcohol, or placebo to study the effects on
their immune system. The doses of MDMA were compa-
tible with those used for recreational use (115). The base-
line immunological parameters were within the reference
ranges. Acute MDMA use produced time-dependent
immune dysfunction, which paralleled MDMA plasma
concentrations and MDMA-induced cortisol stimulation
kinetics. The changes in the immune system after MDMA
peaked at 1–2 hours. Although the total leukocyte count
remained unchanged, there was a fall in the ratio of CD4
to CD8 T cells and in the percentage of mature T lym-
phocytes (CD3 cells), probably because of a fall in both
the percentage and the absolute number of T helper cells.
The fall in CD4 cell count and in the functional respon-
siveness of lymphocytes to mitogenic stimulation with
phytohemagglutinin A was MDMA dose-dependent.
Alcohol produced a decrease in T helper cells, B lympho-
cytes, and mitogen-induced lymphocyte proliferation.
Combined MDMA and alcohol use produced the greatest
suppressive effect on CD4 cell count and mitogen-stimu-
lated lymphoproliferation. Immune function was partially
restored at 24 hours. According to the authors, these
results provided the first evidence that recreational use
of MDMA alone or in combination with alcohol alters
immunological status. The reaction of the immune system
to MDMA appears to be an alteration of physiological
homeostasis, similar to that seen in volunteers exposed to
acute physiologic stress, suggesting that MDMA could be
a ‘‘chemical stressor’’. Moreover, combined MDMA and
alcohol use produced additive effects. This is an impor-
tant finding, since in the general population alcohol and
MDMA are commonly taken together.
Immunosuppression has been attributed to ecstasy

(116).

� A 24-year-old African–Americans man developed a
vesicular rash on his left forehead and eyelids consis-
tent with herpes zoster ophthalmicus. He reported safe
sexual practices and no intravenous drug use, but had
used ecstasy three times a day for 4 days before the
onset of symptoms. He slowly improved with intrave-
nous aciclovir.

Varicella zoster reactivation is a potential complication
of immunosuppression and is uncommon under the age of
50. After ruling out all the potential causes for the infec-
tion, the authors speculated that ecstasy had caused
immunosuppression, leading to the infection. In support
of this they invoked previous reports of immunosuppres-
sion with ecstasy.
Because other drugs of abuse can cause immune dys-

function in regular users, the effects of acute administra-
tion of ecstasy on the immune system have been studied
in both controlled and natural settings (117). In the con-
trolled study, 18 male ecstasy users were given two doses
of ecstasy 100 mg at intervals of 4 or 24 hours. There were
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significant reductions in CD4 T helper cells (30%) and
the lymphoproliferative response to phytohemagglutinin
mitogenic stimulation (68%) 1.5 hours after the first dose,
and a 103% increase in the number of natural killer cells.
At 4 hours, CD4 T helper cells and lymphocyte prolifera-
tive responses were reduced by 40% and 87%, but natural
killer cell numbers increased to 141%. At 24 hours, the
second dose augmented the alterations in the numbers of
CD4 T helper cells and natural killer cells about three-
fold. The authors suggested that this large effect after
repeated administration of ecstasy increases the interval
during which the immune response is compromised, lead-
ing to a higher risk of illness and infection in ecstasy
abusers.
In the uncontrolled study, 30 recreational users of

ecstasy (mean age 24 years) were observed for 2 years
and had lymphocyte counts at yearly intervals. The
ecstasy users tended to have lower white blood cell counts
over time. Lymphocyte counts were significantly lower
than in healthy controls by year 1 and significantly lower
than that the following year. CD4 and CD19 cell numbers
fell significantly from basal to year 1 and from year 1 to
year 2. Natural killer cell numbers were always lower than
in healthy controls but did not fall with time. The authors
extended these results to suggest a possible role of sero-
tonin dysregulation caused by ecstasy in compromising
immune function. These findings suggest that ecstasy abu-
sers may be at a significantly higher risk of infectious
diseases.

Body temperature

Abuse of ecstasy occurs in a variety of settings. Six cases
of severe hyperthermia over 2 months have been reported
(118).

� A 20-year-old woman was found unresponsive at a
rave. She was hot to the touch and on the way to
hospital had a tonic–clonic seizure and became pulse-
less and apneic. Aggressive resuscitation was unsuc-
cessful. An autopsy showed gross pulmonary
congestion and edema. She had acute neuronal ische-
mia and mild hepatic steatosis, without any evidence of
myocardial damage. Her blood ecstasy concentration
was 1.21 mg/l. Death was reported to have been sec-
ondary to ecstasy toxicity.� A 20-year-old man, a previously healthy student,
became agitated within 4 hours of ingesting two tablets
of ecstasy at the same rave. His friends reported pre-
vious uneventful use of similar amounts. He was coma-
tose and had minimal purposeful movements and a
temperature of 41.5�C. His heart rate was 200/minute
and his BP 123/57 mmHg. He had hot dry skin and
diffuse intermittent myoclonus. Urine toxicology was
positive for ecstasy only. His glucose was 2.5 mmol/l
(42 mg/dl), platelets 80 x 109/l, sodium 148 mmol/l,
creatinine 186 mmol/l (2.1 mg/dl), and total bilirubin
34 mmol/l (2.0 mg/d; peak creatine kinase activity was
17 000 iu/l. He recovered with cooling.� An 18-year-old man at the same rave developed an
altered mental state after taking two ‘‘tulips’’ (slang

for ecstasy tablets, which contained pure ecstasy). He
was alert but disoriented in person, place, and time.
His rectal temperature was 40.7�C. His heart rate was
177/minute, sodium 144 mmol/l, creatine 175 mmol/l
(2.3 mg/dl), blood urea nitrogen 6.4 mmol/l (18 mg/
dl), and peak creatine kinase activity 4964 iu/l. His
urine was positive for ecstasy only. He recovered as
his core temperature fell with treatment.� A 20-year-old man became unconscious and had gen-
eralized tonic–clonic seizures 2 hours after taking one
ecstasy tablet. He had a rectal temperature of 40.6�C, a
heart rate of 170/minute, and a blood pressure of 92/
21 mmHg. He had roving eye movements and myoclo-
nus. His blood pH was 6.92, the serum sodium was
144 mmol/l, and his urine was positive for ecstasy. He
recovered with cooling.� A 22-month-old boy took a pill from a ‘‘Tic-Tac’’ con-
tainer that had been filled with ecstasy tablets by his
parents. Two hours later he was responsive to only
painful stimuli and had roving eye movements. He
had a rectal temperature of 39.3�C and a heart rate of
190/minute. He had bruxism, sweating, and rigid limbs
with intermittent writhing. His urine was positive for
ecstasy only. He gradually improved with cooling.� A 27-year-old quadriplegic man became unconscious 2
hours after taking one tablet of ecstasy for recreational
purposes. He had a rectal temperature of 41.3�C, a
heart rate of 130/minute, and a blood pressure of 120/
58 mmHg. He had roving eye movements with 5 mm
equal reactive pupils. His urine was positive for ecstasy
and cannabinoids. He recovered with cooling.

The authors observed that three of the six patients had
been exposed to ecstasy outside of a rave and had
hyperthermia despite not having vigorous muscle activity,
thereby questioning previous assumptions about patho-
genesis. There were no contaminants in the tablets, based
on laboratory analyses. The authors speculated that
another cause of hyperthermia and acute toxicity could
be a genetic predisposition to defective metabolism of
ecstasy, especially CYP2D6 deficiency. They postulated
that hyperthermia in ecstasy users could be heteroge-
neous and was more likely to be due to a combination
of causes.
A high-grade fever occurred in a young woman after

the use of MDMA (119).

� A 20-year-old woman became unresponsive after tak-
ing two tablets of MDMA. She had a heart rate of 172/
minute, a blood pressure of 164/118 mmHg, a respira-
tory rate of 30/minute, and a temperature of 41.8�C.
She was placed under a cooling blanket, with ice packs
and fans and 30 minutes later her temperature was
40.8�C, with a subsequent fall to 37.9�C 20 minutes
after that. She also had a deep vein thrombosis in the
arm. She continued to improve and there were no
sequelae.

Death

MDMA and MDEA, or ‘‘eve,’’ have rapidly become
popular drugs of abuse in recent years in Europe and to
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some extent in other developed countries as well. Over
the years, reports of deaths following their use at ‘‘rave’’
parties have generated considerable public concern.
In a study of all ecstasy-positive deaths (22 of 19 366

deaths) in New York City from January 1997 to June
2000, 18 were men, average age 27 years (120). The deaths
fell into three categories: acute drug intoxication (n = 13),
mechanical injury (n = 7), and a combination of natural
causes and acute drug intoxication (n = 2). Only two of
the deaths due to acute drug intoxication were caused by
ecstasy alone, and one death was caused by a combination
of ecstasy and coronary artery disease. Seven deaths were
caused by a combination of cocaine/opiates and ecstasy.
Acute ecstasy poisoning includes symptoms such as
hypertension, hyperthermia, and delirium, and can pro-
gress to intracranial hemorrhage, status epilepticus, and
death. Based on reports from harm-reduction organiza-
tions and previous studies, the authors discussed the lack
of standardization of ecstasy tablets and the danger of
harmful additives that could react with other drugs to
cause life-threatening symptoms.

A fatal outcome after the use of ecstasy in a private
setting rather than at a rave has been reported (121).

� A 19-year-old woman consumed beer, cannabis, and
four ecstasy tablets with friends in her apartment. Two
hours later, she suddenly jumped up and made some
uncontrolled movements. She had cramps, was unable
to speak, and needed support to walk. Following bouts
of trembling and sweating she seemed to fall asleep,
and her colleagues left her in her bedroom. An hour
later they found that she had vomited and was trem-
bling and barely conscious. She could not be resusci-
tated. At autopsy, there was cerebral edema and
massive pulmonary edema and her distal bronchi
were filled with gastric contents. The right ventricle
was dilated and filled with blood. Histologically, there
was generalized vascular congestion, perivascular
edema of the brain, and pulmonary edema with focal
atelectasis. There were no signs of disseminated intra-
vascular coagulation. There was fatty degeneration of
the liver. These findings were consistent with asphyx-
iation, hypoxia, shock, and cardiopulmonary failure.
No ethanol was detected in the blood or cerebrospinal
fluid but the urine concentration was 100 mg/l. There
were cannabinoids and amphetamines in the urine and
blood.

The authors bemoaned the fact that ecstasy is still
falsely considered to be harmless by most users. They
emphasized that the classic user profile has changed
over recent years, with non-rave party use increasing, as
ecstasy is more readily available. They also observed that
a quieter environment, which is supposed to reduce the
risk of adverse effects, did not prevent this woman’s
death. According to her friends, who had ingested similar
amounts of ecstasy from the same supply without any
untoward effects, this had been her first experience with
ecstasy. Her blood ecstasy concentration of 3.8 mg/l was
highly toxic. As her friends did not have any untoward
reactions, the authors proposed that different people have

different sensitivity. Ecstasy probably had a direct toxic
effect on vital centers in the brain stem, leading to central
nervous impairment after a short initial state of excita-
tion. Cannabinoid concentrations did not suggest a likely
contribution to death.

Epidemiology

In a report from the UK it was noted that the annual
death rate from ecstasy use is uncertain (122). A meta-
analysis of surveys of illegal drug use by 15–24-year-old
individuals in the UK in 1996 showed that 7% had used
ecstasy in the previous year and 3% in the previous
month, a rate 44% higher than in 1993–1995. But the
actual numbers of ecstasy-related deaths are more diffi-
cult to ascertain. In Scotland, ecstasy-related deaths are
defined as ‘‘ecstasy found in the body’’; in England, on the
other hand, it is defined as ‘‘ecstasy written on the death
certificate.’’ Using these disparate definitions, 11 deaths
were reported in Scotland and 18 in England in the 15–24-
year-old category. Based on all available data, the author
of the report suggested a 26-fold range (0.2–5.3) of possi-
ble ecstasy-related deaths per 10 000 within this age
group. To make death estimates more reliable, the author
recommended that the definition of ‘‘ecstasy-related-
death’’ should be unified, and that surveys should ask
directly about regular, sporadic, and first-time drug use,
so as to determine which group is at most risk. The author
expressed concern that these data (poor as they are) may
be used by the courts and policy makers as if they were
more valid, citing the example of Switzerland, which has
recently liberalized the guidelines on sentencing people
who supply ecstasy tablets, in contrast to suppliers of
heroin, based on their interpretation of the data that the
death rate in ecstasy users is at the lower end of the range.
This report generated two responses. One group felt

that estimating such death rates is even more complex
than noted (123). They asked whether, if someone pur-
chased ecstasy but instead got a contaminated or a very
different compound, causing death, the death would be
classified as ecstasy-related or as something else?
Furthermore, they wondered if the definition of ecstasy-
related death is based on the detection of MDMA (or its
metabolites) in the blood or on detection of other com-
pounds (consumed under the presumption of its being
ecstasy). Citing their own experience, they suggested
that criteria for inclusion should include: ‘‘Would the
deceased still be alive if (s)he had not abused the sub-
stance?’’ Thus, even deaths from causes such as traffic
accidents, when the death was secondary to intoxication
with the compound, should be included.
The second group, while agreeing with the original

report, raised the concern that surveys that are more
frequent would be economically prohibitive (124). They
noted that in 1997 The National Program on Substance
Abuse Deaths (NPSAD) was established to monitor
drug-related deaths in the UK. It uses a ‘‘cause of death
ratio,’’ which looks at the number of drug-related deaths
in specific categories (for example 15–24-year-olds) and
the drugs implicated in these deaths. According to the
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authors, this method allows rapid surveillance of the pat-
tern of deaths over time.
Deaths related to ecstasy either alone or in combina-

tion with other drugs have been reported from England
and Wales using the National Programme on Substance
Abuse Deaths (np-SAD) database (125). This database
receives information about all drug-related deaths from
coroners. A total of 202 ecstasy related deaths occurred in
the period from 1996 to 2002. There was a steady increase
in the number of deaths each year. The male to female
ratio was 4:1 and 75% of the victims were under 29 years.
In 17% of cases, ecstasy was the sole drug implicated in
death, and in the other cases a number of other drugs
(mainly alcohol, cocaine, amfetamine, and opiates) were
found. Based on toxicology reports, MDMA accounted
for 86% of the cases and 3,4-methylenedioxyamfetamine
(MDA) for 13% of the cases. There was one death each
associated with 3, 4-methylenedioxy-N-ethylamfetamine
(MDEA) and paramethoxyamfetamine (PMA). The
authors reported that this was the largest sample of
ecstasy-related deaths on record, with a death-rate of 3.4
per month; 31% of the subjects were living independently
and 25% were with parents; 47% were employed and
10% were students; 49% died at home and 39% in hospi-
tals. The most frequent verdict by the coroner was acci-
dent/misadventure at 49%.
The authors commented on the possible reasons for the

increase in the number of deaths from ecstasy.
Specifically, the UK has possibly the greatest availability
of ecstasy among all European Union countries.
Unfortunately, with increased use and supply, the pur-
chase price of ecstasy tablets has fallen significantly over
the years to nearly half its original price. Moreover, it is
not uncommon for more lethal forms of amphetamines to
be passed off as ecstasy. With increased publicity and
awareness, coroners may have improved and thereby
increased their reporting of such deaths. There is a parti-
cular concern that deaths from ecstasy tend to occur in
younger individuals. The authors speculated that multiple
compounds were probably consumed, in order to boost
the effects of the single compound or to overcome its
untoward effects. In such cases, death possibly occurred
from the cumulative effects of all the drugs used.
In a retrospective chart review of the prevalence of

MDMA-related deaths in the USA from 1999 to 2001
102 cases were identified in which MDMA was detected
post-mortem: 10% were from 1999, 38% from 2000, and
52% from 2001 (126). The mean age was 25 years. Cases
were coded as drug-related (drug toxicity contributed to
death) or drug-unrelated (drug found but not related to
the cause of death). Of the 102 reports 71 were considered
to have been drug-related. The mean time from onset of
symptoms to contacting emergency services was 6 hours
and 42 minutes. There was no difference in MDMA con-
centration between drug-related and drug-unrelated
deaths. There was also a high rate of polysubstance use
(73%). The authors emphasized that there was a 400%
increase in MDMA-related deaths from 1999 to 2001.
Furthermore, the long delay between the onset of symp-
toms and medical intervention suggests that many of

these deaths could have been prevented with timely atten-
tion. Because only 8% of the medical examiners who
were contacted for information responded, non-response
bias was possible. Furthermore, a disproportionate num-
ber of deaths (77%) were reported by one state (Florida),
suggesting possible geographic reporting bias.

Pathology

Three deaths have been reported after the ingestion of
MDMA/MDEA, in which immunohistological studies
further elucidated the causes of the deaths (127). One
death was caused by MDMA intoxication, one was from
MDEA, and the third was from combined intoxication.
One case had been reported previously (SEDA-22, 31).

� A 19-year-old man consumed ecstasy for the entire
duration of a discotheque party (lasting until morning)
and had respiratory difficulty, uncoordinated move-
ments, generalized hypertonia, and hyperpyrexia
(40.6�C). The diagnosis was disseminated intravascular
coagulation and was treated with heparin but suffered
severe blood loss from the oral cavity and injection
wounds. He subsequently had a cardiac arrest.� A 20-year-old man took many ecstasy tablets at a dis-
cotheque, returned home complaining of feeling fever-
ish (axillary temperature 40�C), went to bed, and was
found dead 10 hours later, his pillow soaked with
blood.� A 19-year-old man was found unconscious near a dis-
cotheque. His course progressively worsened, with the
appearance of diffuse subcutaneous petechiae. While
being treated for hypotension, he developed sustained
convulsions and uremia and later died.

In all cases, amphetamines were detected in the urine.
The pathological findings showed diffuse subserous pete-
chiae and polyvisceral stasis. The brains showed massive
edema and signs of neuronal hypoxia. In two cases, the
heart showed coagulative myocytolysis, while one had
areas of subendocardial hemorrhage. The lungs showed
subpleural and intra-alveolar hemorrhages with severe
edema, and in two cases microthrombotic formations
inside lung capillaries. In two cases, the liver showed
evidence of microvesicular steatosis and in one case cen-
trilobular necrosis. Liver cells in the central zones showed
coagulation necrosis with precipitation of fibrin in the
whole area affected by necrosis. In the kidney, fibrin
thrombi in the renal glomeruli were observed in two of
the cases, while acute tubular necrosis was observed in
one.
The findings in these three cases were similar to those

seen in deaths from hyperthermia and disseminated intra-
vascular coagulation. The myocardial necrosis (coagula-
tive myocytolysis) without infarct necrosis suggested
adrenergic overdrive. In two cases the muscle showed
the typical pathological changes observed in deaths due
to malignant hyperpyrexia. Myoglobin was detected in
the proximal tubules in all three cases. The authors inter-
preted the clinical, histopathological, and toxicological
data as indicative of an idiosyncratic response to ecstasy.
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Long-Term Effects

Drug tolerance

Ecstasy can release large amounts of serotonin in the
synaptic cleft, with an 80% loss of brain serotonin and
its metabolites within 4 hours of an injection of ecstasy.
However, ecstasy inhibits monoamine oxidases A and B,
leading to an increase in serotonin and other catechola-
mines (128). Chronic tolerance to ecstasy in humans is a
robust empirical phenomenon, which leads to dosage
escalation and bingeing. Tolerance to ecstasy develops
rapidly; many users describe their first experience as
their best, and with repeated use its positive effects sub-
side rapidly. Many predicted that ecstasy would not
become a drug of abuse, specifically because of the early
reduction in subjective efficacy. This is opposite to
cocaine. Many recreational users increase the dosage;
however, taking a double dose does not double the sup-
posedly beneficial effects but increases the negative
effects. Chronic bingeing is statistically linked to higher
rates of drug-related psychobiological problems. Thus,
the authors suggested that regular ecstasy users should
balance their desire for an optimal on-drug experience
with the need to minimize the post-drug consequences.
Some individuals intensify their use to maximize the on-
drug experience, while others use it sparingly to minimize
the long-term consequences. The rate of development of
chronic tolerance can be variable, even with regular
ecstasy use. The authors postulated that serotonergic
mechanisms may partly explain the unusual pattern of
chronic tolerance with ecstasy.

Drug dependence

There are few preclinical or clinical data to suggest that
repeated use of MDMA is associated with increased tol-
erance or dependence. However, anecdotal reports sug-
gest that in some individuals, increasing amounts of
MDMA are used in order to achieve the same reinforcing
psychoactive effects (58,129).

Second-Generation Effects

Pregnancy

Workers in Canada have tried to characterize women who
reported gestational exposure to ecstasy (130). The
Motherisk Program is a large Teratogen Information
Service based in Toronto and receives over 150 calls
daily about exposure to various agents during pregnancy.
The authors reviewed the data from 1998 to 2000. The
study group consisted of all pregnant women who had
been exposed to ecstasy. The control group was randomly
selected pregnant women who visited the Motherisk
Clinic during the same week as the subject who called
about ecstasy. The 132 ecstasy-exposed women were sig-
nificantly younger, earlier in gestational age, and weighed
less than the non-exposed controls. The ecstasy users had
had significantly fewer pregnancies and live births and
had a higher rate of therapeutic abortions but not sponta-
neous abortions. Significantly more ecstasy users reported

unplanned pregnancies and were more likely to be single
and white. The ecstasy users were more likely than con-
trols to have had alcohol exposure in pregnancy, and
significantly more drank heavily. The ecstasy-exposed
women were more likely to binge-drink and smoke cigar-
ettes during pregnancy, and more were significantly heavy
smokers. Ecstasy users also had a greater tendency to use
marijuana, cocaine, amphetamines, ketamine, gamma-
hydroxybutyrate, and psilocybin.
Of the 132 women who reported ecstasy use, 129 had

used it during pregnancy, of whom 101 reported previous
use of ecstasy before their pregnancy, but had discontin-
ued it. The mean gestational age of last ecstasy exposure
was 5.0 weeks (range 1–24 weeks). All but three used
tablets: two snorted and one used a liquid formulation.
The mean dose taken on one occasion was 1.24 tablets. Of
the 122 patients whose data were included in the analysis,
most (57%) had only one exposure to ecstasy during
pregnancy; 10 women had more than five exposures.
One 15-year-old girl did not realize she was pregnant
until 24 weeks gestation and had used two tablets of
ecstasy four times a day. Only seven of the ecstasy
group reported exposure to ecstasy alone. Ecstasy-asso-
ciated adverse events were reported by 33 of 77 respon-
dents. The physical adverse effect most commonly
reported was vomiting (23%). The authors raised signifi-
cant concerns about the potential teratogenic effects in
these women, due to clustering of risk factors.

Susceptibility factors

Age

Infants

The effects of ingestion, accidental or otherwise, of
ecstasy in infants continue to be reported (131).

� An 11-month-old, breast-fed boy of Argentinian–
Italian origin developed generalized seizures,
depressed consciousness (Glasgow coma scale 12),
repetitive and jerky movements of limbs with asso-
ciated hyper-reflexia and muscle rigidity, dilated non-
reactive pupils, and perioral cyanosis. He had a sinus
tachycardia of 190/minute and pulse oximetry of 83%.
There was ecstasy 11.7 mg/l and its metabolite MDA
1.2 mg/l in the urine. Cocaine 1.3 mg/l and benzoylec-
gonine 0.4 mg/l were found in a proximal hair sample
and cocaine 4.6 mg/l and benzoylecgonine 0.5 mg/l in a
distal segment. His mother’s hair was negative. He
recovered completely within 24 hours.

This infant appeared to have accidentally ingested
ecstasy. The extremely high urinary concentration of the
parent drug and metabolites excluded the possibility of
intoxication through breast-feeding. The urine concentra-
tion of ecstasy was in the range encountered in acute
intoxication and adult deaths. The child’s symptoms
were consistent with cardiovascular and autonomic effects
and acute toxic effects of ecstasy. The hair analysis
showed chronic exposure to cocaine, which could have
been through passive inhalation of cocaine, ingestion of
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powder residues, or intentional administration/exposure
through breast milk. This case highlighted the importance
of drug testing in unusual cases, even in infants.

� A 15-month-old infant developed seizures (132). Her
heart rate was 200/minute, here peripheries were cya-
nosed, and she had labored breathing, dilated pupils
reacting sluggishly to light, and a temperature of
37.3�C. There was a rash over the right iliac fossa.
Her neck and back were arched. Her liver was
enlarged. There was no response to rectal diazepam,
rectal paraldehyde, or intravenous lorazepam, but she
responded to phenytoin and anesthesia with thiopental
and suxamethonium. Amphetamine was detected in
her urine.

Discussion with parents revealed that accidental inges-
tion of ecstasy may have occurred after a teenaged uncle’s
party.

Drug Administration

Drug formulations

In New Zealand, ‘‘herbal ecstasy’’ is a term used for many
different herbal formulations, none of which contains
ecstasy. Some of the names for these herbs (which can
be sold in stores) include ‘‘The Bomb’’, ‘‘Reds’’, and
‘‘Sublime’’. Analysis of ‘‘The Bomb’’ showed substantial
amounts of ephedrine; the Ministry of Health in New
Zealand removed it from the market. Some symptoms
associated with herbal ecstasy include headache, dizzi-
ness, palpitation, tachycardia, and raised blood pressure.
Thus, in countries where the term ‘‘herbal ecstasy’’ is
commonly used, it is important that those who see
patients who have taken herbal ecstasy should not con-
fuse it with ecstasy, as toxicity and medical management
may be quite different (133).

Drug contamination

It is not uncommon for people to be deceived into con-
suming other substances, believing them to be MDMA.
At dance parties and ‘‘raves’’ for young adults, com-
pounds passed as ecstasy may be more lethal than
MDMA, either because they contain more potent amphe-
tamines than MDMA or because of adulteration with
other substances. In three fatal cases reported in the
USA, the victims (two men aged 19 and 24 and a
woman aged 18) believed that they were using MDMA
but had in fact taken PMA, a more potent central stimu-
lant with structural and pharmacological similarities to
MDMA (134). They became agitated and developed
bruxism, severe hyperthermia, convulsions, and hemor-
rhages. The presence of PMA was confirmed by enzyme
immunoassay, and MDMA was not detected. PMA is not
a contaminant of MDMA.

Drug adulteration

A potential confounding variable in studies of MDMA is
that the subjects may not actually be taking MDMA, but

rather other substances, such as amfetamine or metamfe-
tamine. In 21 subjects who claimed to have taken only
MDMA and no other drugs (135) a hair sample showed
that 19 had MDMA present, while seven had concentra-
tions of 3,4-methylenedioxyamfetamine (MDA) similar
to or greater than those of MDMA. Eight subjects also
tested positive for of amfetamine or metamfetamine. At a
follow-up interview with those who tested positive for
drugs other than MDMA, none admitted knowledge of
taking MDA, amfetamine, or metamfetamine. These
results suggest that not all street ecstasy tablets contain
pure MDMA. Often, MDA, amfetamine, or metamfeta-
mine is disguised as MDMA. It is unknown whether the
combination of MDMA with these drugs poses a greater
health risk to abusers. The main limitation of this study
was that it relied on the subjects’ own reports. The
authors suggested that hair testing be implemented in all
MDMA research trials to ensure that the study sample is
accurate.

Drug overdose

Accidental MDMA overdose has been reported in a baby
(136).

� A 14-month-old boy began convulsing 40 minutes after
taking an unknown medication. The convulsions lasted
for 20 minutes. He became cyanotic with a heart rate
of 130/minute and a temperature of 38�C. He was
treated with oxygen, intravenous benzodiazepines,
and dipyrone, but continued to have isolated ventricu-
lar extra beats, hypertension, and tachycardia. The
serum and urine concentrations of MDMA 8 hours
after ingestion were 0.591 and 1477 mg/l respectively.
After 12 hours, the tachycardia and hypertension
resolved and the child was discharged 9 days later
with no residual symptoms.

Drug–Drug Interactions

Alcohol

The pharmacokinetic and pharmacodynamic interactions
of single doses of ecstasy 100 mg and alcohol 0.8 g/kg
have been investigated in nine healthy men (mean age
23 years) in a double-blind, double-dummy, randomized,
placebo-controlled crossover design (137). Each under-
went four 10-hour experimental sessions, including
blood sampling, with 1 week between each. For the task
used to test the recognition and recording of visual infor-
mation, the conditions involving ethanol yielded signifi-
cantly more errors and fewer responses than ecstasy alone
or placebo alone. The combination of ecstasy with etha-
nol reversed the subjective effect of sedation caused by
alcohol alone. In addition, the combination extended the
sense of euphoria caused by ecstasy to 5.25 hours. The
addition of ethanol caused plasma ecstasy concentrations
to rise by 13%. These results show that the combination
of ecstasy with alcohol potentiates the euphoria of ecstasy
and reduces perceived sedation. However, psychomotor
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impairment of visual processing caused by alcohol is not
reversed. This is a concern for road safety, as people who
take both drugs would feel sober, but their driving would
still be compromised, although the extent of driving
impairment under these conditions is not known. The
increase in plasma concentrations of ecstasy caused by
alcohol could exacerbate the adverse effects of ecstasy.

Moclobemide

There have been four deaths after interactions of moclo-
bemide, a monoamine oxidase A inhibitor, with ecstasy
(138).

� An 18-year-old woman took an unknown quantity of
ecstasy and the next day became confused and had
seizures, loss of consciousness, and respiratory arrest.
At autopsy, no cause of death was found. There were
no specific findings on histology except visceral hyper-
emia. MDMA, moclobemide, and some alcohol were
found in the blood. There was no history of mental
illness or evidence of prescription drugs.� A 23-year-old man was found dead in his apartment,
having previously been confused. At autopsy there was
no clear cause of death. His urine was positive for
amphetamines, opiates, moclobemide, dextromethor-
phan, cyclizine, oxazepam, diazepam, and temazepam.
The coroner concluded that the death was from a
combination of ecstasy and moclobemide, with a pos-
sible contribution from dextromethorphan.� An 18-year-old man with a long history of amfetamine
abuse became confused, was rolling about on the
ground, and then collapsed and died. He had ecstasy
and moclobemide in his possession. Autopsy did not
show a clear cause of death. His urine was positive for
amphetamines and marijuana. Histology showed con-
gestion in the brain, liver, kidney, and lungs and signs
of aspiration. The cause of death was recorded as
accidental poisoning from moclobemide and ecstasy.� A 19-year-old man took 10 ecstasy tablets and became
unconscious, had problems breathing, and later died.
At autopsy, his lungs were edematous and there was
general visceral congestion. His blood contained
MDMA, MDA, cannabis, and moclobemide. The
cause of death was recorded as having been due to
the combination of moclobemide and ecstasy.

The authors suggested that the serotonin syndrome
possibly occurred as a result of the combination of moclo-
bemide and ecstasy, although it was not clear why the
combination had been used.

Ritonavir

An important consideration in the use of all HIV-1 pro-
tease inhibitors, but of ritonavir in particular, is their
potential for drug interactions through their effects on
cytochrome P450 isozymes. The various interactions of
ritonavir with other antiretroviral drugs have been
reviewed (139). Ritonavir, which inhibits CYP2D6, the
principal pathway by which MDMA is metabolized, can
also produce clinically relevant interactions with recrea-
tional drugs (140).

� A 32-year-old HIV-positive man, who added ritonavir
600 mg bd to his antiretroviral regimen of zidovudine
and lamivudine, became unwell within hours after hav-
ing taken two and a half tablets of ecstasy, estimated to
contain 180 mg of MDMA. He was hypertonic, sweat-
ing profusely, tachypneic, tachycardic, and cyanosed.
Shortly after he had a tonic-clonic seizure and a cardi-
orespiratory arrest. Attempts at resuscitation were
unsuccessful. Blood concentrations obtained post-mor-
tem showed an MDMA concentration of 4.56 mg/l, in
the range of that reported in a patient with a life-
threatening illness and symptoms similar to this patient
after an overdose of 18 tablets of MDMA.

A patient infected with HIV-1 who was taking ritonavir
and saquinavir had a prolonged effect from a small dose
of MDMA and a near-fatal reaction from a small dose of
gamma-hydroxybutyrate (141).

Selective serotonin re-uptake inhibitors (SSRIs)

An MDMA-related psychiatric adverse effect may have
been enhanced by an SSRI (142).

� A 52-year-old prisoner, who was taking the SSRI cita-
lopram 60 mg/day, suddenly became aggressive, agi-
tated, and grandiose after using ecstasy. He carried
out peculiar compulsive movements and had extreme
motor restlessness, but no fever or rigidity. He was
given chlordiazepoxide and 2 days later was asympto-
matic. Citalopram was reintroduced, and 2 days later
he reported visual hallucinations of little bugs in the
cell. Promazine was substituted for citalopram and his
condition improved 2 days later.

The authors suggested that SSRIs such as citalopram can
potentiate the neurochemical and behavioral effects of
MDMA.
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ORGANIC SOLVENTS

General Information

Lighter fuels, benzene, toluene, cleaning fluids (carbon
tetrachloride), petrol, paraffin, and even the fluorocarbon
propellants found in various household sprays and medi-
cations have all been used, particularly by children, to
produce changes in consciousness. They are all inhaled,
often with the aid of a plastic bag, and, since they are
lipid-soluble, they are readily concentrated in brain tissue.
As with many anesthetics there is an early period of
hyperactivity, excitement, and intoxication, followed by
sedation and confusion. Prolonged or regular use can
cause serious toxicity, with bone-marrow depression, car-
diac dysrhythmias, peripheral neuropathy, cerebral
damage, and liver and kidney disorders (1).
Many organic solvents are used in pharmaceutical pro-

ducts. These include propylene glycol, polyethylene gly-
cols, ethanol, dimethyl sulfoxide, N-methyl-2-
pyrrolidone, glycofurol, Solketal, glycerol formal, and
acetone; evidence of harm from such solvents is scant (2).
Much of the information about the harmful effects of

organic solvents comes from studies of industrial expo-
sure, although toluene abuse through sniffing of glues and
other household sources of solvents (acrylic paints, adhe-
sive cements, aerosol paints, lacquer thinners, shoe polish,
typewriter correction fluids, varnishes, and fuels) has also
been widely reported.

Epidemiology of inhalant abuse

The epidemiology of inhalant abuse has been widely stu-
died in the USA (3). There is no overall sex difference in
solvent abuse, although girls are more likely to be users in
younger age groups and boys in older ones. Inhalant
abuse is more common among school dropouts. Native
Americans and Hispanic Americans are over-represented
and blacks under-represented.
In the UK 3.5–10% of children under 13 years have

abused volatile substances, and 0.5–1% are long-term
users (3). In 1980 24 cases of solvent abuse were reported
in Singapore, but by 1984 the number had increased to
763 and from 1987–91, 1781 glue sniffers were identified.
In 2004, it was reported that street children in India were
abusing typewriter eraser fluid, which contains toluene. In
low-income families in Sao Paulo, Brazil, 24% of children
had inhaled a volatile substance at some time and 4.9%
had inhaled within the last month.
Sniffing petrol (which contains 13% toluene) has been

reported among Native Americans in Canada and
Aborigines in Australia. In Japan, there is an increased
likelihood of illicit drug use, including toluene abuse,
among children with attention deficit hyperactivity disorder.

General effects

The acute and chronic effects of solvent sniffing have
been thoroughly reviewed (4). Solvents can be sniffed

through the nose or huffed through the mouth, direct
from the container, or from a filled bag, can, or bottle,
or from a soaked rag. The acute effects include euphoria,
exhilaration, dizziness, visual and auditory hallucinations,
disinhibited behavior, relaxation, and sleep. Tolerance to
these effects occurs but there are no withdrawal symp-
toms. Coughing, sneezing, salivation, flushing of the skin,
nausea, vomiting, photophobia, disorientation, tinnitus,
diplopia, headache, ataxia, slurred speech, depressed
reflexes, nystagmus, and unconsciousness can occur.

Observational studies

In 25 adults, aged 18–40 years, three different patterns of
symptoms led to hospitalization: muscle weakness (n¼ 9),
gastrointestinal complaints, including abdominal pain and
hematemesis (n ¼ 6), and neuropsychiatric disorders,
including altered mental status, cerebellar abnormalities,
and peripheral neuropathy (n ¼ 10) (5). Hypokalemia (n
¼ 13), hypophosphatemia (n ¼ 10), hyperchloremia (n ¼
22), and hypobicarbonatemia (n ¼ 23) were common.
There was rhabdomyolysis in 10 patients. The muscle
weakness and gastrointestinal syndromes resolved within
1–3 days of abstinence from sniffing and repletion of fluid
and electrolytes.

Organs and Systems

Cardiovascular

Myocardial infarctions have been attributed to toluene
abuse (6,7).
Heart failure with a dilated cardiomyopathy occurred

in a 15-year-old boy with a 2-year history of intermittent
solvent abuse (8).
There were myocardial degenerative changes in the

heart of a 14-year-old boy who died suddenly after
abuse of typewriter correction fluid (9).

Respiratory

In 42 solvent inhalers aged 11–31, residual volumes were
significantly higher than in 20 controls aged 10–26; lung
tissue obtained at autopsy from three inhalers contained
microscopic abnormalities similar to those seen in experi-
mental panlobular emphysema (10).
Goodpasture’s syndrome has been reported after expo-

sure to toluene and other organic solvents (11,12,13).

Nervous system

Chronic moderate- to high-level exposure to some
organic solvents, such as carbon disulfide, n-hexane and
methyl n-butyl ketone, can cause encephalopathies (14),
which have been variously described as ‘‘organic solvent
syndrome’’, ‘‘painters’ syndrome’’, ‘‘psycho-organic syn-
drome’’, and ‘‘chronic solvent encephalopathy’’ (15).
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Some, such as bromopropane, may also cause polyneuro-
pathies (3,4). There is some evidence of marginal atrophic
abnormalities in the brain or impaired nerve conduction
velocity in solvent-exposed workers (16).
It has been suggested that the adverse effects of organic

solvents on the nervous system may be, at least in part,
mediated by effects on dopaminergic function (17), per-
haps via active metabolites (18). The proposed metabo-
lites are shown in Table 1.
Cerebellar damage is a common feature of chronic

neurological toxicity due to solvents.

� A 24-year-old man, who had sniffed toluene-contain-
ing compounds since he was 17, developed a syndrome
that included psychiatric impairment, signs of bilateral
pyramidal tract damage, altered cerebellar and sensory
functions, and a peripheral neuropathy (19).� An 18-year-old girl, who had inhaled pure toluene for 6
years, developed neurological symptoms, with a broad-
based ataxic gait, incoordination of the arms and legs,
unsteadiness, dysarthria, downbeat nystagmus, bilat-
eral positive Babinski signs, and poor concentration
and abstracting abilities (20). After withdrawal of
toluene her symptoms improved and at 8 months had
disappeared.

Of 24 solvent abusers (mean age 23 years), who had used
substances containing a mean of 425 mg of toluene per
day for an average of 6.3 years, 16 had marked impair-
ment in neurological and neuropsychological tests; cere-
bellar symptoms were particularly prominent (21). The
impairment correlated significantly with CT scan mea-
surements of the cerebellum, ventricles, and cortical
sulci, all of which were abnormal compared with age-
matched controls.

Sensory systems

Eyes

The effects of occupational exposure to organic solvents
on color discrimination have been reviewed (22).
Workers who have been exposed to styrene have subtle
impairment of color discrimination compared with age-
matched controls. The impairment generally tends to be
of the tritan (blue–yellow) type, although some cases of

protan (red–green) impairment have also been found.
Toluene has an acute effect on color discrimination,
even with relatively high exposure, but its chronic effects
are not known. Tetrachloroethylene may cause slight
impairment.

Ears

Organic solvents are ototoxic (23) and can cause vestibu-
lar damage and extracochlear high-frequency hearing loss
(24). Ototoxic solvents include carbon disulfide, n-hex-
ane, styrene, toluene, and trichloroethylene, and xylene
(25,26).

� A 27-year-old glue sniffing woman developed sensor-
ineural hearing loss, optic atrophy, and global brain
damage (27).

Psychological

The neurobehavioral effects of long-term occupational
exposure to organic solvents have been reviewed (28,29).

Psychiatric

Chronic toluene abuse produces a leukoencephalopathy,
characterized chiefly by dementia (30).

Electrolyte balance

Hypokalemia is a common accompaniment of the meta-
bolic acidosis that toluene inhalation can cause (see
below). However, severe hypokalemia has also been
reported in the absence of acidosis (31).

Acid-base balance

There have been many anecdotal reports of metabolic
acidosis in glue sniffers, attributed to renal tubular acido-
sis. However, it has been suggested that it is in fact due to
overproduction of hippuric acid resulting from the meta-
bolism of toluene, with or without a reduced rate of
urinary ammonium ion excretion (32).

Hematologic

Exposure to organic solvents is associated with an
increased risk of hematological malignancies (see below,
under Tumorigenicity).

Liver

� A 19-year-old boy developed hepatorenal failure after
having sniffed a proprietary brand of liquid cleaner
from a rag for 6 hours (33).

Urinary tract

Organic solvents can cause nephropathies.

� A 38-year-old man developed acute oliguric renal fail-
ure after repeated glue sniffing for about 8 hours (34).
He also had severe liver damage, mild muscle necrosis,
and bone marrow depression. He made a complete
recovery.� An 18-year-old man, who had been a regular glue
sniffer (Evostik, which at that time contained toluene)

Table 1 Possible toxic metabolites of organic solvents (19)

Solvent

Suggested active

metabolite

Aromatic monocyclic

hydrocarbons

Phenyglyoxylic acid

Ethylbenzene

Styrene

Vinyltoluene

Chlorinated hydrocarbons Chloral

(trichloroacetaldehyde)

Trichloroethylene

Perchloroethylene

Trichloroethane

Glycols Glyoxylic acid
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for 5 years (one large tin a week), developed mesan-
giocapillary glomerulonephritis with heavy proteinuria
and immune complex deposition (35). He continued to
sniff glue occasionally and later developed nephrotic
features and hypertension.� A 16-year-old girl, with a history of heavy smoking and
sniffing of Pattex glue, developed rapidly progressive
glomerulonephritis and renal insufficiency, with high
serum titers of antiglomerular basement membrane
antibodies and linear deposits of immunoglobulin G
and diffuse epithelial crescents on renal biopsy (36).
Repeated plasmapheresis and immunosuppression
caused the autoantibodies to disappear from the
serum but renal function was not affected.

Of 63 adults with advanced renal insufficiency, those
with biopsy-proven primary proliferative glomerulone-
phritis and those whose clinical presentation was consis-
tent with glomerulonephritis had significantly greater
exposure to organic solvents than patients with a variety
of other renal diseases (37).
In a case-control study of 50 patients with biopsy-pro-

ven glomerulonephritis and 100 sex- and age-matched
controls (50 patients each with non-glomerular renal dis-
ease or acute appendicitis), half of the patients with glo-
merulonephritis reported more than slight exposure to
organic solvents compared with 20% of the controls (38).
Fanconi’s syndrome has also been reported (39), as

have severe tubulo-interstitial nephritis (40), and acute
toxic tubular necrosis (41).
Three patients who regularly sniffed a lacquer thinner,

whose major component was toluene, or a cement con-
taining xylene and cyclohexane, for 2–6 years developed
urolithiasis (42), as did a young man who was a persistent
sniffer of toluene (43).

Immunologic

Although there are reports of associations between expo-
sure to organic solvents and various connective tissue
diseases, such as systemic sclerosis, scleroderma, undiffer-
entiated connective tissue disease, systemic lupus erythe-
matosus, and rheumatoid arthritis, the evidence of a
causal association is weak (44).

Death

Death from solvent sniffing can occur either indirectly,
through asphyxiation or aspiration of vomit (4). Direct
causes include reflex vagal inhibition, cardiac dysrhyth-
mias, respiratory depression, and anoxia.

Long-Term Effects

Tumorigenicity

There is evidence of varying quality of increased risks of
cancer following exposure to the following solvents (45):

� benzene (leukemias and lung and nasopharyngeal can-
cers);� carbon tetrachloride (hematological malignancies);� methylene chloride (liver and biliary tract cancers);

� styrene (leukemias);� tetrachloroethylene (esophageal and cervical cancers
and non-Hodgkin’s lymphoma);� toluene (gastrointestinal and lung cancers);� trichloroethane (multiple myeloma);� trichloroethylene (tumors of the liver and biliary tract
and non-Hodgkin’s lymphomas);� xylene (hematological malignancies).

Exposure to organic solvents is particularly associated
with an increased risk of hematological malignancies,
including leukemias (46) and non-Hodgkin’s lymphomas
(47). In one study there was a seven-fold increased risk of
acute lymphoblastic leukemia in workers exposed to sol-
vents (48). In another study there was an increased risk of
non-Hodgkin’s lymphoma in those who had been exposed
to organic solvents daily for at least 1 year (OR ¼ 3.3;
95% CI ¼ 1.9, 5.8) (49). The risk of Hodgkin’s disease
may also be increased. Exposure to some solvents may
increase the risk of multiple myeloma (50,51).
Exposure to benzene carries a risk of acute leukemias,

usually myeloid or monocytic and preceded by a preleu-
kemic phase, with anemia, leukopenia, and thrombocyto-
penia. Inhalation of toluene has occasionally been
associated with aplastic anemia and acute leukemias.

Second-Generation Effects

Pregnancy

The effects of exposure to organic solvents in pregnancy
have been reviewed (52). There is evidence of a moderate
increase in the risks of spontaneous abortion and conge-
nital malformations, especially facial clefts.

Teratogenicity and fetotoxicity

Exposure to toluene by glue sniffing during pregnancy
can cause intrauterine growth retardation, premature
delivery, congenital malformations, and postnatal devel-
opmental retardation (53).
A syndrome resembling that of the fetal alcohol syn-

drome has been described in infants who had been
exposed to toluene in utero (54). Of all toluene-exposed
infants, 39% were born prematurely and 9% died during
the perinatal period; 54% were small for gestational age
and 52% had continued postnatal growth deficiency; 33%
had prenatal microcephaly, 67% postnatal microcephaly,
and 80% developmental delay. In 83% there were cranio-
facial features similar to the fetal alcohol syndrome, and
89% of these children had other minor anomalies. The
authors suggested that toluene and alcohol have a com-
mon mechanism of craniofacial teratogenesis, namely
deficiency of craniofacial neuroepithelium and mesoder-
mal components owing to increased embryonic cell death.
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PHENCYCLIDINE

General Information

Phencyclidine or 1-(1-phenylcyclohexy-1) piperidine
(known as PCP, ‘‘angel dust’’, and many other names)
was originally developed as an anesthetic, but was abused
as an illicit drug from the late 1960s onwards. It is an
antagonist at the N-methyl-d-aspartate (NMDA) subtype
of glutamate receptors and a dopamine receptor agonist.
It has anticholinergic properties through blockade of ion
channels in acetylcholine receptors. It is still used in some
countries as an anti-parkinsonian agent (SED-11, 86; 1–
3).
The psychoactive effects of phencyclidine are stimulant

and similar to the effects of hallucinogens. Hallucinations
are often bizarre, frightening, and challenging. Aggressive
behavior, usually with amnesia, is common. Self-destruc-
tive actions are also seen. Overdosage is associated with
paresthesia, slurred speech, ataxia, and later catatonia,
dilated pupils, and coma, with tachycardia, hypertension,
and dysrhythmias. Seizures and deaths have occurred
(SED-11, 86; 4).
Although the effects of phencyclidine are usually short-

lived, it can cause prolonged and severe behavioral dis-
turbances, exaggeration of pre-existing thoughts, and ser-
ious medical complications (5).

Observational studies

Among 107 consecutive patients with phencyclidine
intoxication, the diagnosis was confirmed by positive
urine assay in 27 (6). The most common abnormalities
were mental/behavioral (89%) and nystagmus (85%).
There were also increases in blood pressure, temperature,
and heart rate. The most common serious medical com-
plication requiring hospitalization was rhabdomyolysis,
which occurred in three patients, two of whom developed
acute renal insufficiency.
Four major and five minor clinical patterns of acute

phencyclidine intoxication have been described in 1000
patients (7). Major patterns were acute brain syndrome
(24.8%), toxic psychosis (16.6%), catatonic syndrome
(11.7%), and coma (10.6%). Minor patterns included
lethargy or stupor (3.8%) and combinations of bizarre
behavior, violence, agitation, and euphoria in patients
who were alert and oriented (32.5%). Patients with
major patterns of toxicity usually required hospitalization
and had most of the complications. Patients with minor
patterns generally had mild intoxication and did not
require hospitalization, except for treatment of injuries
or autonomic effects of phencyclidine. There were various
types of injuries in 16%, and aspiration pneumonia in
1.0%. There were 22 cases of rhabdomyolysis (2.2%),
and three patients required dialysis for renal insufficiency.
One patient who had been comatose died suddenly with a
pulmonary embolism.

Of 68 users of phencyclidine (37 men, 31 women; aged
14–38 years), 42 used it daily, and 14 used it intravenously;
25 considered themselves to be addicted to it (8). The
effects that they reported are listed in Table 1, the with-
drawal effects in Table 2, and the unwanted behaviors in
Table 3.

Organs and Systems

Cardiovascular

In seven cases of poisoning with phencyclidine, death
followed a hypertensive crisis (9). In one case an acute
episode of hypertension resulted in coma and blindness
(10).

Nervous system

The electroencephalographic effects of phencyclidine
intoxication have been reported in a patient who was
comatose, with nystagmus and waxy rigidity of the limbs
(11). The electroencephalogram showed widespread sinu-
soidal theta rhythm, interrupted every few seconds by
periodic slow-wave complexes, similar to that seen in
deep ketamine anesthesia.
In another patient, a 23-year old man, the electroence-

phalogram also showed monomorphic non-reactive gen-
eralized theta rhythm, interrupted by periodic bilaterally
synchronous high voltage slow paroxysms similar to those
described in subacute sclerosing panencephalitis (12). The
authors suggested that this unusual finding supported the
hypothesis that phencyclidine acts by reversible deaffer-
entation of cortical neurons.

Table 1 Self-reported effects of phencyclidine in 68 users

Effects % Effects %

Decreased appetite 61.8 Increased sex drive 29.4

Confused thoughts 60.3 Visual hallucinations 27.9

Loss of memory 58.8 Paranoia 26.5

Increased strength 57.4 Ringing in ears 23.5

Feel ‘‘speedy’’ 55.9 Headaches 22.1

Euphoria 54.4 Decreased sex drive 20.6

Drowsiness 51.5 Fatigue 20.6

Bad trips 44.1 Auditory hallucinations 20.6

Insomnia 41.2 Feel hot 19.1

Depression 35.3 Decreased strength 17.6

Dizziness 33.8 Vomiting 13.2

Increased anger 33.8 Feeling of detachment 13.2

Increased anxiety 33.8 Increased appetite 7.4

Increased violence 32.4 Decreased anxiety 7.4
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Sensory systems

Amaurosis fugax has been attributed to phencyclidine
(13).

Psychiatric

After ingesting street drugs sold as ‘‘PCP’’, ‘‘THC’’, and
‘‘methadone’’, three young men developed schizophreni-
form psychoses, analgesia, anesthesia, and amnesia (14).
Except for the unusually long duration (2–4 weeks), these
reactions resembled phencyclidine-induced psychoses.
Phencyclidine use can cause a psychosis lasting several

weeks in a small number of users, who have premorbid
personalities similar top those who develop psychoses after
using lysergide or cannabis (15). Nine patients with phency-
clidine-induced psychoses had hostility, agitation, tangential-
ity, and delusions of influence and religious grandiosity; six
reported auditory hallucinations; four were disoriented in at
least one sphere.Despite treatment with antipsychotic drugs,
the episodes often persisted for more than 30 days (16).

Mechanism

Phencyclidine-induced psychosis is probably mediated via
dopamine D2 receptors. This is consistent with the results of
studies with different dopamine receptor antagonists in the
treatment of this psychosis. In one study haloperidol (a
predominantly D2 antagonist with noradrenergic effects)
and pimozide (a predominantly D2 antagonist with no nor-
adrenergic activity) were equally effective and both were
superior to chlorpromazine (a non-selective D1 and D2

antagonist with noradrenergic effects) (17).

Musculoskeletal

Two young patients with phencyclidine toxicity devel-
oped acute rhabdomyolysis and myoglobinuria, probably
secondary to skeletal muscle injury due to an acute dys-
tonic motor reaction (18) and 30 reported cases of rhab-
domyolysis associated with acute renal insufficiency have
been reviewed (19).

Body temperature

Three men with phencyclidine intoxication developed
severe malignant hyperthermia, respiratory failure, and
coma (20). Two days later serum transaminase activity and
bilirubin concentration rose markedly with prolongation of
the prothrombin time. Liver biopsies showed marked peri-
venular necrosis and collapse. One patient died.

Multiorgan failure

� A 42 year old woman developed confusion and a bra-
dycardia of 20/minute. She was disoriented and only
partly responsive to verbal stimuli (21). Her pupils
were dilated and partly responsive to light, with circular
nystagmus. An electrocardiogram showed wide QRS
complexes, peaked T waves, and no P waves. She had
a severe metabolic and respiratory acidosis, acute renal
insufficiency, and markedly raised liver enzymes. She
had a prolonged prothrombin time and a reduced con-
centration of clotting factor V. There were opiates and
phencyclidine in the urine. She was intubated and
mechanically ventilated but later had a cardiac arrest.
She stabilized after cardiopulmonary resuscitation and
underwent urgent hemodialysis. Her temperature rose
to 39.5�C and she died on day 3 in multiorgan failure.

Death

Of 19 deaths associated exclusively with phencyclidine intox-
ication, 13 were due to asphyxia by drowning or trauma (22).
In two cases the probable cause of death was primary
respiratory depression accompanied by seizure activity. A
secondary drug effect or concurrent disease may have con-
tributed to the deaths of the remaining four individuals.

Second-Generation Effects

Fetotoxicity

The neurodevelopmental consequences of exposure to
phencyclidine during pregnancy have been reviewed (23).
In a retrospective, case-control study of the use of phen-

cyclidine in 23 of 13 653 pregnant women, the phencyclidine
users had smaller infants (2698 versus 3011 g), which may
have been partly accounted for by a reduction in gestational
age (37.3 versus 38.3 weeks) (24). The users were more
likely to have used tobacco, alcohol, or marijuana and had
a higher incidence of syphilis and diabetes mellitus.
Two neonateswhosemothers had used phencyclidine dur-

ing pregnancy had jitteriness, hypertonicity, vomiting, and in
one case diarrhea (25). Both had phencyclidine in the urine.
Both remained jittery and slightly hypertonic despite treat-
ment with phenobarbital. One was microcephalic.

Table 2 Self-reported symptoms after withdrawal of chronic

phencyclidine in 68 users

Experiences % Experiences %

Craving for PCP 51.5 Headaches 16.2

Increased need for

sleep

48.5 Insomnia 14.7

Poor memory 45.6 None 14.7

Depression 44.1 Recurring tastes 13.2

Laziness 44.1 Panic 11.8

Increased appetite 38.2 Decreased appetite 8.8

Confused thoughts 35.3 Decreased need for

sleep

4.4

Flashbacks 32.4 Feeling ‘‘speedy’’ 1.5

Irritable 30.9 Feeling hot 1.5

Feeling weak 30.9 Ringing in ears 1.5

Increased anxiety 22.1

Table 3 Self-reported unwanted behaviors in 68 users of

phencyclidine

Behavior % Behavior %

Lost money 48.5 Hurt someone else 23.5

Got lost 39.7 Unwanted sexual encounter 19.1

Took drugs 35.3 Attempted suicide 13.2

Got into fight 30.9 Committed crime 11.8

Hurt yourself 26.5 Had car accident 10.3
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When 94 neonates born to mothers who had taken
phencyclidine during pregnancy were compared with 94
controls the former had poor attention, hypertonia, and
depressed neonatal reflexes (26).

Drug administration

Drug overdose

Two phencyclidine-intoxicated patients had bizarre com-
binations of disorientation, hallucination, agitation, and
dyskinetic motor activity (27).
In nine cases of phencyclidine hydrochloride poisoning,

early signs of overdose included drowsiness, nystagmus,
miotic pupils, raised blood pressure, increased deep tendon
reflexes, ataxia, anxiety, and agitation. Inmore severe cases,
seizures, spasticity, and opisthotonos were seen, in addition
to deep coma and respiratory depression (28).
The management of acute phencyclidine intoxication

has been reviewed (29,30,31,32). Acidification of the
urine enhances its renal clearance (33). All of the follow-
ing have been used to achieve this: ammonium chloride
1 g qds with sufficient water or cranberry juice; lysine
dihydrochloride 2 g tds with sufficient water or cranberry
juice; lysine hydrochloride 2 g qds with water or cran-
berry juice; cranberry juice 18 or more oz/day alone or
plus lysine, ammonium chloride, or ascorbic acid (34).
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PSILOCYBIN

General Information

Psilocybin (4-phosphoryloxy-N,N-dimethyltryptamine) is
a psychedelic indole, as is its active metabolite, psilocin. It
is found in about 200 species of fungi, including those of
the genus Psilocybe, such as Psilocybe semilanceata (the
liberty cap) and Psilocybe cubensis (golden top or golden
cap), also called ‘‘magic mushrooms’’ or simply
‘‘shrooms’’ (1).
Psychedelic drugs (which include lysergide, mescalin,

and psilocybin) act primarily by sertonergic mechanisms
and indirect effects on dopamine function (2,3). Psilocin is
an agonist at 5HT1A and 5HT2A receptors (4).

The effects of psilocybin last for a few hours. Its physi-
cal effects include pupillary dilatation, flushing, nausea,
tremor, pyrexia, hyper-reflexia, tachycardia, weakness,
and dizziness (5). The psychedelic effects include visual
and other types of hallucinations, including enhanced
perception of colours, synesthesia, time slowing, and a
sensation of ego fragmentation. Psilocybin also causes
illusions of motion in otherwise stationary objects (6).
Psychotic reactions (‘‘bad trips’’) can occur, accompanied
by fear, panic, and dangerous behavior, especially when
psilocybin is used in combination with other drugs and
alcohol or by psychiatrically unstable patients. During
such an attack, self-mutilation can occur (7).
In a survey of the use of magic mushrooms in the UK in

2004, the 174 self-selecting respondents were predomi-
nantly in their 20s, white, British, and in education or
employed; 64% were men (8). They reported infrequent
but intense consumption (47% used the mushrooms 4–12
times/year and the average consumption in one sitting was
12 g). They did so to obtain laughter, hallucinations, alter-
ing perspective (41–74%), and feelings of being closer to
nature (49%). Negative effects included paranoia (35%)
and anxiety (32%).

Organs and Systems

Cardiovascular

In a double-blind study nine patients with obsessive-com-
pulsive disorder were given four single-doses of psilocybin
25-300 micrograms/kg (9). One had transient hyperten-
sion unrelated to anxiety or somatic symptoms, but there
were no other significant adverse effects.

Psychological

In a double-blind study in 12 healthy volunteers, psilocy-
bin 115 and 250 micrograms/kg significantly impaired
their ability to reproduce interval durations longer than
2.5 seconds and to synchronize to inter-beat intervals
longer than 2 seconds; it also caused them to be slower
in their preferred tapping rate (10). These objective
effects on timing performance were accompanied by

deficits in working memory and subjective changes in
conscious state (depersonalization, derealization, and dis-
turbances of subjective time sense).

Psychiatric

In a placebo-controlled study using PET scanning in
seven healthy volunteers, oral psilocybin 250 micro-
grams/kg produced changes in mood, disturbed thinking,
illusions, elementary and complex visual hallucinations,
and impaired ego-functioning (11). Psilocybin signifi-
cantly reduced (11C)-raclopride receptor binding poten-
tial bilaterally in the caudate nucleus (19%) and putamen
(20%), consistent with an increase in endogenous dopa-
mine. Changes in (11C)-raclopride binding in the ventral
striatum correlated with depersonalization associated
with euphoria. The authors concluded that stimulation
of both 5HT1A and 5HT2A receptors may be important
for modulation of striatal dopamine release in acute psy-
choses.
Five Japanese patients who ate an indigenous mush-

room, Psilocybe argentipes (hikageshibiretake), had var-
ious effects (12). One became stuporose with complete
amnesia; one had a psychedelic state with dreamy con-
sciousness, and three had acute psychotic reactions with
vivid visual hallucinations. All had acute anxiety and
panic reactions.
Hallucinogen persisting perception disorder (HPPD)

has been reported after the use of psilocybin (13).

� An 18-year-old student, who had used cannabis mod-
erately for many years developed perceptual impair-
ment and dysphoric mood, which lasted for 8 months.
The perceptual disturbances initially appeared after he
took 40 hallucinogenic mushrooms in an infusion. He
re-experienced the symptoms the following day after a
cannabis snort. He reported visual disturbances such as
distortion of objects, auditory disturbance with a sen-
sation of resonance, depersonalization, derealization,
changes in the perception of body weight, spatiotem-
poral disturbances, and inability to distinguish illusion
from reality. These symptoms were similar to those
experienced after initial intoxication with the mush-
rooms. Flashbacks occurred daily and got worse in
the dark. Because these symptoms were distressing he
stopped using cannabis 2 months later. The symptoms
abated but then increased again 4 months later. An
MRI scan, electroencephalography, and blood tests
were normal. He was depressed and had a social pho-
bia tendency but no thought disorder or hallucinations.
He was initially treated with amisulpiride and then
with olanzapine, to provide more sedation. However,
this exacerbated his symptoms and was replaced by
risperidone 2 mg/day. He was given sertraline for per-
sistent dysphoric mood and anxiety. After 6 months,
the flashbacks disappeared and his mood and social
interactions improved.

ª 2009 Elsevier B.V. All rights reserved.



This case suggests that HPPD can result from co-intox-
ication by psilocybin and cannabis and can persist after
drug consumption has stopped.

Endocrine

In a placebo-controlled study in eight healthy subjects,
psilocybin 45–315 micrograms/kg had no effect on plasma
concentrations of thyroid-stimulating hormone (TSH),
prolactin, or cortisol; plasma concentrations of corticotro-
pin (ACTH) were increased by doses of 215 and 315
micrograms/kg (14).
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DRUGS USED IN ALZHEIMER’S DISEASE

Donepezil

General Information

The approval of donepezil in several countries in America
and Europe has been hailed as a major milestone, because
it has met regulatory guidelines for the approval of anti-
dementia drugs (1). Donepezil belongs to a piperidine
class of reversible acetylcholinesterase inhibitors, chemi-
cally unrelated to either tacrine or physostigmine. It is
highly specific for acetylcholinesterase and does not inhi-
bit butyrylcholinesterase. The incidence of adverse effects
with donepezil is comparable to that of placebo in con-
trolled trials, and unlike tacrine, liver enzyme monitoring
is not required. The long-term effectiveness of donepezil
in large populations is yet to be established. Moreover,
while it improves cognitive symptoms, it does not alter the
course of the disease. Based on a limited number of
studies, support for the use of donepezil in Alzheimer’s
disease has emerged (2–5).
Clinical trials of donepezil were funded by the manufac-

turer and appear to have been methodologically sound,
although the absence of caregiver quality-of-life measures
and outcomes related to activities of daily living is difficult
to reconcile. An earlier 12-week study showed no improve-
ment in caregiver quality of life with donepezil (4). As with
most phase 3 studies, extrapolation of these results to rou-
tine practice is hampered by the fact that study populations
are likely to be healthier than patients seen in routine
clinical practice. Whether the results would be any different
in a more heterogeneous population remains to be seen (6).
The launch of donepezil has attracted intense interest

among both the scientific community and the public. The
debate regarding ‘‘lessons for health care policy’’ (7) has
been summarized:

(1) Licensing trials in highly selected patients may pro-
vide insignificant information on which to base clini-
cal decisions, especially when the effect sizes are
small and comorbidity is common.

(2) All trial evidence should be published before new
drugs are marketed, and medical journals should not
carry advertisements referring to unpublished data.

(3) Communication of benefits and risks should empha-
size clinical effect sizes rather than statistical
significance.

(4) Claims about effects on populations or services
should be based on evidence.

(5) Secrecy surrounding licensing should be ended, and
data from trials should be available for independent
analysis.

(6) Overvaluation of new technology could threaten
funding for vital but more mundane care.

There was intense debate in response to the above pub-
lication, as reflected by several letters to the Editor of the
British Medical Journal (8–13).
Although once-daily donepezil is effective and well

tolerated for the symptoms of mild-to-moderate
Alzheimer’s disease (14), two practical questions arise:

(1) Which patients are too severely affected to be treated
with donepezil?

(2) At what point should donepezil be discontinued if the
patient continues to deteriorate?

The current status of donepezil in the management of
Alzheimer’s disease has been comprehensively reviewed
(15). Several recent studies have confirmed the efficacy
and tolerability of donepezil using different doses, study
designs, and durations of treatment (16–20). Some rele-
vant conclusions were the following:

(1) Younger patients should be targeted for assessment
and treatment (21).

(2) Of the patients 6% discontinued medication owing to
adverse events (20).

(3) Sleep disturbances were more common in trials with
bedtime dosing of donepezil (19).

(4) Long-term safety and realistic improvement were
observed over a period of up to 4.9 years (22).

(5) The presence of the apolipoprotein E4 allele did not
predict donepezil failure (17).

The adverse effects of donepezil in general practice
have been evaluated in a post-marketing pharmacovigi-
lance study in 1762 patients in the UK (23). This observa-
tional cohort study used the technique of prescription-
event monitoring for a minimum period of 6 months.
The commonest adverse events were nausea, diarrhea,
malaise, dizziness, and insomnia. Aggression, agitation,
and abnormal dreams were uncommonly associated with
the drug. There were no causally associated cardiac
rhythm disturbances or liver disorders. The authors sug-
gested that the abnormal dreams and psychiatric distur-
bances were possible adverse drug reactions that require
further confirmation.

Observational studies

Seven elderly patients with psychotic or non-psychotic
behavioral symptoms in Lewy body dementia had some
benefit from donepezil (24). Donepezil was withdrawn
prematurely in three patients owing to poor response
and/or adverse events. The adverse events were sedation,
somnolence, worsening of chronic obstructive pulmonary
disease, syncope, sweating, and bradycardia. These results
have to be confirmed in controlled trials.
In two patients with Alzheimer’s disease, donepezil

provided some benefit in relieving cognitive symptoms,
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but there were increased behavioral problems, such as
anxiety, agitation, irritability, and lack of impulse control;
these were then successfully controlled by adding gaba-
pentin (25).
Further evidence that donepezil is effective and well

tolerated in treating symptoms of mild to moderately
severe Alzheimer’s disease has emerged from a multina-
tional trial (26). Common adverse effects were nausea,
vomiting, diarrhea, anorexia, dizziness, and confusion,
consistent with previous findings.
The beneficial effect of donepezil on global ratings of

dementia symptoms, cognition, and activities of daily
living has been confirmed (27,28). Donepezil was to be
well tolerated for periods up to 1 year, and adverse events
were usually mild and transient, lasted only an initial few
days, and typically resolved without the need for dosage
modification. It has been suggested that patients with
Alzheimer’s disease do best while taking donepezil
10 mg/day and when the dosage is maintained at that
level without interruption. Donepezil treatment effects
that are lost after prolonged withdrawal do not fully
recover when the drug is restarted (29).
In an open study patients with Alzheimer’s disease and

psychotic symptoms benefited from the addition of done-
pezil to neuroleptic drugs (30).
The AD 2000 West Midlands Donepezil Trial was

based on 565 community-resident patients with mild to
moderate Alzheimer’s disease who took donepezil 5 or
10 mg/day for 12 weeks(31). The results suggested that
donepezil is not cost-effective, with benefits below mini-
mally relevant thresholds. Common adverse events and
those contributing to withdrawal of medication could
have major impact on quality of life and costs, but were
not measured or reported.
Following the publication of the findings of AD 2000,

several correspondents criticized the design of the study
and its conclusions (32,33,34,35). Furthermore, the need
for comparisons of cholinesterase inhibitors, alone and in
combination, with other drugs has been acknowledged
(36).
The efficacy of cholinesterase inhibitors in vascular

dementia (37,38) and in dementia with Lewy bodies (39)
is uncertain.
Sertraline augmentation in the treatment of the beha-

vioral manifestations of Alzheimer’s disease in outpati-
ents treated with donepezil has been evaluated (40).
There were no significant differences on primary end-
points. Diarrhea was more common with donepezil þ
sertraline group compared with donepezil þ placebo.
There was partial improvement in cognitive measure-

ments with donepezil after 6–8 months in three patients
with Wernicke–Korsakoff syndrome (41). Previous
reports have suggested promising results (42,43,44).
However, the extent of benefit in each case is hard to
interpret, because of a variety of confounding factors,
including short treatment periods, lack of reporting of
sequential cognitive testing, and variables such as the
spontaneous partial recovery that occurs in the first few
months after diagnosis of Wernicke–Korsakoff syndrome

and treatment with thiamine. No clear conclusions can
therefore be drawn from these case reports.

Comparative studies

In a double-blind study 769 subjects with an amnestic
subtype of mild cognitive impairment, a transitional
state between the cognitive changes of normal aging and
early Alzheimer’s disease, were randomly assigned to
receive vitamin E 2000 IU/day, donepezil 10 mg/day, or
placebo for 3 years (45). Possible or probable Alzheimer’s
disease developed in 211 subjects. Compared with pla-
cebo, there were no significant differences in the prob-
ability of progression to Alzheimer’s disease in the
vitamin E group (hazard ratio ¼ 1.02; 95% CI ¼ 0.74,
1.41) or in the donepezil group (hazard ratio ¼ 0.80; 95%
CI¼ 0.57, 1.13) during the 3 years of treatment. However,
during the first 12 months donepezil reduced the likeli-
hood of progression to Alzheimer’s disease, a finding that
was supported by secondary outcome measures. Among
carriers of one or more Apo-E e4 alleles, the benefit of
donepezil was evident throughout the 3-year follow up.
There were no significant differences in the rates of pro-
gression to Alzheimer’s disease between the vitamin E
and placebo groups at any time, either among all patients
or among Apo-E e4 carriers. Vitamin E produced no
benefit in patients with mild cognitive impairment.
Although donepezil was associated with a lower rate of
progression to Alzheimer’s disease during the first 12
months of treatment, the rate of progression to
Alzheimer’s disease after 3 years was not lower among
patients who took donepezil than among those who took
placebo.

Placebo-controlled studies

In a 12-week double-blind, placebo-controlled, parallel-
group study, aimed at establishing the efficacy and safety
of donepezil in patients with mild to moderately severe
Alzheimer’s disease, donepezil (5 and 10 mg od) was well
tolerated and efficacious (46). Adverse events significantly
more common with donepezil were nausea, insomnia, and
diarrhea, which appeared to be dose related and did not
require treatment. Seven patients treated with placebo and
six in each of the donepezil groups had serious adverse
events during the trial. Three had events that were consid-
ered possibly related to donepezil. These included gastric
ulceration with hemorrhage, syncope and a transient
ischemic attack, nausea, aphakia, tremor, and sweating.
Both groups of patients treated with donepezil had falls in
mean heart rate that were larger than with placebo. Two
patients treated with donepezil had electrocardiographic
changes: one developed an intraventricular conduction
defect and ventricular extra beats, while the other had
sinus arrhythmia, left axis deviation, and increased QRS
voltage, possibly secondary to left ventricular enlargement.
Neither reported cardiovascular adverse events. Two
patients taking placebo also had electrocardiographic
abnormalities: one with bundle branch block, the other
with sinus bradycardia and ventricular extra beats.
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In a double-blind, randomized, placebo-controlled trial,
69 patients with multiple sclerosis and cognitive impair-
ment were treated with donepezil (10 mg/day) or placebo
for 24 weeks (47). Of those treated with donepezil, 65%
had significant improvement on a test of verbal learning
and memory, compared with 50% of those given placebo.
The patients and clinicians judged that there was signifi-
cantly greater memory improvement in those who took
donepezil. Unusual dreams occurred more frequently
with donepezil (34%) than placebo (8.8%). Although
these results are encouraging, the therapeutic efficacy of
donepezil was not particularly impressive. The study did
not include assessment by care givers, who would have
provided more reliable information on patients’ cognitive
status. Moreover, since the evaluating physician was the
treating physician, bias may have been introduced. The
sample size was small and randomization resulted in
unequal representation of patients for disease course
and disability. The reported adverse effects, such as
abnormal dreams (34%), diarrhea (26%), nausea (26%),
spasticity (17%), and numbness (17%), were more com-
mon than in trials in Alzheimer’s disease. In patients with
multiple sclerosis and cognitive impairment there is little
justification for off-label use of donepezil since the bene-
fit to harm balance is unfavorable (48).

Systematic reviews

A meta-analysis of various drugs approved for treating
Alzheimer’s disease in the USA and Canada has sug-
gested that donepezil can delay cognitive impairment
and deterioration in global health for at least 6 months
in patients with mild-to-moderate Alzheimer’s disease
(49). Patients taking active treatment will have more
favorable Alzheimer’s Disease Assessment Scale cogni-
tive subscale (ADAS-cog) scores for at least 6 months,
after which their scores will begin to converge with those
who are taking placebo. The cost-effectiveness data were
inconclusive.
A meta-analysis of randomized, double-blind, placebo-

controlled, multicenter, multinational trials of donepezil
(5 and 10 mg/day) in patients with probable Alzheimer’s
disease (n ¼ 2376) or probable/ possible vascular demen-
tia (n ¼ 1219) according to NINCDS-ADRDA criteria
and NINDS-AIREN criteria respectively (10 studies last-
ing 12–24 weeks) has been published (50). In both condi-
tions the percentage of withdrawals from the donepezil
10 mg/day group was higher than from the donepezil
5 mg/day and placebo groups. Withdrawals because of
adverse events were higher in all those with vascular
dementia than in those with Alzheimer’s disease, perhaps
because of inappropriate polypharmacy (patients with
vascular dementia took on average eight other medica-
tions). Cardiovascular events were more common in those
with vascular dementia but were not increased by done-
pezil. In both Alzheimer’s disease and vascular dementia,
donepezil produced significant benefits compared with
placebo on measures of cognition and global function.
Placebo-treated patients with Alzheimer’s disease had
reduced cognition and global function, whereas placebo-
treated patients with vascular dementia remained stable,

suggesting that the effects of donepezil in vascular demen-
tia were driven by improvement rather than stabilization
or reduced decline.

Organs and Systems

Cardiovascular

Symptomatic sinus bradycardia is a possible adverse
effect of treatment with donepezil in Alzheimer’s
disease (51).

� An 84-year-old patient with hypertensive cardiomyo-
pathy developed bradycardia, fainting, and left-sided
heart failure 3 weeks after starting treatment with
donepezil. When donepezil was withdrawn, the sinus
bradycardia disappeared; 24-hour electrocardiography
showed no signs of sinus node disease, and no episodes
of this type recurred during the next 6 months.

It is important to emphasize that disorders of cardiac
rhythm associated with the use of donepezil are extremely
unusual.
Soon after the start of donepezil treatment three

patients with Alzheimer’s disease developed cardiac syn-
cope (52). In two cases, a bradydysrhythmia was docu-
mented and pacemaker implantation was considered
justified rather than donepezil withdrawal.
Exaggeration of hypotension during donepezil treat-

ment, due to interference with autonomic control, has
been described (53).
The causes of syncope in patients with Alzheimer’s

disease treated with donepezil have been reported in 16
consecutive patients (12 women, 4 men) with Alzheimer’s
disease, mean age 80 years, who underwent staged eva-
luation, ranging from physical examination to electrophy-
siological testing (54). The mean dose of donepezil was
7.8 mg/day and the mean duration of donepezil treatment
at the time of syncope was 12 months. Among the causes
of syncope, carotid sinus syndrome (n ¼ 3), complete
atrioventricular block (n ¼ 2), sinus node dysfunction (n
¼ 2), and paroxysmal atrial fibrillation (n ¼ 1) were
diagnosed. No cause of syncope was found in six patients.
Non-invasive evaluation is recommended before with-
drawing cholinesterase inhibitors in patients with
Alzheimer’s disease and unexplained syncope.

Nervous system

Convulsions have been reported during treatment with
donepezil (55).

� A patient with mild Alzheimer’s disease taking done-
pezil, 5 mg/day for 2 weeks and then 10 mg/day for
23 days, was admitted with convulsions. His only
other medication was aspirin 100 mg/day. Blood ana-
lysis was normal, and a computerized tomographic
(CT) scan showed a mild degree of cortical atrophy
with no structural lesions. Donepezil was withdrawn,
and no other drug treatment was given. Six weeks
later, donepezil 5 mg/day was restarted. On day 52,
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he developed loss of consciousness and convulsions,
necessitating withdrawal of donepezil.

Convulsions in Alzheimer’s disease are very rare until late
in the illness, and the authors attributed this patient’s
convulsions to donepezil.
Restless legs, mumbling, and stuttering have been

reported in a patient taking donepezil (56). According to
the Naranjo probability scale, the causality was probable,
since rechallenge was positive.
Extrapyramidal effects have been reported in three

patients taking donepezil; in two cases, the effects disap-
peared when donepezil was withdrawn (57).
Increased rates of hypnotic drug use among patients

taking donepezil has been linked to sleep problems (58).
Kinematic analysis of handwriting movements in

patients with Alzheimer’s disease taking donepezil did
not show deterioration (59,60). Indeed there was a non-
significant trend towards smoother movement in those
taking donepezil. This is consistent with the observation
of improved handwriting in a subject with dementia with
Lewy bodies during donepezil treatment (61).

Psychological, psychiatric

Behavioral worsening in seven patients with Alzheimer’s
disease after the start of donepezil therapy has been
described (62). Their mean age was 76 years, and their
mean score on the Mini-Mental State Examination was
18. Five patients had had dementia-related delusions and
irritability before taking donepezil, one had had a history of
major depression, and another had had a history of soma-
tization disorder. At the start of treatment with donepezil,
four were taking sertraline, one paroxetine, one venlafax-
ine, and four risperidone. All took donepezil 5 mg/day, and
after 4–6 weeks the dosage in five patients was increased to
10 mg/day. In the other two cases, donepezil was discon-
tinued after 5 weeks: in one case because of gastrointestinal
symptoms and in the other because of increasing agitation.
After an average of 7.3 (range 1–13) weeks after starting
donepezil, all seven patients had a recurrence of previous
behavioral problems. Five became agitated, one became
depressed, and the other became more anxious and soma-
tically preoccupied. The pattern of behavioral change
involves regression to an earlier behavioral problem.
Violent behavior has been described with donepezil (63).

� A 76-year-old man who was taking oxybutynin 3 mg
tds for bladder instability took donepezil 5 mg/day for
presumed Alzheimer’s disease and 5 days later became
very paranoid, believing that his wife had been stealing
his money. He beat her and held her hostage in their
house with a knife until their daughter intervened. He
was given haloperidol 0.5 mg bd, and donepezil and
oxybutynin were withdrawn. His paranoid ideation
resolved within a few days and did not recur despite
withdrawal of haloperidol.

Although a causal relation between this violent incident
and donepezil cannot be proved, the temporal relation
was suggestive.

Endocrine

In healthy men aged 61–70 years, donepezil 5 mg/day (n ¼
12) or placebo (n ¼ 12) for 4 weeks, followed by donepezil
10 mg/day for another 4 weeks reversed age-related down-
regulation of the growth hormone/insulin-like growth fac-
tor-1 (IGF-1) axis (64). In view of this, it would be important
to investigate whether donepezil or other cholinesterase
inhibitors, such as rivastigmine or galantamine, can restore
the senile decline of growth hormone secretion in the long
term, and to evaluate the benefit to harm balance as an
intervention for the somatopause.

Liver

Donepezil has not been associated with hepatotoxic
effects, which is a distinct advantage over tacrine.
Donepezil treatment benefit persisted over 98 weeks,
with no evidence of hepatotoxicity (65).

Urinary tract

Urinary incontinence may often be disregarded as a man-
ifestation of dementia, but it has also been attributed to
donepezil.
Of 94 patients with mild-to-moderate disease treated

with recommended dosages of donepezil (3 mg/day during
the first week and then 5 mg/day), 7 developed urinary
incontinence (66). In five of them, the incontinence was
transient, and there was no need to change the prescription.
Incontinence occurred in both sexes, in relatively young
and old patients, and in those with very mild-to-moderate
dementia. In six patients the incontinence occurred at the
higher dosage of 5 mg/day, in one patient it disappeared
when donepezil was withdrawn, and in another an increase
in dosage caused the reappearance of incontinence, sug-
gesting a likely causal, dose-dependent relation between
donepezil and urinary incontinence.
Urinary incontinence in patients with Down syndrome

treated with donepezil has been described before (67).
Urinary incontinence can be a major concern and a source
of distress, not only for patients but also for caregivers.
Clinicians should be alert to the possibility of urinary
incontinence when prescribing donepezil for individuals
with Alzheimer’s disease. The authors emphasized that
the incontinence may often be transient and not serious,
but it could limit a patient’s activities and quality of life
and could also affect therapeutic adherence.
Clinicians often encounter patients with dementia and

urge incontinence who might benefit from both anticho-
linergic medication and a cholinesterase inhibitor (68), a
paradoxical combination.

� A 76-year-old woman with Alzheimer’s disease and urge
incontinence had been taking donepezil 10 mg at bedtime
and tolterodine 2 mg in the morning and 4 mg at night.
Her dementia deteriorated, and there was concern that
tolterodinemay have contributed. However, multiple epi-
sodes of nocturia, poor sleep, and worsening of behavior
followed tolterodine dosage reduction to 2 mg bd. These
symptoms were relieved when the prior tolterodine
dosage was resumed, and her agitation resolved.
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This pharmacodynamic interaction suggests that donepe-
zil should be avoided in patients with Alzheimer’s disease
who are taking anticholinergic drugs.

Skin

A purpuric rash associated with donepezil has been
reported (69).

� An 82-year-old woman with hypertension, taking
long-term atenolol and doxazosin, developed moder-
ate cognitive impairment attributed to Alzheimer’s
disease. She was given donepezil 5 mg/day and, after
4 days, developed diarrhea, vomiting, and a purpuric
rash on her trunk, arms, and legs. Platelet counts
were 119–157 � 109/l. Donepezil was withdrawn,
with resolution of the gastrointestinal symptoms.

Donepezil was the probable cause of this rash, because of
the temporal association with treatment and its recur-
rence on rechallenge.

Long-Term Effects

Drug withdrawal

In two patients taking donepezil, withdrawal symptoms
developed (70). The symptoms, severe agitation, difficulty
in concentrating and sleeping, and rapid mood changes,
typically developed 5–6 days after withdrawal of donepe-
zil and disappeared by around days 9–10.

Susceptibility Factors

Down’s syndrome

Down’s syndrome was associated with higher plasma
donepezil concentrations than in healthy volunteers, and
patients with higher concentrations developed adverse
reactions more often (71). In 14 patients (9 men) aged
15–37 years and six healthy controls aged 21–27 years, the
mean plasma donepezil concentrations were 18 and
28 mg/ml at doses of 3 and 5 mg/day respectively in
those with Down’s syndrome and 7.8 and 18 mg/ml
respectively in healthy volunteers taking 2 and 5 mg/day.
Although slightly different dosages were used in the two
groups, making a comparison of low dosages inappropri-
ate, nevertheless at a dose of 5 mg/day there was a clear
difference in plasma concentrations. Considering the
potential use of donepezil in peoples with Down’s syn-
drome (72,73) and the serious adverse effects of donepezil
in these patients (74), this difference in pharmacokinetics
of donepezil is important. The authors proposed that the
usual maintenance dose of 10 mg/day in the USA and EU
is probably too much for patients with Down’s syndrome;
they recommended 3–5 mg/day instead.
Three patients with Alzheimer’s disease associated

with Down syndrome were treated with donepezil (67).
One became agitated and aggressive; the other
two developed urinary incontinence. In all three cases
donepezil was withdrawn. These results are important,
because many individuals with Down syndrome

develop clinical and neuropathological evidence of
Alzheimer’s disease after the age of 40 years. Also,
patients with Down syndrome were excluded from
donepezil clinical trials. Therefore, lesser data on the
efficacy or safety of donepezil are available for this
population.

Drug Administration

Drug overdose

Two cases of donepezil overdose have been reported
(75,76).

� A 79-year-old nursing home patient was given done-
pezil 50 mg in error. She developed nausea, vomiting,
and persistent bradycardia—typical cholinergic
adverse effects. She was treated with atropine, 0.2 mg
as needed, for bradycardia (total dose 3 mg over 18
hours) and was discharged on the second day.� A 74-year-old woman with a history of stroke, myocar-
dial infarction, hypothyroidism, and probable multi-
infarct dementia took nine donepezil tablets (a total
dose of 45 mg). She developed nausea and vomiting
2 hours later. She fell asleep for 4–5 hours but
remained rousable. About 9 hours after ingestion, she
became flushed and had a bout of diarrhea. Donepezil
was withdrawn for 3 days, and there were no adverse
effects when it was reintroduced.

Drug–Drug Interactions

Ginkgo biloba

Gingko supplementation had no significant effect on the
pharmacokinetics and pharmacodynamics of donepezil in
14 patients with Alzheimer’s disease (77).

Maprotiline

Neuroleptic malignant syndrome has been attributed to a
combination of donepezil plus maprotiline.

� Concomitant treatment with donepezil and maproti-
line in a 73-year-old patient with Alzheimer’s disease
and stroke produced a syndrome resembling the neu-
roleptic malignant syndrome (78). The patient
responded to withdrawal of maprotiline and donepezil
and intravenous fluids, and did not require dantrolene.

Since the patient had been taking maprotiline for almost 2
months before this episode, the authors suggested that
both these drugs may cause an imbalance in acetylcho-
line/dopamine in the striatum.

Memantine

Pharmacokinetic and pharmacodynamic data from an
open study in 24 healthy subjects suggested that there is
no interaction between memantine (an N-methyl-D-
aspartate receptor antagonist approved for treatment of
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Alzheimer’s disease) and donepezil (79). These findings
support the potential for combining memantine and
cholinesterase inhibitors in patients with Alzheimer’s
disease.

Neostigmine

An additive inhibitory effect of donepezil and neostigmine
on acetylcholinesterase has been proposed to explain
prolonged neuromuscular blockade during anesthesia in
an 85-year-old woman taking donepezil (80).

Neuromuscular blocking drugs

The potential for interactions between donepezil and
neuromuscular blocking agents has major implications
for the anesthetic care of people taking donepezil
(81,82,83). Prolonged paralysis resulting from an interac-
tion of donepezil with suxamethonium has been reported
(84,85).

Paroxetine

A possible interaction between donepezil and paroxetine
has been described (86).

� Two elderly patients with Alzheimer’s disease and a
mood disorder were treated with donepezil 5 mg/day
and paroxetine 20 mg/day. One of them became agi-
tated, confused, and aggressive, and donepezil was
withdrawn after 8 days. On reintroduction of donepezil
she again became rapidly confused, irritable, and verb-
ally aggressive. In the other case, while the patient was
taking paroxetine, donepezil 5 mg/day resulted in
severe diarrhea, flatulence, and insomnia. The dosage
of donepezil was reduced to 5 mg on alternate days,
but the diarrhea and flatulence persisted. The symp-
toms resolved when donepezil was stopped.

Donepezil is metabolized in the liver by CYP2D6 and
CYP3A4. Selective serotonin re-uptake inhibitors
(SSRIs), such as paroxetine, are potent inhibitors of
CYP2D6. Mood disorders are common in patients with
Alzheimer’s disease, and SSRIs are used in these patients
and can increase the plasma concentration of donepezil,
increasing the risk of severe adverse reactions.

Risperidone

Extrapyramidal effects occurred in a patient who took
donepezil and risperidone concurrently (87). Although
risperidone is less likely than conventional antipsychotic
drugs to cause extrapyramidal effects, and is therefore
particularly useful for older patients who are very sus-
ceptible to developing extrapyramidal disturbances, an
increase in brain acetylcholine resulting from donepezil,
along with dopamine receptor blockade by risperidone,
would have led to an imbalance between cholinergic
and dopaminergic systems. Although a clinically signifi-
cant interaction between donepezil and risperidone

seems to be rare, clinicians should be alert to such a
possibility.
An open comparison of donepezil and risperidone,

alone or in combination, in 24 healthy men showed no
significant pharmacokinetic differences (88). Adverse
events such as headache, nervousness, and somnolence
were minor and comparable in all groups. These results
suggest that no clinically significant interactions occur
between risperidone and donepezil at steady state.
However, whether these conclusions can be extrapolated
to the elderly patients with dementia, who may eliminate
both donepezil and risperidone slowly, is uncertain.

Tiapride

Parkinsonism has been reported in a patient concurrently
taking donepezil and tiapride, probably through a phar-
macodynamic interaction (89).

Monitoring therapy

P300, one of the cognitive event-related potentials of the
cerebral cortex may serve as a marker for measuring the
course of Alzheimer’s disease during treatment with
donepezil. There was reduced P300 latency associated
with parallel improvement of ADAS-J Cog scores after
administration of donepezil 5 mg/kg in 13 patients with
Alzheimer’s disease (8 women and 5 men, aged 70–88
year) (90).
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Memantine

Memantine is an amantadine derivative that is a non-
competitive antagonist at the N-methyl-D-aspartate
(NMDA) glutamate receptor. It significantly attenuates
the progression of Alzheimer’s disease from moderate to
severe (1,2) and has an additive effect when co-adminis-
tered with donepezil (3,4). It has also been studied in
patients with Parkinson’s disease, and considering that it
can provide protection against the neurotoxic effect of the
HIVgp120 protein, it is being evaluated for the treatment
of HIV-associated dementia (5). Its adverse effects
include agitation, restlessness, insomnia, pronounced
delirious states, and muscular hypotonia. All were rever-
sible after dosage reduction or withdrawal.

Systematic reviews

In a meta-analysis of trials of memantine in people with
moderate to severe Alzheimer’s disease, an analysis of the
change from baseline at 28 weeks showed statistically
significant results in favor of memantine 20 mg/day on
cognition, activities of daily living, and in the global clin-
ical impression of change measured by the CIBIC-Plus
(6). There were no significant differences between
memantine and placebo in the number of drop-outs and
the total numbers of adverse effects, but a significant
difference in favor of memantine in the number who
had agitation.

Organs and Systems

Psychiatric

A toxic psychosis has been reported in two patients taking
memantine (7).
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Metrifonate

General Information

Metrifonate has been used for the treatment of schistoso-
miasis for almost 40 years. Its identification as a cholines-
terase inhibitor, together with recognition of the
cholinergic deficit in Alzheimer’s disease, has led to its
use in Alzheimer’s disease.
The pharmacology and pharmacokinetics of metrifo-

nate and experience with its use in Alzheimer’s disease
have been reviewed (1).
Two reviews (2,3) of the use of metrifonate in

Alzheimer’s disease have been published. Both reported
a positive effect of metrifonate, with generally mild and
usually transient adverse effects, consisting of gastroin-
testinal symptoms (such as abdominal pain, diarrhea,
flatulence, and nausea, probably reflecting cholinergic
overactivation) and leg cramps, possibly caused by the
overstimulation of nicotinic receptors at the neuromuscu-
lar junction. No laboratory abnormalities were reported.
In a randomized, double-blind, placebo-controlled trial

in 408 patients with Alzheimer’s disease, metrifonate
(20 mg/kg/day for 2 weeks followed by 0.65 mg/kg/day
for 24 weeks) significantly improved several mental per-
formance scales (4). Of the 273 patients treated with
metrifonate 12% discontinued treatment because of
adverse effects, compared with 4% of the 134 patients
treated with placebo. The adverse effects that led to with-
drawal were mainly gastrointestinal in nature. Diarrhea
occurred in 18% of the patients treated with metrifonate
(leading to withdrawal in 3%) and in 8% of the patients
treated with placebo; 2% of the patients treated with
metrifonate discontinued treatment because of nausea
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and vomiting and 1% because of dyspepsia. Nausea
occurred in 12% of the patients treated with metrifonate
and in 10% of the patients treated with placebo. Vomiting
occurred in 7% and 4% respectively.
In a second randomized, double-blind, placebo-

controlled trial (5) 480 patients were randomized to
receive placebo (n ¼ 120), a low dose of metrifonate
(0.5 mg/kg/day for 2 weeks followed by 0.2 mg/kg/day
for 10 weeks) (n ¼ 121), a moderate dose of metrifonate
(0.9 mg/kg/day for 2 weeks followed by 0.3 mg/kg/day for
10 weeks) (n ¼ 121), or a high dose (2.0 mg/kg/day for 2
weeks followed by 0.65 mg/kg/day for 10 weeks)
(n ¼ 118). These doses were selected to achieve steady-
state erythrocyte acetylcholinesterase inhibition of 30%,
50%, and 70% respectively. There was a significant dose-
related improvement in several mental performance scales
with metrifonate. Most of the adverse events were mild
and transient. Adverse events that occurred more often in
the patients treated with metrifonate were abdominal pain
(placebo 4%, low dose 3%, moderate dose 11%, high dose
12%), diarrhea (8%, 9%, 11%, 19%, respectively), flatu-
lence (9%, 2%, 8%, 16%), and leg cramps (1%, 1%, 3%,
8%). Bradycardia, presumably related to the vagotonic
effect of acetylcholinesterase inhibition, led to withdrawal
of treatment in three patients with asymptomatic bradycar-
dia. All three were in the loading-dose phase of the highest
metrifonate dosage regimen.
In 16 patients with Alzheimer’s disease, adverse

effects were dose-related (6). In eight patients who
took 2.5 mg/kg/day for 14 days, 4 mg/kg/day for 3 days,
and then 2.0 mg/kg/day for 14 days (acetylcholinesterase
inhibition 88–94%) treatment had to be withdrawn
because of moderate to severe adverse effects in 6
patients on day 28 of the planned 31. In eight patients
treated with 2.5 mg/kg/day for 14 days followed by
1.5 mg/kg/day for 35 days (acetylcholinesterase inhibi-
tion 89–91%), the frequency of more severe adverse
effects was considerably lower despite similar acetylcho-
linesterase inhibition. The most frequent adverse events
in the high-dose group were muscle cramps and abdom-
inal discomfort during the loading-dose phase, followed
by increasing gastrointestinal symptoms in the second
loading phase, accompanied by headache and muscle
aches. The adverse events profile initially improved dur-
ing the maintenance phase. However, after 11 days of
maintenance treatment, six patients complained of gen-
eralized moderate to severe muscle cramps, weakness,
inability to resume daily activities, and difficulties with
coordinations. The adverse events profile was much
more favorable with the lower dose, with the same, but
much less severe, range of adverse effects. Again, the
most frequent adverse effects were gastrointestinal dis-
turbances, muscle cramps, and light-headedness. One
patient had increased sweating, dizziness, and palpita-
tion on day 29 and another developed severe abdominal
tenderness on day 31, which led to termination of treat-
ment. There were no abnormalities in laboratory para-
meters. The authors proposed a maximum tolerated

dose of 1.5 mg/kg/day of metrifonate for maintenance
therapy in patients with Alzheimer’s disease.
The Metrifonate Alzheimer’s Trial (MALT) was

designed to evaluate a wide range of symptoms and effi-
cacy measures in four main clinical domains of Alzheimer’s
disease: cognition, psychiatric and behavioral features,
activities of daily living, and global functioning (7). These
are considered key targets for antidementia drugs. This
prospective, multicenter, randomized, double-blind, paral-
lel group study was conducted at 71 independent study
centers, and 605 patients were randomized to placebo
(n ¼ 208), metrifonate 40 or 50 mg/day (n ¼ 200), and
metrifonate 60 or 80 mg/day (n ¼ 197); within each treat-
ment group the dose was determined according to body
weight, and treatment lasted for 24 weeks. Metrifonate
improved a wide range of symptoms across all four clinical
domains of Alzheimer’s disease in a dose-dependent man-
ner, and was well tolerated at both doses. One patient
withdrew from the study during the high-dose loading
phase owing to cholinergic effects, resulting in muscle
weakness. Metrifonate was also associated with a slight
gradual lowering of hemoglobin, hematocrit, and erythro-
cyte count in both groups during the first 12 weeks; these
were nonprogressive, stabilized over the 6-month treat-
ment period, and hence were not considered to be clini-
cally relevant. Metrifonate was associated with a higher
incidence of bradycardia (under 50/minute); serious
adverse events possibly related to bradycardia (hypoten-
sion, postural hypotension, syncope, dizziness, malaise, and
accidental injury) occurred in three patients taking pla-
cebo, eight taking low-dose metrifonate (three of whom
were withdrawn from the study), and two taking high-dose
metrifonate.
In patients with mild to moderate Alzheimer’s disease

metrifonate significantly improved behavior as well as
cognition, function in activities of daily living, and global
functional status, as shown by a pooled analysis of four
prospective, multicenter, randomized, double-blind,
parallel-group, placebo-controlled trials, meeting FDA
guidelines (8).
The safety and tolerability of once-daily oral metrifo-

nate has been evaluated in patients with probable mild to
moderate Alzheimer’s disease in a randomized, double-
blind, placebo-controlled, parallel-group study (9).
Metrifonate was given to 29 patients as a loading dose
(2.5 mg/kg) for 2 weeks, followed by maintenance dose
(1 mg/kg) for 4 weeks; 10 patients received placebo. The
proportion of patients who had at least one adverse event
was comparable in the two groups: metrifonate 76%,
placebo 80%. Selected adverse events, defined as those
for which the incidence in the metrifonate and placebo
group differed by at least 10%, were diarrhea, nausea, leg
cramps, and accidental injury. The adverse events were
predominantly mild and transient. Those who took metri-
fonate had a significantly lower heart rate. Metrifonate
had no clinically important effect on laboratory tests, such
as liver function tests, and did not affect exercise toler-
ance or pulmonary function.
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Organs and Systems

Nervous system

Patients with Alzheimer’s disease taking long-term treat-
ment with metrifonate suffered seizures after abrupt with-
drawal of antimuscarinic agents (10).

� A 58-year-old woman was given hyoscyamine for
abdominal cramps by her local physician without the
knowledge of her neurologists. She had a generalized
seizure 36 hours after stopping the drug.� A 66-year-old woman was treated for a skin allergy
with doxepin cream in large doses. Withdrawal of this
treatment led to two complex partial seizures.

The authors speculated that the antimuscarinic drugs
impaired the cholinergic receptor down-regulation
that would normally occur in the presence of the
increased concentrations of acetylcholine caused by acet-
ylcholinesterase inhibition. Withdrawal of the antagonist
therefore abruptly exposed the receptors to high concen-
trations of the neurotransmitter, leading to seizures.

Second-Generation Effects

Teratogenicity

The birth of a hydrocephalic infant with a large meningo-
myelocele to a mother who had been treated with metri-
fonate for an infection with Schistosoma hematobium
during the second month of pregnancy has been reported,
but the report is not recent and the association was prob-
ably coincidental (SED-11, 598).

Drug Administration

Drug dosage regimens

The effects of a loading dose on the adverse events of
metrifonate 50 mg/day have been studied in Alzheimer’s
disease. The regimen without a loading dose was better
tolerated during the 4-week study period (11).

Drug–Drug Interactions

Organophosphorus insecticides

Theoretically, suxamethonium will be potentiated after
administration of metrifonate and, in view of its ability
to suppress enzyme activity, metrifonate should be used
with great caution in areas where organophosphorus
insecticides are used, since they have a similar effect.
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Piracetam

General Information

Piracetam is a so-called ‘‘nootropic’’ drug, one of a class
of drugs that affect mental function (1). In healthy volun-
teers it improves the higher functions of the brain
involved in cognitive processes, such as learning and
memory. Its mechanisms of action are not known but
may include increased cholinergic neurotransmission.
Piracetam has been used to treat fetal distress during

labor, but there is insufficient evidence to assess its effi-
cacy (2).
A meta-analysis of 19 double-blind, placebo-controlled

trials in elderly patients with dementia or cognitive
impairment showed significant improvement with
piracetam (3).
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Piracetam has been used to treat Alzheimer’s disease,
sometimes in combination with lecithin, but without
major beneficial effets (4,5,6,7,8), beyond a slight increase
in alertness (9).

Systematic reviews

In a systematic review of trials of piracetam in
Alzheimer’s disease the evidence of effects on cognition
and other measures was inconclusive (10). The reviewers
concluded that the evidence available from the published
literature does not support the use of piracetam in the
treatment of people with dementia or cognitive impair-
ment.

Organs and Systems

Nervous system

Piracetam 80–100 mg/day for 4 months has been evalu-
ated in a randomized, double-blind, placebo-controlled,
crossover study in 25 children with Down syndrome (11).
Piracetam did not enhance cognition or behavior but was
associated with adverse events: 18 children completed the
study, 4 withdrew, and 3 were excluded at baseline. The
adverse events were related to the nervous system and
included aggression (n ¼ 4), agitation/irritability (n ¼ 2),
sexual arousal (n ¼ 2), poor sleep (n ¼ 1), and reduced
appetite (n ¼ 1).
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Rivastigmine

General Information

Rivastigmine (1) was the second drug after donepezil in a
class of second-generation acetylcholinesterase inhibitors to
become commercially available. It is now marketed in over
60 countries worldwide, including those in Europe and South
America and the United Kingdom. It has central selectivity,
suggesting fewer peripheral adverse effects. These include
nausea, vomiting, abdominal pain, and anorexia (2,3). Daily
doses up to 12 mg were tolerated and produced improve-
ment in patients with Alzheimer’s disease (4).
Although therapy with newer as well as older cholinester-

ase inhibitors can prevent cognitive decline, psychiatric and
behavioral disturbances, and impaired ability to perform
basic activities of daily living, and improve global state of
patientswithmild-to-moderately-severeAlzheimer’s disease,
more potent therapies are needed, particularly for modifying
the rate of disease progression. Future research efforts need
to focus on identifying predictors and better measures of
response, timing of treatment, optimum dosage regimens,
longer-term follow-up, and establishinghowandwhenacetyl-
cholinesterase inhibitors should be stopped (5,6).

Comparative studies

Dual cholinesterase inhibitors, such as rivastigmine, may
be neuroprotective in Alzheimer’s disease (7). Brain grey
matter density changes were measured using voxel-based
morphometry in 26 patients with minimal to mild
Alzheimer’s disease treated with donepezil, rivastigmine,
or galantamine for 20 weeks. Patients whose drug treat-
ment inhibited both acetylcholinesterase and butyrylcho-
linesterase, i.e. rivastigmine, did not have the widespread
cortical atrophic changes in parietotemporal regions that
are invariably reported in untreated patients, and that
were detectable in those who took selective cholinester-
ase inhibitors, such as donepezil and galantamine. A
strength of this study was its combined clinical, neuropsy-
chological, and neuroimaging characterization of small
groups of carefully screened patients, a powerful means
of assessing specific drug effects in neuropsychiatric dis-
orders. However, residual neurobiological and genetic
heterogeneity in small groups of patients, despite careful
selection, might have influenced the findings. None of the
patients had the wild type butyrylcholinesterase variant,
Apo-E status was not a significant co-variate in any
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analysis, and there were no interactions between Apo-E
status and drug groups.
In two studies of rivastigmine, 38% of users suffered

from nausea, 23% from vomiting, and 24% from vertigo
(8). Over 6 months there was a dropout rate of 25%. The
gastrointestinal effects led to significant loss of weight.
The positive response rate was only 10%, compared
with a 6% response to placebo.
The efficacy and safety of rivastigmine have been inves-

tigated in several subsequent studies (9–12). Neurologists
generally titrated this drug more slowly than recom-
mended in the prescribing information (9). In daily prac-
tice, over 50% of the patients were unable to tolerate
rivastigmine, mainly because of cholinergic gastrointest-
inal adverse effects (10), whereas others have found that
the adverse events were most frequently mild and transi-
ent (11,12). It has been suggested that early treatment
with rivastigmine (6–12 mg/day) is associated with sus-
tained long-term (up to 52 weeks) cognitive benefit in
patients with Alzheimer’s disease (12).

Placebo-controlled studies

Using the data from two pooled open extensions of four
6-month, randomized, placebo-controlled trials, projec-
tions of decline, had the patients not been treated, were
made using a baseline-dependent mathematical model
(13). MMSE data were available for 1998 rivastigmine-
treated patients with Alzheimer’s disease and 657, 298,
and 83 were still taking it at 3, 4, and 5 years respectively.
According to the global deterioration scale (GDS), the
severity of dementia was as follows: very mild 2%, mild
27%, moderate 38%, moderately severe 30%, severe 4%.
Projected mean scores in untreated patients with
Alzheimer’s disease fell below 10 points in the mini-men-
tal state examination (MMSE) at about 3 years, while the
mean MMSE score of patients who continued to take
rivastigmine stayed above 10 points for 5 years. The
most common adverse event was nausea, at least once
during the open extensions in 865 patients (40%), fol-
lowed by vomiting (n ¼ 560; 28%), agitation (n ¼ 504;
25%), accidental trauma (n ¼ 422; 21%), dizziness (n ¼
421; 21%), and diarrhea (n ¼ 379; 19%). In most cases,
these events were mild or moderate, although in 451
patients (22%) withdrawal was required. These adverse
events during long-term exposure to rivastigmine are
similar in type and severity to those observed with rivas-
tigmine and other cholinesterase inhibitors during short-
term use. The incidence of new adverse events and the
rate of withdrawal due to adverse events fell with treat-
ment duration.
The neural correlates of the effects of rivastigmine

given as add-on therapy to patients with schizophrenia
taking antipsychotic drugs who displayed moderate cog-
nitive impairment on visual sustained attention have been
studied in a double-blind, placebo-controlled, longitudi-
nal design using BOLD functional magnetic resonance
imaging (14). Rivastigmine improved attention and was
associated with increased activity in the neural regions
that are involved in visual processing and attention sys-
tems, namely the occipital/fusiform gyrus and the frontal

regions. The 12-week study initially involved 36 patients,
but only 20 completed it. Unwillingness to continue with
the study was not because of adverse effects of rivastig-
mine. The dosage of rivastigmine was 1.5 mg bd orally for
2 weeks, 3 mg bd for 2 weeks, 4.5 mg bd for 2 weeks, and
6 mg bd thereafter. In line with previous data (15,16), the
results of this study suggested that rivastigmine increases
cerebellar activity and influences, albeit non-significantly,
attentional processes in schizophrenia. There were no
differences between the groups in tardive dyskinesia,
other adverse effects, or symptoms.
Evaluation of short-latency afferent inhibition (SAI)

may be useful in identifying patients with Alzheimer’s
disease who are likely to respond to cholinesterase inhi-
bitors (17). In 14 patients with Alzheimer’s disease,
pathologically reduced short-latency afferent inhibition
was increased by a single oral dose of rivastigmine, and
the baseline value and the change were associated with a
response to long-term treatment. About two-thirds of the
patients had an abnormal baseline value. In contrast,
normal baseline short-latency afferent inhibition, or an
abnormal value that was not greatly increased by a single
dose of rivastigmine, was invariably associated with a
poor response to long-term treatment.

Systematic reviews

A meta-analysis of various drugs approved for the treat-
ment of Alzheimer’s disease in the USA and Canada has
suggested that rivastigmine can delay cognitive impairment
and deterioration in global health for at least 6 months in
patients with mild-to-moderate Alzheimer’s disease (18).
Patients taking active treatment will have more favorable
ADAS-Cog (Alzheimer’s Disease Assessment Scale-
Cognitive) scores for at least 6 months, after which their
scores will begin to converge with those who are taking
placebo. The cost-effectiveness data were inconclusive.

Organs and Systems

Cardiovascular

Based on an electrocardiographic analysis of pooled data
from four 26-week, phase III, multicenter, double-blind, pla-
cebo-controlled trials of rivastigmine (n = 2791), there were
no adverse effects on cardiac function (19). Rivastigmine can
thereforebe safely given to patientswithAlzheimer’s disease,
without the need for cardiac monitoring.

Psychological, psychiatric

Three patients with dementia, with no prior psychiatric
history, deteriorated while taking rivastigmine (20). The
time course suggested an association with rivastigmine,
and each improved after withdrawal.

Gastrointestinal

Potentially fatal rupture of the esophagus has been asso-
ciated with untitrated use of rivastigmine tablets in a
patient with Alzheimer’s disease (21).
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� A 67-year-old Caucasian woman had a 2-year history
of progressive memory loss. She had arterial hyperten-
sion successfully controlled with lisinopril and no his-
tory of ethanol abuse. A diagnosis of probable
Alzheimer’s disease was made, and she was given riv-
astigmine 1.5 mg/day, increasing to 9 mg/day by
weekly increments of 1.5 mg. During the titration per-
iod, there were no significant adverse effects. After 13
weeks, weight loss was observed and rivastigmine was
withdrawn. After 8 weeks she developed marked cog-
nitive deterioration, and she and her carer were
advised to restart rivastigmine 1.5 mg/day. However,
she mistakenly took one tablet of 4.5 mg. About 30
minutes later she started to vomit several times. Nearly
2 hours later, she complained of severe chest pain,
followed by high-grade fever. A chest X-ray showed
mediastinal and soft-tissue emphysema, and a contrast
X-ray showed rupture of the distal part of the esopha-
gus. Emergency surgery was performed and she recov-
ered.

Rivastigmine and other acetylcholinesterase inhibitors
can produce chest pain because of increased esophageal
contractions, although consequent rupture of the esopha-
gus has not previously been reported. In this case, the
failure to titrate the dosage of rivastigmine could have
resulted in rupture secondary to severe vomiting. This
confirms the need for careful titration of the dose of
rivastigmine, even when restarting treatment.
The transient use of centrally acting antiemetics during

rivastigmine titration may be useful in combination with
dose-withholding and titration strategies to allow more
patients to reach higher doses, resulting in a rapid and
robust therapeutic effect. Patients who were treated with
trihexyphenidyl and trimethobenzamide were more likely
to be able to maintain or to increase their dose of rivas-
tigmine than patients who were treated with glycopyrro-
late or ondansetron (22).

Drug–Drug Interactions

General

Rivastigmine did not interact significantly with a wide
range of concomitant medications prescribed for elderly
patients with Alzheimer’s disease, based on an analysis of
2459 patients (rivastigmine 1696, placebo 763) from four
randomized placebo-controlled studies (23). However,
the Breslow–Day analysis used in this study detected
only differences in the odds ratios of rivastigmine versus
placebo among patients taking concomitant medications.
Thus, these results have to be cautiously interpreted.
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Tacrine

General Information

Tacrine (tetrahydroaminoacridine) was one of the first
drugs to be widely marketed for the loss of memory and
intellectual decline in Alzheimer’s disease. However, its
efficacy is controversial. A Cochrane review of the use of
tacrine in Alzheimer’s disease produced results that were
compatible with improvement, no change, or even harm
(1). For measures of overall clinical improvement, the
intention-to-treat analyses did not detect any difference
between tacrine and placebo (OR ¼ 0.87; 95%CI ¼ 0.61,
1.23). There was no effect on behavioral disturbance
(SMD ¼ 0.04; 95%CI ¼ –0.52, 0.43) or cognitive function
(SMD ¼ 0.14; 95%CI ¼ –0.02, 0.30). The odds ratio for
withdrawal due to an adverse event was significantly dif-
ferent from 1, the control group experiencing fewer
events (OR ¼ 0.7; 95%CI ¼ 4.1, 7.9). Raised serum
liver enzymes caused the most withdrawals.
Gastrointestinal adverse effects (diarrhea, anorexia, dys-
pepsia, and abdominal pain) were the other major adverse
events and the odds ratio for withdrawal was also in favor
of the control group (OR ¼ 3.8; 95%CI ¼ 2.8, 5.1). No
deaths were reported in any of the studies, which lasted
up to 6 months.
In a prospective randomized, double blind, parallel-

group, multicenter comparison of idebenone 360 mg/day
(n ¼ 104) and tacrine up to 160 mg/day (n ¼ 99) for 60
weeks in 203 patients with mild-to-moderate dementia of
the Alzheimer’s type, idebenone produced more benefit
than tacrine (2). The benefit : harm balance was favorable
for idebenone compared with tacrine. More patients tak-
ing tacrine (65%) reported adverse events than those

taking idebenone (50%). The dropout rate in those taking
tacrine was also higher. There were statistically significant
differences between tacrine and idebenone for gastroin-
testinal adverse events (nausea, vomiting) and hepatobili-
ary toxicity (raised serum transaminase activity).

Organs and Systems

Nervous system

Myoclonus has been attributed to tacrine (3).

� A 68-year-old woman, who had had dementia of prob-
able Alzheimer’s type for 4 years, was given tacrine
40 mg/day and 24 hours later progressively developed
generalized uncontrolled abnormal movements affect-
ing all her limbs and her mouth, suggestive of myoclo-
nus and controlled by clonazepam. The myoclonus
disappeared 24 hours after tacrine was withdrawn.
Causation was established a few months later by
rechallenge: myoclonus occurred during the next 48
hours.

Liver

Hepatic failure associated with tacrine occurred outside
the usual time of onset (within 9 months) and resulted in
the death of a 75-year-old woman with Alzheimer’s dis-
ease who had taken tacrine for 14 months (4). Thus, the
potential for delayed, life-threatening hepatotoxicity with
tacrine, although unusual, should not be overlooked.
The presence of the combined alleles M1 and T1, which

mark deficiencies in glutathione-S-transferase genes,
increases susceptibility to tacrine hepatotoxicity (5). It
would be interesting to use this molecular epidemiologi-
cal approach to identify the role of combinations of
glutathione-S-transferase genotypes in other adverse
drug reactions.
Tacrine-induced hepatotoxicity was reduced by urso-

deoxycholic acid (13 mg/kg/day for 105 days) in a pilot
study in 14 patients with Alzheimer’s disease (6). Serum
activity of alanine transaminase in 100 patients taking
ursodeoxycholic acid was normal in 93% of cases, com-
pared with 69% of patients who had taken tacrine alone.
Authors evaluating the adverse effects of tacrine in

Alzheimer’s disease recommend regular monitoring for
hepatotoxicity (SEDA-15, 136).
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PSYCHOLOGICAL AND PSYCHIATRIC ADVERSE EFFECTS OF
NON-PSYCHOACTIVE DRUGS
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Aciclovir

Reversible psychiatric adverse effects have been
described in three dialysis patients receiving intravenous
aciclovir (8–10 mg/kg/day) (1).
High-dose aciclovir can cause disturbed cognition,

changes in the level of consciousness, tremor, asterixis,
hallucinations, and psychiatric syndromes. Often, symp-
toms of aciclovir toxicity are difficult to differentiate from
neurological deterioration caused by Herpes encephalitis.

� A 67-year-old man developed severe neurotoxicity
after a 7-day course of high-dose aciclovir (800 mg/
day) for Herpes zoster (2). He had severe disturbance
of consciousness, stupor, and loss of spontaneous
movement but regained consciousness after only two
sessions of hemodialysis.

The authors concluded that hemodialysis is highly
effective in eliminating aciclovir and that it can help to
differentiate aciclovir-induced neurotoxicity from neuro-
logical deterioration due to the underlying encephalitis.
In a retrospective analysis of samples sent for analysis of

aciclovir concentrations, neuropsychiatric syndromes cor-
related with concentrations of 9-carboxymethoxymethyl-
guanine (CM MG), the main metabolite of aciclovir (3).
Based on a retrospective chart analysis, one psychiatrist
unaware of the drug concentrations divided patients in
one group with neuropsychological symptoms (n ¼ 49)
and one group without (n ¼ 44). By ROC analysis, CM
MG was the strongest predictor of neuropsychiatric symp-
toms. Symptoms included agitation, confusion, pronounced
tiredness, lethargy, coma, dysarthria, myoclonus, and hal-
lucinations and started within 1–2 days of aciclovir admin-
istration. Using a cut-off value of 11 mmol/l of CM MG,
sensitivity and specificity were 91 and 93% respectively.
CM MG was by far the best predictor of neuropsychiatric
disorders, compared with aciclovir drug concentrations or
exposure, serum creatinine or creatinine clearance. Thus,
CM MG concentrations might be a useful alternative tool
to differentiate conditions associated with Herpes infection
from adverse effects of aciclovir. This group also reported
the effect of hemodialysis. Among 39 patients who recov-
ered from their condition, 12 received hemodialysis and
recovered shortly thereafter. Thus, this study supports the
preliminary findings reported in the case report above.

Aldesleukin

Aldesleukin can cause moderate impairment of cognitive
function, with disorientation, confusion, hallucinations,
sleep disturbances, and sometimes severe behavioral
changes requiring transient neuroleptic drug administra-
tion (4–6). Some of the cognitive deficits mimicked those
observed in dementias, such as Alzheimer’s disease.
Several studies have also shown increased latency and
reduced amplitude of event-related evoked potentials in
patients with cognitive impairment (6,7). Other infrequent
adverse effects included paranoid delusions, hallucinations,
loss of interest, sleep disturbances or drowsiness, reduced
energy, fatigue, anorexia, and malaise. Coma and seizures

were exceptionally noted. Symptoms occurred within 1
week of treatment and complete recovery was usually
noted after aldesleukin withdrawal.
In 10 patients with advanced tumors, low-dose subcu-

taneous aldesleukin produced significant psychological
changes; increased depression scores, psychasthenia, and
conversion hysteria were the most common findings (8).
The short-term occurrence of depressive symptoms has

been investigated by using the Montgomery and Asberg
Depression Rating Scale (MADRS) before and after 3
and 5 days of treatment in 48 patients without a previous
psychiatric history and treated for renal cell carcinoma or
melanoma with aldesleukin alone (n = 20), aldesleukin
plus interferon alfa-2b (n = 6), or interferon alfa-2b
alone (n = 22) (9). On day 5, patients in the aldesleukin
groups had significantly higher MADRS scores, whereas
there were no significant changes in the patients who
received interferon alfa-2b alone. Eight of 26 patients
given aldesleukin and only three of 22 given interferon
alfa-2b alone had severe depressive symptoms.
Depressive symptoms occurred as early as the second
day of aldesleukin treatment and were more severe in
the patients who received both cytokines. Early detection
of mood changes can be useful in pinpointing patients at
risk of subsequent severe neuropsychiatric complications.
Neuropsychiatric symptoms are less frequent with sub-

cutaneous aldesleukin (10). No predictive or predisposing
factors have been clearly identified. Whether a direct
effect of aldesleukin on neuronal tissues, an increased
vascular brain permeability with a subsequent increased
brain water content, or an aldesleukin-induced release of
neuroendocrine hormones (beta-endorphin, ACTH, or
cortisol), accounted for these effects, is unknown. A pos-
sible immune-mediated cerebral vasculitis has also been
reported in one patient (SEDA-20, 334).

Amantadine

The risk of mental complications seems to increase sub-
stantially if doses of 200 mg or more are given (11).
Amantadine can cause mania and is contraindicated in
patients with bipolar affective disorder (12).

� While taking amantadine, an elderly man developed
the Othello syndrome, a severe delusion of marital
infidelity, as described in Shakespeare’s plays Othello

and A Winter’s Tale; it abated with drug withdrawal
(SEDA-17, 170).� Amantadine and phenylpropanolamine may have
caused intense recurrent déjà vu experiences in a
healthy 39-year-old within 24 hours of starting both
drugs for influenza (13).

Amiodarone

Delirium has rarely been reported with amiodarone
(SEDA-13, 140).

� A 54-year-old man with no previous psychiatric history
took amiodarone 400 mg bd (14). After a few days he
became depressed and paranoid, suffered from

Amiodarone 649

ª 2009 Elsevier B.V. All rights reserved.



insomnia, and had rambling speech. The dosage of
amiodarone was reduced to 200 mg bd and he
improved. However, 3 days later he became confused,
with tangential thinking, labile effect, and a macular
rash on the limbs. His serum sodium was reduced at
127 mmol/l and his blood urea nitrogen was raised. A
CT scan of the head was normal. Amiodarone was
withdrawn and 4 days later he was alert and oriented.
About a week later he started taking amiodarone again
and within 4 days became increasingly agitated, con-
fused, and paranoid. He once more recovered after
withdrawal of amiodarone.� Depression has been attributed to amiodarone in a 65-
year-old woman who was taking amiodarone (dosage
not stated) (15). Because the mode of presentation was
atypical in onset, course, duration, and its response to
antidepressant drugs, amiodarone was withdrawn, and
she improved rapidly. There was no evidence of thyr-
oid disease.

Anagrelide

There has been a single case report of visual hallucina-
tions in a patient taking anagrelide, with recurrence on re-
challenge (16).

Androgens and anabolic steroids

In the late 1980s various reports seemed to show that the
use of anabolic steroids was linked to aggressive behavior
and mood changes, even to the extent of inducing or
potentiating violent crime (17,18). During the decade
that followed, a series of other papers similarly linked
high circulating concentrations of testosterone to
increased degrees of aggression and related changes in
mood. Undoubtedly, some of these findings are well-
founded, but one must always be alert to the fallacy that
individuals with particular pre-existent personality traits
might be more susceptible than others to become body-
builders, to use anabolic steroids, or to take testosterone.
This possibility remains open after the completion of a
thorough study of weightlifters at various American aca-
demic centers. In 20 male weightlifters, 10 of whom were
taking anabolic steroids (metandrostenolone, testoster-
one, and nandrolone), supranormal testosterone concen-
trations were associated with increased aggression (19).
Users tended to have a greater degree of depression,
agitation, psychic or somatic anxiety, hypochondriasis,
and hopelessness on the Hamilton Depression Scale; on
the Modified Manic State Rating Scale, users showed
more talkativeness, restlessness, threatening language,
irritability, and sexual preoccupation. However, the
results of the Personality Disorder Questionnaire sug-
gested that this finding, while valid, was to some extent
confounded by the personality disorder profile of the
steroid users. The latter showed ‘‘cluster B’’ personality
disorder traits for antisocial, borderline, and histrionic
personality disorder, significantly differing in this respect
from non-users.

In a useful review there is particular reference to the
contested evidence on the behavioral effects of the andro-
genic anabolic steroids (20). The authors observed that
certain of these complications, in particular hypomania
and increased aggressiveness, have been confirmed in
some, but not all, randomized controlled studies.
Epidemiological attempts to determine whether anabolic
steroids trigger violent behavior have failed, primarily
because of high rates of non-participation. Studies of the
use of anabolic steroids in different populations typically
report a prevalence of repeated use of 1–5% among ado-
lescents. The symptoms and signs of the use of anabolic
steroids seem to be often overlooked by health-care pro-
fessionals, and the number of cases of complications is
virtually unknown. The authors suggested that future epi-
demiological research in this area should focus on retro-
spective case-control studies and perhaps also on
prospective cohort studies of populations selected for a
high prevalence of anabolic steroid use, rather than large-
scale population-based studies.
Apart from the physical effects of exogenous anabolics

and androgens, they can also have behavioral effects,
including promotion of sexual behavior (which may or
may not be regarded as an unwanted effect) and perhaps
enhanced aggressiveness. Men who use androgenic ana-
bolic steroids to enhance their sporting achievements
seem to be more likely to have cyclic depression (21),
but young men who have stopped using anabolic steroids
can also develop depression and fatigue as withdrawal
effects (22).
Androgens can rarely cause psychotic mania.

� A 28-year-old man with AIDS and a history of bipolar
disorder was given a testosterone patch to counter
progressive weight loss and developed worsening
mania with an elevated mood, racing thoughts, grand-
iose delusions, and auditory hallucinations (23). His
condition improved in hospital after removal of the
patch and the administration of antipsychotic drugs.
No cause for the psychosis, other than the use of tes-
tosterone, was found.

Suicide—or attempted suicide—in eight users of ana-
bolic steroids has been described in Germany; the cases
were related variously to hypomanic states during use of
anabolic steroids or depression after withdrawal (24).
Some of the users had committed acts of violence while
using the drugs. In all cases, there were risk factors for
suicidality and the drugs may simply have triggered the
suicidal decision.

Anticholinergic drugs

See also individual compounds
Anticholinergic drugs can cause vivid and sometimes

exotic hallucinations and this has led to their misuse.
Plants containing atropine and related substances were
used in witches’ brews in the Middle Ages to conjure up
the devil, but even synthetic tertiary amines given in eye-
drops and depot plasters containing atropine (SEDA-13,
114) have caused hallucinations. Postoperative confusion
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in elderly patients has been clearly correlated with drugs
that have anticholinergic properties (SEDA-13, 114), and
the use of anticholinergic drugs for the treatment of
Parkinson’s disease has long been associated with neurop-
sychiatric adverse effects. Cyclopentolate is a short-acting
cycloplegic with a rapid onset (and considerable intensity)
of action, which particularly in children has been reported
to cause hallucinations and psychotic episodes (25). It has
been suggested that a partial structural affinity of the side-
chain to some hallucinogens aggravates the problems
associated with cyclopentolate.
Anticholinergic drugs can impair short-term memory.

The effects in non-demented patients are reversible,
receding within a few weeks of withdrawing treatment
(26). Comparisons of dopaminergic drugs with anticholi-
nergic drugs in healthy volunteers have shown that antic-
holinergic drugs caused significant impairment of
memory function, more confusion, and dysphoria
(SEDA-13, 115).

Anticoagulant proteins

In a phase III trial, hallucinations occurred in 1.1% of
patients treated with drotrecogin alfa versus 0.1% in the
placebo group (27).

Antiepileptic drugs

See also individual compounds

Cognitive effects

Antiepileptic drugs can cause cognitive impairment.
Several factors affect cognition, including the cause of
the epilepsy, the effect of seizures, and the antiepileptic
medication, including the rate of titration, the dosage, the
number of drugs taken, co-medications, and individual
sensitivity. Experimental design flaws in assessing the
cognitive adverse effects of antiepileptic drugs have
been identified in a Medline review, cross-referencing
terms related to cognition and anticonvulsants (28). The
authors observed that there is incomplete information
about newer antiepileptic drugs, but some of them may
have favorable cognitive profiles.
In a comparison of the adverse cognitive effects and

sedation caused by topiramate, lamotrigine, and pheno-
barbital, phenobarbital had 0.6–4.8 times the efficacy of
topiramate and 1.1–10 times the efficacy of lamotrigine
(29). Sedation rates were similar with topiramate and
phenobarbital but were 2–4 times worse than with lamo-
trigine. The estimated monthly cost of treatment with
phenobarbital was $10, compared with $177 for topira-
mate and $137 for lamotrigine. In this systematic review
only studies on medically refractory focal epilepsy were
included; this provides only a partial view of these drugs,
since phenobarbital, lamotrigine, and topiramate differ in
efficacy among different epilepsy syndromes (primary
generalized epilepsy, Lennox–Gastaut syndrome) and in

less severe forms of epilepsy. In addition, other adverse
effects and drug interactions, which also differ among the
three drugs, were not considered.

Behavioral effects

A comparison of social skills in individuals with intellec-
tual disability and epilepsy treated with carbamazepine,
valproic acid, and phenytoin showed less positive social
skills in those who received phenytoin (30).
Behavioral and psychiatric disturbances are not uncom-

mon (31). Although epilepsy is itself associated with an
increased risk of such disturbances, drugs play an impor-
tant role. Phenobarbital-induced behavioral disturbances,
especially hyperkinesia, are especially common in chil-
dren, with an incidence of 20–50% and need for drug
withdrawal in 20–30% of cases, whereas it is unclear
whether and to what extent adults are affected.
Among older drugs, valproic acid and carbamazepine

are least likely to cause adverse psychiatric effects, though
valproate rarely causes encephalopathy and reversible
pseudodementia. Phenytoin has been implicated in psy-
chiatric adverse effects with or without other signs of
toxicity, and at serum concentrations above or below the
upper limit of the target range, but the actual incidence of
these reactions is unknown. Benzodiazepines can cause
paradoxical excitation, particularly in children and in
anxious patients, and several other psychiatric symptoms
can complicate the benzodiazepine withdrawal syndrome.
Psychiatric or behavioral disorders have been reported
with ethosuximide, but the lack of systematic studies pre-
vents assessment of incidence and cause-and-effect rela-
tion. Among newer drugs, vigabatrin has been implicated
most commonly in psychiatric adverse effects. With gaba-
pentin, lamotrigine, and levetiracetam aggressiveness or
hyperactivity can occur, especially in patients with pre-
vious behavioral problems or learning disability. Adverse
psychiatric reactions to lamotrigine are uncommon,
whereas with topiramate, felbamate, and other new
drugs information is still insufficient.
Overall, the problem of drug-induced psychiatric dis-

orders can be minimized by avoiding unnecessarily large
dosages and drug combinations and by careful monitoring
of the clinical response. In patients with a previous history
of psychiatric disorders, carbamazepine and valproate are
the first-line drugs, and are least likely to cause behavioral
disturbances. The ideal management of such disturbances
is withdrawal of the offending agent. When continuation
of treatment is necessary for seizure control, psychosocial
intervention and psychotropic medication can be useful.
In a retrospective study of 89 patients who developed

psychiatric symptoms during treatment with tiagabine,
topiramate, or vigabatrin, the psychiatric problem was
either an affective or a psychotic disorder (not including
affective psychoses) (32). All but one of the patients had
complex partial seizures with or without secondary gen-
eralization. More than half were taking polytherapy.
Nearly two-thirds had a previous psychiatric history, and
there was a strong association between the type of pre-
vious psychiatric illness and the type of emerging
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psychiatric problem. Patients taking vigabatrin had an
earlier onset of epilepsy and more neurological abnorm-
alities than those taking topiramate.
Patients with chronic epilepsy have a higher likelihood

of psychosis than the healthy population (33,34). Psychosis
is especially frequent in patients with temporal lobe epi-
lepsy (35). Antiepileptic drugs have been reported to
precipitate psychosis, although the literature is confounded
by the inclusion of affective and confusional psychoses
in this category. Moreover, the purported association
has mostly been made through isolated case reports or
small non-controlled case series. In fact, most antiepileptic
drugs have been associated with psychosis: phenytoin
and phenobarbital (36), carbamazepine and valproate
(37), felbamate (38), gabapentin (39), levetiracetam (40),
topiramate (41), vigabatrin (42), and zonisamide (43).
There have been no reports of psychosis associated with
lamotrigine.
A retrospective chart review of 44 consecutive patients

with epilepsy who had psychotic symptoms with clear
consciousness has shown the difficulties in associating
psychosis with drug effects (44). These patients were
divided into two groups based on the presence or absence
of changes in their drug regimen before the onset of the
first episode of psychosis. In 27 patients the first episode
of psychosis was unrelated to changes in their antiepilep-
tic drug regimen, and in 23 of them the psychosis was
temporally related to changes in seizure frequency. In 17
patients the first episode of psychosis developed in asso-
ciation with changes in their antiepileptic drug treatment,
and in 12 of them the psychosis was temporally related to
seizure attenuation or aggravation. This study therefore
highlights the fact that psychosis can occur in relation to
changes in seizure frequency, sometimes due to lack of
effect of the new medication or to concomitant withdra-
wal of an efficacious medication.
Withdrawal of anticonvulsants with favorable mood

stabilization properties, such as carbamazepine, has
often been associated with acute psychosis (45,46).
Moreover, the phenomenon of ‘‘forced normalization,’’
by which complete seizure freedom in a patient with
previous refractory epilepsy can lead to a psychotic
state, may also contribute to the apparent association
between drugs and psychosis (47).
Information from double-blind studies of psychosis as

an adverse event is relatively scarce. A double-blind,
randomized, add-on, placebo-controlled trial with carba-
mazepine showed that there was no increase in chronic
psychotic symptoms in patients with suspected temporal
lobe seizures (48).
The relation between psychosis and tiagabine has been

assessed in an analysis of data from two multicenter,
double-blind, randomized, placebo-controlled trials of
add-on tiagabine therapy (32 or 56 mg/day) in 554 ado-
lescents and adults with complex partial seizures during
8–12 weeks (49). There were psychotic symptoms (hallu-
cinations) in 3 (0.8%) of 356 patients taking tiagabine and
none of the 198 taking placebo, a non-significant differ-
ence. Thus, it appears that tiagabine does not increase the
risk of psychosis, but the result is inconclusive.

An analysis of double-blind, placebo-controlled trials
of vigabatrin as add-on therapy for treatment-refractory
partial epilepsy showed that compared with placebo
patients taking vigabatrin had a significantly higher inci-
dence of events coded as psychosis (2.5% versus 0.3%)
(50). There were no significant differences between treat-
ment groups for aggressive reaction, manic symptoms,
agitation, emotional lability, anxiety, or suicide attempts.
In an open trial of topiramate, psychosis was seen in 30/
1001 (3%) of the patients, and was severe enough to
require withdrawal in eight (51).
Should certain antiepileptic drugs be contraindicated in

patients with active psychosis? Unfortunately there is not
enough solid information to answer this question.
Undoubtedly, anticonvulsants that are less likely to
cause psychosis (lamotrigine, carbamazepine, oxcarbaze-
pine, valproate) should be preferred (52,53). However,
patients with psychoses have been successfully treated
even with drugs that are believed to be associated with
psychosis, such as vigabatrin. For example, in a prospec-
tive study in 10 patients with psychosis and epilepsy to
whom vigabatrin was added, there was no aggravation of
the psychiatric disorder (54).
The appropriate methods and timing in assessing cog-

nitive and behavioral adverse events during drug devel-
opment programs have been thoroughly reviewed (55).
The authors of a critical review focusing on pediatric

data concluded that adverse effects on learning and beha-
vior may have been over-rated (56). Because of metho-
dological flaws, many early studies could not discriminate
between effects of drugs and the influence of heredity,
brain damage, seizures, and psychosocial factors. In fact,
the majority of children taking antiepileptic drugs do not
experience major cognitive or behavioral effects from
these medications. In some patients, however, drugs do
produce detrimental effects, barbiturates and benzodiaze-
pines being among those most commonly implicated (57).
At least with some agents, such as gabapentin, behavioral
adverse effects occur mainly in children with pre-existing
learning disability. As to phenytoin, carbamazepine, and
valproate which are the drugs most commonly recom-
mended for first-line use, recent investigations have failed
to show major differences in cognitive effects between
these agents, although in some studies, patients taking
phenytoin tended to have lower motor and information
processing speeds (SED-13, 140) (58,59) (SEDA-19, 72)
(SEDA-20, 64).

Antihistamines

See also individual compounds

Cognitive effects

In 42 healthy naval aviation personnel in a double-blind,
randomized, placebo-controlled, crossover study, subjec-
tive drowsiness, cognitive performance, and vigilance
were measured after three treatments: fexofenadine
180 mg, diphenhydramine 50 mg as a positive control, or
placebo. Diphenhydramine significantly impaired
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cognitive performance, while fexofenadine had similar
effects on complex cognitive skills to placebo. The
authors concluded that their findings provided additional
support for the safe use of fexofenadine by aviation per-
sonnel (60).
In a double-blind, placebo-controlled, crossover study

of the acute effects of single doses of fexofenadine
120 mg, olopatadine 10 mg, and chlorphenamine 4 mg
on cognitive and psychomotor performance in 11 healthy
Japanese volunteers, both chlorphenamine and olopata-
dine reduced behavioral activity while fexofenadine was
similar to placebo (61).
In a randomized, double blind, six-way, crossover study

of the cognitive effects of fexofenadine 180 mg, both
alone and in combination with alcohol, fexofenadine had
no disruptive effects on objective measures related to
driving a car and aspects of psychomotor and cognitive
function, even when combined with a dose of alcohol
equivalent to 0.3 g/kg (62).
The effect of fexofenadine on cognitive performance

was assessed using the test of variables of attention
(TOVA) in a double-blind, placebo-controlled, rando-
mized, crossover design in 42 healthy subjects (63). Each
subject rated their subjective feelings of drowsiness on a
visual analogue scale and then completed four separate
TOVA tests: at baseline and after the administration of
placebo, diphenhydramine 50 mg, or fexofenadine
180 mg. Diphenhydramine caused significant increases
in omission errors and response time on the TOVA and
increases in self-reported drowsiness compared with pla-
cebo, while fexofenadine had no significant effects. All of
these findings suggest that fexofenadine has a favorable
nervous system adverse effects profile.
In healthy volunteers promethazine caused impaired

cognitive function and psychomotor performance (64).
The test battery consisted of critical flicker fusion, choice
reaction time, compensatory tracking task, and assess-
ment of subjective sedation. Cetirizine and loratadine at
all doses tested were not significantly different from pla-
cebo in any of the tests used.
School performance in 63 children aged 8–10 years was

not impaired by short-term diphenhydramine or lorata-
dine (65).
The effects of ebastine 10 mg on cognitive impairment

have been assessed in 20 healthy volunteers who per-
formed six types of attention-demanding cognitive tasks,
together with objective measurements of reaction times
and accuracy (66). Ebastine was compared with placebo
and a positive control, chlorphenamine (chlorphenamine,
2 mg and 6 mg). Compared with placebo, ebastine had no
effect on any objective cognitive test nor any effect on
subjective sleepiness. In contrast, chlorphenamine signifi-
cantly increased reaction times, decreased accuracy in cog-
nitive tasks, and increased subjective sleepiness. The effect
of chlorphenamine increased with plasma concentration.
In a double-blind, placebo-controlled, randomized trial

of the effects of levocetirizine 5 mg and diphenhydramine
50 mg on objective measurements (a word-learning test,
the Sternberg Memory Scanning Test, a tracking test,
and a divided attention test that measured both tracking
and memory scanning simultaneously) in 48 healthy

volunteers (24 men and 24 women). Levocetirizine had
no effect, while diphenhydramine significantly affected
divided attention and tracking after acute administration
(67). However, on day 4 the effects of diphenhydramine
did not reach significance, suggesting a degree of toler-
ance to this first-generation drug.
The effects of levocetirizine on cognitive function have

been assessed in two comprehensive and well-controlled
studies. The first analysed the effects of single and multi-
ple doses of levocetirizine on measures of nervous system
activity, using integrated measures of cognitive and psy-
chometric performance. In a three-way crossover design,
19 healthy men took either levocetirizine 5 mg, diphenhy-
dramine 50 mg (positive control), or placebo once-daily
on five consecutive days. Critical flicker fusion tests were
performed on days 1 and 5 at baseline and up to 24 hours
after drug administration. The primary outcome was that,
in contrast to diphenhydramine, levocetirizine did not
have any deleterious effect on any cognitive or psycho-
metric function compared with placebo (68). In a double-
blind, crossover study levocetirizine 5 mg once-daily for 4
days was compared with cetirizine 10 mg, loratadine
10 mg, promethazine 30 mg, and placebo in terms of
CNS inhibitory effects in 20 healthy volunteers (69).
With the exception of promethazine none of the drugs
had disruptive or sedative effects on objective measure-
ments in a comprehensive battery of psychomotor and
cognitive tests.

Memory

In a double-blind, placebo-controlled, randomized study
(70) of levocetirizine 5 mg/day, diphenhydramine 50 mg/
day, or placebo in 48 healthy volunteers (24 men and 24
women) levocetirizine did not impair performance or
cause memory deficits after acute and subchronic admin-
istration while diphenhydramine significantly affected
divided attention and tracking after acute administration
(71). Levocetirizine had no deleterious effect on cognitive
and psychometric functions compared with placebo, as
assessed by a comprehensive battery of psychometric
tests in healthy men.

Driving performance

In a study of the effect of fexofenadine on driving and
psychomotor behavior there were no differences between
fexofenadine and placebo on reaction times, decision-
making, or driver behavior (72). However, one criticism
of this study was the failure to include a positive control,
such as diphenhydramine.
The effect of levocetirizine 5 mg/day on actual driving

performance during normal traffic has been compared
with the effect of the first-generation antihistamine
diphenhydramine 50 mg/day in 48 healthy volunteers in
a double-blind, placebo-controlled, randomized trial (73).
Treatments were given on days 1, 2, 3, and 4, at 90
minutes before the start of a standardized driving test on
days 1 and 4. In contrast to diphenhydramine, driving
performance was not significantly affected by levocetiri-
zine 5 mg/day.
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Delirium

A 56-year-old Caucasian developed acute delirium having
taken diphenhydramine 300 mg/day for 2 days to treat a
pruritic rash. He subsequently developed visual and audi-
tory hallucinations with erratic aggressive behavior. The
author concluded that the drug-induced delirium was
associated with the combination of treatment for an
infected wound with linezolid with diphenhydramine
given for secondary drug-induced rash (74).

Hallucinations

Auditory hallucinations have been reported in a 42-year-
old man taking a combination of meclozine 25 mg bd and
metaxalone 800 mg bd (75). The hallucinations ceased
when the medications were withdrawn.

Apomorphine

Four men with Parkinson’s disease underwent long-term
treatment with apomorphine and developed dose-related
psychosexual disorders (76).

Aprotinin

Psychotic reactions, including delirium, hallucinations,
and confusion, have also been reported in patients given
aprotinin, but it is possible that the symptoms were due to
underlying pancreatitis (77).

Araliaceae

A woman with prior episodes of depression had a manic
episode several days after starting to take P. ginseng (78).

Artificial sweeteners

Aspartame has been associated with mood disturbances,
but only anecdotally (79).

Atropine

Atropine can cause slight memory impairment, detectable
if special studies of mental function are performed
(SEDA-13, 115).

Azathioprine

Azathioprine has been newly associated with psychiatric
adverse events (80).

� A 13-year-old boy with Wegener’s granulomatosis
developed incapacitating obsessive–compulsive symp-
toms and severe panic attacks 4 weeks after switching
from cyclophosphamide to azathioprine. He had obses-
sions about dying, committing suicide, and harming
others, obsessive negative thoughts about himself and
others, compulsive behavior, severe panic attacks more
than once a day, and sleep disturbances. He was given
fluvoxamine 100 mg/day, but 18 months later the

symptoms suddenly disappeared, 3 weeks after he
switched from azathioprine to methotrexate. In the
next 4 years, he had no relapse.

Psychiatric adverse effects have not previously been
reported with azathioprine. Neither does the database of
the WHO Uppsala Monitoring Centre mention obses-
sive–compulsive symptoms or panic attacks as a possible
adverse effect of azathioprine. However, the time course
in this case and the absence of symptoms before and after
azathioprine therapy suggest a causal relation. It is possi-
ble that the combination of subtle cerebral dysfunction as
a result of the vasculitis and the use of azathioprine may
have caused the symptoms in this patient.

Azithromycin

Azithromycin can cause delirium (81).

Baclofen

Euphoria or depression can occur, and mania has been
reported in a patient with schizophrenia (82).

Benzatropine and etybenzatropine

Benzatropine can cause slight memory impairment,
detectable if special studies of mental function are per-
formed (SEDA-13, 115) (SEDA-15, 137).

Beta-adrenoceptor antagonists

Beta-adrenoceptor antagonists impair performance in
psychomotor tests after single doses. These include effects
of atenolol, oxprenolol, and propranolol on pursuit rotor
and reaction times (83,84). However, other studies with
the same drugs have failed to show significant effects
(85–89), and the issue has remained controversial. A
report that sotalol improved psychomotor performance
in 12 healthy individuals in a dose of 320 mg/day but
impaired performance at 960 mg/day (90) has been inter-
preted to indicate that the water-soluble beta-adrenocep-
tor antagonists would be less likely than the fat-soluble
drugs to produce nervous system effects. Both atenolol
and propranolol alter the electroencephalogram; atenolol
affects body sway and alertness and propranolol impairs
short-term memory and the ability to concentrate (91,92).
These results suggest that both lipophilic and hydrophilic
beta-adrenoceptor antagonists can affect the central ner-
vous system, although the effects may be subtle and diffi-
cult to demonstrate.
In 27 hypertensive patients aged 65 years or more,

randomized to continue atenolol treatment for 20 weeks
or to discontinue atenolol and start cilazapril, there was a
significant improvement in the choice reaction time in the
patients randomized to cilazapril (93). This study has
confirmed previous reports that chronic beta-blockade
can determine adverse effects on cognition in elderly
patients. Withdrawal of beta-blockers should be
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considered in any elderly patient who has signs of mental
impairment.
In a placebo-controlled trial of propranolol in 312

patients with diastolic hypertension, 13 tests of cognitive
function were assessed at baseline, 3 months, and 12
months (94). Propranolol had no significant effects on 11
of the 13 tests. Compared with placebo, patients taking
propranolol had fewer correct responses at 3 months and
made more errors of commission.
Bipolar depression affects 1% of the general popula-

tion, and treatment resistance is a significant problem.
The addition of pindolol can lead to significant improve-
ment in depressed patients who are resistant to antide-
pressant drugs, such as selective serotonin reuptake
inhibitors or phenelzine. Of 17 patients with refractory
bipolar depression, in whom pindolol was added to aug-
ment the effect of antidepressant drugs, eight responded
favorably (95). However, two developed transient hypo-
mania, and one of these became psychotic after the reso-
lution of hypomanic symptoms. In both cases transient
hypomanic symptoms resolved without any other inter-
vention, while psychosis required pindolol withdrawal.
Anxiety and depression have been reported after the

use of nadolol, which is hydrophilic (96). In a study of the
co-prescribing of antidepressants in 3218 new users of
beta-blockers (97), 6.4% had prescriptions for antidepres-
sant drugs within 34 days, compared with 2.8% in a con-
trol population. Propranolol had the highest rate of
co-prescribing (9.5%), followed by other lipophilic beta-
blockers (3.9%) and hydrophilic beta-blockers (2.5%). In
propranolol users, the risk of antidepressant use was 4.8
times greater than the control group, and was highest in
those aged 20–39 (RR = 17; 95% CI = 14, 22).
The development of a severe organic brain syndrome

has been reported in several patients taking beta-adreno-
ceptor antagonists regularly without a previous history of
psychiatric illness (98–100). A similar phenomenon was
seen in a young healthy woman who took propranolol
160 mg/day (101). The psychosis can follow initial therapy
or dosage increases during long-term therapy (102). The
symptoms, which include agitation, confusion, disorienta-
tion, anxiety, and hallucinations, may not respond to
treatment with neuroleptic drugs, but subsides rapidly
when the beta-blockers are withdrawn. Symptoms are
also ameliorated by changing from propranolol to ateno-
lol (103).
A schizophrenia-like illness has also been seen in close

relation to the initiation of propranolol therapy (104).

Beta-lactamase inhibitors

Behavioral changes occurred in four children aged
1.5–10.5 years, taking co-amoxiclav (105).

Bisphosphonates

Bisphosphonates, regardless of route of administration,
have also been associated with hallucinations (auditory
and olfactory) (106) and visual disturbances (107).

� A 79-year-old Caucasian woman who had been taking
alendronate 10 mg/day for over 2 years to prevent
osteoporosis reported hearing ‘‘voices in her head’’
along with red-colored visual disturbances (108).
These disturbances began shortly after her regimen
had been changed from alendronate 10 mg/day to
70 mg once/week. Assessment of causality revealed
‘‘probable’’ and ‘‘highly probable’’ relationships
respectively between the adverse events and the switch
from daily to weekly alendronate therapy.

Other bisphosphonates, such as etidronate and pamidro-
nate, have caused both reversible and irreversible audi-
tory, visual, and olfactory hallucinations beginning 2
hours to 1 week after drug administration. The mechan-
ism of these adverse effects is unknown but is thought to
be independent of calcium homeostasis.

Bromocriptine

Up to 10% of patients have to be withdrawn from treat-
ment because of psychiatric symptoms. Bromocriptine-
induced psychosis is well known and particular caution
is warranted in patients with a family history of mental
disorders (109). Even very low doses of bromocriptine can
cause psychotic reactions (SEDA-9, 126) (SEDA-10,
117), and well-recognized problems include confusion,
hallucinations, delusions, and paranoia.

Buflomedil

Depression has been reported in a few frail elderly
women taking buflomedil (SEDA-13, 169).

Cabergoline

When cabergoline is used in patients with Parkinson’s
disease, the same spectrum of dyskinesias and psychiatric
complications as with bromocriptine is observed (110).
The successful use of ergot derivatives to shrink macro-

prolactinomas can have unwanted neurological conse-
quences, and this has been described in two case reports.
Three Italian men aged 39, 42, and 53 years with inva-

sive prolactinomas took cabergoline 1.0–3.0 mg/week and
all developed CSF rhinorrhea after 2–7 months (111).
This was clearly a consequence of loss of the ‘‘stopper’’
effect of the tumor, owing to shrinkage, and in each case
was successfully treated by endoscopic trans-sphenoidal
surgery.

� A 42-year-old Spanish man took cabergoline (up to
3 mg/day) for a large prolactinoma causing hypopitui-
tarism and symptomatic chiasmal compression (112).
After 18 months there was only a minimal tumor rem-
nant on the floor of the sella turcica, but there was
chiasmal herniation. However, there were no clinical
effects of this, and in particular the visual fields were
normal.
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Caffeine

Red Bull, a mixture of caffeine, taurine, and inositol, a
widely consumed ‘‘power drink,’’ affects mental perfor-
mance and mood.

� A 36-year-old man with bipolar-I disorder had a sec-
ond manic episode, after having been in remission for 5
years while taking lithium to maintain a serum lithium
concentration of 0.8–1.1 mmol/l (113). One week
before this episode, he drank three cans of Red Bull
at night, as he needed less sleep; 3 days later he drank
three more cans. After 4 days he was feeling euphoric,
hyperactive, and insomniac. He gradually became
more hyperactive and had increased libido and irrit-
ability. He took no more Red Bull and improved
within 7 days.

Based on this report, the authors suggested that stimulant
beverages that contain caffeine might cause cognitive and
behavioral changes, especially in vulnerable patients with
bipolar illness.

Calcium channel blockers

A patient taking diltiazem developed the signs and symp-
toms of mania (114) and another developed mania with
psychotic features (115). There have also been reports
that nifedipine can cause agitation, tremor, belligerence,
and depression (116), and that verapamil can cause toxic
delirium (117). Nightmares and visual hallucinations have
been associated with nifedipine (118). Depression has
been reported as a possible adverse effect of nifedipine
(119).
Some reports have suggested that calcium channel

blockers may be associated with an increased incidence
of depression or suicide. However, there is a paucity of
evidence from large-scale studies. A study of the rates of
depression with calcium channel blockers, using data
from prescription event monitoring, involved gathering
information on symptoms or events in large cohorts of
patients after the prescription of lisinopril, enalapril,
nicardipine, and diltiazem by general practitioners (120).
The crude overall rates of depression during treatment
were 1.89, 1.92, and 1.62 per 1000 patient-months for the
ACE inhibitors, diltiazem, and nicardipine respectively.
Using the ACE inhibitors as the reference group, the rate
ratios for depression were 1.07 (95% CI = 0.82, 1.40) and
0.86 (0.69, 1.08) for diltiazem and nicardipine respec-
tively. This study does not support the hypothesis that
calcium channel blockers are associated with depression.

Carbamazepine

Behavioral and psychiatric disturbances are less common
with carbamazepine than with other anticonvulsants.

� A 9-year-old boy with seizures developed intermittent
complex visual hallucinations during therapy with
fosphenytoin and, on a separate occasion, carbamaze-
pine (121).

In 10 children with rolandic epilepsy, carbamazepine
impaired memory and possibly visual search tasks (122).
Evaluation of individual data suggested that some children
were especially vulnerable to the adverse effects of carba-
mazepine on cognition. The authors did not comment on
the fact that rolandic epilepsy is regarded as a syndrome for
which treatment in most cases is not indicated.
The cognitive effects of carbamazepine and gabapentin

have been compared in a double-blind, crossover, rando-
mized study in 34 healthy elderly adults, of whom 19 with-
drew (15 while taking carbamazepine, probably because of
excessively rapid dosage titration) (123). The primary out-
come measures were standardized neuropsychological and
mood state tests, yielding 17 variables. Each subject had
cognitive testing at baseline (before drug treatment), at the
end of the first drug phase, the end of the second drug
phase, and 4 weeks after completion of the second drug
phase. Adverse events were frequently reported with both
anticonvulsants, although they were more common with
carbamazepine. There were significant differences
between carbamazepine and gabapentin for only one of
11 cognitive variables, with better attention/vigilance for
gabapentin, although the effect was modest. Both carba-
mazepine and gabapentin can cause mild cognitive deficits
in elderly subjects, and gabapentin has a slightly better
profile.

Cardiac glycosides

Acute psychosis and delirium can occur in digitalis toxi-
city, particularly in elderly people (124–126), and can be
accompanied by visual or auditory hallucinations
(127,128).

� Acute delirium occurred in a 61-year-old man whose
serum digitoxin concentration was 44 ng/ml (129).

Digitalis toxicity can occasionally cause depression (130).

� A 77-year-old woman developed extreme fatigue,
anorexia, psychomotor retardation, and social withdra-
wal 1 month after starting to take digoxin 0.5 mg/day
for congestive heart failure (131). She did not respond
to intravenous clomipramine 25 mg/day for 7 months.
Her serum digoxin concentration was 3.2 ng/ml.
Digoxin was withdrawn, and 12 days later, when her
serum digoxin concentration was 0.5 ng/ml, she had
improved, but was left with a memory disturbance,
which was attributed to background dementia.

Celastraceae

Khat has amphetamine-like effects and can cause psy-
choses (132–138), including mania (139) and hypnagogic
hallucinations (140). Two men developed relapsing short-
lasting psychotic episodes after chewing khat leaves; the
psychotic symptoms disappeared without any treatment
within 1 week (141).
In 800 Yemeni adults (aged 15–76 years) symptoms that

might have been caused by the use of khat were elicited
by face-to-face interviews; 90 items covered nine scales of
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the following domains: somatization, depression, anxiety,
phobia, hostility, interpersonal sensitivity, obsessive-com-
pulsive, hostility, interpersonal sensitivity, paranoia, and
psychoticism (142). At least one life-time episode of khat
use was reported in 82% of men and 43% of women. The
incidence of adverse psychological symptoms was not
greater in khat users, and there was a negative association
between the use of khat and the incidence of phobic
symptoms.
In 25 daily khat-chewing flight attendants, 39 occasional

khat-chewing flight attendants, and 24 non-khat-chewing
aircrew members, memory function test scores were sig-
nificantly lower in khat chewers than non-chewers and in
regular chewers than occasional chewers (143).

Celecoxib

A 78-year-old woman had auditory hallucinations while
taking celecoxib for osteoarthritis (144). Her symptoms
occurred after she had taken celecoxib 200 mg bd for 48
hours and progressed over the next 8 days. Celecoxib was
withdrawn and her hallucinations gradually disappeared
over the next 4 days. Rechallenge with a lower dose
(100 mg bd) caused recurrence.
There have been two reports of visual hallucinations in

patients taking celecoxib.

� A 79-year-old woman presented to her optometrist
with a 2-day history of seeing orange spots in both
visual fields 2 months after starting to take celecoxib
100 mg/day (145). Physical examination and a CT scan
were normal. Celecoxib was withdrawn and her symp-
toms resolved within 3 days.� An 81-year-old woman took celecoxib 100 mg/day,
and over the next 2 weeks developed delirium and
auditory and visual hallucinations (146). Celecoxib
was withdrawn and her symptoms resolved over sev-
eral days. She took a few doses of rofecoxib 12.5 mg/
day 6 months later without any problem. She began to
take rofecoxib regularly again 2 months later, and after
1 month developed agitation, confusion, and hallucina-
tions. Physical examination suggested no cause of the
delirium other than rofecoxib. A CT scan was negative.
The rofecoxib was withdrawn, and over the next 2 days
her symptoms resolved

Auditory hallucinations have been previously reported in
a patient taking celecoxib (SEDA-25, 134) but are prob-
ably uncommon.

Cephalosporins

It has long been known that intramuscular procaine peni-
cillin can cause some peculiar psychological adverse reac-
tions, and that other penicillin derivatives, such as
amoxicillin, can cause psychiatric reactions, such as hallu-
cinations (SEDA-21, 259). In a report from the
Netherlands, neuropsychiatric symptoms occurred in six
patients who received cefepime for febrile neutropenia
(147). The patients, two men and four women, aged
32–75 years, received 6 g/day (n = 5) or 3 g/day (n = 1).

The symptoms started 1–5 days after the first dose and
varied from nightmares, anxiety, agitation, and visual and
auditory hallucinations to coma and seizures. After with-
drawal of cefepime, they recovered within 1–5 days. The
causality between their neuropsychiatric symptoms and
cefepime was considered as probable (WHO criteria)
because of the temporal relation, lack of other causal
neurological explanations, and positive rechallenge in
five patients.
The mechanisms of these adverse effects are unknown,

although it might be of value to take a closer look at the
theory that drug-induced limbic kindling may be the prin-
cipal pathogenic factor (SEDA-21, 259).

Cetirizine

In a double-blind, crossover study levocetirizine 5 mg
once daily for 4 days was compared with cetirizine
10 mg, loratadine 10 mg, promethazine 30 mg, and pla-
cebo in terms of nervous system inhibitory effects in 20
healthy volunteers (148). With the exception of pro-
methazine, none of the drugs had disruptive or sedative
effects on objective measurements in a comprehensive
battery of psychomotor and cognitive tests.
The Early Treatment of the Atopic Child (ETAC)

Study has provided evidence that cetirizine may be able
to halt the progression to asthma in high-risk groups of
young children and infants with atopic dermatitis (149).
However, the study involved giving relatively high doses
of cetirizine to very young children (aged 1–2 years at
study entry) over a long period of time. Therefore, the
impact of prolonged use of high-dose cetirizine (0.25 mg/
kg bd over 18 months) on behavior and cognitive ability in
young children and infants has been assessed in a double-
blind, randomized, placebo-controlled study (150). Well-
validated and standardized assessments of behavior or
cognition were used, and the ages at which psychomotor
milestones were attained were established. The authors
concluded that, compared with placebo, cetirizine had no
significant effects on behavior, cognition, or psychomotor
milestones in young children with atopic dermatitis.

Chlorphenamine maleate

Functional neuroimaging of cognition was impaired by
chlorphenamine (151).

Chloroquine and hydroxychloroquine

Many mental changes attributed to chloroquine have
been described, notably agitation, aggressiveness, con-
fusion, personality changes, psychotic symptoms, and
depression. Acute mania has also been recognized
(SEDA-18, 287). The mental changes can develop
slowly and insidiously. Subtle symptoms, such as fluc-
tuating impairment of thought, memory, and percep-
tion, can be early signs, but may also be the only signs.
The symptoms may be connected with the long
half-life of chloroquine and its accumulation, leading
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to high tissue concentrations (SEDA-11, 583).
Chloroquine also inhibits glutamate dehydrogenase
activity and can reduce concentrations of the inhibitory
transmitter GABA.
When severe psychosis following treatment with chlor-

oquine and hydroxychloroquine occurs it is usually during
treatment for malaria, but it can follow treatment for
connective tissue disorders. Hallucinations have been
reported after hydroxychloroquine treatment for erosive
lichen planus (152).

� A 75-year-old woman was given hydroxychloroquine
400 mg/day for erosive lichen planus in conjunction
with topical glucocorticoids and a short course of oral
methylprednisolone 0.5 mg/kg/day. After 10 days she
became disoriented in time and place, followed by
feelings of depersonalization and kinesthetic hallucina-
tions, preceded by nightmares. She stopped taking
hydroxychloroquine 1 week later and the hallucina-
tions progressively disappeared. She recovered her
normal mental state within 1 month and had not
relapsed 2 years later.

In some cases with psychosis after the administration of
recommended doses, symptoms developed after the
patients had taken a total of 1.0–10.5 g of the drug, the
time of onset of behavioral changes varying from 2 hours
to 40 days. Most cases occurred during the first week and
lasted from 2 days to 8 weeks (SEDA-11, 583).
Transient global amnesia occurred in a healthy 62-year-

old man, 3 hours after he took 300 mg chloroquine.
Recovery was spontaneous after some hours (SEDA-16,
302).
In one center, toxic psychosis was reported in four

children over a period of 18 months (SEDA-16, 302).
The children presented with acute delirium, marked rest-
lessness, outbursts of increased motor activity, mental
inaccessibility, and insomnia. One child seemed to have
visual hallucinations. In each case, chloroquine had been
administered intramuscularly because of fever. The
dosages were not recorded. The children returned to nor-
mal within 2 weeks.
The potential for severe psychiatric adverse events

must always be considered in patients taking long-term
chloroquine and hydroxychloroquinine. The onset may be
a few hours to many days after the start of therapy and it
can occur in a patient without a preceding history of
mental illness. The mechanism is unknown. Recovery is
rapid and occurs within days of stopping treatment.
Probable suicide after quinine treatment for chloro-

quine-resistant malaria has been reported (153).

� A 27-year-old man with falciparum malaria was given
an infusion of quinine 600 mg in 5% dextrose tds until
his vomiting stopped. Five hours later he was found
dead by hanging using his turban. There was no
adverse social history and the patient was in general
good health.

The cause of this man’s suicide is not known and it was
probably not related to quinine.

Cholera vaccine

Severe complications connected with cholera (or com-
bined) immunization are extremely rare and the causal
relation is always doubtful. However, when they do occur
they constitute a contraindication to further administra-
tion. There are occasional reports of neurological and
psychiatric reactions (SED-8, 706) (SEDA-1, 246),
Guillain–Barré syndrome (SEDA-1, 246), myocarditis
(154,155), myocardial infarction (SEDA-3, 261), a syn-
drome similar to immune complex disease (156), acute
renal insufficiency accompanied by hepatitis (157), and
pancreatitis (158).

Choline

Occasionally, doses of choline up to 9 g/day have been
found to produce severe depression, presumably by alter-
ing the adrenaline/acetylcholine balance (159).

Chromium

There have been three reports of the efficacy of chro-
mium in depression, with adverse effects that included
dizzy spells and vivid dreams (160).

� A 50-year-old man developed bipolar II disorder with
the onset of a major depressive episode in his late twen-
ties. His mood stabilized with lithium, but he continued
to have periods of irritability and breakthrough depres-
sion. He started to take chromium picolinate 400 micro-
grams/day and within 2 days felt more relaxed and stable
than he had since the onset of his disorder. He stopped
taking lithium. Several months later he forgot to take his
chromium, and within a few days his symptoms returned.
In order to catch up he took 800 micrograms/day and
developed sweating each morning and a mild hand tre-
mor. After reducing the dosage to 600 micrograms/day
he again went into complete remission. After more than
1 year of chromium treatment he developed uric acid
kidney stones. One year after switching to a different
chromium salt (the polynicotinate), there was no recur-
rence of kidney stones.� A 38-year-old man with bipolar II disorder took chro-
mium polynicotinate 400 micrograms/day. Shortly
after the first dose his mood started to improve, but
he had unusually vivid intense dreams. The dose of
chromium was increased to 600 micrograms/day. He
then developed intermittent brief dizzy spells due to
orthostatic hypotension. After switching to chromium
picolinate his dizzy spells did not recur.� A 47-year-old man with a dysthymic disorder and
intermittent panic attacks and rage outbursts took
chromium 400 micrograms/day, and after 1 day had
strikingly vivid dreams. Over the next several
days there was a dramatic improvement in his mood
and behavior. The efficacy of chromium was later
confirmed by a double-blind, placebo-controlled, n-
of-1 trial.

658 Chromium

ª 2009 Elsevier B.V. All rights reserved.



Cimetidine

Cimetidine crosses the blood–brain barrier and can cause
confusion, particularly in elderly or sick individuals with
compromised hepatic or renal function, and especially
after intravenous treatment. Very rarely an acute confu-
sional psychosis has been seen in a younger person (161).
Delirium has been thought to be a particular problem
with intravenous use, but this is more likely to be a
reflection of patient selection. Depression has occasion-
ally been attributed to cimetidine (162,163).

Ciprofloxacin

The administration of ciprofloxacin has been associated
with psychosis (164,165) and hypoactive delirium
(166,167).

� A 27-year-old woman developed an acute psychotic
reaction following the use of ciprofloxacin eye-drops
(1 drop hourly to each eye) (168).

� Psychosis occurred in a 32-year-old woman who was
taking ciprofloxacin for multidrug resistant tuberculo-
sis; the symptoms resolved within 48 hours after the
ciprofloxacin was withdrawn (169).

Cisapride

In 16% of children given cisapride for intestinal pseudo-
obstruction, treatment was followed by mild irritability
and hyperactivity (SEDA-18, 370). In one adult, aggres-
sive behavior seemed to be a direct complication of treat-
ment (170).

Clarithromycin

Two patients, a man aged 74 and a woman aged 56 years,
developed delirium after taking clarithromycin (171).
Two patients (aged 21 and 33 years) with late-stage

AIDS had acute psychoses shortly after taking clarithro-
mycin (2 g/day) for MAC bacteremia (172). In both cases
the psychosis resolved on withdrawal but recurred on
rechallenge. In one case treatment with azithromycin
was well tolerated.
Of cases of mania attributed to antibiotics and reported

to the WHO, 28% were due to clarithromycin (173).

� A 77-year-old man who was HIV-negative developed
mania after 6 days treatment with clarithromycin 1 g/
day for a soft tissue infection; his mental state resolved
on withdrawal (174).� A 53-year-old Canadian lawyer taking long-term fluox-
etine and nitrazepam developed a frank psychosis 1–3
days after starting to take clarithromycin 500 mg/day
for a chest infection (175). His symptoms resolved on
withdrawal of all three drugs, and did not recur with
erythromycin or when fluoxetine and nitrazepam were
restarted in the absence of antibiotics.

The symptoms may have been due to a direct effect of
clarithromycin or else inhibition of hepatic cytochrome
P450 metabolism, leading to fluoxetine toxicity.
Clarithromycin occasionally causes hallucinations.

� Visual hallucinations with marked anxiety and ner-
vousness occurred after the second dose of oral clari-
thromycin 500 mg in a 32-year-old woman (176).
Clarithromycin was withdrawn and the symptoms dis-
appeared a few hours later.� Visual hallucinations developed in a 56-year-old man
with chronic renal insufficiency and underlying alumi-
nium intoxication maintained on peritoneal dialysis 24
hours after he started to take clarithromycin 500 mg bd
for a chest infection, and resolved completely 3 days
after withdrawal (177).

Clonidine and apraclonidine

Clonidine has been used to treat hypertension and
migraine. It ameliorates the opioid withdrawal syndrome
by reducing central noradrenergic activity. Its role in the
treatment of psychiatric disorders has been the subject of
an extensive review, but without new information on its
safety (178). Clonidine is also used epidurally, in combi-
nation with opioids, neostigmine, and anesthetic and
analgesic agents, to produce segmental analgesia, particu-
larly for postoperative relief of pain after obstetrical and
surgical procedures.

Clusiaceae

Delirium has been attributed to St. John’s wort
(Hypericum perfurtum).

� A 76-year-old woman began taking an extract of St.
John’s wort (75 mg/day) and developed delirium and
psychosis 3 weeks later (179). She had no relevant
medical history and did not take any other medica-
tions. She was given risperidone and donepezil hydro-
chloride, and her paranoid delusions and visual
hallucinations improved.

The final diagnosis was acute psychotic delirium asso-
ciated with St. John’s wort in a woman with underlying
Alzheimer’s dementia.
Hypomania has been reported with St. John’s wort

(180).

� A 47-year-old woman with an 8-year history of noctur-
nal panic attacks and a recent history of major depres-
sion had a poor response to SSRIs and instead took a
0.1% tincture of St. John’s wort. After 10 days she
noted racing and distorted thoughts, increased irritabil-
ity, hostility, aggressive behavior, and a reduced need
for sleep. After discontinuing the herbal treatment, her
symptoms resolved within 2 days.

The author suggested that St. John’s wort had caused this
episode of hypomania.
Two cases of mania have been associated with the use

of St. John’s wort (181). The authors pointed out that
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St. John’s wort, like all antidepressants, can precipitate
hypomania, mania, or increased cycling of mood states,
particularly in patients with occult bipolar disorder.
Alternatively, the mania experienced by these patients
could simply be the expression of the natural cause of
their psychiatric illness.

Codeine

The same investigators further analysed the data accord-
ing to codeine abuse/dependent and non-dependent sta-
tus (182). There was codeine abuse/dependence in 41% of
the subjects. The most common psychological and physi-
cal problems attributed to codeine use in the dependent/
abuse group (n = 124) were depression (23%), anxiety
(22%), gastrointestinal disturbances (15%), constipation
(6%), and headache/migraine (5%). The codeine-depen-
dent subjects were younger than those who were not
dependent. The mean age of the respondents when they
first started using codeine was 26 (range 2–78) years. A
total of 563 codeine products had been used on a regular
basis; the most common combination involved codeine
with paracetamol (70%). Codeine was used for headaches
(41%), back pain (22%), and other types of pain (25%).
Those in the dependent group were more likely to have
used codeine initially for other reasons, for example for
pleasure and to relax or reduce stress. Most subjects said
that they had obtained their codeine from one physician
(66%) or by purchasing it over the counter (54%).
Subjects in the dependent group also obtained codeine
from friends (32%), from family (11%), ‘‘off the street’’
(19%), and through prescriptions from more than one
physician (11%). Overall, more subjects in the dependent
group considered themselves to have problems with a
larger number of substances (3.3: range 0–15) compared
with those in the non-dependent group (1.2: range 0–8). In
the dependent group, more subjects said that their physi-
cal or mental health problems interfered with normal
social activities at least ‘‘quite a bit.’’ Significantly more
subjects in the dependent group had sought help for a
mental health problem, had had an inpatient psychiatric
admission, or had sought help for a substance-use disor-
der, especially alcohol and stimulants. A larger number of
subjects in the dependent group identified at least one
family member (usually male) with substance-use pro-
blems compared with those in the non-dependent group.

Corticosteroids—glucocorticoids

The psychostimulant effects of the glucocorticoids are
well known (183), and their dose dependency is recog-
nized (SED-11, 817); they may amount to little more than
euphoria or comprise severe mental derangement, for
example mania in an adult with no previous psychiatric
history (SEDA-17, 446) or catatonic stupor demanding
electroconvulsive therapy (184). In their mildest form,
and especially in children, the mental changes may be
detectable only by specific tests of mental function
(185). Mental effects can occur in patients treated with

fairly low doses; they can also occur after withdrawal or
omission of treatment, apparently because of adrenal
suppression (186,187).

� A 32-year-old woman developed irritability, anger, and
insomnia after taking oral prednisone (60 mg/day) for
a relapse of ileal Crohn’s disease (188). The prednisone
was withdrawn and replaced by budesonide (9 mg/
day), and the psychiatric adverse effects were relieved
after 3 days. A good clinical response was maintained,
with no relapse after 2 months of budesonide therapy.

Dexamethasone has been used in ventilator-dependent
preterm infants to reduce the risk and severity of chronic
lung disease. Usually it is given in a tapering course over a
long period (42 days). The effects of dexamethasone on
developmental outcome at 1 year of age has been evalu-
ated in 118 infants of very low birthweights (47 boys and
71 girls, aged 15–25 days), who were not weaning from
assisted ventilation (189). They were randomly assigned
double-blind to receive placebo or dexamethasone (initial
dose 0.25 mg/kg) tapered over 42 days. A neurological
examination, including ultrasonography, was done at 1
year of age. Survival was 88% with dexamethasone and
74% with placebo. Both groups obtained similar scores in
mental and psychomotor developmental indexes. More
dexamethasone-treated infants had major intracranial
abnormalities (21 versus 11%), cerebral palsy (25 versus
7%; OR = 5.3; CI = 1.3, 21), and unspecified neurological
abnormalities (45 versus 16%; OR = 3.6; CI = 1.2, 11).
Although the authors suggested an adverse effect, they
added other possible explanations for these increased
risks (improved survival in those with neurological inju-
ries or at increased risk of such injuries).
Children have marked increases in behavioral problems

during treatment with high-dose prednisone for relapse of
nephrotic syndrome, according to the results of a study
conducted in the USA (190). Ten children aged 2.9–15
years (mean 8.2 years) received prednisone 2 mg/kg/day,
tapering at the time of remission, which was at week 2 in
seven patients. At baseline, eight children had normal
behavioral patterns and two had anxious/depressed and
aggressive behavior using the Child Behaviour Checklist
(CBCL). During high-dose prednisone therapy, five of
the eight children with normal baseline scores had
CBCL scores for anxiety, depression, and aggressive
behavior above the 95th percentile for age. The two chil-
dren with high baseline CBCL scores had worsening
behavioral problems during high-dose prednisone.
Behavioral problems occurred almost exclusively in the
children who received over 1 mg/kg every 48 hours.
Regression analysis showed that prednisone dosage was
a strong predictor of increased aggressive behaviour.
Intravenous methylprednisolone was associated with a

spectrum of adverse reactions, most frequently behavioral
disorders, in 213 children with rheumatic disease, accord-
ing to the results of a US study (191). However, intrave-
nous methylprednisolone was generally well tolerated.
The children received their first dose of intravenous
methylprednisolone 30 mg/kg over at least 60 minutes,
and if the first dose was well tolerated they were given
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further infusions at home under the supervision of a
nurse. There was at least one adverse reaction in 46
children (22%) of whom 18 had an adverse reaction
within the first three doses. The most commonly reported
adverse reactions were behavioral disorders (21 children),
including mood changes, hyperactivity, hallucinations,
disorientation, and sleep disorders. Several children had
serious acute reactions, which were readily controlled.
Most of them were able to continue methylprednisolone
therapy with premedication or were given an alternative
glucocorticoid. The researchers emphasized the need to
monitor treatment closely and to have appropriate drugs
readily available to treat adverse reactions.
Large doses are most likely to cause the more serious

behavioral and personality changes, ranging from
extreme nervousness, severe insomnia, or mood swings
to psychotic episodes, which can include both manic and
depressive states, paranoid states, and acute toxic psy-
choses. A history of emotional disorders does not neces-
sarily preclude glucocorticoid treatment, but existing
emotional instability or psychotic tendencies can be
aggravated by glucocorticoids. Such patients as these
should be carefully and continuously observed for signs
of mental changes, including alterations in the sleep pat-
tern. Aggravation of psychiatric symptoms can occur not
only during high-dose oral treatment, but also after any
increase in dosage during long-term maintenance therapy;
it can also occur with inhalation therapy (192). The psy-
chomotor stimulant effect is said to be most pronounced
with dexamethasone and to be much less with methyl-
prednisolone, but this concept of a differential psychotro-
pic effect still has to be confirmed.
The effects of prednisone on memory have been

assessed (SEDA-21, 413) (193). Glucocorticoid-treated
patients performed worse than controls in tests of explicit
memory. Pulsed intravenous methylprednisolone (2.5 g
over 5 days, 5 g over 7 days, or 10 g over 5 days) caused
impaired memory in patients with relapsing-remitting
multiple sclerosis, but this effect is reversible, according
to the results of an Italian study (194). Compared with ten
control patients, there was marked selective impairment
of explicit memory in 14 patients with relapsing-remitting
multiple sclerosis treated with pulsed intravenous methyl-
prednisolone. However, this memory impairment comple-
tely resolved 60 days after methylprednisolone treatment.
Glucocorticoids can regulate hippocampal metabolism,

physiological functions, and memory. Despite evidence of
memory loss during glucocorticoid treatment (SEDA-23,
428), and correlations between memory and cortisol con-
centrations in certain diseases, it is unclear whether expo-
sure to the endogenous glucocorticoid cortisol in amounts
seen during physical and psychological stress in humans
can inhibit memory performance in otherwise healthy
individuals. In an elegant experiment on the effect of
cortisol on memory, 51 young healthy volunteers (24
men and 27 women) participated in a double-blind, ran-
domized, crossover, placebo-controlled trial of cortisol
40 mg/day or 160 mg/day for 4 days (195). The lower
dose of cortisol was equivalent to the cortisol delivered
during a mild stress and the higher dose to major stress.

Cognitive performance and plasma cortisol were evalu-
ated before and until 10 days after drug administration.
Cortisol produced a dose-related reversible reduction in
verbal declarative memory without effects on nonverbal
memory, sustained or selective attention, or executive
function. Exposure to cortisol at doses and plasma con-
centrations associated with physical and psychological
stress in humans can reversibly reduce some elements of
memory performance.

� Psychosis occurred in a 32-year-old woman who was
taking ciprofloxacin for multidrug resistant tuberculo-
sis; the symptoms resolved within 48 hours after the
ciprofloxacin was withdrawn (169).

Prednisone, 10 mg/day for 1 year, has been evaluated
in 136 patients with probable Alzheimer’s disease in a
double-blind, randomized, placebo-controlled trial
(196). There were no differences in the primary mea-
sures of efficacy (cognitive subscale of the Alzheimer
Disease Assessment Scale), but those treated with pre-
dnisone had significantly greater memory impairment
(Clinical Dementia sum of boxes), and agitation and
hostility/suspicion (Brief Psychiatric Rating Scale).
Other adverse effects in those who took prednisone
were reduced bone density and a small rise in intraocular
pressure.
In healthy individuals undergoing acute stress, there

was specifically impaired retrieval of declarative long-
term memory for a word list, suggesting that cortisol-
induced impairment of retrieval may add significantly to
the memory deficits caused by prolonged treatment (197).
The effects of acute systemic dexamethasone adminis-

tration on sleep structure have been investigated.
Dexamethasone caused significant increases in REM
latency, the percentage time spent awake, and the percen-
tage time spent in slow-wave sleep. There were also sig-
nificant reductions in the percentage time spent in REM
sleep and the number of REM periods (SEDA-21, 413)
(198).
Chronic glucocorticoid exposure is associated with

reduced size of the hippocampus, resulting in impaired
declarative memory. In 52 renal transplant recipients
(mean age 45 years, 34 men and 18 women) taking pre-
dnisone (100 mg/day for 3 days followed by 10 mg/day for
as long as needed; mean dose 11 mg/day) there was a
major reduction in immediate recall but not delayed
recall (199). However, there was a significant correlation
between mean prednisone dose and delayed recall.
In animals, phenytoin pretreatment blocks the effects

of stress on memory and hippocampal histology. In a
double blind, randomized, placebo-controlled trial 39
patients (mean age 44 years, 8 men) with allergies or
pulmonary or rheumatological illnesses who were taking
prednisone (mean dose 40 mg/day) were randomized to
either phenytoin (300 mg/day) or placebo for 7 days
(200). Those who took phenytoin had significantly smaller
increases in a mania self-report scale. There was no effect
on memory. Thus, phenytoin blocked the hypomanic
effects of prednisone, but not the effects on declarative
memory.
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Seventeen patients taking long-term glucocorticoid
therapy (16 women, mean age 47 years, mean prednisone
dose 16 mg, mean length of current treatment 92 months)
and 15 matched controls were assessed with magnetic
resonance imaging and proton magnetic resonance spec-
troscopy, neurocognitive tests (including the Rey
Auditory Verbal Learning Test, Stroop Colour Word
Test, Trail Making Test, and estimated overall intelligent
quotient), and psychiatric scales (including the Hamilton
Rating Scale for Depression, Young Mania Rating Scale,
and Brief Psychiatric Rating Scale) (201). Glucocorticoid-
treated patients had smaller hippocampal volumes and
lower N-acetylaspartate ratios than controls. They had
lower scores on the Rey Auditory Verbal Learning Test
and Stroop Colour Word Test (declarative memory defi-
cit) and higher scores on the Hamilton Rating Scale for
Depression and the Brief Psychiatric Rating Scale
(depression). These findings support the idea that chronic
glucocorticoid exposure is associated with changes in hip-
pocampal structure and function.
Mania has been attributed to glucocorticoids (202).

� A 46-year-old man, with an 8-year history of cluster
headaches and some episodes of endogenous depres-
sion, took glucocorticoids 120 mg/day for a week and
then a tapering dosage at the start of his latest cluster
episode. His headaches stopped but then recurred after
10 days. He was treated prophylactically with verapa-
mil, but a few days later, while the dose of glucocorti-
coid was being tapered, he developed symptoms of
mania. The glucocorticoids were withdrawn, he was
given valproic acid, and his mania resolved after 10
days. Verapamil prophylaxis was restarted and he had
no more cluster headaches.

The authors commented that the manic symptoms had
probably been caused by glucocorticoids or glucocorticoid
withdrawal. They concluded that patients with cluster
headache and a history of affective disorder should not
be treated with glucocorticoids, but with valproate or
lithium, which are effective in both conditions.
Lamotrigine, an anticonvulsive drug with mood-stabiliz-
ing effects, may prevent glucocorticoid-induced mania in
patients for whom valproate or lithium are not possible
(203).
Glucocorticoids can cause neuropsychiatric adverse

effects that dictate a reduction in dose and sometimes
withdrawal of treatment. Of 32 patients with asthma
(mean age 47 years) who took prednisone in a mean
dosage of 42 mg/day for a mean duration of 5 days,
those with past or current symptoms of depression had a
significant reduction in depressive symptoms during pre-
dnisone therapy compared with those without depression
(204). After 3–7 days of therapy there was a significant
increase in the risk of mania, with return to baseline after
withdrawal.
Of 92 patients with systemic lupus erythematosus (78

women, mean age 34 years) followed between 1999 and
2000, psychiatric events occurred in six of those who were
treated with glucocorticoids for the first time or who
received an augmented dose, an overall 4.8% incidence

(205). The psychiatric events were mood disorders with
manic features (delusions of grandiosity) (n ¼ 3) and
psychosis (auditory hallucinations, paranoid delusions,
and persecutory ideas) (n ¼ 3). Three patients were first
time users (daily prednisone dose 30–45 mg/day) and
three had had mean increases in daily prednisone dose
from baseline of 26 (range 15–33) mg. All were hypoal-
buminemic and none had neuropsychiatric symptoms
before glucocorticoid treatment. All the events occurred
within 3 weeks of glucocorticoid administration. In five of
the six episodes, the symptoms resolved completely after
dosage reduction (from 40 mg to 18 mg) but in one
patient an additional 8-week course of a phenothiazine
was given. In a multivariate regression analysis, only
hypoalbuminemia was an independent predictor of psy-
chiatric events (HR ¼ 0.8, 95% CI ¼ 0.60, 0.97).
Although mood changes are common during short-

term, high-dose, glucocorticoid therapy, there are vir-
tually no data on the mood effects of long-term glucocor-
ticoid therapy. Mood has been evaluated in 20 out-
patients (2 men, 18 women), aged 18–65 years taking at
least 7.5 mg/day of prednisone for 6 months (mean cur-
rent dose 19 mg/day; mean duration of current predni-
sone treatment 129 months) and 14 age-matched controls
(1 man, 13 women), using standard clinician-rated mea-
sures of mania (Young Mania Rating Scale, YMRS),
depression (Hamilton Rating Scale for Depression,
HRSD), and global psychiatric symptoms (Brief
Psychiatric Rating Scale, BPRS, and the patient-rated
Internal State Scale, ISS) (206). Syndromal diagnoses
were evaluated using a structured clinical interview. The
results showed that symptoms and disorders are common
in glucocorticoid-dependent patients. Unlike short-term
prednisone therapy, long-term therapy is more associated
with depressive than manic symptoms, based on the clin-
ician-rated assessments. The Internal State Scale may be
more sensitive to mood symptoms than clinician-rated
scales.
Two women developed secondary bipolar disorder

associated with glucocorticoid treatment and deteriorated
to depressive–catatonic states without overt hallucina-
tions and delusions (207).

� A 21-year-old woman, who had taken prednisolone
60 mg/day for dermatomyositis for 1 year developed
a depressed mood, pessimistic thought, irritability,
poor concentration, diminished interest, and insomnia.
Although the dose of prednisolone was tapered and
she was treated with sulpiride, a benzamide with mild
antidepressant action, she never completely recovered.
After 5 months she had an exacerbation of her derma-
tomyositis and received two courses of methylpredni-
solone pulse therapy. Two weeks after the second
course, while taking prednisolone 50 mg/day, she
became hypomanic and euphoric. She improved sub-
stantially with neuroleptic medication and continued
to take prednisolone 5 mg/day. About 9 months later
she developed depressive stupor without any signifi-
cant psychological stressor or changes in prednisolone
dosage. She had mutism, reduction in contact and
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reactivity, immobility, and depressed mood. Manic or
mixed state and psychotic symptoms were not
observed. She was initially treated with intravenous
clomipramine 25 mg/day followed by oral clomipra-
mine and lithium carbonate. She improved markedly
within 2 weeks with a combination of clomipramine
100 mg/day and lithium carbonate 300 mg/day.
Prednisolone was maintained at 5 mg/day.� A 23-year-old woman with ulcerative colitis and no
previous psychiatric disorders developed emotional
lability, euphoria, persecutory delusions, irritability,
and increased motor and verbal activity 3 weeks after
starting to take betamethasone 4 mg/day. She
improved within a few weeks with bromperidol 3 mg/
day. After 10 months she became unable to speak and
eat, was mute, depressive, and sorrowful, and
responded poorly to questions. There were no neuro-
logical signs and betamethasone had been withdrawn
10 months before. She was treated with intravenous
clomipramine 25 mg/day and became able to speak.
Intravenous clomipramine caused dizziness due to
hypotension, and amoxapine 150 mg/day was substi-
tuted after 6 days. All of her symptoms improved
within 10 days. Risperidone was added for mood labi-
lity and mild persecutory ideation.

There have been sporadic case reports of adverse psy-
chiatric effects in patients using inhaled glucocorticoids.
Of 60 preschool children with a recent diagnosis of
asthma taking inhaled budesonide 100–200 micrograms/
day, nine had suspected neuropsychological adverse
events after 18 months, according to their parents (208).
The symptoms reported were irritability, depression,
aggressiveness, excitability, and hyperactivity. These
adverse events disappeared when the medication was
terminated or reduced and recurred when budesonide
was restarted at higher doses. Most of the symptoms
occurred within 2 days from starting the high dose (200
micrograms 2–4 times a day).
The management of a psychotic reaction in an

Addisonian patient taking a glucocorticoid needs special
care (SED-8, 820). Psychotic reactions that do not abate
promptly when the glucocorticoid dosage is reduced to
the lowest effective value (or withdrawn) may need to be
treated with neuroleptic drugs; occasionally these fail and
antidepressants are needed (SEDA-18, 387). However, in
other cases, antidepressants appear to aggravate the
symptoms.

� Two patients with prednisolone-induced psychosis
improved on giving the drug in three divided daily
doses. Recurrence was avoided by switching to
enteric-coated tablets.

This suggests that in susceptible patients the margin of
safety may be quite narrow (SED-12, 982). It is possible
that reduced absorption accounted for the improvement
in this case, but attention should perhaps be focused on
peak plasma concentrations rather than average steady-
state concentrations.
In one case, glucocorticoid-induced catatonic psychosis

unexpectedly responded to etomidate (209).

� A 27-year-old woman with myasthenia gravis taking
prednisolone 100 mg/day became unresponsive and
had respiratory difficulties. She was given etomidate
20 mg intravenously to facilitate endotracheal intuba-
tion. One minute later she became alert and oriented,
with normal muscle strength, and became very emo-
tional. Eight hours later she again became catatonic
and had a similar response to etomidate 10 mg.
Glucocorticoid-induced catatonia was diagnosed, her
glucocorticoid dosage was reduced, and she left hospi-
tal uneventfully 4 days later.

The effect of etomidate on catatonia, similar to that of
amobarbital, was thought to be due to enhanced GABA
receptor function in patients with an overactive reticular
system.
A case report has suggested that risperidone, an atypi-

cal neuroleptic drug, can be useful in treating adolescents
with glucocorticoid-induced psychosis and may hasten its
resolution (210).

� A 14-year-old African-American girl with acute lym-
phocytic leukemia was treated with dexamethasone
24 mg/day for 25 days. Four days after starting to
taper the dose she had a psychotic reaction with visual
hallucinations, disorientation, agitation, and attempts
to leave the floor. Her mother refused treatment with
haloperidol. Steroids were withdrawn and lorazepam
was given as needed. Nine days later the symptoms had
not improved. She was given risperidone 1 mg/day;
within 3 days the psychotic reaction began to improve
and by 3 weeks the symptoms had completely resolved.

Obsessive-compulsive behavior after oral cortisone has
been described (211).

� A 75-year-old white man, without a history of psychia-
tric disorders, took cortisone 50 mg/day for 6 weeks for
pulmonary fibrosis and developed severe obsessive-
compulsive behavior without affective or psychotic
symptoms. He was given risperidone without any ben-
eficial effect. The dose of cortisone was tapered over
18 days. AnMRI scan showed no signs of organic brain
disease and an electroencephalogram was normal. His
symptoms improved 16 days after withdrawal and
resolved completely after 24 days. Risperidone was
withdrawn without recurrence.

Corticotrophins (corticotropin and
tetracosactide)

Mood changes continue to be reported in association with
corticotropin (212). Emotional instability or psychotic
tendencies can be aggravated, while euphoria, insomnia,
and personality changes such as hypomania and depres-
sion can be precipitated, sometimes even with psychotic
manifestations. Although it seems reasonable to assume
that one is dealing here mainly with an effect of the
glucocorticoids secreted in response to corticotropin, it
should be recalled that segments of the corticotropin
molecule themselves have effects on brain function and
could conceivably play a role.
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Co-trimoxazole

Delirium and psychosis have been rarely reported with
co-trimoxazole, but are more likely in elderly people
(213).

COX-2 inhibitors

Psychiatric effects have been previously reported with
celecoxib (SEDA-26, 123), and may represent a class
effect of the COX-2 inhibitors, according to the
Australian Adverse Reactions Advisory Committee
(ADRAC), which has received 142 reports of acute neu-
ropsychiatric reactions attributed to celecoxib and 49 to
rofecoxib (214). The most common reactions associated
with celecoxib were: confusion (n ¼ 23) somnolence (n ¼
22), and insomnia (n ¼ 21), while those associated with
rofecoxib were confusion (n ¼ 18) and hallucinations (n ¼
11). In many cases the onset of the reaction occurred
within 24 hours of the first dose of the drug.

Cyclobenzaprine

Rarely, manic psychosis can be activated in patients with
bipolar affective disorders (215).
First-onset paranoid psychosis has also been reported

(216).

� A 36-year-old woman with no past psychiatric pro-
blems took 23 tablets of cyclobenzaprine (10 mg
each) over 6 weeks to ease back pain resulting from a
back injury. She developed insomnia, reduced appe-
tite, poor concentration, irritability, disorganized
thoughts, persecutory delusions, and auditory halluci-
nations. Cyclobenzaprine was withdrawn and a course
of loxapine was started, leading to rapid and complete
resolution of her agitation and psychotic symptoms
within 72 hours. Loxapine was subsequently quickly
withdrawn with no ill effects and she recovered fully.

The authors thought that this psychotic episode was
related to cyclobenzaprine, in view of the temporal rela-
tion of the symptoms to the administration of cycloben-
zaprine and their rapid resolution after withdrawal.

Cycloserine

Cycloserine can cause altered mood, cognitive deteriora-
tion, dysarthria, confusion, and even psychotic crises
(217).

Cyproheptadine

A central anticholinergic syndrome with psychotic symp-
toms in a 9-year-old boy on therapeutic doses has also
been described (218).
Cyproheptadine (6 mg/day) was considered to be the

most likely cause of aggressive behaviour in a 5-year-old
boy (219).

Dapsone

Dapsone-induced psychosis has rarely been reported
(SEDA-15, 331) (220).

Desloratadine

The results of several studies suggest that desloratadine
has minimal or no effects on cognitive functions and
psychomotor performance (221–223).

Dextromethorphan

Dextromethorphan-induced psychotic and/or manic-like
symptoms have been reported.

� A 2-year-old child developed hyperirritability, inco-
herent babbling, and ataxia after being over-medicated
with a pseudoephedrine/dextromethorphan over-
the-counter combination cough formulation for upper
respiratory symptoms (224). The symptoms abated
after withdrawal of the product.

In another three cases (girls aged 10, 13, and 15 years)
severe acute psychosis was associated with the use of an
over-the-counter formulation containing ephedrine or
pseudoephedrine and dextromethorphan combined with
other compounds (225). The psychopathology included
agitation, depressed mood, flat affect, pressure of speech,
visual and auditory hallucinations, and paranoia. All three
improved dramatically, with residual symptoms of irrit-
ability, 2–4 days after withdrawal of the mixture and
treatment with risperidone 0.5–2.0 mg/day.

� An 18-year-old student had dissociative phenomenon,
nihilistic and paranoid delusions, vivid visual halluci-
nations, thought insertion, and broadcasting after hav-
ing consumed 1–2 bottles of cough syrup
(dextromethorphan 711 mg per bottle) every day for
several days (226). The psychotic symptoms remitted
completely without any treatment 4 days after with-
drawal of dextromethorphan. He was hospitalized
twice more over the next 2 months with similar symp-
toms; each time he had consumed large doses of dex-
tromethorphan.

Cautious use of over-the-counter formulations is recom-
mended in patients with a predisposition to affective ill-
ness (SEDA-21, 87).
Cognitive deterioration has been reported from pro-

longed use of dextromethorphan (227).

Diethyltoluamide

Acute manic psychosis has been attributed to
percutaneous absorption of diethyltoluamide (SEDA-
12, 138).
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Diphenhydramine

Use of diphenhydramine, mainly as a sleeping aid, has
been associated with cognitive impairment in elderly peo-
ple without dementia (228).
Diphenhydramine has been associated with acute delir-

ium in elderly patients with mild dementia, even in single
doses of 25 mg (SEDA-19, 173).
Children and adolescents who are given diphenhydra-

mine as premedication, often intravenously as a bolus, to
prevent the adverse effects of blood transfusion, can
develop drug-seeking behavior. It is recommended that
in these circumstances antihistamines should be given
orally or infused slowly (229).

Disopyramide

Acute psychosis has been attributed to disopyramide
(230,231).

Disulfiram

Disulfiram can cause distressing neuropsychiatric effects
including paranoia, impaired memory and concentration,
ataxia, dysarthria, and frontal release signs (signs that can
be indicative of permanent structural damage or tempor-
ary metabolic or infectious changes to the brain’s frontal
lobes), such as snout and grasp reflexes (232,233). The
mechanisms are not properly understood, but adverse
effects develop more frequently in subjects with low
plasma dopamine beta-hydroxylase activity. In one
study, a research subject with low dopamine beta-hydro-
xylase activity developed a schizophrenic reaction to dis-
ulfiram; it would be useful to know whether determining
blood dopamine beta-hydroxylase activities predicts the
risk of adverse reactions to disulfiram (234).
Of 52 patients with alcohol dependence/abuse who were

given disulfiram 250 mg bd after food, six developed psy-
chotic symptoms; all had a mood disorder but no thought
disorder (235). The psychotic symptoms remitted comple-
tely after withdrawal and a short course of antipsychotic
therapy, except in one patient who had to be given lithium.

� A 47-year-old man with alcohol abuse took disulfiram
(236). He developed a psychosis while taking it and for
2 weeks after. He stated that he had not taken alcohol.
He was successfully treated with antipsychotic drugs.
Afterwards it was discovered that his family history
was positive for schizophrenia; it is therefore possible
that he was more vulnerable to develop psychosis due
to disulfiram.

Prolonged toxic delirium related to disulfiram and alcohol
intake has been reported (237). The predominant present-
ing feature was neuropsychiatric rather than autonomic
symptoms.

� A 50-year-old woman with a history of bipolar disorder
type I and alcohol dependence taking disulfiram had a
4-day history of a change in mental status, including
visual hallucinations and deficits in orientation and

concentration. Other features included a tachycardia
and non-focal neurological signs. Extensive metabolic,
infectious, and neurological investigations revealed no
abnormalities that alone could explain her acute con-
fusional state. It was subsequently discovered that she
had drunk alcohol on at least two separate occasions
while taking disulfiram before her change in mental
status, and that a similar, although shorter, episode had
occurred previously.

Donepezil

Behavioral worsening in seven patients with Alzheimer’s
disease after the start of donepezil therapy has been
described (238). Their mean age was 76 years, and their
mean score on the Mini-Mental State Examination was
18. Five patients had had dementia-related delusions and
irritability before taking donepezil, one had had a history
of major depression, and another had had a history of
somatization disorder. At the start of treatment with
donepezil, four were taking sertraline, one paroxetine,
one venlafaxine, and four risperidone. All took donepezil
5 mg/day, and after 4–6 weeks the dosage in five patients
was increased to 10 mg/day. In the other two cases, done-
pezil was discontinued after 5 weeks: in one case because
of gastrointestinal symptoms and in the other because of
increasing agitation. After an average of 7.3 (range 1–13)
weeks after starting donepezil, all seven patients had a
recurrence of previous behavioral problems. Five became
agitated, one became depressed, and the other became
more anxious and somatically preoccupied. The pattern
of behavioral change involves regression to an earlier
behavioral problem.
Violent behavior has been described with donepezil

(239).

� A 76-year-old man who was taking oxybutynin 3 mg
tds for bladder instability took donepezil 5 mg/day for
presumed Alzheimer’s disease and 5 days later became
very paranoid, believing that his wife had been stealing
his money. He beat her and held her hostage in their
house with a knife until their daughter intervened. He
was given haloperidol 0.5 mg bd, and donepezil and
oxybutynin were withdrawn. His paranoid ideation
resolved within a few days and did not recur despite
withdrawal of haloperidol.

Although a causal relation between this violent incident
and donepezil cannot be proved, the temporal relation
was suggestive.

Dopamine receptor agonists

In seven patients with Parkinson’s disease (age 55–66, 5
men), none of whom was demented, intravenous infusion
of levodopa produced some reduction in self-reported
learning performance and a reduction in activation of
the ipsilateral occipital association area (240). The
authors suggested that levodopa may have some hitherto
undetected but subtle effects on cognitive performance.
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Complex behavioral changes can apparently be caused
by medication in Parkinson’s disease. High-dose dopa-
mine receptor agonist therapy has been associated with
excessive gambling, which can be regarded as pathologi-
cal (241). In a review of the records of 1884 patients, of
whom 529 were taking pramipexole, 421 ropinirole, and
331 pergolide there were nine patients (7 men, 2 women)
whose gambling behavior had led to financial hardship, in
two cases with losses in excess of $60 000. None of these
patients was taking levodopa alone and eight were taking
pramipexole. The mean age of the affected patients was
57 years and the mean duration of their illness was 12
years. None was demented, but it is noteworthy that four
had a previous history of depression and one of panic
attacks. Overall the incidence of gambling behavior in
the whole patient population was 0.5% (surely not
0.05% as stated) and 1.5% in those taking pramipexole,
although as the authors pointed out this is close to some
estimates of this problem in the general population, so a
causal association was by no means established and the
striking preponderance of one drug may have been coin-
cidental.

Doxazosin

Doxazosin, 16 mg/day, has been reported to have caused
an acute psychosis.

� A 71-year-old woman with type II diabetes and hyper-
tension began to hear voices and to have auditory
hallucinations. Doxazosin was progressively withdrawn
over the next 14 days and by the time the dosage had
been reduced to 8 mg a day the psychosis was much
less severe; it disappeared completely after withdrawal
(242).

Ebastine

The effects of ebastine 10 mg on cognitive impairment
have been assessed in 20 healthy volunteers who per-
formed six types of attention-demanding cognitive tasks,
together with objective measurements of reaction times
and accuracy (243). Ebastine was compared with placebo
and a positive control, chlorphenamine 2 mg and 6 mg.
Compared with placebo, ebastine had no effect on any
objective cognitive test nor any effect on subjective slee-
piness. In contrast, chlorphenamine significantly
increased reaction times, reduced accuracy in cognitive
tasks, and increased subjective sleepiness. The effect of
chlorphenamine increased with plasma concentration.

Efavirenz

Efavirenz has been associated with psychiatric problems,
such as anxiety, depression, and confusion (244,245). In a
retrospective study of 1897 patients, dementia and
depression were significantly associated with efavirenz
compared with other drugs; the respective odds ratios
were 4.0 (95% CI = 1.2, 14) and 1.7 (1.0, 3.0) (246).
However, those who were given efavirenz were perhaps

more ill than those who were not, judging by CD4 counts
and opportunistic infections.
Most clinicians tend to avoid efavirenz in patients with

a psychiatric history. However, it is important to remem-
ber that efavirenz can precipitate sudden and severe psy-
chiatric symptoms in patients with no such history. Three
patients developed sudden irritability; excitability with
anxiety; and insomnia, confusion, and amnesia (247).
The psychiatric adverse effects of efavirenz correlate

with its plasma concentrations. In 130 HIV-infected
patients, toxicity was three times more common in
patients who had an efavirenz concentration over
4000 ng/ml (248).
In a questionnaire survey of 152 patients who stopped

taking efavirenz 82 did so because of neuropsychiatric
symptoms; a history of multiple episodes of depression
was associated with efavirenz discontinuation (249).

Enflurane

There was a reduced capacity for learning and decision-
making in healthy volunteers after exposure to subanes-
thetic concentrations of enflurane (250,251).

Ephedra, ephedrine, and
pseudoephedrine

Ma huang, which contains ephedrine, can cause psychia-
tric complications, which can last several weeks. These
have been reviewed in the context of two cases of psycho-
tic reactions (252).

� A 27-year-old US Marine presented with depressed
affect, irritability, and poor concentration and even-
tually admitted 2 years self-medication with Ma
huang to improve workout performance.� A 27-year-old US Marine developed a frank psychosis
with ideas of reference and some paranoid ideation.
He had been taking two preparations containing Ma
huang, although the duration of use was unclear.

After discontinuing the drug both made a full recovery.
The authors emphasized the importance of recognizing
possible abuse of such ‘‘natural’’ medications, widely per-
ceived to be harmless despite warnings and attempted
restrictions by regulatory authorities. Treatment is sup-
portive while awaiting spontaneous recovery after drug
withdrawal.
Pseudoephedrine is often used by scuba divers to avoid

ear barotrauma. The psychometric and cardiac effects of
pseudoephedrine have been evaluated at 1 atmosphere
(100 kPa, sea level) and 3 atmospheres (30 kPa, 20 m) in
a double-blind, placebo-controlled, crossover study in 30
active divers in a hyperbaric chamber (253).
Pseudoephedrine did not cause significant alterations in
psychometric performance at 3 atmospheres.
A young child suffered from visual hallucinations

caused by high doses of pseudoephedrine (254).
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Ergot derivatives

Unlike the dopamine-mimetic ergolines, ergotamine is
not usually regarded as a drug with major effects on the
brain. However, this may not always be true.

� A 75-year-old woman in Arizona developed progres-
sive confusion, auditory hallucinations, and aggressive
behavior (255). Her systolic pressure was raised
(194 mmHg). She had a history of migraine and many
other problems, including hypertension. Her head-
aches had become more severe over the weeks before
admission and she had been gradually increasing her
intake of a formulation containing ergotamine 1 mg
and caffeine 100 mg: just before the emergence of her
psychiatric symptoms she was taking 14 tablets per
week. After withdrawal of the ergotamine/caffeine,
her mental state and blood pressure returned to nor-
mal, without antihypertensive medication, and
remained so 12 months later.

Although there has been extensive discussion of the phe-
nomenon of ergotism in medieval and early modern
times, its features do not closely resemble this case, per-
haps because of the co-administration of caffeine.
However, regardless of that, there does seem to be a
strong case for a drug effect here.
A syndrome resembling reversible dementia has been

described in chronic ergotamine intoxication (SEDA-3,
121).

Erythromycin

Erythromycin has been associated with complications
such as confusion, paranoia, visual hallucinations, fear,
lack of control, and nightmares. These suspected psychia-
tric adverse effects were seen within 12–48 hours of start-
ing therapy with conventional doses. Such complications
may even be under-reported (256–259).

Epoetin

Visual hallucinations have been reported in patients
receiving epoetin (260).

Estrogens

The effects of estrogens on mood tend to be positive, and
improved performance in intellectual tests has been
described (SEDA-20, 382) (261); this is in parallel with
the known effects of endogenous estrogens. During the
menopause some women become depressed and irritable,
and the ability of estrogens to correct this has been deli-
neated in various studies, including work with estradiol
given transdermally (262). Some workers also claim
increased vigilance, and have concluded that this is
reflected in encephalographic changes. There is even
some evidence of an improvement in mental balance
and self-control when estrogens are given to demented
and aggressive old people of both sexes (263). However,
all of these effects of estrogens on mood or mental

performance are only likely to last for as long as the
treatment does, and the effects on mood may occur only
at the start of treatment; altered mood can follow acute
withdrawal.

Ethionamide and protionamide

Psychotic reactions have been described in patients taking
ethionamide (264,265) and may be exacerbated by alco-
hol (266).

Fenfluramine

The effect of fenfluramine is usually not one of stimula-
tion but of calmness or drowsiness. However, in predis-
posed subjects, it can precipitate psychotic illness. Several
published cases illustrate this (267). It is wise to avoid
fenfluramine in patients prone to endogenous depression
or psychosis.

Fentanyl

Mood alteration during patient-controlled epidural
anesthesia with either morphine or fentanyl was com-
pared in a randomized, double-blind study of 52 patients
undergoing elective hip or knee joint arthroplasty under
general anesthesia (268). Mood was assessed preopera-
tively and at 24, 48, and 72 hours, using the bipolar ver-
sion of the Profile of Mood States. Pain intensity
postoperatively did not vary with morphine or fentanyl
and, as expected, both fentanyl and morphine users had
significant somnolence, pruritus, and nausea compared
with baseline. With morphine, the mean score for mea-
sures of composure/anxiety, elation/depression and clear-
headedness/confusion increased, indicating a change
toward the more positive pole, but there were negative
changes for the fentanyl users’ scores for five of the six
components of the Profile of Mood States. The difference
in test scores between morphine and fentanyl was signifi-
cant at 48 hours of patient-controlled anesthesia and 24
hours after withdrawal. There was no correlation between
mood scores and pain scores, and mood scores with fen-
tanyl fell with increasing plasma concentrations. Previous
investigations have shown transient positive feelings with
intravenous fentanyl, followed by more negative feelings
in the longer term. The authors suggested that the differ-
ences in mood between the two groups may have been
explained by differences in the lipid solubility and phar-
macokinetics of epidural morphine and fentanyl.

Fexofenadine

Even in a high dose (360 mg bd versus the recommended
dose of 60 mg bd) fexofenadine had no disruptive effects
on psychomotor performance and cognitive function in
healthy volunteers (269).
In one study fexofenadine did not alter driving and

psychomotor performance when taken in the recom-
mended dosage of 60 mg bd (270).
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Fluorouracil

Confusion and cerebral cognitive defects have been
attributed to fluorouracil (271,272).

Fluoroquinolones

Psychiatric adverse effects in patients taking fluoroquino-
lones occur at a rate of 2–4%, causing headache (2–4% of
patients), dizziness (2–3%), and other symptoms (under
1%), including confusion, agitation, insomnia, depression,
somnolence, vertigo, light-headedness, and tremors.
Seizures are rare. Isolated cases of depression (273) and
psychosis have been described (274).

Some quinolones displace GABA or compete with
GABA binding at receptor sites in the nervous system.
Substitution of compounds containing 7-piperazinyl or 7-
pyrrolidinyl, such as gatifloxacin, gemifloxacin, and moxi-
floxacin, is associated with reduced seizure-causing poten-
tial. Administration of non-steroidal anti-inflammatory
drugs concurrently with certain quinolones has been
linked to an increase in the possibility of seizures (275).

� Delirium occurred in a 69-year-old white man with a
history of depression, non-insulin-dependent diabetes
mellitus, hypertension, and atherosclerotic disease who
was treated with intravenous gatifloxacin 400 mg/day
(276). After the first dose of gatifloxacin he had
numerous hallucinations and the symptoms got worse
after each dose. After withdrawal no further hallucina-
tions occurred.

Ofloxacin can cause serious psychiatric adverse effects,
particularly in those with a past psychiatric history (277).
In a retrospective study the data on fluoroquinolones

and other antibacterial drugs, rufloxacin was associated
with a reporting rate of 221 reports/daily defined dose/
1000 inhabitants/day, and the most frequent were psychia-
tric disorders (278).

Flurotyl

Flurotyl caused toxic delirium in two of 135 patients with
schizophrenia (SED-13, 12).

Gabapentin

Gabapentin has rarely been implicated in psychiatric
reactions. Two cases, one of mania (279) and one of
catatonia (280), have been reported.

� A 35-year-old woman with epilepsy without a history
of psychiatric disorders developed elevated mood after
being stabilized on gabapentin monotherapy (3200 mg/
day). After 5 months she developed a manic episode,
which remitted when gabapentin was withdrawn.� Catatonia was reported in a 48-year-old woman
with bipolar disorder within 48 hours of withdrawal
of gabapentin, 500 mg/day. The condition lasted for
several days and disappeared after treatment with a
benzodiazepine.

In the first case the presentation was strongly suggestive
for a causative role of the drug. In the second it was
speculated that the condition might have been provoked
by altered GABAergic transmission after gabapentin
withdrawal.

� Two women, aged 37 and 38 years, took gabapentin
and after a few days developed behavioral changes
associated with euphoria (281). In one case the
symptoms were transient and in the other they
resolved after withdrawal. The behavioral changes
were not related to seizure activity.

In a double-blind, crossover comparison of the cogni-
tive effects of carbamazepine (mean dose 731 mg/day)
and gabapentin (2400 mg/day), each given for 5 weeks,
in 35 healthy volunteers performance on gabapentin was
better than on carbamazepine for 8 of 31 variables (visual
serial addition test, choice reaction times at initiation and
total, memory paragraph I and delayed recall, Stroop
Word and Interference, Vigor measure), whereas carba-
mazepine was better than gabapentin on none (282).
Although these data suggest that gabapentin produces
fewer cognitive effects than carbamazepine, the applic-
ability of the findings to long-term therapy in epileptic
patients is uncertain.
Behavioral disturbances, including aggressiveness, irrit-

ability, hyperactivity, and/or dysphoric changes, occur in
up to 22% of patients. Children and patients with mental
retardation or a history of similar disorders may be at
special risk (SEDA-20, 61). In a recent study, hyperactiv-
ity, irritability, and agitation occurred in 15 of 32 mostly
mentally retarded children, and required drug withdrawal
in four (283).
The cognitive effects of carbamazepine and gabapentin

have been compared in a double-blind, crossover, rando-
mized study in 34 healthy elderly adults, of whom 19
subjects withdrew (15 while taking carbamazepine, prob-
ably due to excessively rapid dosage titration) (284). The
primary outcome measures were standardized neuropsy-
chological and mood state tests, yielding 17 variables.
Each subject had cognitive testing at baseline (pre-
drug), the end of the first drug phase, the end of the
second drug phase, and 4 weeks after completion of the
second drug phase. Adverse events were frequently
reported with both antiepileptic drugs, although they
were more common with carbamazepine. There were sig-
nificant differences between carbamazepine and gaba-
pentin for only 1 of 11 cognitive variables, with better
attention/vigilance for gabapentin, although the effect
was modest. Both carbamazepine and gabapentin can
cause mild cognitive deficits in elderly subjects, and gaba-
pentin has a slightly better profile.
Gabapentin has been associated with hostility, espe-

cially in children. Two cases of aggression in adults taking
gabapentin for bipolar disorder have been reported (285).
Neither patient had a history of aggression. In one the
symptoms appeared after 3 days of treatment (1200 mg/
day), and in the other after 48 hours (600 mg/day). In the
second case, aggression was associated with auditory hal-
lucinations. It is hard to associate new antiepileptic drugs

668 Gabapentin

ª 2009 Elsevier B.V. All rights reserved.



with psychiatric adverse effects in patients with severe
psychiatric disorders, and rechallenge with the offending
drug should ideally have been tried before postulating a
causal relation.

Gentamicin

There are several case reports of acute toxic psychoses
due to gentamicin (286).

Gonadorelin

Depressed mood and emotional lability occur in up to
75% of gonadorelin recipients, and there are rare reports
of more severe mood disturbances (287). Defects of ver-
bal memory have been described and may be reversed by
‘‘add-back’’ estrogen treatment (287) and sertraline (288).

� A 32-year-old woman had psychotic symptoms of per-
secutory delusions, agitation, and auditory hallucina-
tions a few days after her second injection of triptorelin
(289). Her symptoms recurred after a pregnancy, sug-
gesting that they were due to the rapid fall in estrogen
in both instances.

During a 6-month, randomized trial, men randomized to
gonadorelin agonists had reduced attention and memory
test scores, compared with men who were not given gona-
dorelin agonists but were closely monitored, in whom
there was no change (290).

Griseofulvin

The psychiatric effects of griseofulvin can be very disturb-
ing and are aggravated by alcohol (SED-12, 676) (291).

Halothane

Slight depression of mood, lasting up to 30 days, along
with a non-specific slowing of the electroencephalogram
for 1–2 weeks, was observed after halothane. In 16
healthy young men, halothane anesthesia had negative
effects on postoperative mood and intellectual function,
the changes being greatest 2 days after anesthesia, with
restoration of function after 8 days (292). In seven sub-
jects, serial electroencephalography, serum bromide
determinations, and psychological tests before and after
halothane anesthesia showed that there was significant
psychological impairment 2 days after anesthesia (293).
The effect of a single preoperative dose of the opioid

oxycodone on emergence behavior has been studied in a
randomized trial in 130 children (294). Oxycodone pro-
phylaxis, compared with no premedication, significantly
reduced the incidence of post-halothane agitation.

HMG coenzyme-A reductase inhibitors

Animal and cross-sectional studies have suggested that
serum lipid concentrations can cause altered cognitive
function, mood, and behavior (295).

HMG-CoA reductase inhibitors

Emerging data associate statins with a reduced risk of
Alzheimer’s disease; however, two women had significant
cognitive impairment temporally related to statin therapy
(296). One took atorvastatin, and the other first took
atorvastatin then simvastatin. Cognitive impairment and
dementia as potential adverse effects associated with sta-
tins has been reviewed (297).
The risk of Alzheimer’s disease has previously been

mentioned (SEDA-28, 535). In 308 hypercholesterolemic
adults aged 35–70 years, daily treatment with placebo,
simvastatin 10 mg, or simvastatin 40 mg for 6 months
was associated with decremental effects of simvastatin
on tests previously observed to be sensitive to statins
and on tests not previously administered, but not on
tests previously observed to be insensitive to statins
(298). For the three tests specifically affected by simvas-
tatin, effects on cognitive performance were small, mani-
festing only as a failure to improve during the 6 months of
treatment, and were confounded by baseline differences
on one test. This study provides partial support for minor
decrements in cognitive functioning with statins. Whether
such effects have any long-term sequelae or occur with
other cholesterol-lowering interventions is not known.
When the MedWatch drug surveillance system of the

Food and Drug Administration (FDA) from November
1997 to February 2002 was searched for reports of statin-
associated memory loss, 60 patients were identified; 36
had taken simvastatin, 23 atorvastatin, and one pravasta-
tin (Wagstaff 871). About a half of the patients noted
cognitive adverse effects within 2 months of therapy and
14 of 25 patients noted improvement when the statin was
withdrawn. Memory loss recurred in four patients who
were rechallenged. The current literature is conflicting
with regard to the effects of statins on memory loss.
Experimental studies support links between cholesterol
intake and amyloid synthesis; however, observational stu-
dies suggest that patients taking statins have a reduced
risk of dementia. However, available prospective studies
show no cognitive or antiamyloid benefits of any statin.
Some studies have shown increased risks of violent

death and depression in subjects with reduced serum
cholesterol concentrations. Serum and membrane choles-
terol concentrations, the microviscosity of erythrocyte
membranes, and platelet serotonin uptake have been
determined in 17 patients with hypercholesterolemia
(299). There was a significant increase in serotonin trans-
porter activity only during the first month of simvastatin
therapy. This suggests that within this period some
patients could be vulnerable to depression, violence, or
suicide. This is an important paper, in that it explains
why mood disorders are not regularly seen in clinical
trials with statins, as has been summarized in a recent
review (300).

Hormonal contraceptives—oral

Psychiatric symptoms have been described in women tak-
ing oral contraceptives in isolated case reports (301,302),
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probably reflecting non-specific effects in susceptible
individuals. As to psychological effects, many physicians
have found that certain women react to oral contracep-
tives by becoming morose or unhappy (303), but this does
not necessarily mean that they meet the clinical criteria of
true depression, the incidence of which has not been
found to be increased (304). Several possible biological
mechanisms for mood changes have been suggested; how-
ever, when nervousness and depression among combined
oral contraceptive users are carefully evaluated over time,
the pattern is so inconsistent that it is difficult to study. If
one looks for anything like consistent depression one is
unlikely to find it (305).
Many women who change to an oral contraceptive after

unsatisfactory experience with other forms of contracep-
tion find greater sexual satisfaction (304) because of relief
from worry about pregnancy.

Hormonal contraceptives—progestogen
implants

Two cases of major depression and panic disorder, devel-
oping soon after insertion of Norplant and resolving after
removal, have been reported, but a causal association was
not proven (306).
Five women using the Norplant system developed

major depression, two of whom also developed obses-
sive-compulsive disorder and one of whom also devel-
oped agoraphobia (307). They had no prior psychiatric
history but developed major depression within 1–3
months after insertion of Norplant. The depression wor-
sened over time and in all cases resolved within 1–2
months after removal of Norplant. There was no recur-
rence of depression after 7–8 months in four cases avail-
able for follow-up. In addition to major depression,
obsessive-compulsive disorder developed in two women
and symptoms of agoraphobia developed in one woman
during Norplant treatment, which resolved after removal.

Hormone replacement therapy

The mechanisms underlying the mood changes that are
often associated with menstruation, the menopause, and
hormonal therapy are not understood, but there is now
some evidence that they have an association with the
response to the neuroactive steroid pregnanolone and
that progestogens and estrogens might alter this response.
In a randomized, double-blind, crossover study 26 post-
menopausal women with climacteric symptoms took oral
estradiol 2 mg/day continuously for two cycles and either
vaginal progesterone 800 mg or a placebo during the last
14 days of each cycle (308). Before treatment and again at
the end of each treatment cycle pregnanolone was admi-
nistered intravenously, and its effects on saccadic eye
velocity, saccade acceleration, saccade latency, and self-
rated sedation were examined. During treatment with
either estradiol alone or with added progesterone the
effect of pregnanolone on saccadic eye movements and
self-rated sedation was increased. Saccadic eye velocity,

saccade acceleration, and sedation responses to pregna-
nolone were also increased in women who usually experi-
enced cyclicity of mood during HRT treatment, but not in
those with no history of mood cyclicity.

Hyoscine

In one study hyoscine premedication had detrimental
effects on memory and on motor tasks compared with
placebo, while atropine did not (309), although the differ-
ence is unlikely to be absolute. In view of certain of these
effects, hyoscine hydrobromide is not a suitable antie-
metic for those likely to drive vehicles before the effect
has worn off, for example air passengers.

Hypericum perforatum (St John’s wort)

The clinical evidence associating Hypericum with psycho-
tic events has been summarized in a systematic review of
17 case reports (310). In 12 instances the diagnosis was
mania or hypomania. In most of these cases, causality
between the herbal remedy and the adverse effect was
rated as possible; in no instance was there a positive re-
challenge.

Insulin

Using evidence from auditory-evoked brain potentials
and hypoglycemic clamps, it has been argued that ante-
cedent hypoglycemia not only reduces awareness, but also
that several aspects of cognitive function are attenuated
during subsequent hypoglycemia 18–24 hours later (311).
However, there were no effects of repeated hypoglycemia
on cognitive function in patients included in the DCCT, a
large American study that included more than 1400
patients, which showed that normalization of blood glu-
cose prevents or delays the development of secondary
(microvascular) complications in type 1 diabetes (312).
Nevertheless, long periods of hypoglycemia can cause

permanent brain damage. There is concern that frequent
attacks of hypoglycemia impair brain function but there
are few hard data.
Hypoglycemic coma due to insulin with extensive men-

tal changes has been reported, including a review of six
comparable cases in patients aged 37–56 years, whose
coma lasted from 36 hours to 31 days (313).

� A 37-year-old man could not be wakened in the morn-
ing. He had injected insulin without eating. His blood
glucose was 1.5 mmol/l and he did not improve with
intravenous glucose 16 g. In hospital he remained
unconscious with a blood glucose of 12.2 mmol/l.
There was no alcohol in the blood, his pH was 7.35,
and he had a normal anion gap (18 mmol/l). His serum
creatinine concentration was 288 mmol/l and his crea-
tine kinase activity was high, suggesting rhabdomyoly-
sis. A brain CT scan was normal and repeated
electroencephalography showed slow waves with
reduced voltages but no focal changes or irritation.
He gradually recovered and was discharged after 6
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days. Because of the dissociation between physical and
mental improvement he was checked after 6 months
and still had antegrade memory loss and problems with
memory, complaining that he needed reminders on
paper, and had less vitality and reduced emotionality.

Of the six reviewed patients, two died in coma; the other
four had neuropsychological problems that did not
improve after 6 months and up to 2 years. They had
comparable electroencephalographic changes. During
coma there was hypokalemia and hypocalcemia com-
bined with increased lipolysis; this may have accounted
for the permanent cerebral changes.
Of 20 patients with severe hypoglycemic coma and 20

with no or light coma, those with hypoglycemia had
chronic depression and anxiety and performed persis-
tently more poorly in several cognitive tests (314).
In 42 patients with at least two episodes of severe

hypoglycemia in the previous 2 years and 51 patients
with no episodes, low blood glucose, hypoglycemia-
impaired ability to do mental subtractions, and awareness
of neuroglycopenia and hypoglycemia predicted future
severe attacks of hypoglycemia (315). In another study,
blood glucose awareness training increased adrenaline
responses to hypoglycemia (316). However, in a reanaly-
sis of data from the Diabetes Control and Complications
Study, a large study relating the development of second-
ary complications to less strict control of blood glucose
(317), there was no effect of repeated hypoglycemia (312).
The effect of hypoglycemia on cognitive function has

been investigated in 142 children aged 6–15 years with
type 1 diabetes intensively treated for 18 months; 58 had
111 periods of treatment. There were no effects on cogni-
tive functions (318). In 29 prepubertal children, with dia-
betes for at least 12 months and using twice-daily mixed
insulin, observed for two nights, asymptomatic hypogly-
cemia occurred in 13 children on the first night and in 11
children on the second night; cognitive performance was
not altered, but mood was reduced (319).
In healthy volunteers hypoglycemia caused significant

deterioration in short-term attention, whereas sustained
attention and intelligence scores did not deteriorate (320).

Interferon alfa

Neuropsychiatric complications of interferon alfa were
recognized in the early 1980s and represent one of the
most disturbing adverse effects of interferon alfa (SED-
13, 1091; SEDA-20, 327; SEDA-22, 400). Reviews have
provided comprehensive analysis of the large amount of
experimental and clinical data that have accumulated
since 1979 (321,322).

Clinical features

Within a large spectrum of symptoms, complications are
classified as acute, subacute, or chronic.
Acute neuropsychological disturbances are usually

associated with the flu-like syndrome and include head-
ache, fatigue, and weakness, drowsiness, somnolence,
subtle impairment of memory or concentration, and lack

of initiative (323). This pattern of cognitive impairment is
similar to changes observed during influenza and has also
been described in healthy patients who have received a
single dose of interferon alfa (324). More severe acute
manifestations (for example, marked somnolence or
lethargy, frank encephalopathy with visual hallucinations,
dementia or delirium, and sometimes coma) have been
almost exclusively described in patients receiving more
than 20–50 MU (323); vertigo, cramps, apraxia, tremor
and dizziness were also reported.
The subacute or chronic neuropsychiatric effects of

long-term therapy are usually non-specific, with cognitive
impairment (for example visuospatial disorientation,
attentional deficits, memory disturbances, slurred speech,
difficulties in reading and writing), changes in emotion,
mood, and behavior (for example psychomotor slowing,
hypersomnia, loss of interest, affective disorders, irritabil-
ity, agitation, delirium, paranoia, aggressiveness, and mur-
derous impulses). Post-traumatic stress symptoms have
also been reported (SEDA-22, 400). As a result, severe
psychic distress can be observed during long-lasting treat-
ment or in patients who are otherwise not severely
affected (323,325). The most severe psychiatric complica-
tions of interferon alfa include rare cases of homicidal
ideation, suicidal ideation, and attempted suicide (326).

Behavioral effects

Patients with a wide variety of medical illnesses have
behavioral alterations, including depression, at rates
5–10 times higher than in the general population.
Recent theories have proposed that inflammatory media-
tors, notably cytokines, are involved. Interferon alfa
causes behavioral symptoms, including depression, fati-
gue, and cognitive dysfunction. The psychiatric effects of
low-dose interferon alfa on brain activity have been
assessed using functional MRI during a task of visuospa-
tial attention in patients infected with hepatitis C virus
(327). Despite having symptoms of impaired concentra-
tion and fatigue, the 10 patients who received interferon
alfa had similar task performance and activation of par-
ietal and occipital brain regions to 11 control subjects
infected with hepatitis C. However, in contrast to the
controls, the patients who received interferon alfa had
significant activation in the dorsal part of the anterior
cingulate cortex, which correlated highly with the number
of task-related errors; there was no such correlation in the
controls. Consistent with the role of the anterior cingulate
cortex in conflict monitoring, this activation of the ante-
rior cingulate cortex suggests that interferon alfa might
increase the processing of conflict or reduce the threshold
for conflict detection, thereby signalling the need for
mental effort to maintain performance.

Cognitive effects

Neurocognitive performance has been studied in 70
patients receiving interferon alfa 2b (pegylated or con-
ventional) and ribavirin, because impairment of concen-
tration is common during antiviral therapy of chronic
hepatitis C (328). Repeated computer-based testing
showed significantly increased reaction times. Accuracy
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measures, reflected by the number of false reactions, were
affected only for the working-memory task. Cognitive
performance returned to pre-treatment values after the
end of therapy. Cognitive impairment was not signifi-
cantly correlated with the degree of concomitant depres-
sion.
A number of mild to moderate frontal–subcortical

brain symptoms, including cognitive and behavioral slow-
ing, apathy, impaired executive function, and reduced
memory have also been attributed to interferon alfa.
These symptoms may alter the quality of life. Of 30 adults
treated with interferon-alfa alone (n ¼ 13) or in combina-
tion with chemotherapy (low-dose cytarabine arabinoside
in 15 or hydroxycarbamide in two), 16 had a significant
reduction in one or more cognitive tests compared with
baseline (329). The combination with chemotherapy was
associated with greater risks of impaired cognitive perfor-
mance, but these patients also took higher cumulative
doses of interferon alfa. Although one-third of patients
had depressive symptoms, there was no significant corre-
lation between new depressive symptoms and most of the
cognitive decline, suggesting that depression alone did not
account for cognitive dysfunction. Very similar marked
cognitive impairment, assessed by a battery of computer-
assisted psychological tests, was also found in 70 patients
with chronic hepatitis C treated with interferon alfa and
ribavirin; there was no difference in the quality or inten-
sity of the cognitive changes when comparing standard
and pegylated interferon alfa, and no correlation with age
or education (330). An important finding was that cogni-
tive performances returned to pre-treatment values after
the end of treatment.

Psychiatric effects

The clinical features of mania have been described in four
patients with malignant melanoma, with a detailed review
of nine other published cases (331). Although seven suf-
fered from depression during treatment, the onset of
mania or hypomania was often associated with interferon
alfa dosage fluctuation (withdrawal or dose reduction) or
introduction of an antidepressant for interferon alfa-
induced depression. In these patients, the risk of mood
fluctuations persisted for several months after interferon
alfa withdrawal, and low-dose gabapentin was considered
useful in treating manic disorders and in preventing mood
fluctuations. Interferon alfa was suggested as a possible
cause of persistent manic-depressive illness for more than
4 years in a 40-year-old man (332). Although the manic
episodes may have been coincidental, the negative history
and the age of onset are in keeping with a possible role of
interferon alfa treatment.
The clinical features, management, and prognosis of

psychiatric symptoms in patients with chronic hepatitis
C have been reviewed using data from 943 patients trea-
ted with interferon alfa (85%) or interferon beta (15%)
for 24 weeks (333). Interferon-induced psychiatric symp-
toms were identified in 40 patients (4.2%) of those
referred for psychiatric examination. They were classified
in three groups according to the clinical profile: 13 cases
of generalized anxiety disorder (group A), 21 cases of

mood disorders with depressive features (group B), and
six cases of other psychiatric disorders, including psycho-
tic disorders with delusions/hallucinations (n = 4), mood
disorders with manic features (n = 1), and delirium
(n = 1) (group C). The time to onset of the symptoms
differed significantly between the three groups: 2 weeks
in group A, 5 weeks in group B, and 11 weeks in group C.
Women were more often affected than men. There was
no difference in the incidence or nature of the disorder
according to the type of interferon used. Whereas most
patients who required psychotropic drugs were able to
complete treatment, 10 had to discontinue interferon
treatment because of severe psychiatric symptoms, 5
from group B and five from group C. Twelve patients
still required psychiatric treatment for more than 6
months after interferon withdrawal. In addition, residual
symptoms (anxiety, insomnia, and mild hypothymia) were
still present at the end of the survey in seven patients.
Delayed recovery was mostly observed in patients in
group C and in patients treated with interferon beta.
Although several patients with a previous history of psy-
chiatric disorders are sometimes successfully treated with
interferon alfa, severe decompensation with persistent
psychosis should be regarded as a major possible compli-
cation (334).

Evaluation

The neuropsychological adverse effects of long-term
treatment have been assessed in 14 patients with myelo-
proliferative disorders using a battery of psychometric
and electroneurological tests before and after 3, 6, 9,
and 12 months of treatment (median dose 25 MU/week)
(335). In contrast to several previous studies, there was no
significant impairment of neurological function, and
attention and short-term memory improved during treat-
ment. Despite the small number of patients, these results
suggest that prolonged interferon alfa treatment did not
cause severe cognitive dysfunction, at least in patients
with cancer.
Electroencephalographic (EEG) findings show reversi-

ble cerebral changes with slowing of dominant alpha wave
activity, and occasional appearance of one and two activ-
ity in the frontal lobes, suggesting a direct effect on
fronto-subcortical functions. Marked electroencephalo-
graphic abnormalities are sometimes observed in asymp-
tomatic patients. The pattern of changes is identical
whatever the dose, but the severity of symptoms is dose-
and schedule-related. Most patients improve or recover
after dosage reduction or withdrawal, and protracted toxi-
city, with impaired memory, deficits in motor coordina-
tion, persistent frontal lobe executive functions,
Parkinson-like tremor, and mild dementia, have been
occasionally reported (336).
In a study of 67 patients with chronic viral hepatitis, the

self-administered Minnesota Multiphasic Personality
Inventory (MMPI), which determines the patient’s psy-
chological profile, significantly correlated with the clinical
evaluation and was a sensitive and reliable tool for iden-
tifying patients at risk of depressive symptoms before the
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start of interferon alfa therapy (337). It was also success-
fully used to monitor patients during treatment.

Incidence

Psychiatric symptoms have been prospectively examined
in 104 patients with chronic hepatitis C, of whom 84
received interferon alfa-2b 15 MU/week and 20 were not
treated (338). The incidence of clinically relevant scores
for depression, anxiety, or anger/hostility increased from
23% of patients before interferon alfa to 58% of patients
during treatment, and returned to 30% and 19% of
patients 4 weeks and 6 months after withdrawal respec-
tively. In contrast, there were no significant changes in the
reference group. There were also significantly higher
scores in the 40 patients who took concomitant ribavirin.
Six patients successfully received antidepressant therapy,
but withdrawal because of untreatable psychiatric symp-
toms was needed in 8.3% of patients, i.e. about half of the
patients who had interferon-induced major depressive
disorders.
The most typical psychiatric symptoms reported by

patients taking interferon alfa are depressive symptoms,
at rates of 10–40% in most studies (339–342). In four
clinical studies in a total of 210 patients with chronic
hepatitis C, the rate of major depressive disorders during
interferon alfa treatment was 23–41% (343–346).
Suicidal ideation or suicidal attempts have been

reported in 1.3–1.4% of patients during interferon alfa
treatment for chronic viral hepatitis or even within the 6
months after withdrawal (347,348), but the excess risk
related to interferon alfa is not known.

Predictive factors

As regular psychiatric assessment is not always possible,
the identification of easily detectable predictive factors of
severe psychiatric disorders may help select which
patients should undergo close psychiatric assessment. In
71 patients treated with interferon alfa alone or combined
with ribavirin for chronic hepatitis C, female sex, scores
on the MADRS at 4 months of treatment, sleep disorders,
and prior antidepressant use were independent risk fac-
tors of suicidal behavior or depression (349). This study
also suggested that prolonged follow-up is required, as
8% of patients still had suicidal behavior 6 months after
the end of treatment.

Time-course

Subacute or chronic neuropsychiatric manifestations are
more typically identified after several weeks of treatment
and are among the most frequent treatment-limiting
adverse effects (325,341,350–352). The onset can be insi-
dious in patients treated with low doses, or subacute in
those who receive high doses. Most patients develop
severe depressive symptoms within the first 3 months of
treatment (343–346).
Although psychiatric manifestations usually appear

during interferon alfa therapy, delayed reactions can
occur.

� A 37-year-old man without a previous psychiatric his-
tory developed major depression with severe psychotic
features within days after the discontinuation of a 1-
year course of interferon alfa-2b (353).

In 10 patients with melanoma and no previous psychiatric
disorders, depression scores measured on the
Montgomery-Asberg Depression Rating Scale were sig-
nificantly increased after 4 weeks of high-dose interferon
alfa (354). Patients whose scores were higher before treat-
ment developed the worst symptoms of depression during
treatment. This positive correlation provides striking evi-
dence that baseline and regular assessment of mood and
cognitive functions are necessary to detect disorders as
early as possible.

Pathophysiology

The pathophysiology of neuropsychiatric adverse effects
of interferon alfa has been reviewed. Interactions of inter-
feron alfa with the central opioid, serotonin, dopamine,
and glutamate neurotransmitter systems are probably
involved (355). The possible predominant role of the
serotonergic system has again been emphasized in two
studies, with evidence of early and significant changes in
tryptophan metabolism resulting in persistently low tryp-
tophan concentrations and increased kynurenine concen-
trations and kynurenine/tryptophan ratio during
interferon alfa treatment compared with values obtained
before treatment (356) and in an untreated control group
(357). In addition, the fall in tryptophan concentrations
correlated with the development and intensity of mood
and cognitive symptoms during interferon alfa treatment
(Capuron 906).

Mechanisms

Several mechanisms involved in the pathogenesis of inter-
feron alfa-induced psychiatric adverse effects have been
hypothesized (Loftis 175), but the mechanisms by which
interferon alfa enters the brain to produce neurotransmit-
ter changes are unclear. In a prospective study in 48
patients who received adjuvant interferon alfa for malig-
nant melanoma there was a positive correlation between
the increase in serum concentration of soluble ICAM-1
and depression scores; the authors suggested that induc-
tion of soluble ICAM-1 by interferon alfa increased the
permeability of the blood–brain barrier, allowing the drug
to enter the brain more readily (358).
The relation between interferon alfa-induced depres-

sive disorders and the viral response to treatment has
been examined in 39 patients with hepatitis C infection
and no history of active psychiatric disease (359). After
treatment with interferon alfa-2b and ribavirin for 6–12
months, 13 developed major depressive disorders requir-
ing treatment with citalopram. The end-of-treatment
response rates and sustained viral response rates were
significantly greater in patients who developed a major
depressive disorder than in those who did not (62% ver-
sus 27% and 39% versus 12% respectively). Despite the
small sample, these results suggest that interferon alfa-
induced depression occurs at doses or concentrations that
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are associated with a therapeutic effect (i.e. is a collateral
adverse reaction) and that antidepressant therapy could
allow patients to take an optimal dose.
Although very few studies have specifically investi-

gated the role of the underlying disease, the findings of
significant neuropsychiatric deterioration during inter-
feron alfa treatment compared with placebo or no treat-
ment in chronic hepatitis C, chronic myelogenous
leukemia, or amyotrophic lateral disease strongly sug-
gested a causal role of interferon alfa (360–362).
The mechanism by which the systemic administration

of interferon alfa produces neurotoxicity is unclear, and
might result from a complex of direct and indirect effects
involving the brain vasculature, neuroendocrine system,
neurotransmitters and the secondary cytokine cascade
with cytokines which exert effects on the nervous system,
for example interleukin-1, interleukin-2, or tumor necro-
sis factor alfa (363). Whether a clinical effect is directly
mediated through the action of a given cytokine or results
from a secondary pathway through the induction of other
cytokines or second messengers is difficult to determine.
A study in 18 patients treated with interferon alfa for

chronic hepatitis C has given insights into the possible
pathophysiological mechanism of depression (364).
Depression rating scales, plasma tryptophan concentra-
tions, and serum kynurenine and serotonin concentrations
were measured at baseline and after 2, 4, 16, and 24 weeks
of treatment with interferon alfa 3–6 MU 3–6 times
weekly. During treatment, tryptophan and serotonin con-
centrations fell significantly, while kynurenine concentra-
tions rose significantly. Depression rating scales also rose
from baseline after the first month of treatment, with
continued increases thereafter. In addition, there was a
relation between increased scores of depression and
changes in serum kynurenine and serotonin concentra-
tions. These changes suggested a predominant role of
the serotonergic system in the pathophysiological
mechanisms of interferon alfa-associated depression.
Accordingly, 35 of 42 patients included in three open
trials of antidepressant treatment responded to a selective
serotonin reuptake inhibitor drug, such as citalopram or
paroxetine, and were able to complete interferon treat-
ment (345,365,366).

Susceptibility factors

Various possible susceptibility factors have been analysed
in several studies (344–346,367). Sex, the dose or type of
interferon alfa (natural or recombinant), a prior personal
history of psychiatric disease, substance abuse, the extent of
education, the duration and severity of the underlying
chronic hepatitis, and scores of depression before inter-
feron alfa treatment were not significantly different
between patients with and without interferon alfa-induced
depression. Advanced age was suggested to be a risk factor
in only one study (346). Although a worsening of psychia-
tric symptoms was noted during treatment in 11 patients
receiving psychiatric treatment before starting interferon,
only one was unable to complete the expected 6-month
course of interferon alfa and ribavirin therapy (344).

Of 91 patients treated with interferon alfa-2b and low-
dose cytarabine for chronic myelogenous leukemia, 22
developed severe neuropsychiatric toxicity (368). Their
symptoms consisted mostly of severe depression or psy-
chotic behavior, which resolved on withdrawal in all
patients. The time to toxicity ranged from as early as 2
weeks to as long as 184 weeks after the start of treatment.
Five of six patients had recurrent or worse symptoms after
re-administration of both drugs. Several baseline factors
were analysed, but only a pretreatment history of neuro-
logical or psychiatric disorders was considered to be a
reliable risk factor. Severe neuropsychiatric toxicity
developed during treatment in 63% of patients with pre-
vious neuropsychiatric disorders compared with 10% in
patients without. It is unlikely that the combination of
interferon alfa-2b with low-dose cytarabine potentiated
the neuropsychiatric adverse effects of interferon alfa in
this study. Indeed, previous experience with this combina-
tion, but after exclusion of patients with a psychiatric
history, was not associated with such a high incidence of
neuropsychiatric toxicity or any significant difference in
toxicity between interferon alfa alone and interferon alfa
plus low-dose cytarabine.
Patients receiving high doses of interferon alfa or long-

term treatment are more likely to develop pronounced
symptoms (351). A previous history of psychiatric disor-
ders, organic brain injury, or addictive behavior are
among potential susceptibility factors, but worsening of
an underlying psychiatric disease is not the rule, provided
that strict psychiatric surveillance and continuation of
psychotropic drugs are maintained (369). Other putative
susceptibility factors include the intraventricular adminis-
tration of interferon alfa, previous or concomitant cranial
irradiation, asymptomatic brain metastases, and pre-exist-
ing intracerebral ateriosclerosis (SED-13, 1092) (341,370–
374). Despite early findings, co-infection with HIV has
not been confirmed to be a susceptibility factor (SEDA-
20, 327).
The most frequent susceptibility factor for interferon

alfa-associated depression is a history of mood and anxi-
ety symptoms before treatment. The roles of a previous
history of depression, female sex, and high dose or long
duration of interferon alfa treatment have been discussed
(Raison 105). High doses undoubtedly play a role in the
development of depression, but the duration of treatment
is not a consistently replicated susceptibility factor.
Although it was initially found that a past history of
depression might be a susceptibility factor, this has not
been convincingly associated with an increased risk of
interferon alfa-induced depression in further studies.
Similar conclusions were reached in patients with a past
history of drug or alcohol abuse, provided that patients
remain abstinent during treatment. Female sex and age
have also not emerged as consistent susceptibility factors.
Although depressive symptoms are usually ascribed to

interferon alfa alone, ribavirin could also contribute to
their occurrence. Among 162 patients with chronic hepa-
titis C treated with peginterferon alfa-2b (1.5 micrograms/
kg once weekly) plus weight-based or standard-dose riba-
virin and prospectively evaluated for the incidence and
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severity of depression, 39% developed moderate to
severe depressive symptoms and six patients withdrew
because of behavioral symptoms, such as depression,
anxiety, or fatigue (375). Depressive symptoms developed
after 4 weeks of treatment and maximal depression scores
were reached after 24 weeks. Baseline depression scores,
a history of major depressive disorders, and higher doses
of ribavirin were significant predictive factors of depres-
sion during treatment, in contrast to sex, age, or a history
of substance abuse.
In 33 patients with chronic hepatitis C, of whom 10

developed major depressive disorders during interferon
alfa treatment, there was no relation between changes in
thyroid function and the development of depression
(376). No patients with depression had clinical hypothyr-
oidism and the sole patient with overt hypothyroidism
had no depressive symptoms.
A number of other factors, including genetic or biolo-

gical factors, that are possibly associated with the devel-
opment of psychiatric disorders, have been explored. In a
retrospective study of 110 patients with chronic hepatitis
C, those with the apolipoprotein E e4 allele, the inheri-
tance of which may be associated with several neuropsy-
chiatric outcomes, were more likely than those without
this allele to have psychiatric referrals and neuropsychia-
tric symptoms, in particular irritability, anger, anxiety, or
other mood symptoms, during interferon alfa treatment
(377). In addition, patients with this allele had neuropsy-
chiatric events sooner than patients without it. In another
study in 14 patients with chronic hepatitis C, lower base-
line serum activities of propylendopeptidase and dipeptyl
peptidase IV, which both play a role in the pathophysiol-
ogy of major depression, were possible predictors of
higher depressive and anxiety scores during interferon
alfa treatment (378). Whether these factors help to pre-
dict susceptibility to interferon alfa-induced neuropsy-
chiatric disorders in clinical practice needs to be further
investigated.
The occurrence of psychiatric disorders has been pro-

spectively investigated in 63 patients who received a 6-
month course of interferon alfa (9 MU/week) for hepatitis
C (379). All were assessed at baseline with the Structured
Clinical Interview for DSM-III-R (SCID) and monitored
monthly with the Hopkins Symptoms Checklist (SCL-90).
Most had a history of alcohol or polysubstance depen-
dence, and 12 had a lifetime diagnosis of major depres-
sion. There were no significant changes in the SCL-90
scores during the 6-month period of survey in the 49
patients who completed the study, even in those who
had a lifetime history of major depression. At 6 months,
there was probable minor depression in eight patients and
major depression in one; none had attempted suicide.
In a prospective study, 50 patients with chronic hepati-

tis B or C who received 18–30 MU/week of natural or
recombinant interferon alfa were followed for 12 months
(380). The SCID before starting interferon alfa identified
16 patients with a current psychiatric diagnosis and eight
with a previous psychiatric disorder; 26 patients free of
any psychiatric history constituted the control group.
Psychiatric manifestations during treatment occurred in

11 patients (five from the control group), major depres-
sion in five, depressive disorders in three, severe dys-
phoria in two, and generalized anxiety disorder in one.
Most of them were successfully treated with psychological
support and drug therapy. Overall, 20 patients interrupted
interferon alfa (10 in each group), including three for
psychiatric adverse effects, but patients with a pre-exist-
ing or recent psychiatric diagnosis were no more likely to
withdraw from treatment than the controls.
Of 33 patients with chronic hepatitis C treated with

interferon alfa, 9 MU/week for 3–12 months, prospec-
tively evaluated using the Montgomery-Asberg
Depression Rating Scale (MADRS) before and after 12
weeks of treatment, eight developed depressive symp-
toms, of whom four had major depression without a pre-
vious psychiatric history (381). All four recovered after
treatment with antidepressants. This study confirmed that
a high baseline MADRS is significantly associated with
the occurrence of depressive symptoms.
A prospective study in 81 patients with chronic hepati-

tis C taking interferon alfa-2a and ribavirin compared
adherence to treatment, adverse effects, response rates,
and dropout rates in 23 patients without any psychiatric
history or drug addiction (control group), 16 patients with
psychiatric disorders, 21 patients in a methadone substitu-
tion programme, and 21 patients with former intravenous
drug addiction (382). There were no significant differ-
ences between groups as regards the frequency and sever-
ity of new depressive episodes during treatment, but
significantly more patients in the psychiatric groups had
to take antidepressants before and during interferon alfa
treatment. The rate of dropouts was significantly higher in
the drug addiction group (43%) compared with the other
groups (13–18%). The cause was psychiatric or somatic
adverse effects in half of these patients. No patients in the
psychiatric or methadone groups had to stop treatment
because of psychiatric adverse effects. Although the lim-
ited number of patients and heterogeneity in psychiatric
diagnoses precluded any definitive conclusion, these
results suggested that treatment with interferon alfa and
special psychiatric care is possible in at-risk psychiatric
groups.
These studies have confirmed that previous psychiatric

disorders are not necessarily a contraindication to a
potentially effective treatment. However, patients with
depressive symptoms immediately before treatment are
still regarded at risk of severe psychiatric deterioration
with treatment (339).

Management

Cognitive defects, depression, and mania can occur in
patients taking interferon alfa. Interferon alfa-induced
psychiatric adverse effects and their recommended man-
agement have been comprehensively reviewed
(383,384,385).
Various pharmacological and non-pharmacological

interventions have been discussed (386), and prompt
intervention should be carefully considered in every
patient who develops significant neuropsychiatric adverse
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effects while receiving interferon alfa. Depending on the
clinical manifestations, proposed treatment options
include antidepressants, psychostimulants, or antipsycho-
tic drugs.
Based on a possible reduction in central dopaminergic

activity mediated by the binding of interferon alfa to
opioid receptors, naltrexone has been proposed as a
means of improving cognitive dysfunction (351).
Selective serotonin re-uptake inhibitors have been

advocated as the drugs of choice to allow completion of
interferon alfa treatment (339), but that was based on
very limited experience and the unproven assumption
that SSRIs are safe in patients with underlying liver dis-
ease. The preliminary results of a double-blind, placebo-
controlled study showed that 2 weeks of pretreatment
with paroxetine significantly reduced the occurrence of
major depression in 16 patients on high-dose interferon
alfa for malignant melanoma (387). In a placebo-con-
trolled trial, the preventive effects of paroxetine (mean
maximal dose of 31 mg) were studied in 40 patients with
high-risk malignant melanoma and interferon alfa-
induced depression (388). Treatment started 2 weeks
before adjuvant high-dose interferon alfa. Paroxetine sig-
nificantly reduced the incidence of major depression
(45% in the placebo group and 11% in the paroxetine
group) and the rate of interferon alfa withdrawal
(35 versus 5%). Although the number of patients was
small and the duration of the survey short (12 weeks),
this suggests that paroxetine effectively prevents the risk
of depressive disorders in patients eligible for high-dose
interferon alfa. However, these results are limited,
because patients with melanoma who receive adjuvant
high-dose interferon alfa are particularly likely to develop
depression. The safety of prophylaxis with paroxetine also
requires additional data, because three patients taking
paroxetine developed retinal hemorrhages, including
one with irreversible loss of vision.

� In contrast to this study, a 31-year-old woman with
major depressive disorder, which responded to parox-
etine and trazodone, had progressive recurrence of
mood disorders after the introduction of interferon
alfa for essential thrombocythemia (389).

This suggests that interferon alfa can also reverse the
response to antidepressants.
The successful management of psychiatric symptoms

during interferon alfa treatment has been detailed in 60
patients with chronic viral hepatitis, treated for 1 year
(390). A new psychiatric disease developed during treat-
ment in 18 patients (depression in 12, predominant irrit-
ability in four, and anxiety in two), and five others had
major depression at baseline. Based on the potential
mechanisms of interferon alfa-induced psychiatric disor-
ders, and depending on the clinical features, a variety of
psychopharmacological treatments were used in 12 of
these patients, including selective serotonin reuptake
inhibitors in four cases, low-dose pre-synaptic D2 dopa-
mine receptor antagonists (sulpiride and amisulpride) in
three, neuroleptic drugs in two, and benzodiazepines or
related drugs in three. Only four patients failed to

respond to treatment, and one had to be withdrawn
from the study because of persistent irritability. During
the study, the 12 patients taking psychiatric drugs had
significantly less severe psychiatric symptoms than the
11 untreated patients.

Interferon beta

There have been reports of depression, suicidal ideation,
and attempted suicide in patients receiving interferon
beta (391,392,393). The lifetime risk of depression in
patients with multiple sclerosis is high, and there has
been a lively debate about whether interferon beta causes
or exacerbates depression in such patients. Impressions of
a possibly raised incidence of depression among patients
treated with interferon beta for multiple sclerosis should
be interpreted in the light of the spontaneous tendency to
depressive disorders and suicidal ideation, which is
encountered even in patients with untreated multiple
sclerosis. Moreover, no raised incidence of these compli-
cations has been recorded in some studies (394,395). A
critical review of the methodological limitations in studies
that assessed mood disorders in patients on disease-mod-
ifying drugs for multiple sclerosis may help explain the
widely divergent results from one study to another (396).
Some results have argued against a specific role of inter-
feron beta in the risk of depressive disorders.
A multicenter comparison of 44 and 22 micrograms of

interferon beta-1a and placebo in 365 patients showed no
significant differences in depression scores between the
groups over a 3-year period of follow-up (397). In 106
patients with relapsing–remittingmultiple sclerosis, depres-
sion status was evaluated before and after 12 months of
interferon beta-1a treatment (398). According to the Beck
Depression Inventory II scale, most of the patients had
minimum (53%) or mild (32%) depression at baseline,
and depression scores were not significantly increased
after 1 year of treatment. There were no cases of suicidal
ideation. In another study of 42 patients treated with inter-
feron beta-1b, major depression at baseline was found in
21% of patients and was associated with a past history of
psychiatric illness in most cases (399). Major depression
was not considered as an exclusion criterion for interferon
beta treatment when patients were on antidepressant ther-
apy. There was a three-fold reduction in the prevalence of
depression over the 1-year course of interferon treatment,
suggesting a possible beneficial effect of treatment on
mood. Finally, a single subcutaneous injection of interferon
beta-1b did not alter cognitive performance and mood
states in eight healthy volunteers (400).
The emotional state of 90 patients with relapsing–remit-

ting multiple sclerosis has been carefully assessed with a
battery of psychological tests at baseline and after 1 and 2
years of treatment with interferon beta-1b (401). In con-
trast to what was expected, and despite the lack of controls,
there was significant improvement in emotional state, as
shown by significant reductions in scores of anxiety and
depression over time. In addition, there was no effect of
low-dose oral glucocorticoids in a subgroup of 46 patients.
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Depression has been quantified by telephone interview
in 56 patients with relapsing multiple sclerosis 2 weeks
before treatment, at the start of treatment, and after 8
weeks of treatment (402). Patients with a high depressive
score 2 weeks before treatment significantly improved on
starting treatment and returned to baseline within 8
weeks, whereas the depression score in non-depressed
patients remained essentially unchanged. The investiga-
tors therefore suggested that patients’ expectations had
temporarily resulted in improvement of depression, and
that increased depression during treatment is more likely
to reflect pretreatment depression.
The clinical features, management, and prognosis of

psychiatric symptoms in patients with chronic hepatitis
C have been reviewed using data from 943 patients trea-
ted with interferon alfa (85%) or interferon beta (15%)
for 24 weeks (403). Interferon-induced psychiatric symp-
toms were identified in 40 patients (4.2%) of those
referred for psychiatric examination. They were classified
in three groups according to the clinical profile: 13 cases
of generalized anxiety disorder (group A), 21 cases of
mood disorders with depressive features (group B), and
six cases of other psychiatric disorders, including psycho-
tic disorders with delusions/hallucinations (n = 4), mood
disorders with manic features (n = 1), and delirium
(n = 1) (group C). The time to onset of the symptoms
differed significantly between the three groups: 2 weeks
in group A, 5 weeks in group B, and 11 weeks in group C.
Women were more often affected than men. There was
no difference in the incidence or nature of the disorder
according to the type of interferon used. Whereas most
patients who required psychotropic drugs were able to
complete treatment, 10 had to discontinue interferon
treatment because of severe psychiatric symptoms, five
from group B and five from group C. Twelve patients still
required psychiatric treatment for more than 6 months
after interferon withdrawal. In addition, residual symp-
toms (anxiety, insomnia, and mild hypothymia) were still
present at the end of the survey in seven patients.
Delayed recovery was mostly observed in patients in
group C and in patients treated with interferon beta.
Although isolated reports of psychotic delusional symp-

toms and depression continue to be published (404),
recent controlled trials or longitudinal studies have not
provided evidence of an increase in depression scores or
in the rate of depression in patients treated with inter-
feron beta (SEDA-27, 389). In a meta-analysis of seven
trials in 1215 patients with relapsing remitting multiple
sclerosis, the incidence of depression was 16% and did not
differ between interferon-beta and controls, but the scales
used to assess depression were specified in only three
trials (405). Using a public reimbursement database for
multiple sclerosis, the prevalence and incidence of depres-
sion and depression scores were not different in 163
patients treated with interferon beta or glatiramer, but
the study was poorly controlled for potential biases (406).
Overall, the current data suggest that interferon-beta is
not substantially associated with depression.
According to data obtained from six controlled and 17

non-controlled studies sponsored by the manufacturer of

interferon beta-1a, depression was more frequently
reported as an adverse event in the treated patients
(407). However, this was not associated with an increase
in depression scores in the only study that used appropri-
ate rating scales. There was also no significant difference
in the rate of suicide attempts or suicide in patients taking
interferon compared with placebo. There were 42 cases of
serious and non-serious reports of depression and suicide
attempts, including only five cases of suicide, in postmar-
keting experience covering more than 161 000 patient-
years. Overall these data suggest that interferon beta-1a
does not produce typical depression.
One debatable case of visual pseudo-hallucinations

occurred only, but not reproducibly, within 30–60 minutes
after interferon beta-1a injection in a 37-year-old woman
with disseminated encephalomyelitis (408).

Interferon gamma

Neuropsychiatric disturbances have not been consistently
found in patients receiving interferon gamma, despite
electroencephalographic monitoring and psychometric
tests (409). However, careful examination led to the
impression that interferon gamma can cause neurophysio-
logical changes similar to those of interferon alfa (410),
and data from the manufacturers also point to rare cases
of nervous system adverse effects in patients treated with
high-dose interferon gamma (411).

Interleukin 2

According to a study in 32 patients with cancers, the
presence of emotional symptoms and sleep disturbance
before treatment can predict the early development of
severe depressive symptoms after subsequent therapy
with IL-2 and/or interferon alfa (412). Although the num-
ber of patients was small, the authors suggested that this
potentially high-risk population might benefit from pro-
phylactic antidepressant treatment.

Iodinated contrast media

To reduce the incidence of generalized reactions to con-
trast media in high-risk patients some authors have advo-
cated the prophylactic administration of glucocorticoids
(prednisolone 30 mg orally or methylprednisolone 32 mg
orally, 12 and 2 hours before contrast injections). In one
case an acute psychosis complicated glucocorticoid pre-
medication to reduce the risk of contrast reactions (413).

� A 13-year-old girl with bipolar disorder and a history
of adverse reactions to contrast media was given
methylprednisolone (32 mg/day) and ranitidine
(300 mg/day) before a CT scan of the head with intra-
venous contrast enhancement. One day after, she
developed psychiatric symptoms, which were more
severe than her initial symptoms, including extreme
agitation and mental confusion. All medications were
withdrawn and her symptoms resolved within 2 weeks.
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The authors suggested that the recurrence of the manic
symptoms could have been due to premedication with
prednisolone. Exacerbation of manic symptoms after the
use of glucocorticoids has been documented before, but
never in a case of short-term premedication before con-
trast-enhanced radiographic examination. This report
shows that even a short-term course of glucocorticoids
can have significant adverse effects in patients with a
history of mood disorders.
In 2500 cases of cervical myelography with metriza-

mide, there were transient mental reactions in 25, includ-
ing 13 cases of confusion or disorientation, four of
depression, two of hallucinations, two of psychosis, and
one each of anxiety, drowsiness, dysphasia, and night-
mares (414).
Of 18 German patients undergoing lumbar myelogra-

phy with metrizamide, six had an organic psychosis, char-
acterized by impaired memory and depression, but it was
demonstrable only by psychometric tests and disappeared
within 5 days (415). In four of the 18 patients there was
hyporeflexia or areflexia and in three there were electro-
encephalographic changes; there was no correlation
between these various types of effect.
Visual hallucinations are very rare adverse effects of

contrast media, with isolated reports after vertebral
angiography or myelography. The mechanism of this
adverse reaction could be similar to that reported in
transient cortical blindness after infusion of contrast
agents. However, other possibilities include a toxic effect
of contrast media on the optic nerve, transient impair-
ment of cerebral blood flow, which could be mediated
through the release of the potent vasoconstrictor
endothelin, or the formation of microclots. Two cases of
visual hallucinations after coronary angiography have
been reported (416).

� A 70-year-old woman with a history of mastectomy
developed syncope which lasted a few seconds. She
had taken tamoxifen 10 mg bd for 10 years and had
no history of allergic reactions. Doppler ultrasound
showed aortic stenosis and coronary angiography was
performed using 150 ml of iopromide (a non-ionic con-
trast medium, iodine 370 mg/ml). She had visual hallu-
cinations (spiders on the wall, moving curtains) 30
minutes after the injection of iopromide. The symp-
toms resolved 72 hours later without any specific treat-
ment. Neurological and psychiatric examinations were
normal, as were brain MRI and Doppler ultrasound of
the carotid and vertebral arteries.� A 64-year-old man with a history of ischemic heart
disease underwent coronary angiography with 150 ml
of iopromide (iodine 370 mg/ml). One hour later he
had visual hallucinations (moving objects, pictures of
familiar persons), which resolved about 40 hours later
without any treatment. He had taken the following
drugs for a year: nifedipine 10 mg tds, metoprolol
50 mg bd, and aspirin 325 mg/day. His serum creati-
nine concentration was in the reference range and
there was no history of allergies or previous exposure
to contrast media.

Myelography with either iopamidol or metrizamide can
cause transitory deterioration in memory as determined
by psychological tests, but the effect is less with iopamidol
(417).
Many of the psychiatric complications of cerebral

angiography may be due to arterial trauma rather than
to the toxic effect of the contrast agent. If the investiga-
tion is undertaken under general anesthesia, the use of a
volatile anesthetic can in itself cause an increase in intra-
cranial pressure and thereby constitute an aggravating
factor (418). Focal electroencephalographic changes can
occur on the side of the injection, and if these are pro-
longed they can be followed by evidence of neurological
involvement. Transient global amnesia and confusional
states have been reported after cerebral angiography,
even with non-ionic media (SEDA-9, 410) (419).

Ipratropium bromide

Ipratropium produces no significant impairment of cogni-
tive or psychomotor function in elderly patients with
chronic airway obstruction (SEDA-21, 187).

Isoflurane

Memory function and its relation to depth of hypnotic
state has been prospectively evaluated in anesthetized
and non-anesthetized subjects, using the Bispectral
Index during general anesthesia and an auditory word
stem completion test and process dissociation procedure
after anesthesia (420). Isoflurane was used in 47 patients
and propofol in one. There was evidence of memory for
words presented during light anesthesia (Bispectral Index
score 61–80) and adequate anesthesia (score 41–60) but
not during deep anesthesia (score 21–40). The process
dissociation procedure showed a significant implicit mem-
ory contribution but not reliable explicit memory contri-
bution. Memory performance was better in non-
anesthetized subjects than in anesthetized patients, with
a higher contribution from explicit memory and a com-
parable contribution from implicit memory. The authors
concluded that during general anesthesia for elective sur-
gery, implicit memory persists, even in adequate hypnotic
states, to a comparable degree as in non-anesthetized
subjects.

Isoniazid

Isoniazid can cause neuropsychiatric syndromes, including
euphoria, transient impairment of memory, separation of
ideas and reality, loss of self-control, psychoses (421), and
obsessive-compulsive neurosis (422). Isoniazid should be
used with caution in patients with pre-existing psychoses,
as it can cause relapse of paranoid schizophrenia (423).
Patients on chronic dialysis appear to be vulnerable to neu-
rological adverse drug reactions, because of abnormal meta-
bolism of uremic toxins. It is therefore recommended that a
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higher than usual dose of pyridoxine be given to patients on
dialysis taking isoniazid (424,425).

Itraconazole

Visual hallucinations with confusion have been reported
in a 75-year-old woman, occurring on three separate occa-
sions, each time about 2 hours after a 200 mg dose of
itraconazole. Her symptoms abated spontaneously over
about 8 hours (426).

Ketamine

In a randomized, double-blind, crossover study of cognitive
impairment in 24 volunteers who received S-ketamine
0.25 mg/kg, racemic ketamine 0.5 mg/kg, or R-ketamine
1.0 mg/kg, the ketamine isomers caused less tiredness and
cognitive impairment than equianalgesic doses of racemic
ketamine (427). In addition, S-ketamine caused less reduc-
tion in concentration capacity and primary memory.
A placebo-controlled study of low-dose ketamine infu-

sion in ten volunteers showed formal thought disorder
and impairments in working and semantic memory
(428). The degree of thought disorder correlated with
the impairment in working memory.
The psychotomimetic effects of ketamine, apart from

encouraging illicit use, can lead to distressing psychic
disturbances, particularly in children (429); there can be
nightmares, delirium, and hallucinations (430). Oral keta-
mine is an effective analgesic in patients with chronic
pain. In 21 patients with central and peripheral chronic
neuropathic pain treated with oral ketamine, the starting
dose was ketamine 100 mg/day, titrated upward by 40 mg/
day increments every 2 days until a satisfactory effect was
achieved, or until adverse effects became limiting (431).
Nine patients discontinued ketamine because of intoler-
able adverse effects, including psychotomimetic symp-
toms, such as ‘‘elevator’’ effect or dissociative feelings,
somnolence or insomnia, and sensory changes such as
taste disturbance and somatic sensations.
The pharmacological effects of the R- and S-enantio-

mers of ketamine have been compared in 11 subjects who
received R-ketamine 0.5 mg and then S-ketamine
0.15 mg, separated by 1 week (432). Before and after
each drug administration they were subjected to a painful
stimulus using a nerve stimulator applied to the right
central incisor tooth. Pain suppression was equal with
the two drugs. The subjects reported more unpleasant
psychotomimetic effects with S-ketamine and more plea-
sant effects with R-ketamine. Seven of eleven subjects
preferred R-ketamine, while none preferred S-ketamine.
These results suggest that the neuropsychiatric effect of
ketamine may be predominantly due to the S-enantiomer,
and that R-ketamine may be a better alternative. This
study is in direct distinction to earlier work suggesting
that R-ketamine is responsible for most of the undesirable
neuropsychiatric side effects of ketamine.
A placebo-controlled study in 10 healthy young men

showed a linear relation between ketamine plasma

concentrations of 50–200 ng/ml and the severity of psy-
chotomimetic effects (433). The psychedelic effects were
also similar to those observed in a previous study of
dimethyltryptamine, an illicit LSD-25 type of drug, and
were a function of plasma concentration rather than sim-
ply an emergence phenomenon. Clinically useful analge-
sia was obtained at plasma concentrations of 100–200 ng/
ml. At plasma concentrations of 200 ng/ml, all subjects
had lateral nystagmus. When ketamine is given in large
doses, patients rapidly become unresponsive, and so the
effects described in this study are usually only observed
during the recovery phase.
The effects of ketamine 50 or 100 ng/ml on memory

have been investigated in a double-blind, placebo-con-
trolled, randomized, within-subject study in 12 healthy
volunteers (434). Deleterious effects of ketamine on epi-
sodic memory were primarily attributable to its effects on
encoding, rather than retrieval. The authors suggested
that the effects they observed were similar to the memory
deficits seen in schizophrenia and thus provide some sup-
port for the ketamine model of the disease.
Subanesthetic low-dose ketamine is thought to cause

delirium and disturbing dreaming. A systematic review of
NMDA receptor antagonists in preventive analgesia has
shown that only one of 20 studies documented adverse
psychotomimetic effects attributable to ketamine (435).
In that study, ketamine was given by the epidural route in
a relatively high dose.
Ketamine often causes emergence delirium and dis-

turbing dreaming. Benzodiazepines are often co-adminis-
tered to attempt to manage this. The optimal dose of
diazepam to add to ketamine–fentanyl field anaesthesia
has been assessed in a randomized double-blind study in
400 patients from Vanuatu; the optimal dose was 0.1 mg/
kg (436).
There have been several attempts to understand the

pathophysiology of schizophrenia using subanesthetic
doses of ketamine to probe glutaminergic function in
healthy and schizophrenic volunteers; no long-term
adverse consequences were attributable to ketamine
(437).
There have been several attempts to attenuate the

unpleasant psychological adverse effects that occur after
sedation with ketamine.
Prior use of benzodiazepines or opiates limits the psy-

chotomimetic effects of ketamine. There has been a dou-
ble-blind, placebo-controlled study of the role of
lorazepam in reducing these effects after subanesthetic
doses of ketamine in 23 volunteers who received loraze-
pam 2 mg or placebo, 2 hours before either a bolus dose
of ketamine 0.26 mg/kg followed by an infusion of
0.65 mg/kg/hour or a placebo infusion (438). The ability
of lorazepam to block the undesirable effects of ketamine
was limited to just some effects. It reduced the ketamine-
associated emotional distress and perceptual alterations,
but exacerbated the sedative, attention-impairing, and
amnesic effects of ketamine. However, it failed to reduce
many of the cognitive and behavioral effects of ketamine.
There were no pharmacokinetic interactions between
subanesthetic doses of ketamine and lorazepam.
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The effect of intravenous midazolam 0.05 mg/kg on
emergence phenomena after ketamine 1.5 mg/kg intrave-
nously for painful procedures has been assessed in a ran-
domized, double-blind, placebo-controlled study in 104
children (439). Midazolam was given 2 minutes after the
ketamine. There was no significant difference between
the two groups in levels of agitation. The overall rate of
agitation was low, but probably high enough to detect any
significant differences between the groups.
The neuropsychiatric effects of ketamine were modu-

lated by lamotrigine, a glutamate release inhibitor, in 16
healthy volunteers (440). Lamotrigine 300 mg was given 2
hours before ketamine 0.26 and 0.65 mg/kg on two sepa-
rate days. There were fewer ketamine-induced perceptual
abnormalities, fewer schizophreniform symptoms, and
less learning and memory impairments. Mood-elevating
effects were increased with lamotrigine. The authors com-
mented that the results were experimental and that
further studies are needed to confirm the potential bene-
fits in a larger group of patients.
The hypothesis that the unpleasant emergence phe-

nomena that often accompany the use of ketamine,
including odd behavior, vacant stare, and abnormal affect,
would be reduced by the use of a selected recorded tape
played during the perioperative period has been tested in
28 adults (441). The incidence of dreams was higher when
the recorded tape was connected. This report emphasizes
the current recommendations that a quiet room with
minimal stimuli is best for reducing emergence phenom-
ena after ketamine sedation.

Ketoconazole

In one patient taking a high dosage for prostate cancer,
weakness was associated with mental disturbances, nota-
bly confabulation and disorientation in time and space
(SEDA-13, 233).

Lamotrigine

The cognitive and behavioral effects of lamotrigine
150 mg/day have been compared with those of carbama-
zepine 696 mg/day in 25 healthy adults in a double-blind,
crossover, randomized study with two 10-week treatment
periods (442). Lamotrigine had significantly fewer cogni-
tive and behavioral adverse effects than carbamazepine,
and 48% of the variables favored lamotrigine. The differ-
ences encompassed cognitive speed, memory, graphomo-
tor coding, neurotoxic symptoms, mood, sedation,
perception of cognitive performance, and other quality-
of-life perceptions. The cognitive and behavioral changes
favored lamotrigine over carbamazepine, but the magni-
tude of the observed effects was modest, although it could
be relevant in some patients.
Lamotrigine caused hypomania in a 23-year-old woman

with major depression and no history of bipolar illness; it
resolved 2 weeks after withdrawal (443).
A 23-year-old woman with schizophrenia had worsen-

ing of psychiatric symptoms after exposure to lamotrigine
(444). This patient was taking quetiapine 400 mg/day and

divalproex sodium 1500 mg/day. Because of excessive
somnolence valproate was withdrawn and lamotrigine
was started at 12.5 mg bd. On the second day the patient
had worsening of psychotic symptoms, which the authors
attributed to lamotrigine.
Two patients taking lamotrigine 225 mg/day and

200 mg/day developed forced normalization (445).
Lamotrigine led to seizure control and disappearance of
interictal epileptiform discharges from the electroence-
phalogram. However, simultaneously they had de novo
psychopathology and disturbed behavior. Reduction of
the dose of lamotrigine led to disappearance of the symp-
toms and reappearance of the spikes but not the seizures.

Levamisole

Anxiety and depression have been associated with leva-
misole (446).
Psychosis has also been reported (447).

� A 28-year-old man, without a psychiatric history,
developed a paranoid psychosis. He had been taking
levamisole twice a week in an unspecified dose for 2
years for a stage 4 melanoma and metastatic lymph
nodes in the axilla. Physical examination, a CT scan,
an electroencephalogram, and standard laboratory
tests were all normal. He was treated with perphena-
zine, with partial success, but after tapering of the dose
his symptoms reappeared. It was thought likely that
the psychosis had been caused by levamisole, which
was discontinued. Three weeks later he had recovered
completely. Levamisole was not reintroduced.

Levetiracetam

Psychiatric adverse events, most often hostility and irrit-
ability, have been reported in children taking levetirace-
tam. Four cases of acute psychosis have also been
reported (448).

� A 5-year-old girl with refractory epilepsy treated with
a ketogenic diet was given levetiracetam 250 mg bd
(25 mg/kg/day). She had a history of mild mental retar-
dation and was receiving special education. Two weeks
later she started to have visual hallucinations, became
agitated, bit relatives, and could not sleep.
Levetiracetam was withdrawn and her symptoms
resolved within 24 hours and did not recur.

In a retrospective analysis of 118 patients with epilepsy
with intellectual disability taking levetiracetam, 15 had
psychiatric adverse events, including affective disorder
in two, aggressive behavior in nine, emotional lability in
two, and other personality changes (agitation, hostility,
anger) in two (449) . There was a significant correlation
with a previous history of status epilepticus and a previous
psychiatric history, but no relation to the titration sche-
dule of levetiracetam, electroencephalography and MRI,
and the type and duration of epilepsy.
In six patients with Lennox–Gastaut syndrome levetir-

acetam improved myoclonic, atonic, and generalized
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tonic–clonic seizures (450). The most common adverse
effect was irritability during the start of treatment in two
patients, requiring withdrawal in one.
In a retrospective analysis of 14 patients (aged over 60

years) levetiracetam 500–3000 mg/day was generally well
tolerated (451). There were no major adverse events. One
patient reported dizziness but was able to continue taking
levetiracetam while the symptoms improved.
The prevalence and clinical features of psychiatric

adverse events in patients taking levetiracetam for a
mean duration of 8.3 months have been investigated pro-
spectively in 517 patients, 50% with symptomatic partial
epilepsy, 27% with cryptogenic partial epilepsy, 8.7%
with idiopathic generalized epilepsy, 6.8% undetermined,
and 5% with other syndromes (Lennox–Gastaut syn-
drome, West syndrome, and symptomatic generalized
epilepsy) (452). There were psychiatric adverse events in
53 patients (10%): 19 (3.5%) developed aggressive beha-
vior, 13 (2.5%) affective disorders, 12 (2.3%) emotional
lability, 6 (1.2%) psychosis, and 3 (0.6%) other behavioral
abnormalities, such as agitation, anger, or hostile beha-
vior, and personality changes: four (0.7%) reported suici-
dal ideation. There was a significant association with a
history of febrile seizures, status epilepticus, and a pre-
vious psychiatric history. In contrast, lamotrigine co-ther-
apy had a protective effect, while the levetiracetam
titration regimen had no effect on the occurrence of psy-
chiatric adverse events.
Psychiatric adverse events and seizure exacerbation in

patients taking levetiracetam have been reviewed, includ-
ing randomized clinical trials in which levetiracetam was
used in combination with other antiepileptic drugs, with-
drawal to monotherapy studies, long-term extension stu-
dies, and postmarketing surveillance of adverse events in
programs such as MEDWATCH (453). In contrast to
previous reviews of safety data, the frequency of adverse
events in patients taking levetiracetam were compared
with those taking placebo in controlled trials: 15% of
patients taking levetiracetam discontinued therapy or
had their dosage reduced because of adverse events, com-
pared with 12% of those who took placebo. The adverse
events most commonly associated with withdrawal or
dosage reduction were somnolence (4.4% versus 1.6%
with placebo), convulsions (3.0% versus 3.4%), dizziness
(1.4% versus 0%), weakness (1.3% versus 0.7%), and
rashes (0% versus 1.1%). Most of the adverse events
were mild or moderate in intensity. Overall, 113 patients
(15%) taking levetiracetam and 49 (11%) of those who
took placebo had severe adverse events. Seizure exacer-
bation in placebo-controlled trials (defined as a greater
than 25% increase in seizure frequency) occurred in 14%
of patients taking levetiracetam, compared with 26% of
those taking placebo; seizure aggravation in these studies
could therefore have represented spontaneous fluctuation
in seizure frequency. The authors cited the Postmarketing
Antiepileptic Drug Survey (454), a prospective registry
that polls information from 16 epilepsy centers, beha-
vioral adverse events were reported in 288 patients taking
levetiracetam, and led to withdrawal in 27 patients
(8.5%). Behavioral adverse events included depression

(n ¼ 14, 4.9%), anxiety (n ¼ 8, 2.8%), aggression (n ¼
5, 1.7%), irritability (n ¼ 4, 1.4%), mood swings (n ¼ 3,
1.0%) and unspecified behavioral changes (n ¼ 5, 1.7%).
There was a previous history of psychiatric disease, beha-
vioral problems, or mental retardation in 51% of patients
with behavioral adverse events, compared with 50% of all
the patients taking levetiracetam. As the authors
observed, it is difficult to ascertain from this information
how much levetiracetam contributes to behavioral and
psychiatric symptoms, since these can be related to the
epilepsy, the direct effect of seizures, drug interactions, or
fluctuations in seizure frequency.

Levocetirizine

The effects of levocetirizine on cognitive function have
been assessed in two comprehensive well-controlled stu-
dies. The first analysed the effects of single and multiple
doses of levocetirizine on measures of nervous system
activity, using integrated measures of cognitive and psy-
chometric performance. In a three-way crossover design,
19 healthy men took either levocetirizine 5 mg, diphenhy-
dramine 50 mg (positive control), or placebo once daily
on 5 consecutive days. Critical flicker fusion tests were
performed on days 1 and 5 at baseline and up to 24 hours
after drug administration. The primary outcome was that,
in contrast to diphenhydramine, levocetirizine did not
have any deleterious effect on any cognitive or psycho-
metric function compared with placebo (455).
In a double-blind, crossover study levocetirizine 5 mg

once daily for 4 days was compared with cetirizine 10 mg,
loratadine 10 mg, promethazine 30 mg, and placebo in
terms of nervous system inhibitory effects in 20 healthy
volunteers (456). With the exception of promethazine
none of the drugs had disruptive or sedative effects on
objective measurements in a comprehensive battery of
psychomotor and cognitive tests. These studies suggest
that levocetirizine has minimal sedative effects in healthy
individuals when given in its recommended dose.

Levodopa and dopa decarboxylase
inhibitors

Toxic psychoses and toxic delirium can occur, particularly
in individuals with a history of postencephalitic parkin-
sonism or psychiatric disease (457). Nearly half of all
patients with Parkinson’s disease are demented or have
significant cognitive impairment (458). These patients are
particularly susceptible to delirium induced by levodopa
and other antiparkinsonian drugs. The author recom-
mended dosage reduction or elimination of drugs that
may be responsible, starting with anticholinergic drugs
but leaving levodopa unchanged if possible. He also
recommended the use of the atypical neuroleptic drugs
clozapine or olanzapine in severely disturbed patients in
whom drug withdrawal is not feasible.
Much more common are such symptoms as confusion

(13% of cases), depression (9% of cases, often requiring
antidepressant drugs), and sleep disturbances (20% of
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cases). Vivid hallucinations are common. Psychotic symp-
toms appear to be more common when enzyme inhibitors
are used or anticholinergic drugs given. Panic attacks
seem to occur in some 20% of cases during the ‘‘off’’
phases of an ‘‘off/on’’ cycle (459).
Libido has been found to increase, at least for some

time, in a proportion of patients (460); whilst perhaps in
part reflecting the improved mobility and sense of well-
being, a causative relation with prolactin inhibition by
levodopa has been suggested.
There may be subtle neuropsychiatric adverse effects of

dopaminergic medication. The syndrome of hedonistic
homeostatic dysregulation, generally associated with sub-
stance abuse, has been described in 15 patients with
Parkinson’s disease (461). Four patients were described
in detail. The authors noted that 12 of the 15 patients
were men (three of the four described in the paper) and
had early onset of Parkinson’s disease: those described
were aged only 36–42 years. Characteristically, these
patients were taking large and increasing doses of levo-
dopa (or other dopamine agonists, including apomor-
phine) despite worsening dyskinesias; they had impaired
social functioning, including absence from work, belliger-
ent behavior, and hypersexuality; they had a hypomanic
or bipolar affect; they underwent a withdrawal reaction
on reducing levodopa dosage, with depression, dysphoria,
and anxiety; and they had a disorder with the above
features lasting at least 6 months. All of the four patients
described in detail had taken apomorphine at some time
(75–170 mg/day) and tended to use higher than pre-
scribed doses by intermittent injection. All were also tak-
ing levodopa (maximum dose 1875–5500 mg/day). The
authors noted that the long-term management of this
condition can be very difficult. They suggested manage-
ment of acute psychosis with atypical neuroleptic drugs,
such as olanzapine or risperidone, the use of antidepres-
sants if needed, and careful supervision of patient self-
medication. They conceded that this may be extremely
difficult.
In a prospective study of 89 patients with Parkinson’s

disease, of whom 60 were free of hallucinations at entry,
though most of these had disturbed sleep patterns, after 4
years 50% of the original non-hallucinators were experi-
encing hallucinations, while only 14% of those with hal-
lucinations at entry were no longer affected by them
(462). Those classified as having severe hallucinations
increased from 10% at entry to 35% after 4 years. The
development or worsening of hallucinations was not asso-
ciated with levodopa dosage but was strongly correlated
with the use of dopamine receptor agonists in combina-
tion with levodopa: some 59% of patients with hallucina-
tions were taking agonists as against 33% of non-
hallucinators.
It is a pharmacological truism that exogenous dopa-

mine is not a central dopamine receptor agonist, because
it cannot cross the blood–brain barrier. However, the
possibility that it might, and could thus contribute to the
development of delirium, has been examined (463). Of
over 21 000 inpatients in Stanford University Hospital,
1164 were given intravenous dopamine. Although the
authors conceded that the methods that they used to

assess the presence of delirium were imprecise, they
nevertheless calculated that intravenous administration
of dopamine nearly triples the likelihood of the need for
subsequent antipsychotic medication. This raises at least
the possibility that in some pathological states significant
amounts of exogenous dopamine can enter the brain. A
prospective study is needed to clarify this. Meanwhile the
authors have proposed that it might be useful to give
dopamine receptor antagonists to patients who are
about to receive dopamine infusions. However, most clin-
icians would probably be reluctant to do this on the
existing evidence.

Local anesthetics

� A 59-year-old woman, grade ASA I, had psychiatric
effects associated with local anesthetic toxicity after
receiving bupivacaine 50 mg and mepivacaine 75 mg
for an axillary plexus block. She complained of dizzi-
ness and a ‘‘near death experience’’ (464).

Lovastatin

In a double-blind study, 209 healthy adults were rando-
mized to placebo or lovastatin 20 mg/day for 6 months
(465). Placebo-treated subjects improved between base-
line and post-treatment periods on neuropsychological
tests in all performance domains (neuropsychological per-
formance, depression, hostility, and quality of life), con-
sistent with the effects of practice on test performance,
whereas those treated with lovastatin improved only on
tests of memory recall. Comparisons of the changes in
performance between placebo and lovastatin showed
small but significant differences for tests of attention
and psychomotor speed, and were consistent with greater
improvement with placebo. Psychological well-being was
not affected by lovastatin. The authors concluded that
treatment of hypercholesterolemia with lovastatin did
not cause psychological distress or substantially alter cog-
nitive function. However, treatment did result in slight
impairment of performance in neuropsychological tests of
attention and psychomotor speed, the clinical importance
of which is uncertain.

Macrolide antibiotics

See also individual compounds
Although there is no evidence that neuropsychiatric com-
plications of macrolides develop more readily in uremic
patients, several factors may predispose toward these
adverse effects, such as reduced drug clearance, altered
plasma protein binding, different penetration of drug
across the blood–brain barrier, and an increased propen-
sity for drug interactions.
Two women, aged 49 and 50 years, developed altered

mental status a few days after starting to take clarithro-
mycin for eradication of H. pylori (466). There was inco-
herent speech with perseveration, inability to sustain
attention, impaired ability to comprehend, coprolalia,
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euphoria, restlessness, visual hallucinations, anxiety, and
inappropriate affect. Similarly, in three cases, a 46-year-
old man, a 39-year-old woman, and a 4-year-old boy,
treatment with clarithromycin was followed by nervous
system and psychiatric symptoms that included euphoria,
insomnia, aggressive behavior, hyperactivity, and emo-
tional lability (467).
Azithromycin caused delirium in two elderly patients

who took 500 mg initially followed by 250 mg/day (468).

Mannitol

Acute mania has been reported in a patient who was
given intravenous mannitol (469).

� A previously well 75-year-old woman without a perso-
nal or family history of mental disorders developed
severe major depression and was given nortriptyline
50 mg/day. After 10 days a diagnosis of bilateral acute
angle-closure glaucoma was made and she was given a
continuous intravenous infusion of mannitol 20%, oral
acetazolamide 500 mg, and topical pilocarpine 2%,
timolol 0.5%, and dexamethasone 0.1% (each 1 drop
every 15 minutes). She became euphoric 30 minutes
later and remained overactive, overly affectionate, and
talkative, telling jokes, with pressured speech and
flight of ideas. Her manic state remitted 1 hour after
the end of the mannitol infusion and her severe depres-
sion recurred dramatically.

Mannitol can cause both acute expansion of extracellular
fluid volume and a rapid reduction of intracellular fluid
volume with retention of brain electrolytes; these may
have been the mechanisms in this case.

Measles, mumps, and rubella vaccines

The suggestion that measles/MMR immunization can
cause autism has not been confirmed. Autism is charac-
terized by absorption in self-centered subjective mental
activities (such as day-dreams, fantasies, hallucinations),
especially when accompanied by marked withdrawal from
reality.
The scientific and public response to the 1998 publica-

tion of Wakefield and colleagues (470), and Wakefield’s
subsequent press conference, in which he suggested that
immunization with MMR might be associated with
Crohn’s disease and autism was enormous and controver-
sial. For example, Black and colleagues (471) stated that
the publicity generated by this paper was out of propor-
tion to the strength of the evidence it contained; Beale
(472) suggested that the Lancet would bear a heavy
responsibility for acting against the public health interest
that the journal usually aims to promote; O’Brien and
colleagues (473) considered that the substantial amount
of evidence that contradicts the findings of Wakefield and
colleagues did not achieve the same prominence in the
popular press.
In replying to these letters, Wakefield (474) defended

the clinician’s duty to his patients and the researcher’s

obligation to test hypotheses. For his part, the editor of
the Lancet pointed out that the paper had been presented
with a commissioned commentary in the same issue; peer
review had confirmed that the paper merited publication,
with suitable revisions and editing, as an early report;
finally, he considered that the press had presented the
information in a balanced way (475). However, it was
subsequently discovered that the work had been spon-
sored by a pharmaceutical company which had not been
declared at the time (476). Furthermore, the children who
were included in the study had been selected other than at
random. Subsequently, 10 of Wakefield’s colleagues with-
drew the findings that they had initially reported and one
other could not be traced; only Wakefield did not retract
(477).
The Lancet then reviewed the developments in the

discussion (478), with emphasis on evidence that contra-
dicts the alleged association and new data presented by
Wakefield. The last part of the editorial read as follows:
In a new twist, Wakefield’s crusade fuelled further

anxiety among parents when he and John O’Leary, direc-
tor of pathology at Coombe Women’s Hospital, Dublin,
Ireland, presented unpublished data to the US Senate’s
congressional oversight committee in Washington on
April 6 [2000]. The hearing was called by the chairman,
Dan Burton, an Indiana Republican, whose grandson has
autism and visited the Royal Free Hospital in November
last year. At the hearing, six parents of children with
autism gave moving testimonies of their children’s illness.
� � � Scientific evidence was presented by six chosen
‘experts’. According to Wakefield’s testimony, he has
now studied more than 150 children with ‘autistic enter-
ocolitis’—an unproven association had become a dis-
ease—and a detailed analysis of the first 60 cases is to
be published in the American Journal of
Gastroenterology later this year.
Wakefield presented uninterpretable fragments of

results only and concentrated on refuting studies that
had contradicted his findings. His conclusions were sur-
prisingly non-committal: ‘the virological data indicate
that this may be measles virus in some children’; he
added that it would be imprudent to interpret the tem-
poral relationship with MMR as a chance finding, in the
absence of thorough investigation. O’Leary explained
that gut-biopsy material from 24 of 25 children with aut-
ism was positive for measles virus compared with one of
15 controls, and that this material was presented to him by
Wakefield using ‘blinded protocols’. Since the controls
are not further described and the details of these findings
remain unpublished, this evidence raises far more ques-
tions than it answers.
‘‘Autism is a poorly understood neurodevelopmental-

disease spectrum with a heart-breaking personal story
behind every case. But parents of such children have not
been served well by these latest claims made well beyond
the publically [sic] available evidence. A congressional
hearing, like a press conference, is no place to make
controversial scientific assessments. And if scientists
question the safety of vaccines without making their
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evidence fully transparent, harm will be done to many
more children than they purport to protect.’’
Wakefield and Montgomery subsequently raised doubts

about the adequacy of the evidence that secured the license
for MMR vaccine (479). Particularly in view of the immu-
nosuppressive properties of the measles virus, they sug-
gested that there is a potential for adverse interactions
between the component live viruses. They therefore pro-
posed that spaced monovalent measles, mumps, and rubella
immunization should replace the use of the combined
MMR vaccine. The continuing publications of Wakefield
led to reducedMMR coverage in some parts of the UK and
to well-publicized concerns about the potential for measles
outbreaks among primary school entrants. In an editorial in
the British Medical Journal, Elliman and Bedford replied
to Wakefield’s paper (480). They considered that the cur-
rent concerns were idiosyncratic and presented reviews
confirming the vaccine’s safety. The Medicines Control
Agency and the Department of Health in the UK rejected
any suggestion by Wakefield and colleagues that combined
MMR vaccines were licensed prematurely. A review of the
licensing of MMR vaccines led to the assurance that the
licensing procedure was normal and was based on robust
studies (481). This position was shared by the Committee
on Safety of Medicines and the Joint Committee on
Vaccination and Immunisation. At the end of November
2001, Wakefield left his post at the Royal Free and
University College Medical School in London. The college
said: ‘‘Dr Wakefield’s research was no longer in line with
the Department of Medicine’s research strategy and he left
the university by mutual agreement’’ (482). The WHO
strongly endorsed the use of MMR vaccine. The combina-
tion vaccine was recommended rather than monovalent
presentations. There was no evidence to suggest impaired
safety of MMR (483).
In April 2001, the Institute of Medicine’s Immunization

Safety Review Committee released its report ‘‘MMR vac-
cine and autism’’. Although scientists generally agreed that
most cases of autism result from events that occur in the
prenatal period or shortly after birth, there was concern
because the symptoms of autism typically do not emerge
until the child’s second year, and this is the same time at
which MMR vaccine is first administered in most devel-
oped countries. The committee took also into considera-
tion the papers published by Wakefield and other groups
and scientists suggesting evidence of a link between MMR
vaccine and Crohn’s disease and autism. Following review
of the numerous research efforts on the MMR–autism
hypothesis the committee concluded in its report ‘‘that
the evidence favors rejection of a causal relationship at
the population level between MMR vaccine and autistic
spectrum disorders’’. Epidemiological evidence showed no
association between MMR vaccine and autism, and the
committee did not find a proven biological mechanism
that would explain such a relation. Therefore, the commit-
tee did not recommend a policy review at this time of the
licensure of MMR vaccine or of the current schedules and
recommendations for MMR administration (484).
A conference of the American Academy of Pediatrics

on ‘‘new challenges in childhood immunizations’’ was

convened in Oak Brook, IL, on 12–13 June 2000 and
reviewed data on what is known about the pathogenesis,
epidemiology, and genetics of autism and the available
data on hypothesized associations with Crohn’s disease,
measles, and MMR vaccine. The participants concluded
that the available evidence did not support the hypothesis
that MMR vaccine causes either Crohn’s disease or aut-
ism or associated disorders. They recommended contin-
ued scientific efforts directed to the identification of the
causes of autism (485).
The response to a newly published adverse event due to

immunization must be rapid. If the reported association is
correct, urgent re-evaluation of the immunization program
is necessary. Otherwise, if the reported association is false,
a credible counter-message is necessary to minimize the
negative impact on the immunization program (486). The
rapidity of response to the 1998 publication of Wakefield
and colleagues, including the convening of an independent
review panel in the UK, was very useful.
Two studies suggested a link between measles/MMR

immunization and autism. Fudenberg reported that 15 of
40 patients with infantile autism developed symptoms
within a week after MMR immunization (487).
Wakefield and colleagues evaluated 12 children with
chronic enterocolitis and regressive developmental disor-
ders (470). The onset of behavioral symptoms was asso-
ciated with MMR immunization in eight cases, as
reported by the parents. Both reports were non-compara-
tive and anecdotal. By chance alone some cases of autism
will occur shortly after immunization, and most children
in developed countries receive their first measles or
MMR vaccination in the second year of life, when autism
typically manifests. The imprecision of the interval
between immunization and the onset of behavioral symp-
toms in the study byWakefield and colleagues made these
data suspect, even before their retraction.
Inaccuracies in the study of Fudenberg, for example

referring to hepatitis B vaccine as a live vaccine, cast
some doubts on the carefulness of the entire report.
Developmental delay is likely to be detected by a gradual
awareness over a period of time, not on a particular day.
Epidemiological studies in various countries (UK,
Sweden, Finland), comparing the introduction and use
of vaccines and the incidence of autism, have not sup-
ported a relation between measles/MMR vaccine and
autism (488–491). Wing reviewed 16 studies in Europe,
North America, and Japan and found no increase in aut-
ism with increasing use of measles or MMR vaccines
(492). An analysis of two large European datasets pro-
duced similar results (493). In early 1998, experts in var-
ious medical disciplines reviewed the work of the
Inflammatory Disease Study Group of the Royal Free
Hospital in detail and concluded that there is no evidence
for a link between measles/MMR vaccine and either
Crohn’s disease or autism (494).
Data from an earlier study have been reanalysed to test

the hypothesis that MMR vaccine might cause autism but
that the induction interval needs to be short (495).
Evidence for an increased incidence was sought using
the case-series method. The study used data on all
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MMR vaccines, including booster doses. The results of
this study, combined with results obtained earlier by the
same authors, provided powerful evidence against the
hypothesis that MMR vaccine causes autism at any time
after immunization.

However, the controversy, particularly in the USA, has
not ended. A survey commissioned by ‘‘Generation
Rescue’’ (a parent-founded, parent-funded, and parent-
led organization of more than 350 families) was published
in June 2007. Data were gathered by Survey USA, a
national market-research company, which carried out a
telephone survey of the parents of more than 17 000
children, aged 4–17 years, in five counties in California
(San Diego, Sonoma, Orange, Sacramento, and Marin)
and four counties in Oregon (Multnomah, Marion,
Jackson, and Lane) (496). They asked parents whether
their child had been immunized, and whether that child
had one or more of the following diagnoses: attention
deficit disorder (ADD), attention deficit hyperactivity
disorder (ADHD), Asperger’s syndrome, pervasive
development disorder not otherwise specified, or autism.
Among more than 9000 boys aged 4–17 years, they found
that immunized boys were 155% more likely to have
neurological disorders compared with their non-immu-
nized peers. Immunized boys were 224% more likely to
have ADHD, and 61% more likely to have autism. Older
immunized boys in the 11–17 age bracket were 158%
more likely to have a neurological disorder, 317% more
likely to have ADHD, and 112% more likely to have
autism. It is open for discussion whether these results,
obtained by this method, can really make a substantial
contribution to a scientific question.

Meclozine

Loss of memory, confusion, and disorientation has been
ascribed to meclozine in an 85-year-old woman (SEDA-
13, 132).

Medroxyprogesterone

Mental or personality changes, a typical glucocorticoid
effect, have been reported to be more severe and more
frequent with combined aminoglutethimide plus medrox-
yprogesterone acetate treatment than with monotherapy
in patients with bone metastases from breast cancer. The
increased frequency of depressive syndromes on the two-
drug therapy could not be attributed to the physical
adverse effects of the combination, since the mental dis-
orders appeared only during the first weeks of treatment,
whereas the Cushingoid features did not become
apparent until some 6–8 weeks of treatment had been
given (497).

Mefloquine

At first thought to occur only after therapeutic doses of
mefloquine, it is now clear that neuropsychiatric reactions

occur after prophylactic use as well. The incidence is
estimated at about one in 13 000 with prophylactic use,
but as high as one in 215 with therapeutic use (SEDA-17,
329). Combination with other drugs that affect the ner-
vous system can result in unpredictable reactions. The
symptoms vary in type and severity: non-cooperation,
disorientation, mental confusion, hallucinations, agita-
tion, and impaired consciousness. An acute psychiatric
syndrome with attempted suicide was reported in one
case. A single dose can be all that is needed to evoke a
mental reaction. Convulsions have been reported, with or
without psychiatric symptoms; it seems that mefloquine
can aggravate and perhaps even provoke latent epilepsy
(SEDA-13, 809; SEDA-16, 307; SEDA-17, 329) (498).

� A severe psychiatric and neurological syndrome, with
agitation, progressive delirium, and generalized rigors,
was seen in a 47-year-old man after he had taken
mefloquine 1500 mg over 24 hours (499).� A 7-year-old Indian boy was diagnosed as having ‘‘cer-
ebral malaria’’ and received quinine followed by
mefloquine (dose not given) (500). He developed hal-
lucinations and removed his clothes and danced. His
symptoms resolved within 24 hours of stopping meflo-
quine. This case highlights the fact that mefloquine
should not be given after quinine in cases of severe
malaria.� A 42-year-old man with no previous psychiatric history
suddenly developed visual symptoms after the third
dose (total dose 750 mg) of prophylactic mefloquine
(501). The symptoms consisted of an impression of
focusing on two different planes and of perceiving his
surroundings as very far from him. They were asso-
ciated with slurred speech and altered comprehension.
They occurred daily, lasting up to an hour, for 6
months. He had previously taken a course of meflo-
quine for 7 weeks without any adverse events.� A 52-year-old woman with no psychiatric history
developed anxiety, paranoia, visual hallucinations,
confusion, and depressive symptoms after 3 doses of
prophylactic mefloquine (250 mg/week) (502). She had
previously taken mefloquine prophylaxis intermit-
tently for 4 years with no adverse events.

These case reports illustrate important neuropsychiatric
adverse effects of mefloquine in individuals who had pre-
viously taken mefloquine safely and had no psychiatric
history.

� A 48-year-old woman developed anxiety, tremor,
depression, dry mouth, nausea, and marked weight loss
(503). Physical examination, electrocardiography, chest
X-ray, CT scan, and laboratory investigations were unre-
markable. The Hamilton D score was 44 for 17 items.
She had taken mefloquine 250 mg/week for 8 weeks for
malaria prophylaxis, and after 2 weeks had started to
feel unwell, with dysphoria, depression, and weakness.
She was given fluoxetine 20 mg/day and alprazolam
1.5 mg/day. Her condition continued to deteriorate.
The dose of fluoxetine was increased to 40 mg/day and
flunitrazepam was added. She was later instead given
milnacipran, a serotonin and noradrenaline reuptake
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inhibitor. Five months after the first course of meflo-
quine she had recovered sufficiently to return to work.
However, she relapsed and she was eventually stabilized
on venlafaxine 75 mg/day.

A postal survey of 5446 returning Danish travellers
examined the adverse effects of unstated doses of meflo-
quine, chloroquine, and chloroquine plus proguanil for
malaria prophylaxis (504). There were 4158 responses
(76%); 1223 travellers took chloroquine, 1827 took chlor-
oquine plus proguanil, and 809 took mefloquine. Overall,
although chloroquine and chloroquine plus proguanil were
associated with a large number of mild (mainly gastroin-
testinal) adverse effects, 30–50% had diarrhea and about
20% had nausea or abdominal pain. There was a signifi-
cantly larger number of reported ‘‘unacceptable symp-
toms’’ (not defined) with mefloquine: 2.7%, 1.0%, and
0.6% for mefloquine, chloroquine, and chloroquine plus
proguanil respectively. Most of the more serious adverse
events were in those who took mefloquine. Compared with
chloroquine alone the relative risk (95% CI) of ‘‘depres-
sion,’’ experiencing ‘‘strange thoughts,’’ or having altered
spatial perception were 5.1 (2.7, 9.5), 6.4 (2.5, 16.1), and 3.0
(1.4, 6.2) respectively. There was also a higher incidence of
depression in women than in men. The relative risk of
hospital admission or early termination of travel possibly
related to prophylaxis was higher with mefloquine than
with either chloroquine or chloroquine plus proguanil; the
relative risks (95% CI) were 162 (69, 498), 612 (169, 5054),
and 261 (127, 649) respectively.
A postal survey of the incidence of psychiatric distur-

bances in 2500 returning Israeli travellers (505) showed that
travellers with this class of adverse effects were more likely
to have taken mefloquine than other antimalarial drugs. Of
117 travellers with psychiatric adverse effects, 115 had
taken mefloquine compared with 948/1340 for the entire
cohort. This was a retrospective postal study with a
response rate of 54% (1340 out of 2500), and of those
who responded 71% had taken mefloquine, 5% had taken
chloroquine, and 24% had taken no prophylaxis. In this
study 11% (117) of the respondents reported psychiatric
disturbances, mainly sleep disturbance, fatigue, vivid
dreams, or ‘‘lack of mood.’’ Only 16 of the respondents
had symptoms lasting 2 months or more. Those who had
had a psychiatric disturbance were also more likely to have
been female and to have taken recreational drug use.
Although the above studies were limited by retrospec-

tive design, their results are in broad agreement with the
results of other studies over the past few years that indi-
cate that women have a higher incidence of psychiatric
adverse effects from mefloquine than men (506–509).
In a prospective, double-blind, randomized, placebo-

controlled study in 119 healthy volunteers (mean age 35
years), who took either atovaquone 250 mg/day + chlor-
oguanide 100 mg/day or mefloquine 250 mg/week,
depression, anger, and fatigue occurred during the use of
mefloquine but not atovaquone + chloroguanide (510).
Mefloquine can also cause psychosis.

� After 4 weeks of malaria prophylaxis with mefloquine
250 mg/week, a 25-year-old woman developed bizarre

paranoid delusions with auditory and visual hallucina-
tions (511). MRI and MRA scans of the brain were
unremarkable, but electroencephalography showed
diffuse cerebral dysfunction. A malaria smear was
negative. Mefloquine was withdrawn and the psychotic
symptoms resolved over 6 days with temporary risper-
idone treatment. The symptoms did not recur during a
2-year follow-up period.

In a review of 10 trials (n ¼ 2750 non-immune adult
travelers) (512) the effects of mefloquine in adult travel-
lers were compared with the effects of other regimens in
relation to episodes of malaria, withdrawal from prophy-
laxis, and adverse effects. Five trials were field studies of
male soldiers. One comparison of mefloquine with pla-
cebo showed that mefloquine was effective in an area of
drug resistance (OR ¼ 0.04; 95% CI ¼ 0.02, 0.08) and
withdrawals in the mefloquine group were consistently
higher in four placebo-controlled trials (OR ¼ 3.56; 95%
CI ¼ 1.67, 7.60).

In five comparisons of mefloquine with other chemo-
prophylaxis regimens, there was no difference in toler-
ability. The only consistent adverse effects consistently
specific to mefloquine in the controlled trials were insom-
nia and fatigue, but there were also 516 reports of adverse
effects of mefloquine, 63% of which were in tourists and
travellers. Four deaths were attributed to mefloquine.
In another major review the risk of depression, psycho-

sis, a panic attack, or a suicide attempt during current or
previous use of mefloquine was compared with the risk
during the use of proguanil and/or chloroquine or doxy-
cycline (513). The study population (n ¼ 35 370) was aged
17–79 years (45% men). There was no evidence that the
risk of depression was increased during or after the use of
mefloquine, but psychoses and panic attacks were more
frequent in current users of mefloquine than in those
using other antimalarial drugs.
Airline pilots should not take routine prophylaxis with

mefloquine because of the small risk of neuropsychiatric
reactions.

Melatonin

A severely depressed woman developed a mixed affective
state after taking melatonin for 7 days in a clinical trial
(514). Confusion, hallucinations, and paranoia temporally
related to melatonin have also been described (515).

Memantine

A toxic psychosis was reported in two patients taking
memantine (516).

Mepacrine

Acute psychosis has been seen with the use of large
parenteral doses of mepacrine in the treatment of malig-
nancies (SEDA-11, 592).
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� An acute transient psychosis (screaming, kicking, and
hallucinations) was seen in an 11-year-old boy after 5
days’ treatment with quinacrine 100 mg tds forGiardia

lamblia infestation. Recovery occurred after withdra-
wal (SEDA-16, 309).

Mercury and mercurial salts

The safety of mercury in vaccines has also been discussed
in relation to the possibility of neurocognitive damage
(517).
There is continuing debate that there is an association

between autism and thiomersal-containing vaccines.
Some authors believe that review of the literature sup-
ports the hypothesis that mercury in vaccines may be a
factor in the pathogenesis of autism (518). The World
Health Organization’s Global Advisory Committee on
Vaccine Safety (GACvS) has also kept this issue under
review and concluded in November 2002 that there is no
evidence of toxicity in infants, children, or adults who
have been exposed to thiomersal in vaccines. The CSM
is also keeping the issue under close review and studies of
the possible toxicology of thiomersal continue to appear
(519).
Two studies, a population-based cohort study from

Denmark (520), and a two-phase retrospective cohort
study from the USA (521), have both suggested that
there is no causal relation between autism and childhood
vaccination with thiomersal-containing vaccines. A third
epidemiological study using data from the US Vaccine
Adverse Event Reporting System showed an association
with increasing thiomersal from vaccines with neurodeve-
lopmental disorders (522). Following calls from regula-
tory agencies for thiomersal to be withdrawn from
vaccines, new childhood vaccines have been developed
and in many countries are replacing those that contain
thiomersal.
The usual dose of ethyl mercury in pediatric vaccines is

small (about 12.5–25 micrograms of mercury). However,
the metabolism of ethyl mercury in infants who receive
vaccines containing thiomersal is unknown. The mean
doses of mercury in 40 full-term infants exposed to thio-
mersal-containing vaccines were 46 (range 38–63) micro-
grams in 2-month-old children and 111 (range 88–175)
micrograms in 6-month-old children. Blood mercury
concentrations in the thiomersal-exposed 2-month-old
children ranged from less than 3.8 to 21 nmol/l; in 6-
month-old children all the concentrations were below
7.5 nmol/l. Only one of 15 blood samples from 21 controls
contained measurable concentrations of mercury. Urine
concentrations of mercury were low after vaccination, but
stool concentrations were high in thiomersal-exposed
2-month-old children (mean 82 ng/g dry weight). The
mean half life of ethyl mercury was 7 days.
This study was not designed as a formal assessment of

the pharmacokinetics of mercury. However, it showed
that the administration of vaccines containing thiomersal
did not seem to raise blood concentrations of mercury
above safe values in infants. Ethyl mercury seems to be
eliminated from the blood rapidly via the stools. The

authors concluded that the thiomersal in routine vaccines
poses very little risk in full-term infants.

� Previously well, developmentally normal 20-month-old
twin girls presented with weakness, anorexia, a papular
rash, and increasingly swollen, red, painful hands and
feet of 1 month’s duration (523). They had no history
of fever, conjunctivitis, lymphadenopathy, or oral
changes characteristic of Kawasaki disease. They
were irritable and unwell and were sweating but afeb-
rile. Both had a tachycardia, and one had a raised
blood pressure of 130/90 mmHg (95th centile for age
108/62 mmHg). Both had reduced muscle power and
diminished reflexes. Their palms and soles were
erythematous and indurated, with desquamation,
judged to be acrodynia. The infants had been given a
mercury-containing teething powder from India once
or twice a week over the 4 preceding months. Their
blood mercury concentrations were 176 and 209 (refer-
ence range below 18) mmol/l. Chelation therapy with
2,3-dimercaptosuccinic acid was administered by naso-
gastric tube. Before admission the twins had regressed
developmentally and were unable to feed, sit, or walk.
Over the next 8 weeks they had some minor neurocog-
nitive improvements, but their long-term prognosis
was uncertain.

Methadone

In a randomized, double-blind, crossover study of 20
patients on a stable methadone regimen, a single dose of
methadone caused episodic memory deficits (524). This
was significant in patients with a history of diamorphine
use averaging more than 10 years duration. Such deficits
can be avoided by giving methadone in divided doses.
Psychomotor and cognitive performance has been stu-

died in 18 opioid-dependent methadone maintenance
patients and 21 non-substance abusers (525). Abstinence
from heroin and cocaine for the previous 24 hours was
verified by urine testing. The methadone maintenance
patients had a wide range of impaired functions, including
psychomotor speed, working memory, decision making,
and metamemory. There was also possible impairment of
inhibitory mechanisms. In the areas of time estimation,
conceptual flexibility, and long-term memory, the groups
performed similarly.

Methotrexate

There was a significantly higher risk of late cognitive
impairment (concentration and memory) in patients
(n = 39) taking adjuvant cyclophosphamide, fluorouracil,
and methotrexate than in controls matched for age, dis-
ease, surgery, and radiation dose (526).
In studies of the neurotoxic effects of low-dose metho-

trexate treatment, dizziness, headache, visual disturbances
or hallucinations, lack of concentration, cognitive dysfunc-
tion, and depression-like symptoms were detected in 1–
35% of patients (527,528). Advanced age and mild renal
insufficiency were possible susceptibility factors (529).
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Methylphenidate

Methylphenidate-induced obsessive-compulsive symp-
toms are very rare (530); a second case has been reported
(531).

� An 8-year-old boy had unusual difficulties in com-
pleting a trial of methylphenidate for ADHD.
Methylphenidate 10 mg/day initially improved his
school performance, but by the end of the second
week of treatment severe obsessive-compulsive beha-
vior began to emerge, requiring drug withdrawal. He
eventually refused to eat because he suspected that his
food was being poisoned. His parents reported that he
became more sensitive and easily upset, appearing
increasingly tense and fearful. He continued to have
intrusive distressing contamination worries. He had
repetitive tic-like movements of his head and neck,
frequently rubbed his face with his shirtsleeves, and
avoided touching his face directly with his fingers for
fear of contamination. His symptoms gradually and
completely dissipated over 2–3 months without specific
intervention. While very mild symptoms of ADHD
persisted, he remained entirely free of symptoms at 1
year. Medication was not restarted.

This case lends further support to existing anecdotal evi-
dence associating methylphenidate with obsessive-
compulsive disorder of acute onset. However, rechallenge
was not attempted, and causality should be viewed as
being uncertain.
In a small percentage of hyperactive children, there

were gross behavioral changes with hallucinations after
brief administration of modest doses of methylphenidate;
the reaction subsided after withdrawal (532).

Methysergide

An LSD-like reaction has been observed with as little as
2 mg (533). There is a risk of dependence and the drug is
better avoided in patients with a history of mental disorders.

Metirosine

In 14 drug-free subjects with a history of depression
metirosine 5 g caused marked, transient increases in
core depressive and anxiety symptoms (534).
When tested in 21 healthy subjects, metirosine pro-

duced panic attacks on several occasions in three of
them (535).

Metoclopramide

Supersensitivity psychosis has been reported in two men,
aged 74 and 65 years, who had taken metoclopramide
5 mg qds for 6 and 3 months respectively (536).
Hallucinations and delusions developed 12 hours after
the drug was withdrawn in one patient and 3 days after
withdrawal in the other. Both recovered after treatment
with risperidone.

Metronidazole

Metronidazole can cause delirium.

� A 75-year-old man took oral metronidazole 500 mg tds
for Clostridium difficile colitis and 48 hours after the
start of therapy he became withdrawn and less respon-
sive; during the next 24 hours he developed hallucina-
tions and confusion (537). Metronidazole was switched
to oral vancomycin, and his symptoms resolved within
24 hours. One month later, he was re-challenged with
metronidazole for recurrent Clostridium difficile diar-
rhea without knowledge of his prior adverse drug reac-
tion. Soon after taking the first dose of metronidazole,
he again developed hallucinations, which resolved
after switching to vancomycin, confirming that metro-
nidazole was the cause of his mental confusion.

Miconazole

Acute toxic psychosis is a rare consequence of miconazole
(SED-12, 679; 538).

Minocycline

Transient depersonalization symptoms have been attrib-
uted to by minocycline (539) and may have been caused
by increased intracranial pressure.

Mizolastine

Mizolastine in doses up to 10 mg does not differ from
placebo with regard to cognitive function and psychomo-
tor performance, but in higher doses, there is dose-depen-
dent impairment (SEDA-19, 175).

Morphine

Hallucinations have been described after the use of mor-
phine in various dosage forms; in one series, patients
experienced adequate pain relief and no further hallucina-
tions or nightmares when changed to oxycodone (540).
Delusions and hallucinations have been reported in a
patient who was also taking dosulepin (541). Restlessness,
vomiting, and disorientation were described in two male
patients over 60 years of age taking modified-release mor-
phine for relief of pain in advanced cancer (542).
In a double-blind, crossover, randomized, placebo-con-

trolled study of the acute effects of immediate-release
morphine on everyday cognitive functioning in 14 patients
who were also taking modified-release opioids, immedi-
ate-release morphine on top of modified-release mor-
phine produced discrete impairment of cognitive
functioning (543). Both immediate and delayed memory
recall were affected. Impairment in delayed recall was
more pronounced. Retrograde amnesia suggested that
morphine produces additional difficulties in retrieval of
information. Simple tracking tasks were enhanced in the
morphine group; however, more demanding tasks and set
shifting were impaired. There was no effect on backwards
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digit span. These findings suggest that morphine produces
discrete impairment that is likely to affect quality of life.

Myristica fragrans (nutmeg)

Nutmeg is the dried kernel of the evergreen treeMyristica
fragrans. At sufficiently high doses it has psychoactive
effects.

� A 23-year-old man developed delusions and hallucina-
tions (544). His medical history was unremarkable. For
several months he had been regularly taking nutmeg 5
g/day. He improved after withdrawal of nutmeg and
was treated with olanzapine. After 6 months he was
still taking antipsychotic medication but could resume
work.

Nalbuphine

� A 53-year-old man with no past psychiatric history was
found by the police walking aimlessly, unclothed, and
responding to auditory hallucinations (545). He had
slurred speech and generalized tremors. Lumbar punc-
ture, a CT head scan, and urine drug screen were all
normal. He responded to risperidone 1 mg bd with
dramatic improvement after 2 days. He reported
chronic use of nalbuphine, with recent increased use.

Nalidixic acid

Disturbances of body perception, hallucinations, confu-
sion, confabulation, and depression can rarely occur with
nalidixic acid (546).

Naloxone

Behavioral effects have been noted after high doses of
naloxone (2 and 4 mg/kg) in volunteers. Most subjects
experienced an initial rush or buzz, tingling or numbness
in the extremities, dizziness, a heavy head, and reluctance
to move or initiate activities, which usually subsided
within 15–30 minutes of administration. Transient sweat-
ing and yawning occurred later. Nausea and stomachache
were often experienced and in two subjects persisted
throughout the day, although in mild form. There were
no pupillary changes or sleepiness. Increasing doses of
naloxone were associated with increasingly impaired cog-
nitive performance. Violent behavior has been reported
after the use of naloxone to reverse sedation (SEDA-17,
88).

Naltrexone

Panic attacks precipitated by naltrexone have been
reported (547).

� A 29-year-old woman with bulimia nervosa and a
family history of anxiety was enrolled in a trial of

naltrexone (100 mg/day). She had no history of opioid
use. Within hours of her first dose she experienced
alarm, anxiety, chest discomfort, shortness of breath,
a fear of dying, sweating, nausea, and derealization.
She was unable to remain at home or to go out alone.
For 3 days she continued to take naltrexone, with an
increasing frequency of panic attacks. On day 4 she was
treated with alprazolam (0.5 mg) but relapsed after
further naltrexone. Withdrawal of naltrexone led to
complete remission of symptoms.

This effect was attributed to an action of naltrexone in
removing the endogenous opioid effect at OP3 (m) opioid
receptors in the locus ceruleus and thus resulting in
unchecked noradrenergic hyperactivity.
Acute psychosis secondary to the use of naltrexone has

been reported (548).

� A 44-year-old physically healthy woman developed
auditory and visual hallucinations and persecutory
delusions. She had been given naltrexone hydrochlor-
ide 50 mg/day 3 days before the acute psychotic inci-
dent in order to prevent relapse of alcohol
dependence. Her psychotic symptoms completely
resolved 48 hours after withdrawal of naltrexone.

In studies of its use in treating alcohol, opioid, and nico-
tine dependence, naltrexone has not been reported to
cause depression or dysphoria. Patients who complain of
naltrexone-associated dysphoria often have co-morbid
depressive disorders or depression resulting from opioid
or alcohol withdrawal states (549). Co-morbid depression
is not a contraindication to naltrexone. Small pilot studies
have supported the use of naltrexone in combination with
antidepressants for the treatment of patients with co-mor-
bid depression. The risk of non-fatal overdose is signifi-
cantly increased after naltrexone treatment, as a result of
reduced tolerance, compared with patients taking substi-
tution methadone (550).

Naproxen

Abnormalities in cognitive capacity and altered behavior
have been described in elderly patients taking naproxen
(SEDA-8, 107; 551).

Nevirapine

Various psychiatric abnormalities (delirium, an affective
state, and a psychosis) have been described in three
patients who took nevirapine for 10–14 days (552):

� cognitive impairment, clouding of consciousness, and a
paranoid episode in a 35-year-old man� delusions of persecutory and depressive thoughts in a
42-year-old woman� delusions of persecution and infestation and hallucina-
tions in a 36-year-old woman

All three responded to withdrawal of nevirapine.
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Nicotine replacement therapy

A woman developed hallucinations and cerebral arterial
narrowing after using nicotine patches (553). In another
case delusions and hallucinations occurred when a woman
who had been using nicotine to try to stop smoking took a
cigarette (554).

Nitrates, organic

In an elderly woman, isosorbide dinitrate caused visual
hallucinations and subsequent suicidal ideation, thought
to be due to hypotension and cerebral ischemia (555).

Nitrofurantoin

Rarely, concomitant dysphoric, euphoric, or even psycho-
tic reactions have been reported in patients taking nitro-
furantoin (556).

Non-steroidal anti-inflammatory drugs
(NSAIDs)

See also COX-2 inhibitors
Behavioral changes have been reported with indome-

tacin (557).

� A 92-year-old man with a history of senile dementia of
the Alzheimer type, glaucoma, and constipation took
indometacin 25 mg for pseudogout. After six doses he
became very agitated and confused and was physically
and verbally aggressive. Indometacin was withdrawn
and he recovered over 10 days with the help of halo-
peridol 0.5 mg/day (558).

NSAIDs should probably be included as one of the many
groups of drugs that can cause confusion in the elderly.
Cognitive function in elderly out-patients was assessed

in a large retrospective study by a questionnaire; there
were no significant differences in the total scores of users
and non-users of NSAIDs (SEDA-17, 106). Another
study showed that performance in sensorimotor coordina-
tion and short-term memory tests can improve in healthy
elderly volunteers who take indometacin (559). NSAIDs
have also been associated with a reduced risk of
Alzheimer’s disease (560).

Norfloxacin

There have been reports of hallucinations with norfloxa-
cin (561).

Omeprazole

� Delirious psychosis has been attributed to intravenous
omeprazole 40 mg bd in a 77-year-old woman with
Guillain–Barré syndrome, who also had Helicobacter
pylori-associated gastritis (562). Delirium developed 2
days after omeprazole was begun and resolved com-
pletely after drug withdrawal.

Opioid analgesics

See also individual compounds
Psychomotor symptoms have been noted subsequent to

epidural buprenorphine (563).

Oxolamine

Evidence has accumulated that oxolamine can cause hal-
lucinations in children, especially those under 10 years of
age (564,565); some cases have been confirmed by re-
exposure to the drug.

Oxybutynin

Neuropsychiatric adverse effects seem to pose a greater
problem with oxybutynin than other anticholinergic
drugs. A group of pharmacologists involved in pharma-
covigilance have described five spontaneous reports of
night terrors associated with oxybutinin (566). Four
were children, aged 5–8 years, being treated for enuresis,
and the fifth was a 77-year-old woman with incontinence.
Total daily doses were 8–12 mg in the children and 10 mg
in the elderly woman: these are all toward the upper end
of the recommended ranges.
The effects of oxybutynin on cognitive function have

been studied in 25 children (aged 5–17 years, 14 girls) with
daytime enuresis (567). Ten were treated with behavior
modification and 15 with behavior modification plus oxy-
butynin 7.5–20 mg/day, depending on body weight.
Patient allocation was not random but according to par-
ental choice. Neuropsychological testing was done at
baseline (after 4 weeks of behavior modification) and at
the end of the treatment period. There was no cognitive
impairment in the oxybutynin-treated children, but sur-
prisingly baseline function was lower in those who were
allocated to oxybutynin. This may have introduced
selection bias, making it difficult to interpret any possible
drug effect.

Pentagastrin

In a double-blind placebo-controlled study intravenous
pentagastrin led to panic attacks in nine of 19 patients
with social phobia, seven of 11 with panic disorder, and
two of 19 healthy controls (568). Anxiety, blood pressure,
and pulse increased in all three groups.
In a double-blind, placebo-controlled study in seven

patients with obsessive-compulsive disorder and seven
healthy controls, intravenous pentagastrin 0.6 microgram/
kg produced panic-like reactions in six (86%) of the seven
patients and only two (29%) of the controls (569).
The anxiety caused by pentagastrin is prevented by

inhibiting cholecystokinin receptors (570).

Pentamidine

Confusion and hallucinations have occasionally been
reported with pentamidine. Magnesium deficiency may
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affect mental function; a flat affect, slow speech, and
mental withdrawal are some of the typical effects
(SEDA-13, 825) (571). The symptoms of hypomagnese-
mia can be ill defined; unexplained symptoms, despite
improvement of the P. jiroveci infection, demand mea-
surement of the serum magnesium concentration.

Pentazocine

Perceptual disturbances are generally thought to occur
more often with pentazocine than with other opioids.
Objective definition of such phenomena is difficult, but
in a study of postoperative dreaming after the use of
pentazocine and morphine as premedicants there was no
statistically significant difference between the two drugs
(SED-11, 148) (572).

Pentoxifylline

Rare cases of hallucinations in elderly people have been
ascribed to a stimulant effect of pentoxifylline on the
central nervous system (SEDA-18, 219).

Phenobarbital

Phenobarbital-induced behavioral disturbances, espe-
cially hyperkinesia, are especially common in children,
with an incidence of 20–50%; drug withdrawal is required
in 20–30% of cases. It is unclear whether and to what
extent adults are affected in this way.

Phenoxybenzamine

Panic attacks have been described in one case, a week
after withdrawal of the drug; the causal association was
not certain (SEDA-17, 163).

Phentermine

A schizophreniform-like psychotic disorder was attribu-
ted to phentermine in a young woman without a personal
or family history of psychiatric disorders (573).

Phenylbutazone

Psychomotor reactions to phenylbutazone when driving
have been reported (574).

Phenylpropanolamine (norephedrine)

Psychosis has been attributed to phenylpropanolamine
(575,576). Risk factors include symptoms or a history of
mood spectrum disorder, a history of psychosis, female
sex, and a family history of psychiatric disorder.
Although irritability and insomnia are frequent in

adults, behavioral disturbances (restlessness, irritability,
aggressiveness, and sleep disturbances), seizures, and

delirium with hallucinations have been most often
observed in children (SEDA-11, 1) (577).

Phenytoin and fosphenytoin

Phenytoin has been implicated in psychiatric adverse
effects with or without other signs of toxicity, and at
serum concentrations above or below the upper limit of
the target range, but the actual incidence of these reac-
tions is unknown (578).

� A 9-year-old boy with seizures developed intermittent
complex visual hallucinations during therapy with
fosphenytoin and, on a separate occasion, carbamaze-
pine (579).

Five patients with Down’s syndrome and dementia, aged
44–67 years, taking phenytoin had progressive cognitive
decline (580). This resolved once the drug was withdrawn.
Cognitive decline was not related to high serum concen-
trations. Older patients with Down’s syndrome might be
especially sensitive to the effects of phenytoin.

Pramipexole

Hallucinations occur in about 10% of patients with
Parkinson’s disease, regardless of the stage of disease
(581).

Primaquine

Severe mental depression and confusion was reported in
one patient who had been treated with chloroquine
beforehand; all the symptoms disappeared on withdrawal
(SEDA-11, 588).

Procainamide

Acute psychosis has been attributed to procainamide
(582).

� A 45-year-old woman developed an acute psychosis
within 72 hours of starting to take procainamide
75 mg intravenously, followed by a continuous infusion
of 2 mg/minute for atrial fibrillation. The plasma pro-
cainamide concentration was 8.2 mg/ml and the plasma
concentration of the main acetylated metabolite, ace-
cainide, was 4.6 mg/ml. She was then given oral procai-
namide 500 mg qds, and 2 days later her trough
concentrations of procainamide and acecainide were
4.5 and 4.9 mg/ml respectively. The following day she
had visual hallucinations and was later found wander-
ing the hospital asking about the babies under her bed.
She had no previous history of psychiatric illness and
she recovered completely 24 hours after withdrawal of
procainamide.

There have been a few previous reports of similar adverse
effects with procainamide in therapeutic dosages, and in
most cases the plasma concentrations of procainamide
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and acecainide have been within the usual target ranges,
as in this case.

Progesterone

Progesterone, the physiological progestogen, has long
been overshadowed in medical treatment by its synthetic
analogues, because of their superior oral absorption.
However, it can be administered in other ways, particu-
larly as a vaginal suppository, and the hypothesis has long
existed that it might be more effective or better tolerated
than the synthetic agents. In a double-blind, placebo-con-
trolled, randomized study a Swedish group examined the
mental effects of progesterone in 36 women with climac-
teric symptoms (583). All received estradiol 2 mg/day
during three 28-day cycles. Vaginal progesterone suppo-
sitories (400 or 800 mg/day) or placebo were added
sequentially for 14 days per cycle. Women without a
history of premenstrual syndrome had cyclical variations
in both negative mood and physical symptoms while tak-
ing progesterone 400 mg/day, but not the higher dose or
the placebo. Women without a history of premenstrual
syndrome had more physical symptoms on progesterone
treatment compared with placebo. Women with prior
premenstrual syndrome reported no progesterone-
induced symptom cyclicity. The authors concluded that
in women without prior premenstrual syndrome natural
progesterone caused negative mood effects similar to
those induced by synthetic progestogens, but the dose-
effect relation was complex.

Prolintane

Prolintane can cause visual hallucinations (584).

Propofol

The association of propofol with a range of excitatory
events is well recognized. Behavioral disturbances with
repeated propofol sedation have been reported in a 30-
month-old child (585). Propofol was well tolerated initi-
ally, but the child then became increasing irritable,
aggressive, and uncooperative during awakening from
subsequent sedations, including screaming, kicking, hit-
ting, and biting. The next two sedations were performed
using methohexital and were not followed by any beha-
vioral disturbances.
Prolonged delirium after emergence from propofol

anesthesia has also been reported (586).
A psychotic reaction has been reported (587).

� A 37-year-old man who had abused metamfetamine,
paint thinner, psychotomimetic drugs, and alcohol for 20
years was given chlorpromazine, haloperidol, and fluni-
trazepam just before surgery. After spinal anesthesia he
was given propofol 5 mg/kg/hour intravenously.
However, euphoria and excitement occurred 10 minutes
after the start of the infusion and he had excitement,
hallucinations, and delirium. His symptoms were sup-
pressed by intravenous haloperidol 5 mg.

The authors speculated that propofol may produce psy-
chotic symptoms when it is used in patients with a history
of drug abuse.

Quinapril

Depression has been attributed to quinapril (588).

� A 90-year-old man with a history of peripheral arterial
disease and mild heart failure presented with reduced
appetite, insomnia, anhedonia, reduced energy, and
suicidal ideation. His symptoms had started a month
before, when he had begun to take quinapril 10 mg/
day. He was also taking furosemide 20 mg/day and
digoxin. He was alert, coherent, and cognitively intact,
but depressed with a flat affect. He had no psychotic
symptoms. Quinapril was withdrawn. He improved
within 48 hours and recovered fully in 5 days.

The authors cited several reports of depression, mania,
and psychosis with various ACE inhibitors.
Acute psychosis has been attributed to quinapril (589).

� A 93-year-old woman with heart failure was given
quinapril 2.5 mg bd. Two hours after the first dose
she became confused, disoriented, and anxious.
During the night, she made many frantic telephone
calls to her daughter and other family members com-
plaining that she was being assaulted. Her anxiety,
disorientation, and visual hallucinations continued for
5 days. She had had an episode of hallucinations 2
years before, while taking a beta-blocker. Quinapril
was withdrawn. She recovered over the next day.

The authors commented on three previous cases of visual
hallucination with other ACE inhibitors.

Ranitidine

Depression has been estimated to occur in 1–5% of
patients taking ranitidine (SEDA-17, 418) (590).
Occasional confusion and behavioral disturbances have

been attributed to ranitidine (591–593).

Remifentanil

In 201 patients scheduled for day-case surgery, those who
received remifentanil had significantly fewer responses to
surgical stimulation and had better psychomotor and psy-
chometric function during the recovery period, although
there was no significant difference in time to recovery
room or hospital discharge (594).

Reserpine

Depression is a very common adverse effect of reserpine
(SED-9, 328) (595).

� A 66-year-old woman was admitted to hospital suffer-
ing from an agitated depressive psychosis. This settled
with standard antipsychotic therapy. It was
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subsequently found that she had been taking reserpine
in an over-the-counter formulation and had stopped
this a week before her admission (596). Her doctor
felt that the syndrome had occurred as a result of
nervous system hypersensitivity after reserpine with-
drawal.

Rivastigmine

Three patients with dementia, with no prior psychiatric
history, deteriorated while taking rivastigmine (597). The
time course suggested an association with rivastigmine,
and each improved after withdrawal.

Saquinavir

Saquinavir can occasionally be associated with acute
paranoid psychotic reactions (598).

� A 41-year-old woman took zidovudine and didanosine
for HIV-1 infection after an acute seroconversion ill-
ness. Zidovudine and didanosine had to be withdrawn
because of neutropenia and nausea, so she was given
stavudine plus lamivudine without any adverse effects.
Saquinavir (600 mg tds) was added 12 months later
because of weight loss and a falling CD4 cell count.
Within 24 hours of starting to take saquinavir she
developed agitated depression with paranoid ideation.
After drug withdrawal her mental health returned to
normal over 5 days. Over the next 6 weeks stavudine
and lamivudine were reintroduced without any adverse
effects and continued for a further 11 months.
Saquinavir was then reintroduced at the previous
dosage, and within 2 days she again became extremely
mentally agitated with paranoid ideation. Saquinavir
was withdrawn and she recovered within 7 days. She
was later given indinavir without problems. Her
mother had a history of major depressive illness.

Sevoflurane

Delirium during emergence from sevoflurane anesthesia
has often been documented. Four patients, an adult and
three children aged 3–8 years, who were able to recount
the experience, have been reported (599). They had full
recall of postoperative events, were terrified, agitated,
and distressed, and hence presented with acute organic
mental state dysfunction which was short-lived. Two were
disoriented and had paranoid ideation. They were not in
any pain or were not distressed by pain if it was present.
The authors hypothesized that misperception of environ-
mental stimuli associated with sevoflurane’s particular
mode of action may have been the underlying cause of
this phenomenon. Anxiolytic premedication and effective
analgesia did not necessarily prevent the problem.
The effect of intravenous clonidine 2 micrograms/kg on

the incidence and severity of postoperative agitation has
been assessed in a double-blind, randomized, placebo-
controlled trial in 40 boys who had anesthetic induction

with sevoflurane after oral midazolam premedication
(600). There was agitation in 16 of those who received
placebo and two of those who received clonidine; the
agitation was severe in six of those given placebo and
none of those given clonidine.
The effects of intravenous and caudal epidural cloni-

dine on the incidence and severity of postoperative agita-
tion have been assessed in a randomized, double-blind
study in 80 children, all of whom received sevoflurane as
the sole general anesthetic for induction and maintenance
(601). A caudal epidural block was performed before
surgery for analgesia with 0.175% bupivacaine 1 ml/kg.
The children were assigned randomly to four groups: (I)
clonidine 1 microgram/kg added to the caudal bupiva-
caine; (II) clonidine 3 micrograms/kg added to the caudal
bupivacaine; (III) clonidine 3 micrograms/kg intrave-
nously; and (IV) no clonidine. The incidences of agitation
were 22, 0, 5, and 39% in the four groups respectively.
Thus, clonidine 3 micrograms/kg effectively prevented
agitation after sevoflurane anesthesia independent of the
route of administration.
The effect of a single preoperative dose of the opioid

oxycodone on emergence behavior has been studied in a
randomized trial in 130 children (602). Oxycodone pro-
phylaxis had no effect on post-sevoflurane delirium.
The effect of a single bolus dose of midazolam before

the end of sevoflurane anesthesia has been investigated in
a double-blind, randomized, placebo-controlled trial in 40
children aged 2–7 years (603). Midazolam significantly
reduced the incidence of delirium after anesthesia.
However, when it was used for severe agitation midazo-
lam only reduced the severity without abolishing agita-
tion. The authors concluded that midazolam attenuates,
but does not abolish, agitation after sevoflurane anesthe-
sia.

Silver salts and derivatives

In one case there was a rapid decline in mental function at
silver concentrations of 191 ng/ml, but the patient was
seriously ill in other respects and although high concen-
trations of silver were found in the brain postmortem, it is
not at all clear that the silver was responsible for the
mental state (604).

Simvastatin

In the 4S study there were five suicides in the simvastatin
group and four in controls (605).

Sulfonamides

Headache, drowsiness, lowered mental acuity, and other
psychiatric effects can be caused by sulfonamides (606).
However, these adverse effects are rare, and the causative
role of the drug is usually not clearly established.
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Sulindac

Psychiatric symptoms, bizarre behavior, and paranoia
have been attributed to sulindac (607).

Sultiame

� A 9-year-old boy with rolandic epilepsy developed
impaired vigilance, depressed mood, fatigue, loss of
drive, and listlessness when given sultiame 5 mg/kg/
day (608). All his symptoms disappeared within a few
days of withdrawal.

Tacrolimus

After kidney transplantation, 15 of 20 children tolerated
tacrolimus after switching from ciclosporin for immuno-
logical reasons or adverse effects (609). The most fre-
quent adverse effects were neuropsychological and
behavioral symptoms in three children, ranging from
anorexia nervosa-like symptoms, with weight loss, ame-
norrhea, depression, and school problems, to severe
insomnia and in one child aggressive and anxious beha-
vior. Only the last child was exposed to toxic tacrolimus
blood concentrations. All the adverse effects were fully
reversible after withdrawal.

� A 5 year old girl developed speech arrest, agitation,
tremor, ataxia, and deviation of downward gaze 13
days after liver transplantation (610). The tacrolimus
trough concentration was 44 ng/ml. Three days after
dosage reduction, she could say a few words and her
extra-ocular movements returned to normal. Four
months later, she continued to have reduced fluency,
dysarthria, and ataxia. One year later, the reduced
fluency and mild ataxia persisted.

Rapid identification of speech loss linked to tacrolimus
may be important, because dosage reduction or withdra-
wal may be associated with reverse of speech loss.

Tetrachloroethylene

Reversible neuropsychiatric symptoms, readily resem-
bling alcoholic intoxication, have occurred after a single
dose of 5 ml. Sleep apnea causing neuropsychiatric
abnormalities has been attributed to exposure to high
concentrations of tetrachloroethylene and N-butanol
vapors; however, the patient was obese and the associa-
tion with the solvents was not clear (611).

Thalidomide

Mood changes are common with thalidomide (612).
Three cases of paranoid reactions have been reported in
patients with multiple myeloma taking thalidomide; how-
ever, causality was not proved (613).

� Reversible dementia occurred in a patient with multi-
ple myeloma taking thalidomide 200 mg/day plus dex-
amethasone (614). Memory deficit and mania occurred

about 2 months after the start of therapy and did not
resolve on withdrawal of dexamethasone and adminis-
tration of risperidone. The memory loss worsened and
proceeded to disorientation, apraxia, and tremor 4
months after the start of therapy. The dementia
resolved completely within 48 hours after withdrawal
of thalidomide.

Theophylline

The concern that cognitive function may be impaired in
children taking theophylline is still not resolved (SEDA-
14, 1) (SEDA-15, 1); a review has suggested that detri-
mental effects of theophylline on various measures of
cognitive function may be measure-specific (615).

Thyroid hormones

Several cases of mania have been reported even after
dosages of levothyroxine that are usually considered safe
(616).
Previous case reports have suggested that psychosis and

mania can be the result of starting thyroid hormone repla-
cement at too high a dosage (617). Two further cases of
mania associated with levothyroxine have been reported
(618,619), suggesting that caution should be exercised
when prescribing levothyroxine, especially in elderly
people.

Tiagabine

Although psychosis has been described occasionally
(620), in three double-blind trials the incidence of psycho-
tic symptoms was comparable to placebo (SEDA-21, 74).
However, patients with a past history of psychiatric dis-
turbances are often excluded from trials, and caution is
recommended when using tiagabine in these patients.

Timolol

Depressive symptoms were reported in 17 of 165 patients
after the administration of timolol over two decades
(621). Depression accounted for 17% of 369 central ner-
vous system reactions to timolol reported to a National
Registry of Drug-induced Ocular Side Effects during 7
years: of these, 20 cases were of acute suicidal depression.

Tobramycin

As with gentamicin, toxic psychoses can occur with tobra-
mycin (622).

Tolterodine

Short-term memory loss has been attributed to toltero-
dine.

� A 46-year-old woman took tolterodine 4 mg/day for
stress incontinence (623). Her urinary symptoms were
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successfully controlled, but she complained of deterior-
ating short-term memory, so that she had to keep notes
to remind herself of simple tasks. In fact the deteriora-
tion had started some 2 years earlier, but had become
more noticeable during the 3 months of treatment with
tolterodine. Psychometric testing showed quite severe
impairment of verbal learning, although other aspects
of memory seemed unimpaired. One month after stop-
ping the drug her verbal learning had improved very
significantly: she was now above the 75th percentile in
the Hopkins Verbal Learning Test, having been at the
1st percentile at the initial test (albeit with different
material).

This patient probably had some memory deficit before
drug administration, but this appears to have been very
modest. She had an exceptionally strong family history of
dementia, Alzheimer’s disease having affected her
mother, several maternal aunts and uncles, and her mater-
nal grandmother. It is therefore possible that this appar-
ent sensitivity to anticholinergic drugs may have ominous
implications for this particular patient. However, the
authors also pointed out that she might have a genetic
polymorphism causing a deficiency of the CYP2D6 iso-
enzyme that metabolizes tolterodine, a trait that is found
in about 7% of the population. Of course both circum-
stances can co-exist.

Topiramate

Depression and psychosis have been observed in respec-
tively 15 and 3% of patients taking topiramate (SEDA-
22, 91) (624). Three patients taking topiramate for bipolar
disorder developed substantial depression (625). The
symptoms began or increased within 1 week of topiramate
treatment (25 mg/day) or with an increase in dosage to
50 mg/day. All had significant relief from depression 1–2
weeks after withdrawal of topiramate. The close associa-
tion with the onset of the most severe depression these
patients had ever experienced suggests an adverse effect
of topiramate. However, all these patients had bipolar
disorder, so the onset of depression could have been
coincidental. Moreover, their depression might also have
been due to a synergistic interaction between topiramate
and their other medications.
Two adult patients with refractory partial seizures with-

out a previous history of psychosis had an acute psychotic
episode with hallucinations and psychomotor agitation
after taking topiramate 200–300 mg/day (626).
A single case report of new-onset panic attacks has

been described.

� A 24-year-old woman with a history of bipolar disorder
and binge eating had a history of ‘‘isolated’’ panic
attacks 8 years before and the attacks subsided 14
days after topiramate withdrawal (627).

Because she had a history of psychiatric diseases and
panic attacks, the relation of these symptoms to topira-
mate was doubtful.

All anticonvulsants have been associated with adverse
cognitive events, and many, sometimes contradictory, stu-
dies of classical anticonvulsants have been published
(628). Cognitive adverse effects are large for phenobarbi-
tal, and possibly larger for phenytoin than for carbamaze-
pine or valproic acid (628). Most often cognitive adverse
events result in mild general psychomotor slowing.
Although the severity of cognitive adverse effects is con-
sidered mild to moderate for most anticonvulsants, their
impact may be substantial in some patients, especially in
those with pre-existing impaired cognitive function. There
is relatively little reliable information on cognitive
adverse events of new anticonvulsants. Most of the pub-
lished studies are on polytherapy and there is little infor-
mation about healthy volunteers (629).
Topiramate can cause cognitive adverse effects in some

patients. Those affected often have impaired verbal learn-
ing and fluency. Slow titration reduces the likelihood of
cognitive adverse events. Two patients had neuropsycho-
logical deficits during topiramate treatment and cognitive
improvement after withdrawal (630). One patient was
assessed during and after topiramate withdrawal and the
other before, during, and after.
The cognitive adverse effects of gabapentin, lamotri-

gine, and topiramate in healthy volunteers have been
compared in a randomized, single-blind, parallel-group
study (629). Neurobehavioral testing was conducted at
baseline, during the acute oral dosing period 3 hours
after medication administration, and at 2 and 4 weeks
during chronic dosing. Acutely, those who took topira-
mate (2.8 mg/kg) performed significantly worse than
those who took gabapentin (17 mg/kg) or lamotrigine
(3.5 mg/kg) on tasks of letter and category word fluency
and visual attention; cognitive effects were not different
between those who took gabapentin or lamotrigine. The
doses were then increased to topiramate 5.7 mg/kg/day,
lamotrigine 7.1 mg/kg/day, and gabapentin 35 mg/kg/day.
At 2 and 4 weeks, those taking topiramate had significant
verbal memory deficit and slow psychomotor speed com-
pared with baseline; those taking gabapentin and lamo-
trigine did not. However, the clinical impact of the trial
was limited, owing to the small sample size (17 patients)
and the very rapid topiramate titration, much faster than
is currently recommended (631).
There has been a retrospective analysis of neuropsy-

chological scores before and after the use of topiramate
125–600 mg/day for at least 3 months in 18 patients (632).
Topiramate was associated with significant deterioration
in verbal IQ, learning, and fluency. Withdrawal or dosage
reduction was associated with significant improvement.
There was no correlation between individual topiramate
dose and the change in test score. This study was retro-
spective and the patients were selected because they had
cognitive problems; the resultant bias makes it difficult to
generalize these results to wider populations.
A group of 14 US epilepsy centers has published the

results of a post-marketing surveillance study of 701
patients taking topiramate (633). Although 41% of the
patients reported cognitive adverse events at any time
during treatment, only 5.8% of them discontinued for
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that reason. Cognitive effects were the most frequent
reason for withdrawal because of adverse events (41/170
or 24% of those who discontinued). The central nervous
system-related adverse effects profile in these patients
included psychomotor slowing, fatigue, slurred speech,
irritability, behavioral changes, confusion, inappropriate
laughter, and hallucinations. Only 2.4% of the patients
were taking monotherapy, and the mean dose of topira-
mate at 6 months was 385 mg/day, with a mean weekly
dose during titration of 36 mg/day. Risk factors for dis-
continuation were evaluated. A slow titration rate (slower
than 25 mg/week), but not the total dose at discontinua-
tion, was significantly associated with a lower discontinua-
tion rate. There was no specific population, dose titration,
or concomitant antiepileptic drug that increased the risk
of treatment discontinuation because of cognitive com-
plaints. Psychomotor slowing was the most common com-
plaint, but most patients elected to continue treatment
because of improved seizure control.
In a retrospective survey, behavioral changes occurred

in nine of 69 children (median age 12 years) taking topir-
amate (634). Dosages in the affected children were 2.4–
8.5 mg/kg, and three children were taking monotherapy.
Manifestations included school difficulties (635), mood
swings (636), and aggression, irritability, and hallucina-
tions (one case each). There was no apparent relation to
dosage or titration rate.
The cognitive effects of topiramate and valproate as

adjunctive therapy to carbamazepine have been com-
pared in 53 patients (637). Topiramate was given in an
initial dose of 25 mg and increased weekly by 25 mg/day
increments to a minimum of 200 mg/day. Cognition was
significantly worsened by topiramate and improved by
valproate. Gradual introduction of topiramate reduced
the extent of cognitive impairment.
The effects of topiramate and valproate, when added to

carbamazepine, on cognitive status in adults have been
compared in a randomized, observer-blinded, parallel-
group study (637). Topiramate was introduced slowly at
a starting dose of 25 mg/day and increased weekly by
25 mg/day increments over 8 weeks to a minimum dosage
of 200 mg/day. The target dosages were 200–400 mg/day
for topiramate and 1800 mg/day for valproate. There
were significant differences between topiramate and
valproate in short-term verbal memory—worsening with
topiramate and improvement with valproate—but the
differences were small. There were no effects on mood
disorders, psychiatric symptoms, or motor and mental
speed and language tests. These results suggest that if
the dose of topiramate is slowly titrated cognitive adverse
events can be minimized. However, although most
patients tolerated topiramate if properly titrated and
dosed, a subset of patients had clinically significant defi-
cits, possibly as an idiosyncratic reaction. In another mul-
ticenter, parallel-group, randomized study similar results
were obtained when topiramate or valproate was added
to carbamazepine (638,639).
The cognitive adverse effects of topiramate have been

studied in 62 patients taking carbamazepine who had add-
on therapy with either topiramate, valproic acid, or

placebo in a multicenter, randomized, double-blind
study (640). A neuropsychological test battery was admi-
nistered before the start of treatment with topiramate,
valproic acid, or placebo, at the end of an 8-week titration
period, and at the end of a 12-week maintenance period.
Slightly more patients taking topiramate dropped out of
the study; 62 patients completed the study: 27 in the
topiramate group, 25 at the valproic acid group, and 10
on placebo. At the end of maintenance therapy, the
effects of topiramate and valproic acid were comparable,
except for two variables, the Symbol Digit Modalities
Test and the Controlled Oral Word Association Test, in
which topiramate had greater negative effects than val-
proic acid. The statistical differences were due in large
part to a small subset of patients who were more nega-
tively affected by topiramate. Cognitive adverse effects of
topiramate compared with valproic acid were greater at
the end of titration than at the end of maintenance.
Changes in neuropsychological testing have been inves-

tigated in two groups of patients: 22 patients who were
taking topiramate in addition to other antiepileptic drugs,
in whom topiramate was withdrawn during hospitaliza-
tion, and 16 patients before and after using topiramate
(641). Since each group used a different order of testing,
this open design allowed comparison of the same patient
on and off the drug, without respect to which condition
was tested first. Topiramate was associated with impair-
ment of fluency, attention/concentration, processing
speed, language skills, and perception; working memory
was affected but not retention.
Of 431 consecutive patients taking topiramate, 31

(7.2%) developed word-finding difficulties (642). This
adverse event was not associated with a rapid titration
schedule, but it correlated with the presence of simple
partial seizures and left temporal epileptiform activity
on the electroencephalogram, suggesting that there is a
subgroup of patients with a specific susceptibility.
A significant improvement in neuropsychological func-

tions associated with the frontal lobe after withdrawal of
topiramate in epilepsy patients was reported in an open
controlled study (643). The results suggested that verbal
fluency and working memory were very sensitive to topir-
amate. Improvement in this function was observed after
withdrawal of topiramate but not in the control group.
The effects of topiramate on tests of intellect and other

cognitive processes have been studied in 18 patients (632).
Repeat assessments in those taking topiramate were asso-
ciated with a significant deterioration in many domains,
which were not seen in controls. The greatest changes
were for verbal IQ, verbal fluency, and verbal learning.
There were improvements in verbal fluency, verbal learn-
ing, and digit span in patients who had topiramate with-
drawn or reduced.
The factors associated with behavioral and cognitive

abnormalities in children taking topiramate have been
studied retrospectively (644). There were behavioral or
cognitive abnormalities in 11 of 75 children at 2–4 months
after the start of therapy. The mean dosage (4.6 mg/kg/
day) at which these abnormalities were observed was
similar to the mean final dose (5.8 mg/kg/day) in children
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without abnormalities. Five of the eleven children with
behavioral or cognitive abnormalities had a previous his-
tory of behavioral or cognitive abnormalities, but only
nine of the 64 children without abnormalities had a pre-
vious history of behavioral or cognitive abnormalities.
Angelman’s syndrome, a genetic disorder that involves

a defect in the DNA coding for subunits of the GABA-A
receptor, is often associated with intractable epilepsy.
Topiramate was effective in five children with
Angelman’s syndrome and epilepsy (645). One patient
had transient insomnia and one had akathisia and insom-
nia that persisted until topiramate was withdrawn.
Slowed mental function is a relatively common adverse

effect of topiramate, especially at high dosages, and has
been confirmed in a randomized single-blind, parallel-
group study in healthy volunteers. After single doses,
topiramate (2.8 mg/kg) reduced performance in attention
and word fluency tests, whereas lamotrigine (3.5 mg/kg)
and gabapentin (17 mg/kg) had no effects (629). After 4
weeks of multiple dosing, topiramate (5.7 mg/kg) was still
associated with impairment in verbal memory and psy-
chomotor speed, while there was no impairment with
lamotrigine (7.1 mg/kg) or gabapentin (35 mg/kg).
While these data suggests that topiramate can cause
greater cognitive dysfunction in the short-term than
lamotrigine and gabapentin, these findings should be
interpreted cautiously. First, the design was less than
ideal: the use of a double-blind, crossover design and
inclusion of placebo would have been preferable.
Secondly, the speed of topiramate titration was much
faster than currently recommended, and it is known that
neurotoxicity can be reduced by slow dose escalation.
Finally, the dosage of topiramate was very high, in view
of the fact that no enzyme-inducing co-medication was
present.
Word-finding difficulties are a known adverse effect of

topiramate. Language disturbances (anomia or impaired
verbal expression) without other complaints suggestive of
impaired cognition were reported by four of 51 patients;
five others had language problems associated with cogni-
tive dysfunction (646). One severely retarded patient with
a limited vocabulary became mute, although otherwise
alert. Anomia or dysnomia were also seen in two of
eight patients treated with zonisamide, which shares
with topiramate a sulfa structure and carbonic anhydrase
inhibitory properties. Psychotic symptoms are a signifi-
cant adverse effect in occasional patients. In a retrospec-
tive survey, five of 80 patients developed psychosis 2–46
days after starting to take topiramate; manifestations
included paranoid delusions in four and auditory halluci-
nations in three (647). The dosage at the time of onset of
symptoms was 50–500 mg/day, and recovery occurred
rapidly after drug withdrawal (three patients), dosage
reduction (one patient), or neuroleptic drug treatment
(one patient). Three of the patients had no significant
psychiatric history.
The prevalence of psychiatric adverse events in relation

to topiramate has been studied in 431 consecutive patients
(648). There were psychiatric adverse events in 103
patients (24%), including affective disorder in 46 (11%),

psychotic disorder in 16 (3.7%), aggressive behavior in 24
(5.6%), and other behavioral abnormalities (agitation,
anger/hostility, and anxiety) in 17 (3.9%). Psychiatric dis-
orders were more prevalent with a high starting dose,
rapid titration, a family history of a psychiatric disorder,
a family history of epilepsy, a personal history of febrile
seizures, and the presence of tonic–atonic seizures. The
seizure frequency before starting topiramate and lamotri-
gine co-administration protected against psychiatric
adverse events.

� A 41-year-old woman with a diagnosis of bipolar dis-
order developed severe suicidality when topiramate
was added to her previous treatment (carbamazepine
and levothyroxine) for mood stabilization (649).

Topiramate has been associated with several psychia-
tric adverse events, such as nervousness, depression,
behavioral problems, mood lability, and psychosis.
Obsessive–compulsive disorder has also been reported
(650).

� A 19-year-old man with focal epilepsy took carbama-
zepine 1000 mg/day and lamotrigine 300 mg/day.
Because his seizures persisted topiramate was added
up to 200 mg/day and the dose of carbamazepine was
reduced to 300 mg/day. Behavioral problems started
within a week and worsened over the following
months. He finally developed obsessive-compulsive
disorder. Citalopram was given in doses up to 60 mg/
day and topiramate was tapered within 2 weeks. The
symptoms improved.

The authors discussed the hypothesis of a coincidental
finding as well as the development of an alternative psy-
chosis but finally attributed the patient’s psychiatric dis-
order to topiramate.
Three patients with hypomania associated with topira-

mate have been reported. All had chronic mood disorders
and all developed symptoms of hypomania soon after
starting to take topiramate titrated up to 100 mg/day in
addition to pre-existing psychotropic drugs (651). The
authors speculated that the antidepressant effects of
topiramate had caused hypomania by release of monoa-
mine neurotransmitters.
Worsening of psychosis could have been an adverse

event of topiramate in a 50-year-old woman with a long
history of a schizoaffective disorder treated with risper-
idone 4 mg/day, venlafaxine 300 mg/day, and topiramate
200 mg/day (652). Her behavior worsened after topira-
mate was introduced. After it was withdrawn her mood,
spontaneous speech, and psychomotor activity improved.
Daytime vigilance has been assessed in 14 newly diag-

nosed never medicated adults with focal epilepsy at base-
line and 2 months after slow titration of topiramate to
200 mg/day (653). Multiple Sleep Latency Test (MSLT),
visual simple and choice reaction time (VRT), and self-
rating with the Epworth Sleepiness Scale were used for
quantification of sleepiness, and compared with 14
healthy volunteers. At baseline MSLT scores were com-
parable. Two months after topiramate monotherapy,
MSLT, VRT, and self-rating did not change significantly.
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The authors concluded that a short course of topiramate
monotherapy dose not impair vigilance in this population.

Tramadol

Hallucinations have been attributed to tramadol, both
visual (654) and auditory (655).

� A 66-year-old tetraparetic man developed hallucina-
tions while taking tramadol, paroxetine, and dosulepin
for chronic pain (654).� A 74-year-old man with lung cancer took tramadol
200 mg/day for chest pain (655). Soon afterwards
(time not specified) he had vivid auditory hallucina-
tions in the form of ‘‘two voices singing accompanied
by an accordion and a banjo.’’ They resolved 48 hours
after withdrawal.

Trifluoromethane

In a phase 1, dose-ranging study, trifluoromethane 10–
60% impaired neuropsychological function in five healthy
men. Symptoms that occurred more often at higher doses
included tiredness, difficulty in concentrating, tingling,
dry mouth, and loss of appetite (656).

Trihexyphenidyl

Although it has been thought that high doses of trihexy-
phenidyl might impair learning in children, a careful study
of this question suggested that there is in practice little
interference (657).
As little as 8 mg/day combined with levodopa has

caused an acute toxic confusional state in some patients.

� A 75-year-old man with a 10-year history of parkinson-
ism developed fever and acute delirium after taking
levodopa plus trihexyphenidyl (658). He had visual
hallucinations, was disoriented in time and place, and
could respond only to simple questions. He was unable
to stand or walk and had paratonic rigidity in all limbs
and marked bradykinesia. There were occasional myo-
clonic jerks in the arms and legs. Deep reflexes were
reduced bilaterally, and the plantar reflexes were
absent.

Impairment of memory was attributed to trihexyphenidyl
in healthy volunteers (SEDA-13, 115).

Trimethoprim and co-trimoxazole

� Delirium occurred after treatment with co-trimoxazole
in a patient with AIDS; the episode completely
resolved within 72 hours of drug withdrawal (659).

Triptorelin

In 20 women (mean age 67 years) who received intramus-
cular triptorelin 3.75 mg 6-weekly for endometriosis, nine
developed mood disturbance after the second injection

and appeared to be cumulative, since the symptoms only
started after the second injection and worsened with suc-
cessive injections (660). One woman withdrew after the
third injection because of severe irritability.

Tumor necrosis factor alfa

Evaluation of cognitive function in patients receiving
tumor necrosis factor alfa alone or combined with inter-
leukin-2 showed reversible attentional deficits, memory
disorders, deficits in motor coordination and frontal lobe
executive functions (661). There was reversible hypoper-
fusion in the frontal lobes.

Valaciclovir

At high doses (8 g/day) hallucinations and confusion were
a significant concern (662,663), but similar symptoms
have also occurred at lower doses and in patients with
renal insufficiency.

� Ocular and auditory hallucinations have been reported
in a 60-year-old female patient on CAPD (664).� A 58-year-old man with chronic renal insufficiency,
who was hemodialysed twice a week, was treated
with valaciclovir (1 g tds) for Herpes zoster (665).
Two days later he became disoriented, dizzy, dysarth-
ric, and experienced hallucinations. The serum aciclo-
vir concentration was 21 mg/ml. Treatment was
discontinued and he was treated with hemodialysis
for 6 hours, resulting in marked clinical improvement.
The next day his symptoms of dysarthria recurred, but
immediately and completely resolved after a second
hemodialysis.

Valproic acid

Psychotic reactions had been reported to the WHO mon-
itoring system on 16 occasions by 1993, and other occa-
sional cases have been published (SED-13, 149) (666).
Behavioral problems are less frequent with valproate

than with other anticonvulsants and include sedation,
hyperactivity, irritability, and aggression (667).
There has been a randomized, double-blind, single

crossover study of the effects of sodium valproate on
cognitive performance and behavior in eight children
with learning and behavioral problems associated with
electroencephalographic epileptiform discharges but
without clinical seizures (668). The children became
more distractable, had increased delay in response time,
and had lower memory scores while taking valproate.
Their parents reported higher internalizing scores on the
Child Behavior Checklists.
Although valproate has little effect on cognitive func-

tion compared with other anticonvulsants, it can occasion-
ally cause reversible dementia, sometimes associated with
MRI evidence of pseudoatrophy of the brain (SEDA-20,
67) (SEDA-21, 76). The presentation can be striking, with
progressive motor and intellectual deterioration and
apathy appearing shortly after the introduction of
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valproate, or sometimes after as long as 2 years. Many
affected patients have relatively high serum drug concen-
trations (100–120 mg/l), other signs of toxicity, such as
tremor and ataxia, and normal electroencephalographic
background activity. The presentation differs from
valproate-induced stupor, in which consciousness is
impaired, and there may be clinical or electroencephalo-
graphic signs of increased seizure activity. In all cases,
clinical and imaging signs improved rapidly after drug
withdrawal. The incidence of this syndrome is probably
very low, although there is concern about possible under-
diagnosis.

Valsartan

Two different reports have pointed to nightmares and
depression with valsartan.

� Nightmares from valsartan for hypertension improved
when it was withdrawn and recurred when it was
restarted in a 64-year-old woman (669).� A 43-year-old woman reported depression and
attempted suicide after taking valsartan in combina-
tion with hydrochlorothiazide for hypertension (670).
The patient was also taking atenolol, but the time
course and complete resolution after withdrawal of
valsartan/hydrochlorothiazide suggested that this was
a drug-induced episode of depression.

Vigabatrin

Although abnormal behavior, psychosis, and depression
occur with increased frequency (around 2–4% or even
higher) in patients with refractory epilepsy, the risk is
increased during treatment with vigabatrin or on its
abrupt withdrawal (SEDA-18, 71) (SEDA-19, 76)
(SEDA-20, 70) (SEDA-21, 77) (671). The risk depends
on the patient’s characteristics, the dosage, and the rate
of dose escalation. In the manufacturer’s safety database,
the incidence of psychosis was reported as being 1.1% or
0.64% based on postmarketing Prescription Event
Monitoring (672). However, in adults with refractory
partial epilepsy, severe behavioral or mood disturbances
can be anticipated in 26% of treated cases (SEDA-18,
72), although higher figures have also been presented
(SEDA-20, 70). In one study depression occurred with a
frequency of about 9% with vigabatrin and 1% with
placebo (673).
Psychiatric complications occur in both children and

adults. While there is some evidence that a positive psy-
chiatric history may increase the risk (and may represent
a relative contraindication), behavioral and mood distur-
bances can occur in patients who had no similar episodes
in the past. A retrospective survey of 50 patients with
vigabatrin-associated psychosis (n = 28) or depression
(n = 22) suggested that psychosis tends to occur in
patients with more severe epilepsy and may be related
to asided EEG focus or suppression of seizures (64% of
patients were free of seizures). On the other hand,

patients with depression tended to have a past history of
depressive illness and to have had little or no change in
seizure frequency (674). To minimize risks, vigabatrin
should be introduced in low dosages and increased slowly,
and it should not be withdrawn abruptly. Psychiatric
symptoms usually remit with drug withdrawal, although
if treatment needs to be continued, neuroleptic medica-
tion may be useful.
That vigabatrin can cause psychosis and depression has

been confirmed in an analysis of data from double-blind,
controlled, add-on trials (675). Compared with placebo,
vigabatrin-exposed patients had a significantly higher
incidence of events coded as depression (12 versus
3.5%) and psychosis (2.5 versus 0.3%). Although these
events occurred during the first 3 months, most of the
studies lasted 12–18 weeks and therefore definite conclu-
sions could not be reached about timing.

Vincamine

Vincamine has minor psychoactive effects (676).

Vitamin A: Carotenoids

Daily doses of 1 000 000 mg RE of vitamin A can cause
acute symptomatic psychosis, with striking disturbances in
the electroencephalogram and pathological changes in
the cerebrospinal fluid (677). After withdrawal of vitamin
A and administration of low doses of neuroleptic drugs
the psychotic symptoms disappeared within a week.
Neuropsychiatric changes were reported to be the ear-

liest dose-limiting symptomatic toxicity in patients with
cancer taking high doses of retinol (678).

Vitamin A: Retinoids

Since 1982, according to the FDA, isotretinoin has been
linked to over 400 cases of psychiatric illness, including
depression, suicidal ideation, suicide attempts, and com-
pleted suicide (679). In the light of questionable psychia-
tric safety, evidence examining the link between
isotretinoin and psychiatric illness in adolescents and
young adults has been assessed (680). The data sources
were primary literature located via MEDLINE (1966–
2002). The key terms were isotretinoin, depression, psy-
chosis, suicide, and adolescents. The authors concluded
that although there may be a causal relation between
isotretinoin and psychiatric illness in adolescents and
young adults, this is not demonstrated by the literature.
They identified some limitations in the available evi-
dence, including the low numbers of adolescents in pub-
lished studies, as well as methodological errors in many of
the studies analysed. In addition, it is clear that acne alone
can predispose patients to psychiatric illness, and that
therefore isotretinoin is not the only contributing factor.
A series of cases suggesting an association between

exposure to isotretinoin and manic psychosis has been
reported (681). Five young adults developed manic
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psychosis during 1 year in association with isotretinoin
treatment, resulting in suicidality and progression to
long-standing psychosis. Associated risk factors were a
family and personal history of psychiatric morbidity. The
cases were drawn from 500 soldiers who had been eval-
uated in a military specialist dermatology clinic for severe
acne.
In 1998 depression, psychosis, and suicidal ideation,

suicide attempts, and suicide were added to the product
label of isotretinoin. Since then the FDA has received
increasing number of reports of these problems (682).
From the time that isotretinoin was marketed in 1982 up
to May 2000 the FDA received 37 reports of patients
taking isotretinoin who committed suicide, 110 reports
of patients who were hospitalized for depression, suicidal
ideation, or suicide attempts, and 284 reports of patients
with depression who did not need hospitalization (683). In
62% of the suicide cases a psychiatric history or possible
contributing factors were identified, and 69% of patients
hospitalized for depression had either a previous psychia-
tric history of possible contributing factors. Drug with-
drawal led to improvement in about one-third of the
patients, while in 29% depression persisted after with-
drawal. In 24 cases dechallenge and rechallenge were
positive. However, since this was a series of spontaneous
reports, and since there are no good data on the incidence
of depression and suicide among adolescents with acne, a
causal relation cannot be concluded.
A change in dreaming pattern has been reported in two

patients, occurring within 2–3 weeks after the start of
treatment with isotretinoin 40 mg/day for cystic acne
(684). One patient also reported increased irritability
and bouts of depression. In both patients all the symptoms
abated after 4–5 weeks without a change in isotretinoin
dosage.

Voriconazole

Voriconazole can be associated with visual and other
hallucinations.

� A 78-year-old man began to have auditory hallucina-
tions, specifically of Christmas music, on the second
day of voriconazole therapy (685). Psychiatric evalua-
tion was otherwise unremarkable. After withdrawal of
voriconazole the hallucinations reduced in intensity by
2 days and ceased altogether by the third day.

An extensive literature search, including Pfizer drug
trial safety data, yielded no other reports of auditory
hallucinations with voriconazole. Several other cases of
musical hallucinations secondary to a variety of causes
have been reported. They tend to occur secondary to
temporal lobe insults and often have religious or patriotic
themes.

Xenon

The subjective, psychomotor, and physiological proper-
ties of subanesthetic concentrations of xenon have been
studied in 10 volunteers (686). Xenon sedation was well

tolerated and was not associated with any adverse phy-
siological effects. In particular, there was no nausea
or vomiting. It was preferred to sedation with nitrous
oxide and was subjectively dissimilar (xenon was more
pleasant).

Yohimbine

Yohimbine commonly causes anxiety; in eight patients
with panic disorder this effect was reduced by fluvoxa-
mine (687).
Manic symptoms have been attributed to yohimbine

(688).
In a placebo-controlled study in 18 combat veterans

with post-traumatic stress disorder and 11 healthy con-
trols, intravenous yohimbine 0.4 mg/kg significantly
increased the amplitude, magnitude, and probability of
the acoustic startle reflex (used as a model to investigate
the neurochemical basis of anxiety and fear states) in the
veterans with post-traumatic stress disorder but not in the
controls (689).

Zonisamide

Behavioral problems and acute mania have been
described (SEDA-16, 75; SEDA-19, 76).
Of 74 epileptic patients who had taken zonisamide 14

had psychotic episodes, diagnosed retrospectively (690).
The authors estimated that the incidence of psychotic epi-
sodes during zonisamide treatment was several times
higher than the previously reported prevalence of epileptic
psychosis, and that the risk was higher in young patients. In
13 patients, psychotic episodes occurred within a few years
of starting zonisamide. In children, obsessive-compulsive
symptoms were related to psychotic episodes.
A unique form of paramnesia has been attributed to

zonisamide (691).

� After an episode of zonisamide-induced psychosis, a
28-year-old man with epilepsy consistently mistook
people who were unknown to him, such as hospital
staff, for people whom he had met long ago.
However, he did not misidentify their names or other
attributes, such as their occupations.

The authors could not fit this extraordinary form
of misidentification into any known subcategory of
misidentification syndromes, but rather thought that
it fitted Kraepelin’s description of ‘‘assoziierende
Erinnerungsfälschungen’’.
Complex visual hallucinations occurred in three

patients taking zonisamide for different syndromes and
types of seizures (Landau–Kleffner syndrome in a 7-year-
old girl, myoclonic and generalized tonic seizures in a 21-
year-old woman, and partial epilepsy in a 13-year-old girl)
(692). None of the patients had visual hallucinations
before zonisamide was started, and the symptoms
resolved after withdrawal.

� A 5-year-old girl presented behavioral problems after
her seizures had been controlled with zonisamide
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(693). This was interpreted as a case of forced normal-
ization, and her behavioral difficulties disappeared
when zonisamide was withdrawn and her seizures reap-
peared.
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Index of drug names

Note: The letter ‘t’ with the locater refers to tables.

Abecarnil, 391

Acenocoumarol, 56
Aciclovir, 649

Adrenergic neuron blocking drugs, 463

Adrenoceptor agonists, 233

Alcohol:
drug–drug interactions:

alprazolam, 394

amphetamines, 463

cannabinoids, 483

cocaine, 525
diamorphine (heroin), 551–2

Haloperidol, 297

lithium, 156

MDMA, ecstasy, 610–11
neuroleptic drugs, 233

tricyclic antidepressants, 19

zaleplon, 442
Aldesleukin, 649

Alimemazine, 254

Alosetron, 394

Alpha-adrenoceptor antagonists, 233
Alpidem, 433

Alprazolam, 391–6

comparative studies, 391–2

drug administration:

drug overdose, 394

drug–drug interactions:

alcohol, 394
alosetron, 394

amfetamine, 394–5

dextropropoxyphene, 395

grapefruit juice, 395
ketoconazole, 395

miocamycin, 395

moclobemide, 88, 395

nefazodone, 106, 395
oral contraceptives, 395

ritonavir, 395

sertraline, 73

SSRIs, 46
venlafaxine, 118

endocrine, 393

long-term effects:

drug dependence, 394

drug withdrawal, 394

organs and systems:

cardiovascular, 392
psychological, psychiatric, 392–3

placebo-controlled studies, 392
skin, 393–4

Alteplase, 439

Alzheimer’s disease, drugs used in:
donepezil, 631–6

memantine, 639

metrifonate, 639–41
piracetam, 641–2

rivastigmine, 642

tacrine, 645

Amantadine, 649
drug–drug interactions:
phenelzine, 91

Amfebutamone (bupropion), 93–7

drug administration:

drug formulations, 96
drug overdose, 96

drug–drug interactions:

antidepressants, 97

dextromethorphan, 97
metamfetamine, 97, 573

metoprolol, 97

neuroleptic drugs, 233
organs and systems:

cardiovascular, 94

death, 96
electrolyte balance, 95

hematologic, 96

immunologic, 96
nervous system, 94–5

psychological, psychiatric, 95

sexual function, 96

skin, 96

Amfetamine see Amphetamines

Amiloride, 156
Amineptine, 29

Amines, 19

Amiodarone, 112, 649–50

Amisulpride, 254–6

organs and systems, 256

cardiovascular, 256
endocrine, 256

psychological, psychiatric, 256

vs. antidepressants, 255

vs. flupenthixol, 189–90
vs. olanzapine, 255, 304

vs. placebo and antipsychotic drugs,

255
vs. risperidone, 197, 255

Amitriptylinoxide, 30

Amoxapine, 30–1

Amphetamines, 453–64
adverse effects, management of, 464

drug administration:

drug administration route, 462

drug overdose, 462–3
drug–drug interactions:

adrenergic neuron blocking drugs, 463

alcohol, 463
alprazolam, 394–5

barbiturates, 463

benzodiazepines, 463

chlorpromazine, 259
estradiol, 463

monoamine oxidase inhibitors, 463

mood-stabilizing drugs, 463

ritonavir, 464
SSRIs, 464

tricyclic antidepressants, 464

long-term effects:

drug abuse, 461
drug dependence, 461

organs and systems:

cardiovascular, 454–5

death, 461
hematologic, 460

immunologic, 460

infection risk, 460–1
metabolism, 460

musculoskeletal, 460

nervous system, 455–60

sexual function, 460
skin, 460

teeth, 460

urinary tract, 460
second-generation effects:

pregnancy, 462

teratogenicity, 462

susceptibility factors:

age, 462

genetic, 462

other features of patient, 462

see also Dexamfetamine;

Methylenedioxymetamfetamine

(MDMA, ecstasy)

Anagrelide, 649, 650

Anesthetics:

drug–drug interactions:

lithium, 157

risperidone, 351
tricyclic antidepressants, 19

Angiotensin converting enzyme (ACE)

inhibitors, 157

Angiotensin-2 receptor antagonists, 157
Antacids, 233

Antibiotics, 384

Anticholinergic drugs, 650–1

drug–drug interactions:

cannabinoids, 483

diamorphine (heroin), 552
see also Individual compounds

Anticoagulants, 651

drug–drug interactions:

haloperidol, 298

tricyclic antidepressants, 19

Antidepressants, 3–4
drug administration:

drug overdose, 4

drug–drug interactions:

amfebutamone (bupropion), 97

lithium, 157

long-term effects:

tumorigenicity, 4

organs and systems:

psychiatric, 3
sexual function, 3

second-generation, 93t

in UK, deaths per million

prescriptions, 18t
vs. amisulpride, 255

Antidysrhythmic drugs, 19

Antiepileptic drugs, 651–2

behavioral effects, 651–2
cognitive effects, 651

drug–drug interactions:

clobazam, 402

lithium, 158
see also Individual compounds



Antifungal imidazoles:

drug–drug interactions:

benzodiazepines, 384

zolpidem, 447

Antihistamines, 652–3

cognitive effects, 652–3
delirium, 654

driving performance, 653

drug–drug interactions:

benzodiazepines, 384

diazepam, 410

neuroleptic drugs, 233

hallucinations, 654
memory, 653

see also Individual compounds

Antimicrobial drugs, 159

Antiparkinsonian drugs, 298
Antipsychotic drugs:

drug–drug interactions:

lithium, 159–60

tricyclic antidepressants, 19–20
vs. placebo, and amisulpride, 255

Antiretroviral drugs, 582–3

Anxiolytics, 160
Apomorphine, 654

Apraclonidine, 659

drug–drug interactions:

mirtazapine, 104
Aprotinin, 654

Araliaceae, 654

drug–drug interactions:

monoamine oxidase inhibitors, 83
Aripiprazole, 257–8

drug administration:

drug formulations, 258
drug overdose, 258

organs and systems:

endocrine, 257–8

metabolism, 258
nervous system, 257

psychiatric, 257

Artificial sweeteners, 654

Atorvastatin, 423
Atropine, 654

drug–drug interactions:

cocaine, 525

Atypical drugs:

comparisons of different, 196–7

vs. haloperidol, 191

Azathioprine, 654
Azithromycin, 654

Baclofen, 654

drug–drug interactions:

tricyclic antidepressants, 21

Barbiturates:

drug–drug interactions:

amphetamines, 463
cannabinoids, 483

Bentazepam, 397

Benzatropine, 654
drug–drug interactions:

neuroleptic drugs, 233

Benzodiazepines, 379–86

with active metabolites, 378t
drug administration:

drug overdose, 384

drug–drug interactions:

amphetamines, 463

antibiotics, 384

antifungal imidazoles, 384
antihistamines, 384

calcium channel blockers, 385

central stimulants, 385

cimetidine, 385
clozapine, 277–8, 385

CNS depressants, 385

disulfiram, 385
enzyme inducers, 385

HIV protease inhibitors, 385

levodopa, 385

lithium, 385
moxonidine, 385

muscle relaxants, 385–6

neuroleptic drugs, 234, 386

omeprazole, 386
opioids, 386

oral contraceptives, 386

SSRIs, 386

tricyclic antidepressants, 21, 386
general adverse effects, 379

long-term effects:

drug dependence, 383
drug tolerance, 383

drug withdrawal, 383

medicolegal considerations, 379

organs and systems:

cardiovascular, 380

nervous system, 380–1

psychological, psychiatric, 381–2

respiratory, 380
pharmacodynamics, 378–9

pharmacokinetics, 378

psychological/psychiatric, 381–3
rates of absorption and

half-lives, 379t

and related agonists, predominant

metabolic pathways for, 379t
second-generation effects:

fetotoxicity, 383–4

lactation, 384

teratogenicity, 383
susceptibility factors:

age, 384

other features of patient, 384

Beta-adrenoceptor antagonists, 654–5
drug–drug interactions:

chlorpromazine, 259

diazepam, 410
neuroleptic drugs, 234

thioridazine, 365

Beta-blockers:

drug–drug interactions:

fluoxetine, 60

paroxetine, 70

Beta-lactamase inhibitors, 655

Bisphosphonates, 655
Brofaromine, 86

Bromazepam, 397–8

drug administration:

drug overdose, 398

drug–drug interactions:

fluconazole, 398

long-term effects:

drug withdrawal, 398

organs and systems:

nervous system, 398

Bromocriptine, 234, 655

Brotizolam, 398–9

drug–drug interactions:

erythromycin, 399

itraconazole, 399

long-term effects:

drug withdrawal, 399
Buflomedil, 655

Bupivacaine, 410

Bupropion seeAmfebutamone (bupropion)

Buspirone, 433–5

drug administration:

drug formulations, 434

drug–drug interactions:

calcium channel blockers, 434

erythromycin, 434

fluvoxamine, 65

grapefruit juice, 434
haloperidol, 298, 435

itraconazole, 435

monoamine oxidase inhibitors,

83, 435
rifampicin, 435

see also Rifampicin, buspirone:

sertraline, 73
SSRIs, 46

long-term effects:

drug abuse, 434

observational studies, 433
organs and systems:

nervous system, 434

respiratory, 434

placebo-controlled studies, 434
systematic reviews, 434

Butriptyline, 31

Cabergoline, 655

Caffeine, 656

drug–drug interactions:

clozapine, 278
diazepam, 410

lorazepam, 416

neuroleptic drugs, 234

venlafaxine, 119
Calcitonin, 160

Calcium channel blockers, 656

drug–drug interactions:

buspirone, 434
lithium, 160–1

Cannabinoids, 469–83

adverse effects, 472–3
animal and in vitro toxicology, 469–71

drug–drug interactions:

alcohol, 483

anticholinergic drugs, 483
barbiturates, short-acting, 483

disulfiram, 483

indinavir, 483

lysergic acid diethylamide, 483
nelfinavir, 483

psychotropic drugs, 483

sildenafil, 483
long-term effects:

drug tolerance, 481

drug withdrawal, 481

tumorigenicity, 481
observational studies, 471–2

organs and systems:

cardiovascular, 473–5

endocrine, 480
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gastrointestinal, 480–1

hematologic, 480
immunologic, 481

nervous system, 476–7

psychological, psychiatric, 478–80

respiratory, 475–6
sensory systems, 477–8

placebo-controlled studies, 472

second-generation effects:

fetotoxicity, 482

pregnancy, 482

teratogenicity, 482

susceptibility factors:

age, 482

HIV infection, 482–3

other features of patient, 483

Cannabis:

drug–drug interactions:

neuroleptic drugs, 234

see also Cannabinoids:

Carbamazepine, 656
drug–drug interactions:

clonazepam, 404–5

fluoxetine, 60
haloperidol, 298

nefazodone, 107

neuroleptic drugs, 234

olanzapine, 320
risperidone, 351–2

sertraline, 73

trazodone, 112

viloxazine, 122
vs. lithium, 128

Cardiac glycosides, 656

Celastraceae, 656–7
Celecoxib, 657

Cephalosporins, 657

Cetirizine, 657

Chloral hydrate, 436–7
drug administration:

drug formulations, 437

drug overdose, 437

long-term effects:

drug dependence, 437

tumorigenicity, 437

organs and systems:

cardiovascular, 436
gastrointestinal, 436–7

immunologic, 437

liver, 437
nervous system, 436

skin, 437

susceptibility factors:

preterm infants, 437
Chlordiazepoxide, 399–400

drug administration:

drug formulations, 400

drug–drug interactions:

heparin, 400

oral contraceptives, 400

organs and systems:

hematologic, 399

metabolism, 399

second-generation effects:

teratogenicity, 399
Chloroquine, 657–8

Chlorphenamine maleate, 657

Chlorpromazine, 258–60

drug–drug interactions:

amfetamine, 259

beta-adrenoceptor antagonists, 259
desmopressin, 259

haloperidol, 259, 298

lithium, 259

monoamine oxidase inhibitors, 83, 259
piperazine, 260

smoking, 260

interference with diagnostic tests:

cholesterol, 260

CSF protein, 260

haptoglobin, 260

organs and systems:

cardiovascular, 258–9

nervous system, 259

sensory systems, 259

sexual function, 259
skin, 259

Chlorprothixene, 260

Cholera vaccine, 658

Choline, 658
Cholinesterase inhibitors, 410

Chromium, 658

Ciclosporin, 161
Cimetidine, 659

drug–drug interactions:

benzodiazepines, 385

clomethiazole, 439
methadone, 583

zaleplon, 442

Ciprofloxacin, 659

drug–drug interactions:

clozapine, 278

olanzapine, 320

Cisapride, 659
drug–drug interactions:

diazepam, 410

Cisplatin, 278

Citalopram, 53–6
drug–drug interactions:

clozapine, 278

moclobemide, 88

Clarithromycin, 659
Clobazam, 400–2

antiepileptic drugs, 402

carbamazepine, 402

comparative studies, 400–1
drug administration:

drug overdose, 402

drug–drug interactions, 401
long-term effects:

drug tolerance, 401

drug withdrawal, 401

observational studies, 400
organs and systems:

nervous system, 401

psychological, psychiatric, 401

respiratory, 401
skin, 401

stiripentol, 402

susceptibility factors:

genetic, 401–2

Clomethiazole, 438–9

drug–drug interactions, 439

alteplase, 439
cimetidine, 439

long-term effects:

drug abuse, 438

drug dependence, 439

organs and systems:

liver, 438
nervous system, 438

Clomipramine, 31–2

drug–drug interactions:

moclobemide, 88
organs and systems:

cardiovascular, 31–2

endocrine, 32
nervous system, 32

sexual function, 32

Clonazepam, 403–5

drug–drug interactions:

carbamazepine, 404–5

oxycodone, 405

phenelzine, 91, 405

sertraline, 73, 405
valproate, 405

long-term effects:

drug withdrawal, 404

organs and systems:

metabolism, 404

mouth and teeth, 404

nervous system, 403
psychological, psychiatric, 403–4

urinary tract, 404

placebo-controlled studies, 403

second-generation effects:

teratogenicity, 404

Clonidine, 659

drug–drug interactions:

mirtazapine, 104
Clotiapine, 261

Clozapine, 261–82

adverse drug reactions,

diagnosis of, 282

combination therapy, 263

comparative studies, 262–3

drug administration:

drug dosage regimens, 277

drug formulations, 277

drug overdose, 277

drug–drug interactions:

benzodiazepines, 277–8, 385

caffeine, 278

ciprofloxacin, 278

cisplatin, 278
citalopram, 56, 278

cocaine, 278, 525

diazepam, 278, 410
erythromycin, 278–9

escitalopram, 278

fluoxetine, 60

fluvoxamine, 65, 279
insulin, 279

interferon alfa, 279

itraconazole, 279

ketoconazole, 279
lisinopril, 279

lithium, 279

lorazepam, 279–80, 416
modafinil, 280

nefazodone, 107, 280

omeprazole, 280

perphenazine, 280
phenobarbital, 280

rifamycins, 280

risperidone, 280, 352

sertraline, 73–4
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Clozapine (Continued)

smoking, 282
SSRIs, 280

topiramate, 281

tricyclic antidepressants, 21, 281

valproate, 281–2
venlafaxine, 119

-induced agranulocytosis, reported

incidences of, 271t
long-term effects:

drug withdrawal, 275

monitoring therapy, 282

observational studies, 261–2
organs and systems:

body temperature, 275

cardiovascular, 264–6

death, 275
gastrointestinal, 273

hematologic, 270–3

immunologic, 275

liver, 273–4
metabolism, 269–70

mouth and teeth, 273

musculoskeletal, 274
nervous system, 266–8

pancreas, 274

psychological, psychiatric, 268–9

salivary glands, 273
sexual function, 274–5

urinary tract, 274

placebo-controlled studies, 263

second-generation effects:

lactation, 276

pregnancy, 275

tertatogenicity, 275–6
susceptibility factors:

age, 276

ethnicity, 276

other features of patient, 276–7
sex, 276

vs. chlorpromazine/haloperidol, 191–2

vs. haloperidol, 192

vs. olanzapine, 197, 304
vs. risperidone, 197–8

vs. typical neuroleptic drugs, 191

Clusiaceae, 659–60

CNS depressants, 385
Co-beneldopa, 88

Cocaine, 489–90

adverse effects, 490
drug administration:

drug administration route, 523

drug overdose, 524–5

drug–drug interactions:

alcohol, 525

atropine, 525

clozapine, 278, 525

ephedrine, 526
indometacin, 526

monoamine oxidase inhibitors, 83, 526

neuroleptic drugs, 234, 526
nimodipine, 526

selegiline, 526

suxamethonium, 526

long-term effects:

drug dependence, 511

drug tolerance, 511

drug withdrawal, 511

tumorigenicity, 512

organs and systems:

body temperature, 510
cardiovascular, 490–6

death, 510–11

ear, nose, throat, 498–500

electrolyte balance, 506
gastrointestinal, 506–7

hematologic, 506

immunologic, 509–10
liver, 507–8

musculoskeletal, 508–9

nervous system, 500–3

psychological, psychiatric, 504–6
respiratory, 496–8

sensory systems, 503–4

sexual function, 509

urinary tract, 508
second-generation effects:

fetotoxicity, 517–23

pregnancy, 512

teratogenicity, 512–17
Codeine, 660

Corticosteroids:

drug–drug interactions:

neuroleptic drugs, 234

tricyclic antidepressants, 21

-glucocorticoids, 660–3

Corticotrophins, 660–3
Co-trimoxazole, 664

Coumarin anticoagulants, 46

COX-2 inhibitors, 664

Cyclobenzaprine, 664
CYP3A:

drug–drug interactions:

methadone, 583
midazolam, 423

CYP3A4, substrates of, 107

CYP2D6, inhibitors of, 320

Cyproheptadine, 664

Dapsone, 664

Desloratadine, 664

Desmopressin:

drug–drug interactions:

chlorpromazine, 259

tricyclic antidepressants, 21

Dexamfetamine, 539
drug–drug interactions:

venlafaxine, 119

see also Amphetamines

Dextromethorphan, 664

drug–drug interactions:

amfebutamone (bupropion), 97

moclobemide, 88
monoamine oxidase

inhibitors, 83

SSRIs, 46–7

Dextropropoxyphene, 395
Diamorphine (heroin), 541–52

drug administration:

drug administration route, 550–1
drug contamination, 550

drug dosage regimens, 550

drug–drug interactions:

alcohol, 551–2
anticholinergic drugs, 552

long-term effects:

drug abuse, 549

drug withdrawal, 549

organs and systems:

death, 547–9
endocrine, 546

gastrointestinal, 546

infection risk, 547

musculoskeletal, 547
nervous system, 542–6

nutrition, 546

psychiatric, 546
respiratory, 541–2

sensory systems, 546

skin, 547

urinary tract, 546–7
second-generation effects:

fetotoxicity, 550

Diazepam:

drug administration:

drug administration

route, 409

drug overdose, 409–10

drug–drug interactions:

antihistamines, 410

beta-adrenoceptor antagonists,

410
bupivacaine, 410

caffeine, 410

cholinesterase inhibitors, 410

cisapride, 410
clozapine, 278, 410

disulfiram, 410

heparin, 410

ibuprofen, 410
lithium, 161, 410

naltrexone, 410–11

olanzapine, 320, 411
omeprazole, 411

penicillamine, 411

phenytoin, 411

rifamycins, 411
long-term effects:

genotoxicity, 408

organs and systems:

cardiovascular, 406
endocrine, 407

immunologic, 408

nervous system, 406

neuromuscular function, 407
psychological, psychiatric, 407

respiratory, 406

skin, 407–8
placebo-controlled studies, 406

second-generation effects, 408

fetotoxicity, 408

teratogenicity, 408
susceptibility factors:

age, 409

Dibenzepin, 33

Diethyltoluamide, 664
Digoxin:

drug–drug interactions:

citalopram and escitalopram, 56
fluoxetine, 60

neuroleptic drugs, 234

zaleplon, 442

Diltiazem, 423
Dimetacrine, 33

Dimethyltryptamine, 555

Diphenhydramine, 664

Disopyramide, 664
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Disulfiram, 665

drug–drug interactions:

benzodiazepines, 385

cannabinoids, 483

diazepam, 410

Diuretics:

drug–drug interactions:

lithium, 161

thioridazine, 365
Divalproex:

vs. lithium, 128–9

vs. olanzapine, 304

vs. valproate and lithium, 129–30
Donepezil, 631–5, 665

drug administration:

drug overdose, 635

drug–drug interactions:

ginkgo biloba, 635

maprotiline, 635

memantine, 635–6

neostigmine, 636
neuromuscular blocking drugs, 636

paroxetine, 636

risperidone, 352, 636
tiapride, 636

long-term effects:

drug withdrawal, 635

monitoring therapy, 636
organs and systems:

cardiovascular, 633

endocrine, 634

liver, 634
nervous system, 633–4

psychological, psychiatric, 634

skin, 635
urinary tract, 634–5

susceptibility factors:

Down’s syndrome, 635

Dopamine receptor agonists, 665–6
Dosulepin, 33

Doxazosin, 666

Doxepin, 33

Droperidol, 291–3
drug–drug interactions:

fentanyl, 292

neuromuscular blocking agents, 292

organs and systems:

cardiovascular, 291–2

death, 292

nervous system, 292
pancreas, 292

Duloxetine, 98–9

Ebastine, 666
Ecstasy see

Methylenedioxymetamfetamine

(MDMA, ecstasy)

Efavirenz, 666
Enflurane, 666

Eosinophilia–myalgia syndrome, 114

Ephedra, 666
Ephedrine, 666

drug–drug interactions:

cocaine, 526

Epoetin, 667
Ergot derivatives, 667

Erythromycin, 667

drug–drug interactions:

brotizolam, 399

buspirone, 434

clozapine, 278–9
sertraline, 74

SSRIs, 47

zaleplon, 442

Escitalopram, 53–6
drug–drug interactions:

clozapine, 278

Estradiol, 463
Estrogens, 667

Etacrynic acid, 161

Etamivan, 83

Ethanol, 320
Ethionamide, 667

Etifoxine, 439

Fenfluramine, 667
drug–drug interactions:

monoamine oxidase inhibitors, 83

Fentanyl, 667

drug–drug interactions:

droperidol, 292

midazolam, 423

monoamine oxidase inhibitors, 83
Fexofenadine, 667

Fluconazole:

drug–drug interactions:

bromazepam, 398
methadone, 583

triazolam, 431

tricyclic antidepressants, 21

Flumazenil:

long-term effects:

drug withdrawal, 413

organs and systems:

nervous system, 413

Flunitrazepam, 414

Fluoroquinolones, 668

Fluorouracil, 667
Fluoxetine, 57–62

drug administration:

drug overdose, 60

drug–drug interactions:

beta-blockers, 60

carbamazepine, 60

clozapine, 60

digoxin, 60
lithium, 60

mirtazapine, 61, 104

monoamine oxidase inhibitors,

61, 83

phenytoin, 61

reboxetine, 61, 110

risperidone, 61–2
tramadol, 62

triptans, 62

venlafaxine, 62, 119

zolpidem, 62, 447
organs and systems:

cardiovascular, 57–8

endocrine, 59
gastrointestinal, 59

hair, 59

hematologic, 59

immunologic, 59
liver, 59

nervous system, 58

psychological, psychiatric, 58–9

sensory systems, 58

sexual function, 59

skin, 59
second-generation effects:

fetotoxicity, 59–60

Flupentixol, 294

Fluphenazine, 294
vs. olanzapine, 304

Flurotyl, 668

Fluvoxamine, 63–4
drug administrations:

drug overdose, 65

drug–drug interactions:

buspirone, 65
clozapine, 65, 279

haloperidol, 298

lithium, 65

methadone, 65
mexiletine, 65

olanzapine, 65–6, 321

phenytoin, 66

risperidone, 66
sildenafil, 66

thioridazine, 66, 365–6

tolbutamide, 66
tricyclic antidepressants, 21, 66

long-term effects:

drug withdrawal, 64

organs and systems:

cardiovascular, 64

endocrine, 64

hair, 64

hematologic, 64
nervous system, 64

psychological, psychiatric, 64

skin, 64
second-generation effects:

lactation, 65

Fosphenytoin, 691

Furosemide, 161

Gabapentin, 668–9

Gammahydroxybutyrate, 557

Gentamicin, 668
Ginkgo biloba, 635

Ginseng, 83

Glucocorticoids, 423

Gonadorelin, 668
Griseofulvin, 669

Guanethidine, 234

Haloperidol, 295–9

drug additives, 297

drug–drug interactions, 297

alcohol, 297
anticoagulants, 298

antiparkinsonian drugs, 298

buspirone, 298, 435

carbamazepine, 298
chlorpromazine, 259, 298

fluvoxamine, 298

itraconazole, 298
ketamine, 298

lithium, 298

lorazepam, 298, 417

methyldopa, 298
nefazodone, 107, 298

rifamycins, 298

SSRIs, 47

valproate, 299
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Haloperidol (Continued)

food–drug interactions, 299
smoking, 299

organs and systems:

cardiovascular, 295–6

endocrine, 296–7
liver, 297

metabolism, 297

nervous system, 296
respiratory, 296

sexual function, 297

skin, 297

urinary tract, 297
second-generation effects:

fetotoxicity, 297

pregnancy, 297

teratogenicity, 297
vs. olanzapine, 304–5

vs. risperidone, 336

Halothane, 669

drug–drug interactions:

midazolam, 423

Heparin:

drug–drug interactions:

chlordiazepoxide, 400

diazepam, 410

Heroin see Diamorphine (heroin)

HIV protease inhibitors:

drug–drug interactions:

benzodiazepines, 385

risperidone, 352

HMG-CoA reductase inhibitors, 669
drug–drug interactions:

nefazodone, 107

Hormonal contraceptives-oral, 669–70
drug–drug interactions:

tricyclic antidepressants, 21

Hormonal contraceptives-progestogen

implants, 670
Hormone replacement therapy, 670

Hydroxychloroquine, 658

Hyoscine, 670

Hypericum perforatum (St John’s wort), 670
Hypoglycemic drugs, 234

Ibuprofen:

drug–drug interactions:

diazepam, 410

zaleplon, 442

Imipramine:

drug–drug interactions:

venlafaxine, 119

Imipraminoxide, 34

Indinavir:

drug–drug interactions:

cannabinoids, 483

venlafaxine, 119

Indometacin:

drug–drug interactions:

cocaine, 526

Insulin, 670–1
drug–drug interactions:

clozapine, 279

maprotiline, 100

olanzapine, 320
Interferon alfa, 671–6

behavioral effects, 671

clinical features, 671

cognitive effects, 671–2

drug–drug interactions:

clozapine, 279
evaluation, 672–3

incidence, 673

management, 675–6

mechanisms, 673–4
pathophysiology, 673

predictive factors, 673

psychiatric effects, 672
susceptibility factors, 674–5

time-course, 673

Interferon gamma, 677

Iodinated contrast media, 677–8
Ipratropium bromide, 678

Iprindole, 87

Isoflurane, 678

drug–drug interactions:

midazolam, 423

Isoniazid, 678–9

drug–drug interactions:

monoamine oxidase inhibitors, 83
triazolam, 431

Itraconazole, 679

drug–drug interactions:

brotizolam, 399

buspirone, 435

clozapine, 279

haloperidol, 298

Ketamine, 679–80

drug–drug interactions:

haloperidol, 298
Ketoconazole, 680

drug–drug interactions:

alprazolam, 395
clozapine, 279

midazolam, 423

reboxetine, 110

triazolam, 431
zaleplon, 442

ziprasidone, 371

Khat, 559–61

drug administration:

drug contamination, 561

long-term effects:

drug dependence, 560

tumorigenicity, 560
organs and systems:

cardiovascular, 559

gastrointestinal, 560
nervous system, 559

psychiatric, 559–60

second-generation effects:

fertility, 561
fetotoxicity, 561

lactation, 561

Lamotrigine, 680
vs. lithium, 129

Lesopitron, 439

Levamisole, 680
Levetiracetam, 680–1

Levodopa:

and dopa decarboxylase inhibitors,

681–2
drug–drug interactions:

benzodiazepines, 385

neuroleptic drugs, 234

tricyclic antidepressants, 21

Levofloxacin, 161

Linezolid, 47
Lisinopril, 279

Lithium, 125–64

adverse effects:

dose- and time-related, 131
general, 130–1

treatment of toxicity, 131

beneficial non-psychiatric uses of, 126
cancers, 127

endocrine, 126

hematologic, 126

immunologic and infections, 126
metabolism, 126

nervous system, 126

sensory systems, 126

skin, 126
and carbamazepine in double-blind

trial (in %), adverse effects of,

128t

comparative studies, 128
vs. carbamazepine, 128

vs. divalproex, 128–9

vs. lamotrigine, 129
vs. olanzapine, 129, 305

vs. psychotherapy, 130

vs. quetiapine, 129

vs. valproate, 129
vs. valproate and divalproex, 129–30

diagnosis of adverse drug reactions, 164

drug administration:

drug additives, 153–4
drug administration route, 154

drug dosage regimens, 154

drug formulations, 153
drug overdose, 154–6

drug–drug interactions, 156

alcohol, 156

amiloride, 156
anesthetics, 157

angiotensin converting enzyme

(ACE) inhibitors, 157

angiotensin-2 receptor antagonists,

157

antidepressants, 157

antiepileptic drugs, 158

antimicrobial drugs, 159
antipsychotic drugs, 159–60

anxiolytics, 160

benzodiazepines, 385
calcitonin, 160

calcium channel blockers, 160–1

chlorpromazine, 259

ciclosporin, 161
clozapine, 279

diazepam, 161, 410

diuretics, 161

etacrynic acid, 161
fluoxetine, 60

fluvoxamine, 65

furosemide, 161
haloperidol, 298

laxatives, 161

levofloxacin, 161

losartan, 161
mazindol, 161

methyldopa, 161

metronidazole, 161

minocycline, 161
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mirtazapine, 104

monoamine oxidase inhibitors, 83, 162
nefazodone, 107

neuroleptic drugs, 235

neuromuscular blocking drugs, 162

nifedipine, 162
non-steroidal anti-inflammatory

drugs, 162–3

olanzapine, 320
oxcarbazepine, 158–9

Plantago species, 163

platinum-containing cytostatic

drugs, 163
risperidone, 352

SSRIs, 157–8

sumatriptan, 163

thioridazine, 163, 366
tricyclic antidepressants, 21

trimethoprim and co-trimoxazole, 163

xanthines, 163

ziprasidone, 371
drug–procedure interactions:

electroconvulsive therapy, 163

efficacy, 125–6
food–drug interactions, 163

instruction and information, 126–8

interference with diagnostic tests:

serum lithium measurement, 163–4
long-term effects:

drug abuse, 149

drug tolerance, 149

drug withdrawal, 149–50
mutagenicity, 150

tumorigenicity, 150

monitoring therapy, 164
organs and systems:

cardiovascular, 131–3

death, 149

ear, nose, throat, 133
electrolyte balance, 143

endocrine, 138–41

fluid balance, 143

gastrointestinal, 144
hematologic, 143–4

immunologic, 149

metabolism, 141–3

mineral balance, 143
mouth and teeth, 144

musculoskeletal, 148

nervous system, 133–6
neuromuscular function, 136

nutrition, 143

pancreas, 144

psychological, psychiatric, 137–8
reproductive system, 148–9

respiratory, 133

sensory systems, 136

sexual function, 148
skin, 147–8

urinary tract, 144–7

pharmacogenetics, 127
pharmacokinetics, 127

placebo-controlled studies, 130

second-generation effects:

fertility, 150
fetotoxicity, 151

lactation, 151–2

pregnancy, 150–1

teratogenicity, 151

susceptibility factors:

age, 152–3
other features of patient, 153

renal disease, 153

systematic reviews, 130

transcranial magnetic stimulation, 163
Local anesthetics, 682

Lofepramine, 34

Lorazepam, 414–17
comparative studies, 414

drug administration:

drug administration route, 416

drug–drug interactions:

caffeine, 416

clozapine, 279–80, 416

haloperidol, 298, 417

moxonidine, 417
long-term effects:

drug withdrawal, 416

organs and systems:

nervous system, 415
psychological/psychiatric,

cognition/metabolism, 416

respiratory, 415
placebo-controlled studies, 414

Lormetazepam, 417–18

drug administration:

drug formulations, 418
organs and systems:

psychological, psychiatric, 418

Losartan, 161

Lovastatin, 682
Loxapine, 301

Lysergide, 563–4

drug–drug interactions:

cannabinoids, 483

monoamine oxidase inhibitors, 83, 564

neuroleptic drugs, 235

organs and systems:

body temperature, 564

cardiovascular, 563

gastrointestinal, 563

hematologic, 563
nervous system, 563

sensory systems, 563

second-generation effects:

teratogenicity, 564
susceptibility factors, 564

Macrolide antibiotics, 682–3
drug–drug interactions:

risperidone, 352

serythromycin/miocamycin, 431–2

triazolam, 431
see also Individual compounds

Macrolides, 424

Mannitol, 683

Maprotiline, 99–100
drug administration:

drug overdose, 100

drug–drug interactions:

donepezil, 635

insulin, 100

risperidone, 100, 352

organs and systems:

cardiovascular, 99

endocrine, 100

hematologic, 100

liver, 100

metabolism, 100

nervous system, 99–100
respiratory, 99

skin, 100

Mazindol:

drug–drug interactions:

lithium, 161

MDMA see

Methylenedioxymetamfetamine

(MDMA, ecstasy)

Meclozine, 685

Medroxyprogesterone, 685

Mefloquine, 685–6
Melatonin, 686

Melitracen, 34

Memantine, 639, 686

drug–drug interactions:

donepezil, 635–6

Mepacrine, 686–7

Mercury and mercurial salts, 687

Mescaline, 565
Metamfetamine, 567–74

adverse reactions, management of, 573–4

drug–drug interactions:

amfebutamone (bupropion), 97, 573

morphine, 573

long-term effects:

drug abuse, 571
drug dependence, 571

genotoxicity, 572

organs and systems:

cardiovascular, 567
death, 570–1

metabolism, 570

nervous system, 567–8
psychiatric, 570

psychological, 568–70

urinary tract, 570

second-generation effects:

fetotoxicity, 572

susceptibility factors:

genetic, 572–3

see also Amphetamines

Methadone, 577–84, 687

drug administration:

drug administration route, 582

drug dosage regimens, 582
drug studies:

opioid dependence, 577

pain relief, 577
restless legs syndrome, 577

drug–drug interactions:

antiretroviral drugs, 582–3

cimetidine, 583
drugs affect CYP3A, 583

enzyme inducers, 583

fluconazole, 583

fluvoxamine, 65
grapefruit juice, 583

phenytoin, 583

rifampicin, 583
selective serotonin re-uptake

inhibitors, 583

use of methadone in opioid

withdrawal, 583–4
long-term effects:

drug abuse, 581

drug tolerance, 581

drug withdrawal, 581
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Methadone (Continued)

organs and systems:

cardiovascular, 577–9

death, 580–1

endocrine, 580

fluid balance, 580
gastrointestinal, 580

immunologic, 580

nervous system, 579
psychological, psychiatric, 579–80

respiratory, 579

skin, 580

second-generation effects:

pregnancy and fetotoxicity, 581–2

susceptibility factors, 582

Methotrexate, 687

Methyldopa:

drug–drug interactions:

haloperidol, 298

lithium, 161

Methylenedioxymetamfetamine

(MDMA, ecstasy), 587–611

clinical effects, 587–8

drug administration:

drug contamination, 610

drug formulations, 610

drug overdose, 610

drug–drug interactions:

alcohol, 610–11

moclobemide, 611

ritonavir, 611

SSRIs, 47, 611
epidemiology of use of ecstasy, 588–90

long-term effects:

drug dependence, 609
drug tolerance, 609

organs and systems:

body temperature, 606

cardiovascular, 590–2
death, 606–8

electrolyte balance, 601–3

hematologic, 603

immunologic, 605–6
liver, 603–4

mineral balance, 603

mouth, 603

nervous system, 593–5
nutrition, 601

psychological, psychiatric, 595–601

respiratory, 592–3
sensory systems, 595

skin, 605

teeth, 603

urinary tract, 604–5
pharmacokinetics, 590

second-generation effects:

pregnancy, 609

susceptibility factors, 609–10
see also Amphetamines:

Methylphenidate, 688

drug–drug interactions:

thioridazine, 366

tricyclic antidepressants, 21

Methysergide, 688

Metirosine, 688
Metoclopramide, 688

Metoprolol, 97

Metrifonate, 639–41

drug administration:

drug dosage regimens, 641

drug–drug interactions:

organophosphorus insecticides,

641

organs and systems:

nervous system, 641
second-generation effects:

teratogenicity, 641

Metrizamide, 235
Metronidazole, 688

drug–drug interactions:

lithium, 161

Mexazolam, 418
Mexiletine:

drug–drug interactions:

fluvoxamine, 65

Miconazole, 688
Midazolam:

comparative studies, 419–20

drug administration:

drug administration route, 422
drug–drug interactions:

antifungal azole derivatives, 422–3

atorvastatin, 423
diltiazem, 423

drugs that influence CYP3A, 423

fentanyl, 423

grapefruit juice, 423
halothane, 423

isoflurane, 423

ketoconazole and nefazodone, 423

macrolides,

azithromycin/clarithromycin, 424

nitrous oxide, 424

pethidine, 424
rifampicin, 424

saquinavir, 424

observational studies, 419

organs and systems:

body temperature, 422

cardiovascular, 420

hematologic, 421–2

nervous system, 420–1
psychological, psychiatric, 421

respiratory, 420

urinary tract, 422

placebo-controlled studies, 420
susceptibility factors:

age, 422

Minocycline, 688
drug–drug interactions:

lithium, 161

Miocamycin:

drug–drug interactions:

alprazolam, 395

Mirtazapine, 103

drug–drug interactions:

clonidine and apraclonidine, 104
fluoxetine, 61, 104

lithium, 104

organs and systems:

hematologic, 104

liver, 104

nervous system, 103

psychological, psychiatric, 103–4

Mizolastine, 688

Moclobemide, 87–9

drug administration:

drug overdose, 88

drug–drug interactions:

alprazolam, 88, 395
citalopram and clomipramine, 88

co-beneldopa, 88

dextromethorphan, 88

indirect sympathomimetics, 88
MDMA, ecstasy, 611

rizatriptan, 89

selegiline, 89
SSRIs, 89

tyramine, 89

venlafaxine, 89, 119

organs and systems:

cardiovascular, 87

endocrine, 87

liver, 88

sexual function, 88
second-generation effects:

lactation, 88

Modafinil, 280

Monoamine oxidase (MAO) inhibitors,

77–8, 77t

drug administration:

drug overdose, 80–1
drug and food interactions with, 81t

drug–drug interactions, 81–3

amphetamines, 463

araliaceae, 83
buspirone, 83, 435

chlorpromazine, 83, 259

cocaine, 83, 526

dextromethorphan, 83
etamivan, 83

fenfluramine, 83

fentanyl, 83
fluoxetine, 61, 83

ginseng, 83

isoniazid, 83

lithium, 83, 162
lysergide, 83, 564

nefazodone, 83, 107

neuroleptic drugs, 83–4, 235

opioid analgesics, 84
phenylephrine, 84

SSRIs, 47, 84

sumatriptan, 84

trazodone, 84, 112
tricyclic antidepressants, 21–2, 84

venlafaxine, 84, 119–20

long-term effects:

drug withdrawal, 80

organs and systems:

body temperature, 80

cardiovascular, 78
endocrine, 79

hematologic, 79

immunologic, 80

liver, 79
nervous system, 78–9

neuromuscular function, 79

sexual function, 79
skin, 79

second-generation effects:

lactation, 80

pregnancy, 80
susceptibility factors:

age, 80

other features, 80

and tricyclic antidepressants, risks, 78
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Mood-stabilizing drugs:

drug–drug interactions:

amphetamines, 463

Morphine, 688–99

drug–drug interactions:

droperidol, 292
metamfetamine, 573

tricyclic antidepressants, 22

Moxonidine:

drug–drug interactions:

benzodiazepines, 385

lorazepam, 417

Myristica fragrans (nutmeg), 689

Nalbuphine, 689

Nalidixic acid, 689

Naloxone, 689
Naltrexone, 689

drug–drug interactions:

Diazepam, 410–11

Naproxen, 689
Narcotic analgesics:

drug–drug interactions:

neuroleptic drugs, 235
Nefazodone, 105

drug administration:

drug overdose, 106

drug–drug interactions:

alprazolam, 106, 395

carbamazepine, 107

clozapine, 107, 280

CYP3A4, substrates of, 107
haloperidol, 107, 298

HMG coenzyme-A reductase

inhibitors, 107
lithium, 107

midazolam, 423

monoamine oxidase inhibitors, 83, 107

SSRIs, 47, 107
statins, 107

terfenadine, 107–8

triazolam, 108, 432

zopiclone, 108, 450
long-term effects:

drug withdrawal, 106

organs and systems:

hair, 106
liver, 105–6

metabolism, 105

nervous system, 105
psychological, psychiatric, 105

sexual function, 106

second-generation effects:

lactation, 106
Nelfinavir:

drug–drug interactions:

cannabinoids, 483

Neostigmine:

drug–drug interactions:

donepezil, 636

Neuroleptic drugs, 187–236
adverse reactions, general, 187

amisulpride:

vs. flupenthixol, 189–90

atypical drugs vs. haloperidol, 191
clozapine:

vs. chlorpromazine, 191

vs. chlorpromazine and haloperidol,

191–2

vs. haloperidol, 192

vs. olanzapine, 197
vs. risperidone, 197–8

vs. typical neuroleptic

drugs, 191

comparisons of different atypical

drugs, 196–7

amisulpride vs. risperidone, 197

dose-ranging studies, 197
drug administration:

drug administration route, 232

drug formulations, 232

drug overdose, 232–3
drug–drug interactions:

adrenoceptor agonists, 233

alcohol, 233

alpha-adrenoceptor

antagonists, 233

amfebutamone (bupropion), 233

antacids, 233

antihistamines, 233
benzatropine, 233

benzodiazepines, 234, 386

beta-adrenoceptor antagonists, 234
bromocriptine, 234

caffeine, 234

cannabis, 234

carbamazepine, 234
cocaine, 234, 526

corticosteroids, 234

digoxin, 234

guanethidine, 234
hypoglycemic drugs, 234

levodopa, 234

lithium, 235
lysergic acid diethylamide, 235

metrizamide, 235

monoamine oxidase inhibitors,

83–4, 235
narcotic analgesics, 235

oral contraceptives, 235

phenytoin, 235

piperazine, 235
quinidine, 235

sedatives and hypnotics, 235

sevoflurane, 235

spiramycin, 235
SSRIs, 48, 236

thiazide diuretics, 236

tricyclic antidepressants, 236
valproate, 236

effects on fertility, 187–9

hypersusceptibility

reactions, 187
-induced adverse reactions, genetic

factors and, 229t

interference with diagnostic tests:

pregnancy testing, 236
urinary ketones, 236

urinary steroids, 236

long-term effects:

drug withdrawal, 228

mutagenicity, 228

tumorigenicity, 228

olanzapine:

vs. chlorpromazine, 192

vs. haloperidol, 192–3

vs. pimozide, 192–3

vs. risperidone, 198

olanzapine and risperidone:

vs. haloperidol, 193
vs. promazine, 193

organs and systems:

body temperature, 227

cardiovascular, 199–202
death, 227

electrolyte balance, 224

endocrine, 218–19
female dysfunction, 227

gastrointestinal, 225

hematologic, 224–5

immunologic, 227
liver, 225

metabolism, 219–24

mineral balance, 224

musculoskeletal, 225–6
nervous system, 203–16

psychological, psychiatric,

216–18

respiratory, 202–3
sensory systems, 216

sexual function, 226–7

skin, 225
urinary tract, 225

quetiapine:

vs. haloperidol, 193–4

risperidone:

vs. haloperidol, 194–5

vs. pimozide, 195

vs. typical drugs, 195

second-generation effects:

fertility, 228–9

fetotoxicity, 229

lactation, 229
teratogenicity, 229

smoking, 236

susceptibility factors:

age, 230–2
genetic, 229–30

tiapride:

vs. haloperidol, 195

tumorigenicity, 187
use in conditions other than

schizophrenia, 198

amisulpride, 198

clozapine, 198–9
olanzapine, 199

perphenazine, 199

risperidone, 199
ziprasidone:

vs. haloperidol, 195–6

zotepine:

vs. chlorpromazine, 196
vs. typical drugs, 195–6

zuclopenthixol:

vs. typical drugs, 196

Neuroleptic drugs , equipotent

doses of, 187t

Neuromuscular blocking drugs:

drug–drug interactions:

donepezil, 636

droperidol, 292

lithium, 162

Nevirapine, 689
Nicotine replacement therapy, 690

Nifedipine:

drug–drug interactions:

lithium, 162
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Nimodipine:

drug–drug interactions:

cocaine, 526

Nitrates, organic, 690

Nitrazepam:

organs and systems:

death, 426

Nitrofurantoin, 690

Nitrous oxide:

drug–drug interactions:

midazolam, 424

Nomifensine, 109

Non-steroidal anti-inflammatory drugs

(NSAIDs), 690

drug–drug interactions:

lithium, 162–3

see also COX-2 inhibitors

Norfloxacin, 690

Nortriptyline, 34

Noxiptiline, 34

Olanzapine, 301–22

adverse drug reactions,

management of, 321–2
clinical trials, 301

combination studies, 306–7

comparative studies, 303–4

drug administration:

drug overdose, 319–20

drug–drug interactions, 320

carbamazepine, 320

ciprofloxacin, 320
CYP2D6, inhibitors of, 320

diazepam, 320, 411

ethanol, 320
fluvoxamine, 65–6, 321

insulin, 320

lithium, 320

paroxetine, 321
SSRIs, 48, 320–1

tricyclic antidepressants, 22, 321

monitoring therapy, 322

observational studies, 301–3
organs and systems:

body temperature, 318

cardiovascular, 307–8

electrolyte balance, 315
endocrine, 312

fluid balance, 315

gastrointestinal, 317
hematologic, 315–17

immunologic, 318

liver, 317

metabolism, 312–15
nervous system, 308–11

pancreas, 317

psychological, psychiatric,

311–12
salivary glands, 317

sensory systems, 311

urinary tract, 317–18
smoking, 321

susceptibility factors:

genetic, 318–19

smoking, 319
vs. amisulpride, 255, 304

vs. chlorpromazine, 192

vs. clozapine, 304

vs. divalproex, 304

vs. fluphenazine, 304

vs. haloperidol, 192–3, 193, 304–5
vs. lithium, 129, 305

vs. pimozide, 192–3

vs. promazine, 193

vs. risperidone, 198, 305, 336
vs. valproate, 305–6

vs.ziprasidone, 306

Omeprazole, 690
drug–drug interactions:

benzodiazepines, 386

clozapine, 280

diazepam, 411
Opioids, 690

drug–drug interactions:

benzodiazepines, 386

monoamine oxidase inhibitors, 84
risperidone, 352

see also Individual compounds

Oral contraceptives:

drug–drug interactions:

alprazolam, 395

benzodiazepines, 386

chlordiazepoxide, 400
neuroleptic drugs, 235

temazepam, 429

Organic solvents, 617–19

epidemiology of inhalant

abuse, 617

long-term effects:

tumorigenicity, 619

organs and systems:

acid-base balance, 618

cardiovascular, 617

death, 619
electrolyte balance, 618

hematologic, 618

immunologic, 619

liver, 618
nervous system, 617–18

psychiatric, 618

psychological, 618

respiratory, 617
sensory systems, 618

urinary tract, 618–19

second-generation effects:

pregnancy, 619
teratogenicity and fetotoxicity, 619

Organophosphorus insecticides, 641

Oxazepam, 426–7
long-term effects:

drug tolerance, 427

organs and systems:

psychological, psychiatric, 427
Oxazolidinones, 48

Oxcarbazepine, 158–9

Oxolamine, 690

Oxybutynin, 690
Oxycodone, 405

Pancuronium bromide, 22
Paroxetine, 68

drug administration:

drug overdose, 70

drug–drug interactions:

beta-blockers, 70

clozapine, 70

donepezil, 636

linezolid, 70

lithium, 70

methadone, 70
olanzapine, 321

paroxetine, 70–1

risperidone, 70–1

tricyclic antidepressants, 22, 70
triptans, 70

long-term effects:

drug withdrawal, 69
organs and systems:

cardiovascular, 68

endocrine, 68–9

hematologic, 69
immunologic, 69

liver, 69

metabolism, 69

nervous system, 68
psychological, psychiatric, 68

sexual function, 69

second-generation effects:

teratogenicity, 69–70
Penicillamine, 411

Pentagastrin, 690

Pentamidine, 690–1
Pentazocine, 691

Pentoxifylline, 691

Perphenazine, 329

drug–drug interactions:

clozapine, 280

Pethidine:

drug–drug interactions:

midazolam, 424
SSRIs, 48

Phencyclidine:

chronic, self-reported symptoms after

withdrawal of in 68 users, 624t

drug administration:

drug overdose, 625

organs and systems:

body temperature, 624

cardiovascular, 623

death, 624

multiorgan failure, 624
musculoskeletal, 624

nervous system, 623

psychiatric, 624

sensory systems, 624
second-generation effects:

fetotoxicity, 624–5

self-reported unwanted behaviors in 68

users, 624t

in 68 users, self-reported effects, 618t

Phenelzine, 90–1

drug–drug interactions:

amantadine, 91

clonazepam, 91, 405

suxamethonium, 91

venlafaxine, 91, 120
long-term effects:

drug withdrawal, 91

tumorigenicity, 91
organs and systems:

hematologic, 91

nervous system, 90

nutrition, 91
psychological, psychiatric, 90–1

Phenobarbital, 691

drug–drug interactions:

clozapine, 280
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Phenothiazines, 22

Phenoxybenzamine, 691
Phentermine, 691

Phenylbutazone, 691

Phenylephrine, 84

Phenylpropanolamine

(norephedrine), 691

Phenytoin, 691

drug–drug interactions:

diazepam, 411

fluoxetine, 61

fluvoxamine, 66

methadone, 583
neuroleptic drugs, 235

risperidone, 352

Pimozide, 330

Piperazine:

drug–drug interactions:

chlorpromazine, 260

neuroleptic drugs, 235

Piracetam, 641–2
Plantago species, 163

Platinum-containing cytostatic drugs, 163

Postganglionic blockers, 22
Pramipexole, 691

Primaquine, 691

Procainamide, 691–2

Prochlorperazine, 330
Progesterone, 692

Prolintane, 692

Propofol, 692

Protionamide, 667
Pseudoephedrine, 666

Psilocybin, 627–8

Psychotropic drugs, 22

Quazepam, 427–8

drug–drug interactions:

hypericum perforatum (St John’s

wort), 428

itraconazole, 428

food–drug interactions, 428

organs and systems:

nervous system, 427

Quetiapine, 330–2

drug–drug interactions:

SSRIs, 332
long-term effects:

drug abuse, 332

drug withdrawal, 332
observational studies, 331

organs and systems:

endocrine, 331–2

nervous system, 331
psychiatric, 331

placebo-controlled studies, 331

vs. haloperidol, 193–4

vs. lithium, 129
Quinapril, 692

Quinidine:

drug–drug interactions:

neuroleptic drugs, 235

thioridazine, 366

venlafaxine, 120

Ranitidine, 692

Reboxetine, 109–10

drug–drug interactions:

fluoxetine, 61

Remifentanil, 692

Reserpine, 692–3
Rifampicin:

buspirone:

fluvoxamine, 435

Selective serotonin re-uptake

inhibitors (SSRIs), 435

sertraline, 435

St John’s wort, 435
drug–drug interactions:

methadone, 583

midazolam, 424

sertraline, 74
zaleplon, 442

Zolpidem, 448

Rifamycin:

drug–drug interactions:

clozapine, 280

diazepam, 411

haloperidol, 298

Risperidone, 333–54
comparative studies, 336

diagnosis of adverse drug reactions, 354

drug administration:

drug dosage regimens, 350–1

drug formulations, 349–50

drug overdose, 351

drug–drug interactions:

anesthetics, 351

carbamazepine, 351–2

citalopram, 56

clozapine, 280, 352
donepezil, 352, 636

fluoxetine, 61–2

fluvoxamine, 66
HIV protease inhibitors, 352

lithium, 352

macrolide antibiotics, 352

maprotiline, 100, 352
opioids, 352

phenytoin, 352

SSRIs, 48, 352–4

tetracycline, 354
thioridazine, 354, 366

valproate, 354

venlafaxine, 120

long-term effects:

drug withdrawal, 347–8

observational studies, 333–6

organs and systems:

cardiovascular, 339

electrolyte balance, 346

endocrine, 343–5

hematologic, 346
immunologic, 347

liver, 346

metabolism, 345

mouth, 346
musculoskeletal, 347

nervous system, 339–43

psychological, psychiatric, 343
sexual function, 347

skin, 347

urinary tract, 346

placebo-controlled studies,

336–9

second-generation effects:

lactation, 348

teratogenicity, 348

susceptibility factors:

age, 348–9
genetic factors, 348

other features of patient, 349

vs. amisulpride, 255

vs. haloperidol, 193, 194–5, 336
vs. olanzapine, 305, 336

vs. pimozide, 195

vs. typical drugs, 195
Ritanserin, 440

Ritonavir:

drug–drug interactions:

alprazolam, 395
amphetamines, 464

MDMA, ecstasy, 611

triazolam, 432

Zolpidem, 448
Rivastigmine, 642–4, 693

drug–drug interactions, 644

organs and systems:

cardiovascular, 643
gastrointestinal, 643–4

psychological, psychiatric, 643

Rizatriptan, 89

Salicylates, 22

Saquinavir, 693

drug–drug interactions:

midazolam, 424

Sedatives and hypnotics:

drug–drug interactions:

neuroleptic drugs, 235
Selective serotonin reuptake inhibitors

(SSRIs), 37, 395–6

drug administration:

drug overdose, 45–6

drug–drug interactions, 46

alprazolam, 46

amphetamines, 464
benzodiazepines, 386

buspirone, 46

clozapine, 280

coumarin anticoagulants, 46
dextromethorphan, 46–7

erythromycin, 47

grapefruit juice, 47

haloperidol, 47
linezolid, 47

lithium, 157–8

MDMA, ecstasy, 611
methadone, 583

methylenedioxymetamfetamine

(MDMA), 47

moclobemide, 89
monoamine oxidase

inhibitors, 47

nefazodone, 47, 107

neuroleptic drugs, 48, 236
olanzapine, 48, 320–1

oxazolidinones, 48

pethidine, 48
quetiapine, 332

risperidone, 48, 352–4

sibutramine, 48

tizanidine, 48
tramadol, 48–9

trazodone, 112

tricyclic antidepressants, 23, 49

triptans, 49
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Selective serotonin reuptake inhibitors

(SSRIs) (Continued)

fluoxetine, 395

fluvoxamine, 395

long-term effects:

drug withdrawal, 44
monoamine oxidase inhibitors:

drug-drug interactions, 47, 84

organs and systems:

death, 44

electrolyte balance, 40–1

endocrine, 40

fluid balance, 41
gastrointestinal, 41

hematologic, 41

immunologic, 44

liver, 41–2
nervous system, 37–8

psychological, psychiatric, 38–40

reproductive system, 43

sensory system, 38
sexual function, 42–3

skin, 42

paroxetine, 395
second-generation effects:

fetotoxicity, 44–5

lactation, 45

teratogenicity, 44
sertraline, 396

troleandomycin, 396

venlafaxine, 396

Selegiline:

drug–drug interactions:

cocaine, 526

moclobemide, 89
Sertindole, 362

Sertraline, 72

drug administration:

drug overdose, 73
drug–drug interactions:

alprazolam, 73

buspirone, 73

carbamazepine, 73
clonazepam, 73, 405

clozapine, 73–4

erythromycin, 74

rifampicin, 74
tramadol, 74

Zolpidem, 448

zolpidem, 74
long-term effects:

drug withdrawal, 73

organs and systems:

cardiovascular, 72
endocrine, 72

hair, 73

hematologic, 73

liver, 73
nervous system, 72

sexual function, 73

skin, 73
Sevoflurane, 693

drug–drug interactions:

neuroleptic drugs, 235

Sibutramine, 48
Sildenafil:

drug–drug interactions:

cannabinoids, 483

fluvoxamine, 66

Silver salts and derivatives, 693

Simvastatin, 693
Sodium valproate, 22–3

Spiramycin, 235

Statins, 107

Sulfonamides, 693
Sulindac, 694

Sultiame, 694

Sumatriptan:

drug–drug interactions:

lithium, 163

monoamine oxidase inhibitors, 84

Suriclone, 440
Suxamethonium:

drug–drug interactions:

cocaine, 526

phenelzine, 91
Sympathomimetics, indirect:

drug–drug interactions:

moclobemide, 88

Tacrine, 645

Tacrolimus, 694

Temazepam:

drug administration:

drug administration route, 429

drug dosage regimens, 429

drug overdose, 429
drug–drug interactions:

oral contraceptives, 429

organs and systems:

cardiovascular, 429
psychological, psychiatric, 429

Terbinafine, 23

Terfenadine, 107–8
Tetrachloroethylene, 694

Tetracycline, 354

Thalidomide, 694

Theophylline, 694
Thiazide diuretics, 236

Thioridazine, 363–6

drug administration:

drug overdose, 365
drug–drug interactions:

beta-adrenoceptor antagonists, 365

diuretics, 365

fluvoxamine, 66, 365–6
lithium, 163, 366

methylphenidate, 366

quinidine, 366
risperidone, 354, 366

tricyclic antidepressants, 23, 366

long-term effects:

drug withdrawal, 365
organs and systems:

cardiovascular, 363–4

death, 365

ear, nose, throat, 364
fluid balance, 364

hematologic, 364

nervous system, 364
sensory systems, 364

sexual function, 364–5

skin, 364

susceptibility factors:

age, 365

genetic factors, 365

other features of patient, 365

sex, 365

Thyroid hormones, 23, 694

Tiagabine, 694
Tiapride, 367

Timolol, 694

Tiotixene, 368

Tizanidine:

drug–drug interactions:

SSRIs, 48

Tobramycin, 694
Tolbutamide:

drug–drug interactions:

fluvoxamine, 66

Toloxatone, 92
Tolterodine, 694–5

Topiramate, 695–8

drug–drug interactions:

clozapine, 281
Toxic metabolites (possible) of organic

solvents, 618t

Tramadol, 698

drug–drug interactions:

fluoxetine, 62

sertraline, 74

SSRIs, 48–9
venlafaxine, 120

Tranylcypromine, 92

Trazodone, 110–12

drug administration:

drug overdose, 112

drug–drug interactions:

amiodarone, 112

carbamazepine, 112
MAOIs and SSRIs, 112

monoamine oxidase

inhibitors, 84
organs and systems:

cardiovascular, 111

liver, 111

nervous system, 111
psychological, psychiatric, 111

sensory systems, 111

sexual function, 111

skin, 111
second-generation effects, 112

teratogenicity, 112

Triazolam, 430–2

drug administration:

drug overdose, 431

drug–drug interactions:

fluconazole, 431
grapefruit juice, 431

isoniazid, 431

ketoconazole, 431

macrolide antibiotics,

erythromycin/miocamycin,

431–2

nefazodone, 108, 432

ritonavir, 432
organs and systems:

liver, 431

nervous system, 430
psychological, psychiatric,

430–1

Tricyclic antidepressants, 7–23

adverse effects, long-term, 8–9
drug administration:

drug overdose, 17–19

drug–drug interactions,

19–23
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alcohol, 19

amines, 19
amphetamines, 464

anesthetics, 19

anticoagulants, 19

antidysrhythmic drugs, 19
antipsychotic drugs, 19–20

baclofen, 21

benzodiazepines, 21, 386
clozapine, 21, 281

corticosteroids, 21

desmopressin, 21

fluconazole, 21
fluvoxamine, 21, 66

hormonal contraceptives-oral, 21

levodopa, 21

lithium, 21
methylphenidate, 21

monoamine oxidase inhibitors,

21–2, 84

morphine, 22
neuroleptic drugs, 236

olanzapine, 22, 321

pancuronium bromide, 22
paroxetine, 22, 70

phenothiazines, 22

postganglionic blockers, 22

psychotropic drugs, 22
salicylates, 22

sex hormones, 22

sodium valproate, 22–3

SSRIs, 23
St John’s wort, 23

terbinafine, 23

thioridazine, 23, 366
thyroid hormone, 23

yohimbine, 23

long-term effects:

drug withdrawal, 16
and monoamine oxidase inhibitors,

risks, 78

once-daily dosage, 8

organs and systems:

cardiovascular, 9–11

endocrine, 14

hematologic, 15

liver, 15
metabolism, 14

musculoskeletal, 15

nervous system, 11–13
psychological, psychiatric, 14

respiratory, 11

sensory systems, 13–14

sexual function, 15–16
skin, 15

with other substances,

interactions of, 20t

plasma concentrations and adverse

effects, 8

second-generation effects:

fetotoxicity, 16–17
lactation, 17

teratogenicity, 16

susceptibility factors:

age, 17
for treating depression (all

rINNs), 7t

in treatment of enuresis, 8

Trifluoperazine, 120–1

Trifluoromethane, 698

Trihexyphenidyl, 698
Trimethoprim and

co-trimoxazole, 698

drug–drug interactions:

lithium, 163
Trimipramine, 35

Triptans:

drug–drug interactions:

fluoxetine, 62

paroxetine, 70

SSRIs, 49

Tryptophan, 113–14
eosinophilia–myalgia syndrome, 114

Tyramine, 89

Valaciclovir, 698
Valproate:

drug–drug interactions:

clonazepam, 405

clozapine, 281–2
haloperidol, 299

neuroleptic drugs, 236

risperidone, 354
vs. lithium, 129

vs. olanzapine, 305–6

Valproic acid, 698–9

Valsartan, 699
Venlafaxine, 115

drug administration:

drug overdose, 118

drug–drug interactions:

alprazolam, 118

caffeine, 119

clozapine, 119
dexamfetamine, 119

fluoxetine, 62, 119

imipramine, 119

indinavir, 119
moclobemide, 89, 119

monoamine oxidase inhibitors, 84,

119–20

phenelzine, 91, 120
quinidine, 120

risperidone, 120

tramadol, 120

trifluoperazine, 120–1
long-term effects:

drug abuse, 118

drug withdrawal, 118
organs and systems:

cardiovascular, 115

electrolyte balance, 117

endocrine, 117
hair, 117

liver, 117

nervous system, 115–16

psychological, psychiatric,

116–17

respiratory, 115

sensory systems, 116
sexual function, 117

Vigabatrin, 699

Viloxazine, 122

Vincamine, 699
Vitamin A, 699–700

carotenoids, 699

retinoids, 699–700

Voriconazole, 700

Xanthines, 163

Xenon, 700

Yohimbine, 700

drug–drug interactions:

tricyclic antidepressants, 23

Zaleplon:

comparative studies:

placebo-controlled studies, 441

vs. triazolam, 441

vs. zolpidem, 441

drug administration:

drug overdose, 442

drug–drug interactions, 442

alcohol, 442

cimetidine, 442
digoxin, 442

erythromycin, 442

ibuprofen, 442

ketoconazole, 442
rifampicin, 442

organs and systems:

nervous system, 442
pharmacokinetics, 440

pharmacological effects, 440–1, 441

Ziprasidone, 368–71

comparative studies, 369
drug administration:

drug overdose, 371

drug–drug interactions:

ketoconazole, 371
lithium, 371

observational studies, 368–79

organs and systems:

cardiovascular, 369–70

metabolism, 371

musculoskeletal, 371

nervous system, 370
sexual function, 371

sychiatric, 370–1

placebo controlled

studies, 369
vs. olanzapine, 306

Zolpidem:

comparative studies, 444

drug administration:

drug dosage regimens, 447

drug overdose, 447

drug–drug interactions:

antifungal imidazoles, 447

drugs that compete for hepatic

oxidative pathways, 447

fluoxetine, 62, 447
rifampicin, 448

ritonavir, 448

sertraline, 448

valproic acid, 448
Zolpidem, 448

long-term effects:

drug abuse, 446
drug dependence, 446

drug withdrawal, 446–7

observational studies, 444

organs and systems:

liver, 446

nervous system, 444

psychological, psychiatric,

445–6
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Zolpidem: (Continued)

placebo-controlled studies, 444
sertraline:

drug–drug interactions, 74

susceptibility factors:

hepatic disease, 447
Zolpidem, 448

Zonisamide, 700–1

Zopiclone, 449–50
drug administration:

drug overdose, 450

drug–drug interactions:

nefazodone, 108
long-term effects:

drug withdrawal, 450

organs and systems:

endocrine, 450

nervous system, 449–50

Zotepine, 373

Zuclopenthixol, 373
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