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FOREWORD

The inspiration for The Johns Hopkins Manual of Gynecology and Obstetrics was the classic Harriet Lane Handbook first produced by the residents of the Harriet
Lane Pediatric Service at the Johns Hopkins Hospital in 1950 under the leadership of its chief residents, including Dr. Henry Seidel, subsequently Professor of
Pediatrics and Dean of Student Affairs. The concept of producing a clinical handbook for busy gynecology and obstetric clinicians was appealing to the gynecology
and obstetrics house staff for the following reasons: (1) It supported developing scholarship and academics among the house staff, allowing them to do literature
reviews and write chapters that were both scholarly and clinically useful; (2) it encouraged the residents to work together toward a common goal, that of understanding
principles of literature review, epidemiology, statistics, and the systematic approach to the evaluation of scientific information; and (3) in an era when support for
graduate medical education was increasingly constrained, it provided potential financial resources to be used for furthering resident education (attendance at
educational conferences and meetings and seed money for research—all the things that residents need and want to do that take “just a little discretionary money”).
Given the long history of contributions from the Department of Gynecology and Obstetrics at Johns Hopkins Hospital, including Williams' Obstetrics, TeLinde's
Operative Gynecology, and similar works by Kelly, Cullen, Novak, Howard and Georgeanna Jones, Woodruff, Rock, and many others, this was a project whose time

had come.

Under the supervision of Edward E. Wallach, the first edition was published in 1999. Its success and broad acceptance has led to this second edition and the
assurance that The Johns Hopkins Manual of Gynecology and Obstetrics has established a place for itself in the pockets of obstetricians and gynecologists
throughout their careers. | salute the Gynecology and Obstetrics house staff at the Johns Hopkins Hospital and the current leadership of Dr. Harold E. Fox and Dr.
Edward E. Wallach for their continued support of this and other house staff activities. These house staff authors are future leaders of our specialty, who, with their
work for this manual, recognize and repay the incredible privilege they have to train and serve “under the Dome.”

| am confident that this and future editions of this handbook will continue to serve the Department, our specialty, and the health of women throughout the world.

Timothy R. B. Johnson, M.D.

Bates Professor of the Diseases of Women and Children and Chair,
Department of Obstetrics and Gynecology

Research Scientist, Center for Human Growth and Development
Professor, Women's Studies

University of Michigan

(Fellow 1979-1981; Faculty 1985-1993, Johns Hopkins)



PREFACE

In the century since the founding of its medical school and hospital, Johns Hopkins has devoted itself to the pursuit of excellence in patient care and to the promotion
of medical education. During this century, textbooks and journals, authored and edited by leaders in virtually all areas of specialization, have originated from Johns
Hopkins. In Obstetrics and Gynecology alone, many of the texts from Johns Hopkins have become classics and stood the test of time, including Williams' Obstetrics,
now in its twentieth edition; TeLinde's Operative Gynecology; Novak's Textbook of Gynecology; and Kurman's editorship of Blaustein's Pathology of the Female
Genital Tract. It has been a given that graduate and postgraduate education go together hand-in-hand with patient care since the doors of Johns Hopkins Hospital
were opened in 1889 and its four horsemen— Welch, Osler, Halsted, and Kelly—set the pace for modern medicine. The Johns Hopkins Manual of Gynecology and
Obstetrics represents a slight variation on this theme. It does not represent the work of a single individual or even a group of leaders in our specialty. Instead, it
represents the collaboration of the entire house staff of The Department of Gynecology and Obstetrics, 34 strong, working in conjunction with Johns Hopkins faculty
members to provide a contemporary guide to diagnosis and management of clinical problems in obstetrics and gynecology. The planning and construction of this text
stems from the curiosity, enthusiasm, and focus of a dedicated resident staff that began with the residents who contributed to the first edition and extends to our
current staff of residents. Initially undertaken in 1996, the first volume has been widely circulated not only in the United States, but it has also been distributed in 50
other countries. The Johns Hopkins Manual of Gynecology and Obstetrics has even been translated into Portuguese and is currently distributed in Brazil. Now this
manual is in its second edition, having proved itself a mainstay for students, house officers, and practitioners. The second edition is updated, expanded, and
embellished and includes new chapters on primary care, critical care, obstetric anesthesia, postpartum care, and breast feeding. In addition, the new edition includes
sections on frequently used drugs in obstetrics and gynecology, useful Web sites, and OB/GYN Spanish for residents and students. Clearly, the second edition is both
new and improved. The revisions and expansion serve as a testimony to the dedication of house officers whose timeless activities in the clinics, operating suites, and
hospital floors have been supplemented by their preparation of this text, which serves as a valued contribution to medical education and the care of patients.

This manual has a unigue legacy in that it has been passed down from the house officers, circa 1998, in the Department of Gynecology and Obstetrics at the Johns
Hopkins Hospital and the Johns Hopkins University School of Medicine, to those of the present day. A. Nicholas Morse was instrumental in bringing to completion the
first edition of this manual. His commitment to the creation of the manual was remarkable, exceeded only by his painstaking effort to bring the project to fruition. For
the outstanding work performed by Dr. Morse, and indeed the hard work of all those who contributed to the first edition, the editors and contributors to this manual are
deeply indebted and grateful.

Edward E. Wallach, M.D.
Harold E. Fox, M.D., M.Sc.



1. PRIMARY AND PREVENTATIVE CARE

Suzanne Davey Shipman and Harold E. Fox

Role of the obstetrician-gynecoloqgist as primary care provider

Recommendations for preventative examination

Recommended immunizations by age group

Nutrition

Counseling for prevention

Screening for asymptomatic coronary artery disease
Screening. for hypercholesterolemia and other lipid disorders
The National Cholesterol Education Program quidelines

Assessment of the patient's risk for coronary heart disease

Treatment

Screening for hypertension
Hypertension is defined as

Periodic screening for hypertension

Screening for diabetes

Criteria for testing for diabetes in asymptomatic, undiagnosed individuals

Screening. for breast cancer
Screening for colorectal cancer
Screening.for cervical cancer
Screening for ovarian cancer
Screening for depression
Diagnostic cateqories

Treatment

I. Role of the obstetrician-gynecologist as primary care provider. A large percentage of women seeking medical care in the reproductive and postmenopausal
age groups look to their obstetrician-gynecologist as their primary care physician.

Past President of ACOG, Dr. Vicki Seltzer stated that “being a woman's primary physician means being able to take care of common problems and placing an
emphasis on prevention, wellness, and early detection. | think that more than any other medical specialty, obstetrics and gynecology has emphasized and
achieved a great deal in promoting preventive care and general women's wellness” ( Obstet Gynecol, 91/1, 1998). This chapter provides a quick review of some
key components of women's primary care. It is by no means an exhaustive reference.

Il. Role of screening. Screening plays an important role in prevention, as most deaths among women before the age of 65 are preventable. Screening has two
purposes: (1) primary prevention, which is the identification and control of risk factors for disease with the intent of preventing disease before it occurs, and (2)
secondary prevention, which is the early diagnosis of disease to prevent or reduce morbidity and mortality once disease has occurred. Criteria for a good
screening test include the following: The condition must have a significant effect on the quality and quantity of life, acceptable methods of treatment must be
available, the condition must have an asymptomatic period during which detection and treatment significantly reduce the risk for morbidity and mortality,
treatment in the asymptomatic phase must yield therapeutic results superior to those obtained by delaying treatment until symptoms develop, tests that are
acceptable to patients must be available at a reasonable cost to detect a condition in the asymptomatic period, and the incidence of the condition must be
sufficient to justify the cost of the screening.

lll. Leading causes of death and morbidity by age group
A. Ages 13-18. Leading causes of death are motor vehicle accidents, homicide, suicide, and cancer. Leading causes of morbidity are acne; asthma; chlamydia

infection; depression; dermatitis; headaches; infective, viral, and parasitic diseases; influenza; injuries; nose, throat, ear, and upper respiratory tract
infections; sexual assault; sexually transmitted diseases; and urinary tract infections.

B. Ages 19-39. Leading causes of death include accidents and adverse effects, cancer, human immunodeficiency virus infection, and diseases of the heart.
Leading causes of morbidity include asthma; back symptoms; breast disease; deformity or orthopedic impairment; depression; diabetes; gynecologic
disorders; headache or migraines; hypertension; infective, viral, and parasitic diseases; influenza; injuries; nose, throat, ear, and upper respiratory tract
infections; sexual assault and domestic violence; sexually transmitted diseases; skin rash and dermatitis; substance abuse; urinary tract infections; and
vaginitis.

C. Ages 40-64. Leading causes of death are cancer, diseases of the heart, cerebrovascular diseases, and accidents and their adverse effects. Leading causes
of morbidity are arthritis and osteoarthritis; asthma; back symptoms; breast disease; cardiovascular disease; carpal tunnel syndrome; deformity or orthopedic
impairment; depression; diabetes; headache; hypertension; infective, viral, and parasitic disease; influenza; injuries; menopause; nose, throat, ear, and
upper respiratory tract infections; obesity; skin conditions and dermatitis; substance abuse; urinary tract infections; other urinary tract conditions (including
urinary incontinence); and vision impairment.

D. Ages 65 and older. Leading causes of death include diseases of the heart, cancer, cerebrovascular diseases, and chronic obstructive pulmonary diseases.
Leading causes of morbidity include arthritis and osteoarthritis; back symptoms; breast cancer; chronic obstructive pulmonary diseases; cardiovascular
disease; deformity or orthopedic impairment; degeneration of macula retinae and posterior pole; dementia; depression; diabetes; hearing and vision
impairment; hypertension; hypothyroidism and other thyroid diseases; influenza; nose, throat, and upper respiratory tract infections; osteoporosis; skin
lesions, dermatoses, and dermatitis; urinary tract infections; other urinary tract conditions (including urinary incontinence); and vertigo.

IV. Recommendations for preventative examination (from the American College of Obstetricians and Gynecologists Committee on Primary Care)

A. Periodic assessment ages 13-18 years (Table 1-1, Table 1-2)
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TABLE 1-1. SCREENING (AGES 13-18 YEARS)
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TABLE 1-2. EVALUATION AND COUNSELING (AGES 13-18 YEARYS)

. Periodic assessment ages 19-39 years (Table 1-3, Table 1-4)
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TABLE 1-3. SCREENING (AGES 19-39 YEARS)
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TABLE 1-4. EVALUATION AND COUNSELING (AGES 19-39 YEARS)

. Periodic assessment ages 40-64 years (Table 1-5, Table 1-6)
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TABLE 1-5. SCREENING (AGES 40-64 YEARS)
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TABLE 1-6. EVALUATION AND COUNSELING (AGES 40-64 YEARS)

. Periodic assessment age 65 years and older (Table 1-7, Table 1-8)
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TABLE 1-8. EVALUATION AND COUNSELING (AGES 65 YEARS AND OLDER)

TABLE 1-9. HIGH-RISK GROUPS
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TABLE 1-11. SELECTED 1989 RECOMMENDED DIETARY ALLOWANCES FOR WOMEN

VI. Counseling for prevention. The office visit or routine health maintenance visit is an ideal time to counsel patients regarding many health-related behaviors.
There is evidence in the literature that for some of these behaviors clinical counseling can be an effective way of changing a patient's conduct.
A. There are many different ways to counsel patients. The following are found in the U.S. Preventive Services Task Force (USPSTF) Guide.

Frame the teaching to match the patient's perceptions.

Fully inform patients of the purposes and expected effects of interventions and when to expect these effects.

Suggest small changes rather than large ones.

Be specific.

Recognize that it is sometimes easier to add new behaviors than to eliminate established behaviors.

Link new behaviors to old behaviors.

Use the power of the profession.

NogaprwNE



8. Get explicit commitments from the patient.
9. Use a combination of strategies.
10. Involve office staff.
11. Refer to sources such as community agencies, national voluntary health organizations (e.g., the American Heart Association and the American Cancer
Society), instructional references (e.g., books and videotapes), and, finally, other patients.
12. Monitor progress through follow-up contact.

B. Physician counseling based on the stages of change. After the earlier tables are reviewed, many behaviors may be noted that, if changed, could improve a
patient's overall health status. The physician must assess whether a patient is ready to make these changes or not. The transtheoretical model of change is
based on discrete stages along the continuum of change. These are listed below, with the goals of counseling for each stage.

1. Precontemplation. Patients in this stage have no intention of changing their behavior. The goal of counseling in this stage is to introduce ambivalence,
so that patients will begin to consider making a change.

2. Contemplation. Patients in this stage are considering making a change in their behavior but will often be “riding the fence.” For example, the patient may
like to smoke but on the other hand may want to quit smoking. The goal of counseling is to explore both sides of the patient's ambivalent attitude and help
the patient resolve it (hopefully toward positive change).

3. Preparation. Patients in this stage have resolved to make a change and are no longer ambiguous (for example, they may tell you that they are ready to
quit smoking). The goal of counseling is to identify successful strategies for change.

4. Action. Patients in this stage are actually making a change in their behavior (such as quitting smoking). It may take years of precontemplation and
contemplation before the action stage is achieved. The goal of counseling in this stage is to provide solutions to dealing with specific relapse triggers.

5. Maintenance. The goal of counseling in this stage is to solidify the patient's commitment to a continued change (such as maintaining a smoke-free life
now that they've successfully quit smoking).

VII. Screening for asymptomatic coronary artery disease. There is insufficient evidence to recommend for or against screening of middle-aged and older men
and women for asymptomatic coronary artery disease, using resting ECG, ambulatory ECG, or exercise ECG. Emphasizing lifestyle modifications such as diet
adjustments, smoking cessation, and BP control is an important part of the routine physical examination.

VIIl. Screening for hypercholesterolemia and other lipid disorders
A. According to the updated recommendations for cholesterol management of the National Cholesterol Education Program, serum total cholesterol should be

measured in all adults 20 years of age and older at least once every 5 years; high-density lipoprotein (HDL) cholesterol should be measured at the same

time if accurate methods are available. These measurements may be made while the patient is nonfasting. In individuals free of coronary heart disease

(CHD), total cholesterol levels below 200 mg/dL are classified as desirable blood cholesterol, levels of 200—239 mg/dL as borderline-high blood cholesterol,

and levels of 240 mg/dL and above as high blood cholesterol. The cutpoint that defines high blood cholesterol (240 mg/dL) is a value above which risk for

CHD rises more steeply and corresponds approximately to the eightieth percentile of the adult U.S. population (National Health and Nutrition Examination

summarizes these categories.
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TABLE 1-12. RISK CLASSIFICATION OF HYPERCHOLESTEROLEMIA IN PATIENTS WITHOUT CORONARY HEART DISEASE

B. The National Cholesterol Education Program guidelines emphasize treating dyslipidemias based on cardiovascular risk factors. One of the first steps in
the evaluation of hypercholesterolemia is exclusion of secondary causes of hyperlipidemia.

C. Assessment of the patient's risk for coronary heart disease helps determine which treatment should be initiated and how often lipid analysis should be
performed. For primary prevention of coronary heart disease, the treatment goal is to achieve a low-density lipoprotein (LDL) cholesterol level of less than
160 mg/dL in patients with only one risk factor. The target LDL level in patients with two or more risk factors is 130 mg/dL or less. For patients with
documented coronary heart disease, the LDL cholesterol level should be reduced to less than 100 mg/dL. Negative risk factors include the following: age 45
years or older in men, age 55 years or older in women or postmenopausal status without hormone replacement therapy, family history of premature coronary
heart disease (definite myocardial infarction or sudden death before age 55 in father or other male first-degree relative or before age 65 in mother or other
first-degree female relative), current cigarette smoking, hypertension, HDL cholesterol level below 35 mg/dL, diabetes mellitus. Positive risk factors include
HDL cholesterol level above 60 mg/dL.

D. Treatment. According to the National Cholesterol Education Program guidelines, dietary modifications, exercise, and weight control are the foundation of the
treatment of dyslipidemia. A step Il diet, in which the total fat content is less than 30% of total calories and saturated fat is 8—10% of total calories, may help
reduce LDL cholesterol levels to the target range in some patients. A high-fiber diet is also therapeutic. The most commonly used options for pharmacologic

TABLE 1-13. CHOLESTEROL-LOWERING AGENTS
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TABLE 1-14. SIDE EFFECTS AND CHANGES IN SERUM LIPID VALUES WITH CHOLESTEROL-LOWERING DRUGS

IX. Screening for hypertension
A. Hypertension is defined as a systolic BP of 140 mm Hg or greater, diastolic BP of 90 mm Hg or greater, or requirement for antihypertensive medication.
The objective of identifying and treating high BP is to reduce the risk of cardiovascular disease and associated morbidity and mortality. Hypertension is
present in an estimated 43 million Americans and is more common in African Americans and older adults. Hypertension is a leading risk factor for coronary
heart disease, congestive heart failure, stroke, ruptured aortic aneurysm, renal disease, and retinopathy. These complications of hypertension are among the
most common and serious diseases in the United States, and successful efforts to lower BP could thus have substantial impact on population morbidity and
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TABLE 1-15. CLASSIFICATION OF BLOOD PRESSURE FOR ADULTS AND RECOMMENDATIONS FOR FOLLOW-UP

B. Periodic screening for hypertension is recommended for all persons 21 years of age or older. The optimal interval for BP screening has not been
determined and is left to clinical discretion. Current expert opinion is that adults who are believed to be normotensive should receive BP measurements at
least once every 2 years if their last diastolic and systolic BP readings were below 85 and 140 mm Hg, respectively, and annually if the last diastolic BP
reading was 85—-89 mm Hg. Hypertension should not be diagnosed on the basis of a single measurement. Elevated readings should be confirmed on more
than one reading at each of three separate visits. In adults, current BP criteria for the diagnosis of hypertension are an average diastolic pressure of 90 mm
Hg or greater or an average systolic pressure of 140 mm Hg or greater, or both. Once hypertension is confirmed, patients should receive appropriate
counseling regarding physical activity, weight reduction, dietary sodium intake, and alcohol consumption. Evidence should also be sought for other
cardiovascular risk factors, such as elevated serum cholesterol level and smoking, and appropriate intervention should be offered when indicated. The
decision to begin drug therapy may include consideration of the level of BP elevation, age, and the presence of other cardiovascular disease risk factors
(e.g., tobacco use, hypercholesterolemia), concomitant disease (e.g., diabetes, obesity, peripheral vascular disease), or target-organ damage (e.g., left
ventricular hypertrophy, elevated creatinine level). Antihypertensive drugs should be prescribed in accordance with recent guidelines and with attention to
current techniques for improving compliance.

Please refer to a medical text for complete instructions for evaluating and managing hypertension.

X. Screening for diabetes. Diabetes mellitus is a heterogeneous group of conditions characterized by hyperglycemia. Diabetes causes complications involving the
eyes, kidneys, and nerves and is associated with an increased incidence of cardiovascular disease. Diabetes may result from defects in insulin secretion, insulin
action, or both.

A. Diagnostic criteria
1. Symptoms of diabetes plus casual plasma glucose concentration of 200 mg/dL or more. Casual is defined as measured at any time of day without regard
to time since last meal. The classic symptoms of diabetes include polyuria, polydipsia, and unexplained weight loss; or
2. Fasting plasma glucose level of 126 mg/dL or more. Fasting is defined as no caloric intake for at least 8 hours; or
3. Two-hour plasma glucose level of 200 mg/dL or more during an oral glucose tolerance test. The test should be performed as described by the World
Health Organization, using a glucose load containing the equivalent of 75 g anhydrous glucose dissolved in water.
4. The term impaired fasting glucose has been defined as fasting plasma glucose level of 110 or more and 125 mg/dL or less. Impaired glucose tolerance
is defined as a 2-hour plasma glucose value of 140 or more but less than 200 mg/dL during an oral glucose tolerance test.
B. Criteria for testing for diabetes in asymptomatic, undiagnosed individuals
1. Testing for diabetes should be considered in all individuals at age 45 years and older; if results are normal, testing should be repeated at 3-year intervals.
2. Testing should be considered at a younger age or should be carried out more frequently in individuals who

are obese (more than 120% of desirable body weight or a body mass index of 27 kg/m 2 or more)

have a first-degree relative with diabetes

are members of a high-risk ethnic population (e.g., African American, Hispanic American, Native American, Asian American, Pacific Islander)

have delivered a baby weighing more than 9 Ib or have been diagnosed with gestational diabetes mellitus

are hypertensive (BP of 140/90 or higher)

have an HDL cholesterol level of 35 mg/dL or lower or a triglyceride level of 250 mg/dL or higher or both

g. on previous testing had impaired glucose tolerance or impaired fasting glucose
3. Please refer to a medical text for guidelines for therapy.

XIl. Screening for breast cancer. Breast cancer is the most common malignancy among women in the United States; the risk of developing breast cancer increases
from 1:25 at age 40 to 1:8 at age 80. In addition to age, other factors that determine a woman's risk for breast cancer include age at menarche, age at first
full-term birth, presence of BRCAL or BRCA2 gene, family history of breast cancer, and presence of high-risk benign breast pathology. For those at low risk, the
American College of Obstetricians and Gynecologists recommends routine mammography every 1-2 years for women in their 40s and annually thereafter. This
is in addition to annual clinical breast examination. The USPSTF recommends routine screening every 1-2 years, with mammography alone or mammography

P20 TP

between the ages of 50 and 69 years, the data support a 30% reduction in breast cancer mortality associated with annual or biennial mammography and clinical
breast examination. Controversial data demonstrate a 20% reduction in breast cancer mortality associated with annual mammography among women between
the ages of 40 and 49 years. The problem of comorbidity in women older than age 70 complicates data supporting screening recommendations for this cohort of
women. Although strong evidence supporting mortality reduction from breast self-examination is lacking, breast self-examination is recommended as a screening
modality for breast cancer beginning at age 25.
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TABLE 1-16. BREAST CANCER SCREENING GUIDELINES FOR ASYMPTOMATIC WOMEN 40 YEARS OR OLDER

XIll. Screening for colorectal cancer. Colorectal cancer is the third most commonly diagnosed cancer and the second leading cause of cancer-related death in the



United States. Risk factors for colorectal cancer include a family history of colorectal cancer, a personal history of colon polyps or cancer, a personal history of

inflammatory bowel disease, and the familial polyposis syndromes.

A. According to the USPSTF, screening for colorectal cancer with annual fecal occult blood testing (FOBT) or sigmoidoscopy (periodicity unspecified), or both,
is recommended for all persons aged 50 years and older.

B. Other recommendations for screening for individuals of average risk starting at age 50 include FOBT yearly, or flexible sigmoidoscopy every 5 years, or
FOBT yearly with flexible sigmoidoscopy every 5 years, or double-contrast barium enema examination with flexible sigmoidoscopy every 5 years, or
colonoscopy every 10 years.

C. Persons with one or more polyps larger than 1 cm should undergo colonoscopy. There are more extensive recommendations for cancer surveillance in
certain high-risk groups; please see other medical texts for details.

XIll. Screening for cervical cancer. Routine screening for cervical cancer with Papanicolaou (Pap) testing is recommended for all women who are or have been
sexually active and who have a cervix.

A. Pap smears should begin at age 18 or with the onset of sexual activity and should be repeated yearly until results are normal on three consecutive tests;
thereafter, the test should be performed at least every 3 years (yearly testing should be continued for all except women with low risk).

B. There is insufficient direct evidence to recommend for or against an upper age limit for Pap testing, but recommendations can be made on other grounds to
discontinue regular testing after age 65 in women who have had regular previous screenings in which the smears have been consistently normal (per
USPSTF).

XIV. Screening for ovarian cancer. Ovarian cancer has the highest mortality of all gynecologic cancers. Survival is improved when disease is detected before
widespread dissemination, but unfortunately, few cases are diagnosed when the cancer is confined to the ovary. Routine screening for ovarian cancer by
ultrasonography, the measurement of serum tumor marker levels, or pelvic examination is not recommended. Whether measurement of cancer antigen 125
(CA-125) levels as a component of a multimodality screening program may be useful requires further evaluation in controlled clinical trials, as none of these
methods is of proven benefit for the early detection of ovarian cancer. A National Cancer Institute multicenter trial is ongoing to test the usefulness of
transvaginal ultrasonography and CA-125 measurement in reducing the mortality from ovarian cancer.

A. Women with two or more family members affected by ovarian cancer have a 3% chance of having a hereditary ovarian cancer syndrome and should be
counseled by a qualified geneticist regarding their individual risk. The Cancer Genetics Studies Consortium has recommended annual or semiannual
screening by transvaginal ultrasonography and measurement of serum CA-125 levels beginning at age 25-35 years for BRCAL1 mutation carriers.

B. Risk factors: The most significant risk factor for ovarian cancer is a positive family history. The lifetime risk of developing ovarian cancer is 7% for a woman
with two or more first-degree relatives with ovarian cancer. This risk increases 17- to 50-fold if a heritable cancer syndrome is identified, such as hereditary
breast or ovarian cancer (BRCAL1) or Lynch family syndrome Il. Advanced age is also associated with increased risk, whereas increased parity, oral
contraceptive use, tubal ligation, and hysterectomy decrease one's risk.

XV. Screening for depression. Major depressive episodes affect 20 million American adults yearly. The lifetime risk for women of developing a major depressive
disorder is 10-25%; depression is two to three times more common in women than in men. However, nearly 80% of cases of depression are undiagnosed.
Factors that may predispose women to depression include perinatal loss, infertility, or miscarriage; physical or sexual abuse; socioeconomic deprivation; lack of
support, isolation, and feelings of helplessness; family history of mood disorders; loss of a parent during childhood (before age 10); history of substance abuse;
and menopause.

A. The following are the criteria for diagnosing a major depressive episode. At least five of the following nine symptoms must be present for at least 2 weeks
to fulfill the definition of major depressive episode, and at least one of the symptoms must be either depressed mood or loss of interest or pleasure. The
symptoms must represent a change from the patient's previous level of functioning.

Depressed mood most of the day, nearly every day

Markedly decreased interest or pleasure in activities

Significant appetite or weight change

Insomnia or hypersomnia nearly every day

Observable psychomotor retardation or agitation nearly every day

Fatigue or loss of energy nearly every day

Feelings of worthlessness or inappropriate guilt nearly every day

Diminished ability to think, concentrate, or make decisions

. Recurrent thoughts of death or suicide

|agnost|c categories

Major depressive episode. One episode; symptoms may develop over days to weeks and may be either experienced by the patient or observed by

others.

Major depressive disorder. One or more major depressive episodes.

Dysthymic disorder. Chronically depressed mood on most days for 2 or more years, plus at least two of the symptoms from the list defining a major

depressive episode.

4. Depressive disorder not otherwise specified. This category includes such diagnoses as premenstrual dysphoric disorder.

C. There is insufficient evidence to recommend for or against the routine use of standardized questionnaires to screen for depression in asymptomatic
primary care patients. Clinicians should maintain an especially high index of suspicion for depressive symptoms in those persons at increased risk for
depression (see earlier). There are many screening tools available to help identify patients who are most likely to be depressed; these tools are designed to
rate the severity of depression. Screening is recommended when depression is suspected. Commonly used patient self-report screens that are
symptom-oriented include the General Health Questionnaire, the Beck Depression Inventory, the Symptom Checklist, the Inventory of Depressive Symptoms,
and the Zung Depression Scale. If scores are above a predetermined cutoff, patients should have a more comprehensive evaluation for depression.

D. Treatment. Treatable causes of depression should be identified first; for example, depression may be related to menstruation, pregnancy, the perinatal
period, or the perimenopausal period. There can also be a relationship between depression and medications such as birth control pills or agents used in
hormone replacement therapy (particularly the progesterone component).

1. Psychosocial treatment. Commonly used therapies include psychotherapy to correct interpersonal conflicts and to help women develop interpersonal
skills; cognitive-behavioral therapy to correct negative thinking and associated behavior; and couples therapy to reduce marital conflicts. For patients with
mild to moderate depression, psychosocial therapies may be used alone, or they may be used in conjunction with antidepressant medication.

2. Pharmacologic treatment. A large percentage of women experience significant improvement or even complete remission with medication. Factors to
consider for treatment with medications include severe symptoms, recurrent episodes (two or more prior episodes), chronicity, presence of psychotic
features such as hallucinations or delusions, presence of melancholic symptoms, family history, prior response to medication, incomplete response to
psychotherapy alone, and patient preference.
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2. BREAST DISEASES
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For many women, the gynecologist serves as the primary care physician, so that an understanding of a variety of issues related to women's health is required.
Therefore it is crucial that the gynecologist be able to adequately evaluate and treat breast disease. In addition, breast cancer is an important women's health issue.
This chapter can instruct practicing gynecologists in the understanding, screening, diagnosis, and treatment of this common malignancy.

I. Anatomy. The adult breast lies between the second and sixth ribs in the cervical axis and between the sternal edge and midaxillary line in the horizontal axis.
Breast tissue projects into the axilla, also called the axillary tail of Spence.

The breast is comprised of three major tissues: skin, subcutaneous tissue, and breast tissue consisting of both parenchyma and stroma. The parenchyma is
divided into 15-20 segments that converge at the nipple in a radial arrangement. Between five and ten major collecting ducts open into the nipple. Each duct
drains a lobe made up of 20—40 lobules. Each lobule consists of 10—-100 alveoli. The major blood supply to the breast is from the internal mammary and thoracic

arteries. The lymphatic drainage is typically unidirectional from the superficial to deep lymphatic plexus, draining toward the axillary (97%) and internal
mammary nodes (3%).

Il. Methods for screening and diagnosis of breast disease
A. Breast examination. A complete breast examination by a physician should be performed once a year and should be performed as part of every routine

examination by the gynecologist. A thorough examination requires some time, yet it is greatly appreciated by the patient as an indicator of the quality of care
received.

1. Inspection should first be performed with the patient sitting with her arms relaxed at her sides. The contour and symmetry of the breasts as well as skin

changes or scars, position of the nipples, and appearance of any mass should be observed. Erythema or edema should be noted. Skin dimpling and

nipple retraction sometimes can be seen when the patient is asked to lift her hands above her head and then press her hands on her hips, thereby
contracting the pectoralis muscles.

. Palpation is best performed with the flat portion of the fingers. The patient's breast should be palpated in a methodical fashion either in concentric circles
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FIG. 2-1. Breast examination. (From Scott JR, et al. Danforth's obstetrics and gynecology, 7th edition. Philadelphia: Lippincott Williams & Wilkins, 1994,
with permission.)

The entire axilla and supraclavicular areas should be palpated to detect adenopathy. The entire breast from the clavicle to the costal margin should be
examined in both the upright and supine positions. Nodes close to the chest wall, in particular, are best appreciated with the patient lying supine.

Any distinct tumor or mass must be evaluated and biopsy performed, regardless of the mammographic appearance, to rule out malignancy and to make a
definitive diagnosis. Many patients have a normally nodular breast parenchyma that can make the detection of a dominant mass difficult. Breast cancer
that presents as a mass is often nontender and firm with indistinct borders. It may be fixed to the skin or underlying fascia. The optimal time for breast
examination is during the first 10-14 days after menses when the hormonal influence is the least. The nipple should also be checked for nipple discharge,

as well as examined for skin changes, including retraction, erythema, and scaling. All positive findings should be well documented in writing and with a
drawing.

B. Breast self-examination is recommended for all women after age 20 on a monthly basis. This skill should be demonstrated and taught to the patient. The

her sides and then raised above her head. She should look for abnormalities in breast contour, asymmetry, skin changes, nipple alterations, and discharge.
The patient should be instructed to palpate supraclavicular and axillary locations for masses or nodes. Then she should lie in the supine position with a
pillow beneath her back on the side of the breast being examined to rotate her chest so that the breast being examined is symmetrically flattened against the
chest wall. The patient should then systematically palpate each quadrant of her breast, including the area beneath the nipple. The nipples should be
compressed for evidence of discharge. The patient should feel for masses or other changes from previous examinations. If there are any findings of concern,



she should contact her physician.
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FIG. 2-2. Breast self-examination. (From Scott JR, et al. Danforth's obstetrics and gynecology,7th edition. Philadelphia: Lippincott Williams & Wilkins, 1994,
with permission.)

. Screening mammography is perhaps the most useful method of detecting early breast cancer. In randomized controlled trials, screening mammography has
been shown to reduce the mortality from breast cancer by up to 30% in women between the ages of 50 and 69. However, less than 40% of women, even in
this group, undergo mammography as recommended. Although the data for younger women are less clear, the American College of Obstetricians and
Gynecologists and the American Cancer Society recommend screening mammography every 1-2 years for all women aged 40-49 years and then annually
for those older than 50 years. Although data for women 70 years and older are limited, the American College of Obstetricians and Gynecologists also
recommends annual screening in this age group. Mammography detects only 90% of breast cancers in asymptomatic women. Therefore, this screening tool
does not eliminate the need for careful breast examination. Adequate screening mammography must include at least two views of both breasts: a
mediolateral side view and a craniocaudal view.

Mammography is an essential part of the examination of women with a palpable mass, even when cancer is obvious. In such a situation the mammogram is
most useful in evaluating other areas of the breast as well as the contralateral breast. Mammographic abnormalities characteristic of breast cancer include
spiculated soft tissue densities, microcalcifications, and architectural distortion of the breast without obvious mass. Microcalcifications can occur with or
without an associated mass lesion. Suspicious calcifications occur in clusters and are often pleomorphic and small compared to benign calcifications.
Approximately 15% of cancers are not apparent on mammogram. This is true for both small and large lesions and is especially true in younger patients. Even
if a lesion is palpable on physical examination but not apparent on a mammogram, a biopsy should be done.

. Diagnostic mammography is often used when the presence of a lesion has already been detected either as a result of physical examination or screening
mammography. Diagnostic mammography includes a more sophisticated approach such as obtaining spot compression views and magnification images.

It is essential to compare all mammograms with previous screening or diagnostic studies for optimal diagnostic yield.

. Ultrasonography does not substitute for mammography. However, it has become a common tool in evaluating breast lesions. It is particularly useful in

distinguishing cystic from solid lesions. Ultrasonographic features suspicious for cancer include solid masses with ill-defined borders or complex cystic

lesions. Posterior diffuse shadowing is another hallmark of malignancy on ultrasonography. The evaluation of Doppler ultrasonography curves in the
perilesional vessels is currently being studied. On occasion, ultrasonography can be used as a regular screening tool in addition to mammography in women
with particularly dense or cystic breasts.

. Magnetic resonance imaging (MRI) is beginning to play a more significant role in the management of breast cancer in select patients. Its sensitivity is

superior to that of mammography; however, the specificity is poor, which makes it less useful as a screening tool. MRI not only evaluates the lesion

structurally but, when used with contrast enhancement, may offer improved characterization regarding blood flow in the lesion. Larger studies are being
conducted to better define the role of MRI in diagnosis of breast disease and to determine whether this imaging modality can improve detection and clinical
outcomes in a cost-effective manner.

. Breast biopsy

1. Fine-needle aspiration biopsy has traditionally been used to obtain material from a breast abnormality for cytologic evaluation. This method is quick and
less invasive than other methods. It involves introduction of a narrow-gauge (22-gauge) needle into a lesion under suction, typically with multiple passes.
It is important to be aware that this procedure, although accurate at detecting malignant cells, often cannot distinguish between invasive and noninvasive
carcinomas.

2. Core biopsy. In the era of breast-conserving surgery, accurate preoperative diagnosis is essential to allow the patient to weigh her options in the case of
malignancy before the definitive therapy is undertaken. For palpable lesions, core biopsy reveals better, more reliable, and clinically more useful
information than fine-needle aspiration biopsy. When core biopsy is performed, a large-bore needle is used to obtain the specimen, which consists of
cylindric fragments or cores of tissue that are sent for histologic evaluation. Both frozen and permanent sections can be done. Often, four or five core
biopsies are taken. This procedure can be performed under mammogram guidance, under ultrasonographic guidance, or directly on a palpable mass.
Newer techniques for obtaining larger tissue samples have been developed. These include the Mammotome and Abby devices. These methods use
image guidance and suction methodology to achieve more accurate and complete tissue acquisition for diagnostic purposes.

During these procedures, if there is any question that the mammographic abnormality has been removed or distorted, which potentially impacts
subsequent management, a small metallic clip or marker can also be inserted.

3. Excisional biopsy is typically performed under local anesthesia. With this approach, the abnormality is completely removed. Excisional biopsy can be
performed for both palpable and nonpalpable lesions. To excise a honpalpable mammographically identified abnormality, needle localization and wire are
used, termed needle localization breast biopsy. With this technique, a needle or wire (or both) is first placed in the area of the lesion under
mammographic guidance. In addition, a vital dye can be injected to aid in complete surgical extirpation. The patient is then brought to the operating room,
where the area around the tip of the needle is excised. Specimen radiography should always be performed during surgery to confirm complete removal of
the original suspicious lesion.

. Evaluation of the palpable breast mass requires a careful history, including family history, physical examination, and radiologic examination. In the majority

of these cases, the mass is painless. The presence of pain should not lead to a false reassurance, however, because as many as 10% of patients with

cancer may present with breast pain. Less common associated symptoms include nipple discharge, nipple rash or ulceration, diffuse erythema of the breast,
adenopathy, or symptoms associated with distant metastatic disease. Enlargement of the breast with or without presence of a distinct mass, erythema, and
peau d'orange are the hallmarks of locally advanced breast cancer that can sometimes be confused with mastitis. Early breast cancer can also be associated
with a breast abscess or mastitis. Any nonlactating woman with an infection of the breast must be closely followed. A biopsy should be performed sooner
rather than later, particularly if the “infection” does not promptly resolve.

Ultrasonography with needle aspiration is useful in distinguishing between cystic and solid lesions. Any mass that does not disappear on aspiration, yields
bloody aspirate, or does not completely resolve on ultrasonography is an indication for core or excisional biopsy.
. Evaluation of a mammographic abnormality. There are multiple radiologic findings that usually require surgical consultation and consideration of breast
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TABLE 2-1. RADIOLOGIC FINDINGS OF CONCERN ON MAMMOGRAPHY

When a woman's screening mammogram is ambiguous, diagnostic mammography with special views should be performed and a decision made whether to
perform a diagnostic biopsy. If the mammographic studies are inconclusive, a short-term follow-up study at 3—6 months can be considered. Biopsy
techniques for mammographically identified nonpalpable lesions include needle localization excision biopsy and stereotactic core biopsy.

lll. Common benign breast problems

A. Mastalgia is the most common breast symptom causing women to consult a physician. Although the vast majority of patients with pain have a benign cause,
up to 10% of patients with cancer complain of pain, often with an associated mass. Benign breast pain can be either cyclic or noncyclic. Cyclic pain usually is
maximal premenstrually and relieved with the onset of menses and can be either unilateral or bilateral. Noncyclic breast pain can have various causes,
including hormonal fluctuations, firm adenomas, duct ectasia, and macrocysts. Noncyclic pain may also arise from musculoskeletal structures, such as
soreness in the pectoral muscles from exertion or trauma. Costochondritis is another possible cause of breast pain. With most noncyclic breast pain,
however, no definite cause is determined. Although breast cancer can present only as pain, this is very uncommon. The evaluation in a patient with breast
pain should include a complete history and physical examination as well as mammography in women older than 35 years of age to exclude a suspicious
density as the source of the pain. Patients who do not have a dominant mass can be reassured. In most patients, mastalgia remits spontaneously, although
sometimes only after many months or years. Restriction of methylxanthine-containing substances (coffee, tea) has not been shown to be superior to placebo
in large studies, but might produce relief in some individual patients. If therapy is indicated, oral contraceptive pills (estrogen plus progestin combination oral
contraceptive pills) are one option. Alternatives include danazol (100—400 mg/day for 3—6 months) or tamoxifen citrate (10 mg/day for 3—6 months).

B. Nipple discharge is a common presenting complaint. Not all nipple discharge is pathologic, and an attempt should be made to classify the discharge as
physiologic, pathologic, or galactorrheic based on history, physical examination, and guaiac testing.

1. Physiologic discharge is nhonspontaneous and usually bilateral. It arises from multiple ducts and is usually serous in character. It can be caused by use
of exogenous estrogens or tranquilizers, or nipple stimulation. This type of discharge is not associated with underlying breast disease and requires no
further evaluation. Reassurance is sufficient treatment.

2. Galactorrhea is a typically bilateral, multiduct discharge with a milky character. Galactorrhea may have a variety of causes, including chest wall trauma or
use of oral contraceptives, phenothiazines, antihypertensives, or tranquilizing drugs. Several endocrine abnormalities give rise to galactorrhea, including
amenorrhea syndromes, pituitary adenomas, and hypothyroidism. An evaluation for endocrine abnormality should be performed with measurement of
prolactin level and thyroid function tests. Hyperprolactinemia should be evaluated with a CT scan and visual field testing.

3. Pathologic discharge is typically localized to a single duct. It is usually a spontaneous discharge that is intermittent. It may be greenish-gray, serous, or
bloody. The most common cause of pathologic discharge is benign breast disease, even if the discharge contains blood. The quadrant of the breast in
which pressure results in discharge should be noted to localize the duct. Testing the fluid for occult blood is useful to identify subtle bloody discharge.
Cytologic study can also be performed. A mammogram should be part of the evaluation of any patient with a pathologic discharge. Biopsy should be
performed if an associated mammographic abnormality or palpable mass is present. Also, in cases of persistent pathologic discharge or discharge that is
bloody, biopsy should be undertaken using a surgical procedure called terminal duct excision. Benign causes for pathologic nipple discharge include
intraductal papilloma, duct ectasia, and fibrocystic changes. Carcinoma accounts for only 5% of pathologic discharge, and 3—11% of women with cancer
have an associated nipple discharge.

C. Breast infections
1. Puerperal mastitis is an acute cellulitis of the breast in a lactating woman. If treatment is not begun promptly, puerperal mastitis can progress to abscess

formation. Mastitis usually occurs during the early weeks of nursing. On inspection, there is often cellulitis of a wedge-shaped pattern over a portion of the
breast skin. The affected tissue is red, warm, and very tender. Usually, there is no purulent drainage from the nipple because the infection is around
rather than within the duct system. High fevers and chills as well as flu-like body ache are common and not infrequently precede the local erythema.
Staphylococcus aureus is the most common causal organism, and any antibiotic therapy should cover this organism. The antibiotic therapy usually
recommended is dicloxacillin, 500 mg by mouth four times daily for 10 days. More important than antibiotic therapy, however, is aggressive emptying of
the affected breast of milk. The patient should be encouraged to continue to breast feed or pump milk to promote drainage from the affected segments.
Warmth and manual pressure to engorged areas is also beneficial. If puerperal mastitis is not treated promptly or fails to respond to therapy, an abscess
may form. Fluctuance may be absent, and it could be difficult to detect because of the numerous fibrous septa within the breast. If the puerperal mastitis
does not resolve quickly with treatment, incision and drainage with culturing is indicated.

2. Nonpuerperal mastitis is uncommon. This type of infection is often subareolar with an area of tenderness, erythema, and induration. The patient is
generally not systemically ill. Nonpuerperal mastitis is usually a polymicrobial infection including anaerobes. Antibiotic coverage should be appropriate,
typically including clindamycin or metronidazole in addition to a beta-lactam antibiotic covering penicillinase-resistant organisms. All breast inflammation
must raise concern for inflammatory breast cancer, and the threshold for performing a skin biopsy should be low, particularly in the elderly population.
Skin biopsies can be easily done using the same punch biopsy instrument used in the vulvar area. If a suspected nonpuerperal mastitis does not respond
promptly to antibiotic treatment, mammography and skin biopsy are indicated.

D. Fibrocystic conditions are a common benign breast complaint. They occur mostly in the premenopausal period. Common complaints are bilateral pain and
tenderness, most often localized in the subareolar or upper outer regions of the breast. These symptoms are noted most often during the 7—14 days before
menses. The pain is likely due to stromal edema, ductal dilation, and some degree of inflammation, but the true etiology is unclear. This condition should be
considered a normal variation and not a disease, although some women can be significantly debilitated by persistent symptoms. Management should include
regular examinations and imaging if indicated. Oral contraceptives suppress symptoms in 70-90% of patients. Analgesics, such as acetaminophen, aspirin,
and nonsteroidal anti-inflammatory drugs, are also helpful. Often, reassurance that the symptoms are not related to a disease or serious pathologic condition
is enough for the patient. Histologically, nonproliferative fibrocystic changes can be distinguished from proliferative changes. Nonproliferative fibrocystic
changes include microcysts, which can progress to form macrocysts that can present as palpable masses. Proliferative fibrocystic changes can involve
hyperplasia of the ductal epithelium, which leads to layering of the epithelial lining. This is a histologic and not a clinical diagnosis.

When accompanied by cellular atypia, fibrocystic disease is associated with a fivefold increase in the risk of breast cancer. Intraductal proliferation can lead
to intraductal papillomas, the most common cause of serosanguineous nipple discharge.
E. Benign breast masses

1. Fibroadenoma is the most common mass lesion found in women younger than 25 years. Growth is generally gradual, and there may be occasional cyclic
tenderness. If the lesion is palpable, increasing in size, or psychologically disturbing, core or excisional biopsy should be considered. Conservative
management may be appropriate for small lesions that are nonpalpable and have been identified as fiboroadenomas by mammography, ultrasonography,
or core biopsy. Careful follow-up is essential. Carcinoma within a fibroadenoma is a very rare occurrence. A rare malignant variation of fioroadenoma
called cystosarcoma phylloides is treated by wide resection. Local recurrence is common and distant metastasis very rare.

2. Breast cysts can be found in pre- or postmenopausal women. Physical examination often cannot distinguish cysts from solid masses. Ultrasonography
and cyst aspiration are often diagnostic. In these cases, no further therapy is required. If a cyst does not resolve with aspiration, yields a sanguineous
aspirate, recurs within 6 weeks, or is complex on ultrasonography, surgical consultation should be obtained.

3. Fat necrosis is frequently associated with breast trauma resulting in a breast mass. It has also been reported to occur after breast biopsy, infection, duct
ectasia, and reduction mammoplasty as well as after lumpectomy and radiotherapy for breast carcinoma. Fat necrosis may occur anywhere, but it is most
common in the subareolar region. This process can be difficult to distinguish from breast cancer on both physical examination and mammography. Even if
fat necrosis is suspected, the lesion needs to be evaluated like any other palpable breast lesion. Only a benign histologic appearance affords
reassurance.

IV. Breast cancer in the United States is the most common malignancy and the second leading cause of death due to cancer in women (lung cancer being the
first). There are approximately 180,000 new cases diagnosed each year and an estimated 45,000 deaths from this disease annually. Breast cancer is a common
and devastating disease, and the cumulative lifetime risk of developing this cancer is approximately 12%. The risk of developing breast cancer increases with



TABLE 2-2. A WOMAN'S CHANCE OF BEING DIAGNOSED WITH BREAST CANCER BY AGE

A. Risk factors associated with breast cancer include both genetic and environmental factors.

B.

1.

2.

Genetic predisposition and family history. Although most breast cancers occur in women with no clear family history, breast cancer risk in an individual
with breast cancer in first-degree relatives, such as mother, sister, or daughter—particularly when these individuals were affected at a young age—is
clearly elevated. The risk is further increased when more than one first-degree relative is affected. Only 5—-10% of breast cancers have a clear hereditary
association. Of these cases, 30-60% are believed to be the consequence of BRCAL1 and BRCA2 germ-line mutation. Currently, different molecular tests
are commercially available to detect known mutations in these genes. Significant mutations are found at a rate of 1:800 (0.1%) in the general population.
In Jewish patients of Eastern European descent (Ashkenazi), this rate increases to 20:800 (2.5%). The precise biological role of BRCA1 and BRCA2
remains unclear.

Gynecologic history. Early menarche (younger than 12 years) and late natural menopause (older than 55 years) are associated with a mildly increased
risk of developing breast cancer. Multiparity confers a somewhat decreased risk, as does an age at first childbirth of younger than 30 years.

Diet and lifestyle. The impressive differences in the incidence of breast cancer in different geographical and cultural areas have long raised the
suspicion that there are underlying dietary risk factors. High-fat diets have been implicated in particular. The data presently available, however, are
insufficient to provide firm dietary advice for reduction in breast cancer risk. Neither a low-fat diet, nor a high-fiber diet, nor the use of vitamins A, C, and E
has been shown to lead to a risk reduction in large trials. Alcohol consumption, particularly in large amounts, appears to confer an increased risk,
whereas exercise appears to lower the overall risk.

Hormones. The existing scientific evidence does not support a clinically significant or physiologically rational relationship between oral contraceptive pills
and breast cancer. There is, however, a clear protective effect of oral contraceptives on the risk of ovarian cancer, with many studies showing a 40-50%
reduction in risk. The question of whether hormone replacement therapy (HRT) in postmenopausal women increases the incidence of breast cancer is
currently being debated. The same study that identified a slightly increased risk did not demonstrate an increased mortality due to breast cancer. Many
other studies have shown no relationship.

The role of HRT in breast cancer remains one of the most controversial areas in gynecology. Fear of breast cancer is the number one reason why women
who are candidates for HRT do not take it. Our practice is to discuss what is known with the patient and to determine if there are other risk factors for
breast cancer, on the one hand, versus risk factors for cardiovascular disease or osteoporosis, on the other.

Another area of controversy is the use of HRT in postmenopausal survivors of breast cancer. Women with a history of breast cancer have a clearly
increased risk of contralateral breast cancer as well as of local recurrence. Whether HRT increases this risk further is unclear. It is important to note that
a history of breast cancer is not an absolute contraindication for HRT. The decision should be made on an individual basis after appropriate counseling.

Prevention
1.

Prophylactic mastectomy, usually with breast reconstruction, is an option for high-risk patients. The procedure has been shown to decrease the risk of
breast cancer in such groups by up to 90%.

Screening for BRCA1 and BRCA2 mutations is an option that can be considered in patients with a significant family history who are considering
prophylactic mastectomy. A clearer delineation of the specific risk (e.g., higher than 80%) can make consideration of such an aggressive strategy easier.
It is important to stress that any genetic screening should be preceded by extensive genetic counseling by a qualified individual. This is because the
implications of genetic testing can be significant, with effects on insurability, job security, and other family members.

3. Hormone chemoprevention is another area of current controversy.

A recent study, the Breast Cancer Prevention Trial (BCPT), has evaluated the use of tamoxifen for preventive purposes in a population at high risk for
developing invasive breast cancer. Tamoxifen is a nonsteroidal compound with antiestrogenic and estrogenic effects on specific tissues and has been
used in the treatment of breast cancer for decades. In that context, studies had shown that tamoxifen-treated women had a significantly lower incidence of
contralateral breast cancer.

The BCPT, evaluating a collective of 13,000 patients, demonstrated a risk reduction for breast cancer of 44% in a selected high-risk population with no
prior history of breast cancer. High risk was defined by a combination of variables, including number of first-degree relatives with breast cancer, age at
first childbirth, age at menarche, nulliparity, and so on. After review of the data, the U.S. Food and Drug Administration approved tamoxifen as a
preventive medication for breast cancer. High risk was defined as a 5-year predicted risk of breast cancer of at least 1.67% as determined by the Gail
model, a computerized risk calculator that includes most of the variables mentioned earlier.

This impressive beneficial effect needs to be weighed against the thromboembolic side effects and the increased incidence of endometrial cancer in the
treatment group. Tamoxifen belongs to the family of selective estrogen receptor modulators (SERMs). Another SERM, raloxifene hydrochloride, has
recently been shown not to increase the risk of endometrial cancer in osteoporosis prevention trials. A National Cancer Institute trial is currently
evaluating tamoxifen and raloxifene for breast cancer prevention in postmenopausal women.

C. Premalignant conditions
1. Atypical hyperplasiais a proliferative lesion of the breast that possesses some, but not all, of the features of carcinoma in situ. Atypical hyperplasia can

be categorized as either ductal or lobular in type. Atypical hyperplasia should be considered a premalignant finding and is associated with a four- to

fivefold increased risk of breast cancer, usually in the ipsilateral breast. Women with proliferative breast disease but without atypical hyperplasia, such as

sclerosing adenosis, ductal epithelium hyperplasia, and intraductal papillomas, have less risk of developing breast cancer. These proliferative changes,
however, do increase the breast cancer risk to approximately twice that of women with no proliferative breast lesions.

a. Atypical ductal hyperplasia (ADH) is a lesion that has some features of ductal carcinoma in situ, including nuclear monomorphism, regular cell
placement, and round, regular spaces in at least part of the involved duct. The histologic features do not meet the criteria for ductal carcinoma in situ;
therefore, ADH is considered a benign lesion. However, because of the concern for malignant potential and the possibility of associated malignancy in
proximity to ADH, complete excision is recommended.

b. Atypical lobular hyperplasia is characterized by changes similar to those of lobular carcinoma in situ but lacks the complete criteria for that
diagnosis.

Lobular carcinoma in situ is a proliferative premalignant condition associated with a general increased risk of developing breast cancer. It is usually an

incidental finding on biopsy not associated with a palpable mass or mammographic abnormality. It can, however, be seen in association with or adjacent

to a palpable or visible cancer. It is usually multicentric and is associated with a bilateral increased risk of breast cancer. Any accompanying palpable or
mammographically detected abnormality must be fully evaluated to rule out associated intraductal or invasive carcinoma. Patients with evidence of lobular
carcinoma in situ are considered at high risk of cancer and should be followed carefully.

D. Histologic subtypes of breast cancer
1. Ductal carcinoma in situ (DCIS), also called intraductal cancer, refers to a proliferation of cancer cells within the ducts without invasion through the

basement membrane into the surrounding stroma. Histologically, DCIS can be divided into multiple histologic subtypes: solid, micropapillary, cribriform,
and comedo. DCIS can also be graded as low, intermediate, or high. DCIS is the early, noninfiltrating form of breast cancer with minimal risk of metastasis
and an excellent prognosis with local therapy alone.

With the increased use of mammography, DCIS is being diagnosed with increased frequency. Often, diffuse microcalcifications on mammography lead to
biopsy and the diagnosis of DCIS. Current recommendations are based on the completeness of the resection, the margin status, and the histologic



subtype.
2. Infiltrating ductal carcinoma is the most common histologic type of invasive carcinoma, accounting for 60—75% of all tumors. These tumors can be
associated with varying degrees of carcinoma in situ.
a. Mucinous and tubular cancers are well-differentiated variants of infiltrating ductal carcinoma. These cancers account for approximately 5% of breast
cancers, are often more circumscribed, have a lower risk of lymph node involvement, and have a better prognosis.
b. Medullary carcinoma, which accounts for approximately 5% of all breast cancers, can present as a grossly well-defined lesion that is microscopically
poorly differentiated with intense infiltration of lymphocytes or plasma cells.
3. Infiltrating lobular carcinoma is a variant of invasive cancer associated with microscopic lobular architecture. These cancers account for 5-10% of
breast cancer and are more often multifocal and less evident on mammography.
E. Staging and prognostic factors. The American Joint Committee on Cancer TNM staging system for breast cancer uses tumor size, axillary nodal status,

receptor (ER) and progesterone (PR) status. Hormone (ER/PR) status, in addition to providing prognostic information, can predict response to hormone
therapy. Other prognostic factors include tumor grade, S phase, DNA ploidy and expression of the Her-2 receptor.

TABLE 2-3. TNM CLASSIFICATION OF BREAST CANCER
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TABLE 2-4. CLINICAL STAGES BY TNM CATEGORIES

F. Local treatment of primary breast cancer. In the treatment of breast cancer, early detection is the key to improved survival. Treatment options for invasive
breast cancer include modified radical mastectomy (with or without breast reconstruction) and breast conservation therapy. Only in selected cases are
nonsurgical options such as primary radiation or chemotherapy considered.

1. Mastectomy
a. Modified radical mastectomy includes the complete removal of the breast tissue with axillary lymph node dissection. In this operation, the pectoralis
muscles are preserved. The original radical mastectomy first described by Halsted over 100 years ago included removal of the pectoralis muscles as
well. This procedure is currently used only in cases of locally advanced disease when the tumor directly invades into the muscle.

The modified radical mastectomy can be performed with or without immediate reconstruction. When no reconstruction is performed, skin flaps are
closed primarily over the pectoralis muscles. Various types of reconstruction can be used, including autologous muscle reconstruction (pedicle
transverse rectus abdominis myocutaneous, or TRAM, flap; free TRAM or latissimus dorsi flaps) or reconstruction using an expander and prosthetic
implant.

b. Total, or simple, mastectomy is removal of the entire breast tissue without an axillary dissection. This operation is typically reserved for patients with
DCIS or those undergoing prophylactic mastectomy. As with modified radical mastectomy, patients undergoing total mastectomy may have the option
of immediate reconstruction.

Chest wall radiation therapy is sometimes recommended after mastectomy. It is typically indicated for patients with large, locally advanced tumors or
those with large numbers of involved lymph nodes. More recently, studies have demonstrated the potential benefit of postoperative chest wall
radiation even in earlier stage disease.

2. Breast conservation therapy (BCT) for infiltrating cancer has the advantage of preserving the breast. It requires complete resection of the tumor with
sufficient margins (lumpectomy), axillary lymph node sampling, and radiation treatment to the remaining breast tissue. If the disease is multifocal or large
or if negative margins cannot be achieved, BCT is not recommended. With this approach, typically two incisions are used. Axillary sampling or dissection
is often performed through a separate small incision in the axillary region.

With BCT, radiation therapy is delivered postoperatively to the entire breast and may include the supraclavicular and axillary regions. In some cases,
additional radiation, called a boost, is also administered to the lumpectomy site. BCT, when used in appropriate patients, results in survival rates similar to
those for mastectomy. Recurrence within the breast typically ranges from 0.5% to 1.0% per year.

3. Axillary node sampling. Assessment of the regional lymph nodes in infiltrating breast cancer provides important prognostic information as well as help in
determining subsequent treatment planning. Although axillary node dissection is considered standard treatment for infiltrating ductal carcinoma, there is
an increasing trend for its selective use. In some cases, patients with very small cancers may be offered no axillary dissection. In addition, lymphatic
mapping and sentinel lymph node biopsy are being offered more commonly. In the lymphatic mapping technique, a specific, or “sentinel,” lymph
node(s) is identified using a radioactive tracer or dye injected into the region of the cancer. Only this node is then removed, which eliminates the need for
axillary node dissection. Although the technique is promising, further clinical trials demonstrating accuracy of sentinel lymph node biopsy are necessary
before it can be recommended routinely instead of axillary node dissection.

G. Reconstructive surgery. For women who are not candidates for BCT, breast reconstruction after mastectomy offers an excellent alternative. Breast
reconstruction can be autologous, as in use of a pedicled TRAM flap or latissimus dorsi flap. Such myocutaneous flaps use the original blood supply of the
muscle moved to a new location. Alternatively, free flaps created using microvascular surgical techniques are being employed with greater frequency. In this
technique the flap is completely detached from its original site (e.g., free TRAM). This approach offers advantages in some cases, including fewer
complications at the donor site.

Nonautologous reconstruction techniques rely on the placement of fluid-filled pouches or implants. Typically, an expander that can be accessed and
gradually filled through a subcutaneous valve is first placed in the subpectoral location. The expander is then later replaced with a permanent implant.

H. Treatment of ductal carcinoma in situ. Patients who have DCIS can similarly be offered the options of mastectomy or BCT. Unlike for infiltrating cancer, for
DCIS, in which the risk of nodal involvement is less than 1%, lymph node sampling is not recommended and only total mastectomy is performed. The patient
may elect mastectomy or undergo lumpectomy followed by radiation therapy. In some cases of microscopic DCIS, lumpectomy alone can be considered. As
with infiltrating cancer, lumpectomy must achieve complete negative margins. In some cases of multifocal disease, BCT is contraindicated.



|. Systemic therapy. Patients with a higher risk of developing systemic recurrence are often offered further treatment.
1. Adjuvant systemic therapy is typically recommended to patients when lymph node findings are positive or when the tumor size is large. Systemic
therapy consists of chemotherapy or hormonal therapy or both. In most studies, adjuvant chemotherapy has been shown to reduce the odds of death by
25% in selected patients. Chemotherapy is typically administered postoperatively over 3—6 months. The original standard regiment is cyclophosphamide,
methotrexate sodium, and 5-fluorouracil (CMF). More recently, doxorubicin hydrochloride (Adriamycin) and cyclophosphamide (AC) have been used as a
potentially slightly more effective alternative. Other alternatives include drug combinations containing paclitaxel (Taxol).

If a patient is undergoing BCT, chemotherapy can be administered either before or after radiation therapy. In rare cases, including cases of inflammatory
breast carcinoma or locally advanced disease, chemotherapy is administered as neoadjuvant therapy before surgical treatment.

2. Hormonal therapy is the most frequently recommended adjuvant systemic therapy, most commonly using tamoxifen. As with chemotherapy, hormone
therapy has been shown to result in a 26% annual reduction in the risk of recurrence and a 14% annual reduction in the risk of death from breast cancer.
Tamoxifen, administered at 20 mg/day, has been shown to be more effective in patients whose tumors are ER/PR positive. Typically, tamoxifen therapy is
administered for 5 years, after which its maximal effect is reached. This treatment is well tolerated, and side effects are rare. Most important for the
gynecologist is the stimulatory effect tamoxifen has on the endometrium. Bleeding while taking tamoxifen—most often in the postmenopausal setting—is a
common problem, as is thickening of the endometrial stripe on ultrasonography. Overall, tamoxifen use increases the risk of endometrial cancer by a
factor of two. Other potential side effects include deep venous thrombosis and ophthalmologic complications. Patients on therapy should be monitored
accordingly.

J. Treatment of metastatic disease. Although breast cancer is uncommonly found to be metastatic at the time of presentation, approximately one-third of
patients subsequently develop distant metastatic disease. Median survival for patients with metastatic disease is 2 years, but fewer than 5% live beyond 5
years. Visceral metastases to brain, liver, or lung have a worse prognosis than skeletal metastases. Patients can be offered systemic therapy, either with
chemotherapy or hormonal therapy. Patients whose tumors are ER/PR positive are more likely to respond to hormone therapy. In addition to tamoxifen, other
hormonal agents used are the progestins, including megestrol acetate (Megace) or aminoglutethimide.

High-dose chemotherapy with bone marrow or stem cell rescue was initially met with enthusiasm for the treatment of patients with metastatic disease.
However, recent reports have not substantiated a significant survival benefit. Further clinical trials demonstrating efficacy and cost effectiveness are
necessary before its use can be justified.

A novel therapeutic approach relies on the fact that approximately 30% of breast cancers express the oncoprotein Her-2 on their cell surfaces; this
expression generally correlates with worse prognosis. Although the exact function of Her-2 is unknown, the oncoprotein appears to be important in regulating
the growth of the breast cancer cells. A monoclonal antibody has been developed as a medication [trastuzumab (Herceptin)] that blocks the effect of the
Her-2 protein. It is currently being offered to patients as salvage therapy. Ongoing clinical studies are evaluating its expanded use. Its long-term benefits
remain to be evaluated, as does its role in adjuvant therapy.

K. Pregnancy and breast cancer. Breast cancer is the most common cancer in pregnancy, with an incidence of 1 in 3000 gestations. The average patient age
is 32—38 years. Breast cancer can be especially difficult to diagnose during pregnancy and lactation. Pregnant patients do as well as their nonpregnant
counterparts at a similar disease stage. Treatment during pregnancy is generally the same as that for nonpregnant patients. The tumor can usually be fully
excised or mastectomy performed during pregnancy. There is no evidence that aborting the fetus or interrupting the pregnancy leads to improved outcome.
Radiotherapy should be avoided until after delivery. Even though there are no teratogenic effects of chemotherapy in the third trimester, most physicians
delay treatment until after delivery because there is little evidence that this delay has any significant impact on prognosis.
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|. Respiratory failure, oxygen therapy, and mechanical ventilation
A. Acute respiratory failure. In general, two types of respiratory failure can occur: hypoxic respiratory failure [arterial partial pressure of oxygen (PaO ) less

than 60 mm Hg or arterial oxygen saturation (Sa0,) less than 90%] and hypercapnic respiratory failure [arterial partial pressure of carbon dioxide (PaCO ,)

higher than 46 mm Hg and pH less than 7.35]. An adequate saturation does not rule out hypercapnic respiratory failure. When a patient with hypoxia or
hypercapnia is evaluated, it is important to keep in mind that blood gas levels can vary in a clinically stable patient and that these variations do not

necessarily reflect a significant change.
1. Evaluation. The approach to identifying the source of hypoxemia and hypercapnia should begin with calculation of the alveolar-arteriolar (A-a) partial
pressure of oxygen (PO,) gradient. If the A-a gradient is normal or unchanged, calculation of the maximum inspiratory pressure helps in discerning a

central hypoventilation source from a neuromuscular disorder. If the A-a gradient is increased in hypoxemia or hypercapnia, calculation of the mixed

venous PO, or the rate of CO, production, respectively, helps in discerning a ventilation-perfusion ratio( V/Q) abnormality from other disorders.
a. The A-a gradient is the difference between alveolar PaO , and arterial blood PaO,. This can be calculated using arterial blood gas values in the
following equation:
A-a gradient = 148 - 1.2(Paco,) - Pa0o,

This equation presumes the patient is breathing room air at sea level, at which fraction of inspired oxygen (FIO ,) = 0.21. The A-a gradient is influenced
by age and inspired oxygen. The normal A-a gradient range rises with age and can be as high as 25—-35 mm Hg for patients older than age 40. For
patients being given supplemental oxygen, the normal A-a gradient increases 5-7 mm Hg for every 10% increase in FIO,.

b. Maximum inspiratory pressure (PImax) is calculated by having a patient make a maximal inspiratory effort from functional residual capacity against
a closed valve. This value for most adults is higher than 80 cm H ,O; however, it can vary depending on age and sex. When the PImax is less than
40% of normal values, CO, retention results.

c. Mixed venous PO, (PVO,) is ideally measured from pulmonary artery blood, but superior vena cava blood can be used as well. This value can be
derived for patients with indwelling pulmonary artery catheters.

d. The rate of CO, production (VCO,) can be measured by a metabolic cart, which is an instrument that uses infrared light to measure CO , in expired
gas. The normal VCO, range is 90-130 L/minute/m?,

2. Hypoxic respiratory failure should be suspected when a significant reduction in the arterial PO , is encountered (PO, less than 60 mm Hg or Sa0O, less
than 90%). This type of respiratory failure is usually associated with tachypnea and hypocapnia; thus, the SaO , may be normal or elevated during the
initial period. When hypoxemia is encountered, three main disorders should be considered.

a. Hypoventilation allows for increased alveolar CO, that displaces oxygen. In hypoventilation, the A-a gradient is normal or unchanged. If the PImax is

normal, the most likely problem is a drug-induced central hypoventilation. If the PImax is low, the hypoventilation is due to a neuromuscular disorder.
Oxygen therapy usually improves the hypoxemia but may exacerbate the degree of hypoventilation in patients with airflow obstruction. Hypoventilation
as a source of hypoxic ventilatory failure in a patient without prior CO , retention is an unusual and critical cause of respiratory failure.

b. Cardiopulmonary disorder. If the A-a gradient is increased in hypoxemia, a cardiopulmonary disorder ("‘-_;T/Q abnormality) or a systemic oxygen
delivery/uptake imbalance (DOZ/VO2 imbalance) is present. A normal PVO, in this setting suggests a V/Q abnormality. A V/Q abnormality can be a

result of increased dead space ventilation (V/Q greater than 1; pulmonary embolism, heart failure, emphysema, overdistended alveoli from positive
pressure ventilation) or an intrapulmonary shunt (V/Q less than 1; asthma, bronchitis, pulmonary edema, pneumonia, atelectasis). Generally, delivery

of supplemental oxygen improves the PaO,. Intrapulmonary shunt can be classified into two types: (1) true shunt in which V/Q =0 and (2) venous

admixture in which V/Q is higher than 0, but lower than 1. The fraction of cardiac output that represents the intrapulmonary shunt is known as the
shunt fraction. Normally, the shunt fraction is less than 10%. When the shunt fraction is above 50%, the PaO , is not improved by supplemental oxygen
delivery.

C. DOZ/VO2 imbalance is suggested by a low P¥O, in the setting of an increased A-a gradient. Improving oxygen delivery by increasing hemoglobin or
cardiac output improves P¥O, and PaO.,,.

3. Hypercapnic respiratory failure should be suspected when the PaCO, is higher than 46 mm Hg and the pH is lower than 7.35. The three major sources

of this type of failure are the following.

a. Increased CO, production can result from overfeeding (especially carbohydrate loads), fever, sepsis, and seizures.

b. Hypoventilation can result from respiratory muscle weakness (from shock, multiorgan failure, prolonged neuromuscular blockade, electrolyte
imbalances, cardiac surgery) or central hypoventilatory processes (opiate or benzodiazepine respiratory depression, obesity).

c. Increased dead space ventilation as noted earlier.

B. Oxygen therapy is still used rather liberally despite evidence that oxygen is the primary culprit in cell injury in the critically ill patient. Oxygen can reduce
systemic blood flow by acting as a vasoconstrictor in all vessels except the pulmonary vessels (where oxygen acts as a vasodilator) and by acting as a
negative inotropic agent on the heart, thus reducing cardiac output. For patients who are hypoxemic or hypercapnic, oxygen therapy can facilitate improved
oxygen supply to the peripheral tissues. When this is not achievable, plans for endotracheal intubation should be made. Oxygen delivery systems can be
classified into low-flow and high-flow systems. Low-flow systems (nasal cannulae, face masks with and without bags) provide variable FIO , whereas high-flow



systems provide a constant FIO,,.

1. Nasal prong systems (nasal cannulae) are well tolerated by most patients and use the oro- and nasopharynx together as an oxygen reservoir (capacity
approximately 50 mL). The FIO, varies according to the patient's ventilatory pattern. As a loose guideline, in a patient with a normal ventilatory pattern

(tidal volume of 500 mL, respiratory rate of 20 breaths/minute, and an inspiratory/expiratory time ratio of 1:2), 1 L/minute of nasal cannulae oxygen flow is
equivalent to an FIO, of 24%. With each increase in flow of 1 L, the FIO , increases by approximately 4%. The FIO, is significantly reduced in patients who

are tachypneic or hyperventilatory. Oxygen flow rates beyond 6 L/minute do not improve FIO,, and this level should not be exceeded.

2. Face masks without reservoir bags. Low-flow face masks have an oxygen reservoir capacity of 100-200 mL. To clear exhaled gas, a minimum oxygen
flow rate of 5 L/minute is needed. The flow rate can range from 5 to 10 L/minute with a maximum FIO, of 0.6. Face masks without reservoir bags improve

slightly on nasal prong systems by providing a slightly higher FIO .

3. Face masks with a reservoir bag improve the oxygen reservoir to 600-1000 mL. There are two types of reservoir mask devices: (1) partial rebreathers
and (2) nonrebreathers. The partial rebreather can attain an FIO , of 70—-80%, whereas the nonrebreather can permit inhalation of pure oxygen (FIO , of

100%). This device requires a tight seal during its use, so that it does not permit oral feeding. Also, a nebulizer treatment cannot be administered with this
system. The partial rebreather achieves a higher FIO , by using the initial portion of exhaled air that comes from the upper airways (anatomic dead space).

This air is exhaled at a higher rate than the oxygen flow rate and is returned to the reservoir bag. Toward the end of exhalation, the flow rate decreases
below that of the oxygen flow rate and this air (which contains more CO,) cannot return to the reservoir bag. Thus, in a partial rebreather the reservoir bag

has a high oxygen content. In a nonrebreather, none of the expired air is allowed to return to the bag, so the reservoir bag can attain a content of 100%
oxygen.
4. High-flow oxygen masks deliver a constant FIO, regardless of changes in ventilatory patterns. In patients with chronic hypercapnia (“CO , retainers”) an

increase in FIO, can result in more CO, retention; therefore, delivering a constant FIO, is desirable in this setting. The problem with high-flow oxygen
masks is the inability to deliver a high FIO ..

5. Toxicity of oxygen therapy. The lungs are protected by a concentrated supply of endogenous antioxidants; however, when there is too much oxygen or
not enough of the antioxidants, the lungs may be damaged as in the acute respiratory distress syndrome (ARDS). An FIO , of less than 0.6 is considered a

safe concentration of inhaled oxygen (Crit Care Clin, 6/749, 1990). Oxygen therapy with an FIO, above 0.6 for longer than 48 hours is considered
toxic. If such therapy is used, mechanical ventilation or positive end-expiratory pressure (PEEP) should be considered to reduce FIO ,. One must keep in
mind that, in critically ill patients, levels of protective endogenous antioxidants may be depleted. In this population, any FIO , higher than 0.21 (room air

level) may be toxic. To prevent oxygen toxicity, the following guidelines can be observed.
a. Oxygen therapy should be used only when indicated. Indications include arterial PaO , of less than 55 mm Hg, evidence of tissue dysoxia (i.e., blood

lactate levels higher than 4 mmol/L), and increased risk of tissue dysoxia (i.e., cardiac index of less than 2 L/minute/m ? or mixed venous oxygen
saturation (SVO,) of less than 50%).

b. The lowest tolerable FIO, below 0.60 should be used.

c. Antioxidant protection should be maintained by evaluating and supplementing the selenium and vitamin E supply.
C. Modes of positive pressure mechanical ventilation. Mechanical ventilation should be considered for a patient when the thought arises during evaluation
of a patient exhibiting respiratory distress. More specific indicators that can be used to help decide whether a patient should be intubated are a respiratory
rate higher than 35 breaths/minute, PaO, less than 60 mm Hg, PaCO, higher than 46 mm Hg with a pH less than 7.35, and absent gag reflex. The standard

ventilator type is a volume-cycled device that delivers a preset volume of air.

1. Assist-control ventilation (ACV). In this mode of ventilation, each patient-initiated breath is “assisted” by a ventilator-delivered breath; when the patient
cannot initiate a breath, the ventilator delivers a breath at a preset “controlled” rate and volume. Disadvantages of ACV arise in tachypneic patients and
include respiratory alkalosis (from overventilation) and lung hyperinflation. An intrinsic form of PEEP called auto-PEEP can accompany hyperinflation.

2. Intermittent mandatory ventilation (IMV) was designed to address the disadvantages of ACV. IMV delivers a breath at a preset rate and volume, but
allows the patient to breathe at a spontaneous rate and volume between machine breaths without machine assistance. In synchronized IMV, machine
breaths are synchronized to occur with spontaneous respirations to avoid “stacking” of breaths and thus avoid respiratory alkalosis and lung
hyperinflation. Asynchronous IMV is less favored as it delivers machine breaths at any time (during patient exhalation). Contrary to popular belief, the
diaphragm does not rest during mechanical ventilation. Instead, the diaphragm, directed by brainstem neurons, contracts throughout a respiration. In IMV,
the increased resistance created by ventilator tubing results in increased work of breathing by the diaphragm. The work of breathing can be reduced by
adding pressure support. ACV should be chosen when a patient has respiratory muscle weakness or a history of left ventricular dysfunction, and IMV
should be selected to avoid respiratory alkalosis or hyperinflation. Otherwise, there is no proven superiority of IMV over ACV, or vice versa. One mode is
usually more popular in a given ICU based on personal preference.

3. Pressure-controlled ventilation (PCV) is pressure-cycled breathing that delivers controlled breaths at a constant pressure by decreasing the inspiratory
flow rate as the breath progresses. Large inflation volumes in volume-controlled ventilation modes of ACV and IMV can result in lung injury. PCV
minimizes this form of lung injury; however, the disadvantage of PCV is that inflation volumes vary with changes in the mechanical properties of the lungs.
PCV is well suited for patients with neuromuscular disease, as their lung mechanics remain constant.

4. Inverse-ratio ventilation (IRV) results from setting a prolonged inflation time in PCV. The inspiratory to expiratory ratio during a normal inspiration is 1:2
to 1:4. In IRV, the inspiratory to expiratory ratio reverses to 2:1. Although the prolonged inflation time prevents alveolar collapse, there is an increased
risk of hyperinflation and auto-PEEP, which lead to a reduced cardiac output. The main indication for IRV is refractory hypoxemia or hypercapnia in
patients with ARDS with conventional modes of mechanical ventilation.

5. Pressure-support ventilation (PSV) allows the patient to breathe spontaneously and keeps the inflation pressure constant (preset pressure is usually
from 5 to 10 cm H,O) by adding inspired gas to augment the patient's inspiration. Pressure support is usually used to augment respirations in IMV by

providing just enough pressure to overcome the added resistance of ventilatory tubes. PSV is commonly used as a weaning mode of ventilation. The

degree of PSV required to support a tidal volume is dependent on the compliance of the patient's lungs and chest wall, as well as neuromuscular

strength. PSV can be used as a noninvasive method of mechanical ventilation through specialized face masks or nasal masks with inflation pressures of

20 cm H,0.

D. Ventilator management

1. Fraction of inspired oxygen. Although it has been stressed that oxygen therapy can be toxic, in the acute phase of respiratory distress, hypoxemia is
more detrimental than high levels of oxygen. The initial FIO , should be 100%, and it should then be brought down to the minimum level needed to keep
the PaO, above 60 mm Hg or the SaO, above 90%. In severe cases of ARDS, a lower saturation (88%) and PaO , (55 mm Hg) may be tolerated.

2. Minute ventilation is determined by the respiratory rate and tidal volume (TV). Normal minute ventilation is usually 6—8 L/minute, but it depends on the
patient's size and metabolic state. Inflammatory conditions, infection, and acid-base disorders are common reasons for large variations in minute
ventilation.

3. Positive end-expiratory pressure is the maintenance of positive airway pressure (alveolar pressure above atmospheric pressure) at the end of
respiration. PEEP prevents end-expiratory alveolar collapse, which results in improved gas exchange and increased lung compliance.

a. Extrinsic PEEP is created by a device that stops exhalation at a preselected pressure. PEEP reduces the risk of oxygen toxicity by improving gas
exchange that increases the PaO, and ultimately allows a reduction in the inspired FIO ..

b. Intrinsic PEEP (auto-PEEP) is created by increasing minute ventilation or shortening expiratory time enough to promote hyperinflation. Auto-PEEP is
also commonly seen in conditions that require a prolonged expiratory effort, such as asthma. In this patient population, sudden cardiovascular
collapse may occur with auto-PEEP, and, irrespective of whether it is intrinsic or extrinsic auto-PEEP, the patient should be immediately disconnected
from the ventilator and allowed to exhale. This may take 30—60 seconds, but it is life-saving.

Patients with PEEP higher than 10 cm H,O should not be weaned suddenly, as this can result in distal lung collapse. Instead, weaning should be done
in PEEP increments of 3to 5 cm H,0.

On morning rounds, the specific ventilatory settings, actual patient respiratory rate, spontaneous TV, minute ventilation, and most recent arterial blood
gas values should be presented. Ventilatory settings reported should include mode, rate, TV, PEEP, FIO ,, and pressure support.

E. Weaning from mechanical ventilation. After intubation, the goal is to wean the patient from mechanical ventilation. Weaning is generally considered the
process of removing an individual from mechanical ventilation. Although extubation is the removal of the endotracheal tube or its equivalent, no uniform
weaning process is accepted across all disciplines as an optimal method. Today, T-piece weaning, pressure support, and synchronous intermittent
mandatory ventilation weaning are all used in certain patient populations. T-piece trials and weaning per a respiratory care protocol are currently the most
popular methods. Once a patient is on minimal ventilatory settings (i.e., FIO , less than 50%, IMV 2, pressure support less than 5, PEEP less than 5, or a
T-piece), then a decision to proceed with extubation should be made promptly. Time on mechanical ventilation and intubation is directly related to
complications, especially ventilator-associated pneumonia. Extubation parameters follow.



General. The patient should be clinically well, on a path to recovery with a defined and treated illness. For instance, the patient should not be in the midst
of a myocardial infarction, be hemodynamically unstable from sepsis, or require significant ongoing volume supplementation to maintain hemodynamic
stability. The patient should be warm (above 35°C) and should have undergone reversal of any neuromuscular blockade.

Neurologic status. The patient should be asked if he or she would like to be extubated. Is the patient alert, oriented, and cooperative? Can the patient
follow commands?

. Airway. If the patient has facial edema or there is a concern about the patency of the supraglottic airway, it is usually advisable to perform the “cuff test”:

The tube cuff is deflated, the endotracheal tube is occluded, and the patient is asked to breathe in and out around the tube. This test allows one to assess
the diameter of the airway around the tube. The normal-sized patient should be able to breathe both in and out around a normal-sized tube. One should
consider advanced methods of extubation if the patient fails a cuff test and one wishes to proceed with extubation.

. Arterial blood gases. The patient should maintain normal arterial blood gas levels on supplemental oxygen at an FIO , of less than 60%. The patient

should have a PaO, of greater than 60 mm Hg, a PCO,, of between 35 and 45 mm Hg, and a pH of between 7.35 and 7.45. Patients with known

pulmonary disease, especially those who have chronic obstructive pulmonary disease and require oxygen at home, may require low FIO , and may have

an elevated partial pressure of carbon dioxide (PCO ,) at baseline. For anyone with baseline disease, values should be assessed on an individual basis.

Respiration mechanics

a. Forced vital capacity (FVC) should be at least 10 mL/kg. In most normal patients FVC should be 1000 mL. This measurement is effort dependent
and can vary widely depending on the patient as well as on the individual measuring the FVC. A patient who cannot cooperate for FVC testing or who
cannot understand the directions may also be unable to follow good pulmonary care when extubated.

b. Negative inspiratory force (NIF). Although the range of “acceptable” NIF is —20 to —30, a generally accepted NIF is —25. This measurement is not
effort dependent when done as an “occlusion NIF.” It is a measure of the patient's ability to suck in a deep breath. NIF may also be a proxy for the
ability to cough.

c. Rapid shallow breathing index (RSBI, Tobin index). The RSBI or Tobin index is a measure of the patient's ability to remain extubated for 24 hours
after extubation. The measurement is obtained by placing the patient on continuous positive airway pressure of 5 for 1 minute (from any vent setting)
and then assessing the patient's respiratory rate (f) and the patient's TV in liters: RSBI = f/TV.

If the RSBI is less than 80, the patient is eight to nine times more likely to remain extubated than not. If the RSBI value is above 100, the patient is eight
to nine times more likely to require reintubation. Values between 80 and 100 do not contribute additional information beyond the bedside clinical
judgment regarding the suitability of the patient to be extubated.
Secretions and cough. Although no guide exists to the assessment of secretions and cough, the practitioner should be aware of the presence of a large
amount of secretion and should assess the patient's ability to clear these secretions when present, from both a strength and sensorium standpoint. Once
a patient is extubated, a humidified oxygen-delivering face mask should be given. The patient should also be instructed to take deep breaths and cough
regularly. If a patient requires reintubation, extubation should not be attempted for 24—72 hours. A complete assessment of the reason for failure of
extubation should be made, and issues identified should be corrected before another attempt at extubation.

Il. Postoperative care
A. Routine postoperative care

1.

S

The formula for fluid administration for any individual who has no intake is the 4-2-1 rule. For the first 10 kg of weight, 40 mL/hour of intravenous (V)
fluid should be given. For the next 10 kg of weight, 20 mL/hour of 1V fluid should be given. Therefore, for the first 20 kg of weight, 60 mL/hour of 1V fluid
should be administered. For the next 1 kg of weight, 1 mL/hour of fluid should be given. Although maintenance fluid is theoretically considered to be 5%
dextrose, 0.25% normal saline, and 20% KCI, based on sodium needs, postoperative hormonal stress states cause universal hyponatremia if hypotonic
fluids are used. This finding is especially prominent in young women having gynecologic surgery. Therefore, a strong preference exists for the
administration of isotonic fluids, certainly for resuscitation.

Patient evaluation. All inpatients undergoing a surgical procedure should be seen and evaluated after surgery. The time interval of this assessment
should be determined in part by the severity of illness, and more than one assessment may be required. All patients, however, should be seen at least
once. In this evaluation, recovery from anesthesia, control of pain, assessment of respiratory effort and adequacy, and hemodynamic assessments should
be made. This evaluation should be documented in the medical record. Special attention should be given to the adequacy of intravascular volume, with
pulse, BP, and fluid intake and output as basic determinants of satisfactory volume. Adequacy of intraoperative fluid administration should be assessed
and a special note should be made of any ascites drained. On-going cardiac output and intravascular volume are commonly considered adequate if the
urine output is higher than 0.5 mL/kg [ideal body weight for women = 45 kg + (2.3 kg x each inch of height over 5 ft) in the absence of glucosuria] . If the
urine output is low, the patient should be assessed for the possibility of bleeding or insensible third space losses. Intraoperative insensible losses can be
approximated as 250 mL/hour per quadrant, on the assumption that the abdomen/pelvis is divided into four quadrants. An isotonic fluid bolus of 10 mL/kg
can be administered to test the volume status of a patient who is not hypotensive, whereas 20 mL/kg is generally preferred in a hypotensive hypovolemic
patient.

Daily weight measurements should be recorded for patients who are at higher risk of postoperative fluid imbalances (i.e., patients with cardiovascular,
pulmonary, or renal problems, patients in prolonged cases, or patients in whom fluid losses may be in question).

Incentive spirometry should be used as a way to encourage the patient to take deep breaths and cough.

Prophylaxis for deep venous thrombosis (DVT) should be considered. The minimum for medium- and high-risk patients is the use of thromboembolic
disease stockings and sequential compression devices. In some patients at risk for postoperative DVT, anticoagulation with heparin sodium is advised.
These patients include those with underlying malignancy, a history of DVT or pulmonary embolism, obesity, hypercoagulable states, and prolonged
abdominal or pelvic surgery.

Prophylactic antibiotics are indicated before and during the operation. They are of no incremental benefit when used for prophylaxis outside of the
operating room. Use of antibiotics beyond this time period, and certainly beyond 24 hours after a surgical procedure, should be strongly discouraged. Of
course, patients to whom antibiotics are administered for a proven or suspected infection (i.e., as therapy) are exempt from this policy.

B. Common postoperative problems

1.

2.

Postoperative hypertension. A systolic BP more than 40 mm Hg above the baseline or a mean arterial pressure more than 15 mm Hg above baseline is
often considered significant hypertension. The ill effects of hypertension are based on long-term effects and not short-term consequences, except, of
course, in patients who are at risk of hypertension, that is, those with coronary artery disease, and so on.

a. The cause of hypertension should be assessed carefully.

1. Inadequacy of pain control. The patient is awake, usually alert, and complaining of pain. This cause should be treated with aggressive pain
management, especially with narcotics.

2. Hypercarbia may be the cause, especially when the patient is somnolent, hypertensive, and tachycardic. Caution: Administration of additional
narcotics to these patients or failure to consider hypercarbia as the cause can lead to respiratory arrest.

3. A full bladder should be considered as a possible cause of hypertension in patients without a urinary catheter.

b. In patients in whom hypertension is considered to be a specific danger (i.e., those with coronary artery disease, recent myocardial infarction, etc.),
specific treatment may be rendered. The physician should consider whether the need is immediate and continuous and should therefore be treated
with sodium nitroprusside, nitroglycerin, nicardipine hydrochloride, or esmolol hydrochloride or whether intermittent IV medications such as alpha- and
beta-blockers or other medications the patient may have been taking previously are sufficient.

Hypotension and shock

a. Shock is a clinical syndrome in which the patient shows signs of decreased perfusion of vital organs, including possible alterations in mental status
with somnolence and oliguria with an output of 0.5 mL/kg/hour (with weight determined according to the formula given earlier). No absolute value is
used to define hypotension in shock, but patients generally display a decrease in BP of 50-60 mm Hg or a BP of less than 100 mm Hg. In approaching
a patient with shock, management begins with defining the class of shock exhibited, with the goal being fluid resuscitation and treatment of the
underlying disease process. In patients with a gynecologic malignancy, the most common causes of shock in the perioperative period are hemorrhage,
sepsis, postoperative myocardial infarction, and pulmonary embolus.

Providing oxygen and insuring adequacy of ventilation are always the first step in treating a patient with shock. Shock can be classified into four
varieties:

Hypovolemic shock secondary to bleeding or other causes of fluid loss (i.e., hasogastric suction or diarrhea)

Distributive shock secondary to increased venous pooling (i.e., early septic shock, peritonitis, anaphylaxis, and neurogenic shock)

Cardiogenic shock secondary to decreased myocardial contractility and function (as in myocardial infarction)

Obstructive shock or hypoperfusion state secondary to mechanical obstruction (i.e., cardiac tamponade, massive pulmonary embolism,
thrombosed prosthetic valve)

b. Hypovolemic or hemorrhagic shock. Acute blood loss has been classified by the American College of Surgeons based on volume of blood lost and
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Repletion with crystalloid is at least as important as replacement of red cell losses. Volume replacement to improve BP, filling pressures, and urine
output is essential. In the setting of massive hemorrhage, fresh red cells are preferred over red cells stored for longer than 1 week, as the fresh
product is better at oxygen delivery due to higher levels of 2,3-DPG. For more than 25 years there has been ongoing debate over the type of solution
best suited for volume replacement. The duration and rigor of the debates suggest that there is no substantial benefit to the use of one type of solution
over another. In the current practice of medicine, however, one must also consider the costs of various products. All colloidal solutions are
substantially more expensive than crystalloid solutions and were found to offer no substantial benefit in any of the three recent meta-analyses
published on this subject. Administration of human albumin solution has been suggested in one meta-analysis to be harmful (increase in mortality
when used to treat hypovolemia, low serum albumin, or burns) and has been withdrawn from general practice in England. In young patients, a
hematocrit as low as 20% can be well tolerated. In older adults, however, individual assessment of the need, risks, and benefits of transfusion should
be considered. In a recent large Canadian trial examining “transfusion trigger,” patients who were allowed to maintain a hemoglobin level in the range
of 7-9 g/dL were not harmed and in fact perhaps did better. This study has been criticized, however, for a possible selection bias in entering patients
into the trial. Nonetheless, patients with the lower hemoglobin group, including those with coronary heart disease, did not suffer adverse
consequences. Certainly a patient who has ongoing signs of myocardial ischemia or impaired oxygen delivery should have a hemoglobin level of 10
g/dL or above. In addition to the listed circumstances, other conditions may warrant special consideration with regard to maintaining a higher
hemoglobin level. For example, it is common practice to keep the hemoglobin above 10 g/dL in a gynecologic oncologic patient who is about to
undergo chemotherapy. The benefit of this strategy, however, has not been rigorously studied. What has been shown to be efficacious is a
hemoglobin level above 11.5 g/dL for patients undergoing radiotherapy.
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TABLE 3-1. CLASSIFICATION OF HEMORRHAGE BASED ON EXTENT OF BLOOD LOSS

1. Crystalloid therapy has the advantage of being more readily available and less costly than colloid therapy. Ringer's lactate is less acidic than
normal saline (pH 6.7 versus 5.7) and can ameliorate the hyperchloremic metabolic acidosis that results when large volumes of saline are
administered. Ringer's lactate does contain potassium and has less sodium than serum (130 mEQg/L). There is no physiologic difference in the

T I R ™

mfy [y |=Eq =iy (=g (= ality

Mg A U U L L) Bufes pH  imlaml)
o MY 48 - d  Bcatoale T4 el
Oofbmll B4 18 0 i 1 it i
Tiehall NG 133 0 i 1 @ X S
Wk ouy 4 ] 1 Lacale 4 1]

Fingers
Hormok, [ % 5 i] 1 A gl T o'

Pl ]

L1

fern Wgero I, Mo W00 ol ind e Sallmom Wik £ Wiy 108w deres

TABLE 3-2. COMPOSITION OF INTRAVENOUS CRYSTALLOID FLUIDS

2. Colloid therapy is more costly in all cases than crystalloid therapy. Depending on the type and amount of solution, a colloid solution may in the
short term provide more volume expansion than crystalloids. This effect, however, may not last more than 60 minutes.
3. Vasoactive agents can be used in conjunction with fluid resuscitation. Their use requires invasive monitoring (i.e., pulmonary artery catheter).
a. Dopamine. The theoretical dosages and effects of dopamine are given in the following paragraphs. It should be noted, however, that there is a
wide variation and overlap both within and between patients.

i. In dosages of 2—3 pg/kg/minute, dopamine acts on renal, splanchnic, and other vascular bed receptors, causing vasodilation and increasing
blood flow to these areas. These dosages are no longer commonly used for this reason. In fact, the major effect of dopamine at these
dosages is to serve as a natriuretic, with sodium loss and a definite but unpredictable salt wasting.

ii. In dosages of 4-5 pg/kg/minute, dopamine acts on cardiac beta,-receptors, which results in increased cardiac contractility and cardiac

output.
iii. In dosages higher than 10 pg/kg/minute, dopamine acts on peripheral alpha-receptors and causes vasoconstriction, which results in
increased BP.
b. Dobutamine is a powerful inotropic agent and acts principally on beta ,- and beta,-receptors. It causes peripheral vasodilation with only small

increases in heart rate and, because of this, is generally considered as a drug to enhance cardiac performance.

c. Epinephrine is chosen for anaphylactic shock and has marked alpha- and beta-adrenergic activity. Epinephrine is also useful in low doses to
support cardiac performance, especially in right heart failure (i.e., from pulmonary embolus, pulmonary hypertension), because it has
vasodilating effects on the pulmonary bed.

d. Norepinephrine is a potent alpha and beta agent that is most frequently used in profound sepsis because it causes vasoconstriction and also
enhances cardiac output. Norepinephrine provides better renal blood flow in severe sepsis when the patient is adequately resuscitated with
volume than does dopamine.

c. Septic shock
1. Pathophysiology. Septic shock involves the release of vasoactive kinins with vasodilation, activation of complement with increased vascular
permeability, activation of the intrinsic clotting cascade with disseminated intravascular coagulation, and induction of a fibrinolytic state with
bleeding. In the early stages, septic shock is a form of distributive shock. In the later stages, septic shock can demonstrate aspects of both
distributive and cardiogenic shock, with myocardial depression from ischemia associated with hypotension, acidosis, and possibly myocardial
depressant factors produced by the infecting organisms.
2. Management. Treatment is with aggressive fluid replacement, administration of vasopressor and inotropic agents, use of broad-spectrum
antibiotics, and removal of the infectious source.
d. Cardiogenic shock can also occur in the setting of septic shock or hemorrhagic shock, especially in patients who have baseline cardiovascular
disease. Management requires invasive monitoring and treatment of the underlying disorder.
lll. Invasive hemodynamic monitoring
A. Pulmonary artery catheter (Swan-Ganz catheter, PA catheter)

1. Design. The basic PA catheter, originated by Dr. H. J. C. Swan, is 110 cm long, 2.3 cm in diameter (7 French), and has two adjacent lumens. One lumen
extends the entire length of the catheter and has its opening at the tip (distal port). The other lumen has its opening 30 cm from the catheter tip (proximal
port) and is positioned in the superior vena cava or right atrium. The catheter tip has a 1.5-cc capacity balloon that, when inflated, encompasses the tip
and protects surrounding tissue from contact with the tip. A thermistor is located 4 cm from the catheter tip and calculates blood flow rate (equivalent to
cardiac output) by measuring the flow of cold fluid from the proximal to the distal tip.

2. Placement. The PA catheter is placed in the subclavian or internal jugular vein (preferred) and its tip advanced after the balloon is inflated. The balloon



acts as a sail that is “blown” by the flow of blood to guide the tip through the right atrium, right ventricle, and into the pulmonary artery. The pressure
waveforms should be analyzed continuously. Once the balloon has “wedged” into a branch of the pulmonary artery, the waveform should be relatively flat,
which results in a pressure reading known as the pulmonary capillary wedge pressure (PCWP). Normal PCWP is 6—12 mm Hg. At this point, the balloon
should be deflated. Fatal complications can occur after placement of a PA catheter, such as PA rupture secondary to overinflation of the balloon in a
distal PA branch. Ventricular tachycardia is seen commonly during insertion, and the physician placing the PA catheter should be prepared to recognize
and treat this common complication.

3. Indications. The PA catheter provides information on a large number of hemodynamic variables that allow assessment of cardiac performance
(compliance), fluid status, and oxygen transport. It may be placed to assess fluid status in patients with high perioperative risk (i.e., those with cardiac,
pulmonary, or renal disease) and those with shock, renal failure, and unexplained acidosis. The PA catheter is also helpful in distinguishing cardiogenic
and noncardiogenic pulmonary edema.

B. Hemodynamic parameters

1. Cardiovascular performance. A parameter expressed relative to body surface area (BSA) is termed an index. BSA (m?) = [height (cm) + weight (kg) —
60]/100. Average BSA is 1.6-1.9 m2
a. Central venous pressure (CVP) normally ranges from 1 to 6 mm Hg. CVP reflects right atrial pressure (RAP). CVP is recorded from the proximal port

of the PA catheter as this is positioned in the superior vena cava or right atrium. When there is no obstruction between the right atrium and ventricle,

CVP = RAP =right ventricular end-diastolic pressure. CVP can be measured via a PA catheter as noted earlier or via a central line with its tip in the

superior vena cava. For the CVP to be measured accurately, the patient should be lying on the back and not in any lateral position. The transducer

should be held at the level of the right and left atria, the phlebostatic axis, the fourth intercostal space along the midaxillary line. Spontaneous

variations in CVP of 4 mm Hg are not clinically significant.

b. Pulmonary capillary wedge pressure

1. Normal values. PCWP normally ranges from 6 to 12 mm Hg. PCWP reflects left atrial pressure. PCWP is recorded when the PA catheter balloon
is inflated and wedged in a branch of the pulmonary artery. When there is no obstruction between the left atrium and ventricle, PCWP = left atrial
pressure = left ventricular end-diastolic pressure. Left ventricular end-diastolic pressure is considered a reflection of left ventricular preload only
when ventricular compliance is normal.

2. ARDS versus cardiogenic pulmonary edema. ARDS is generally diagnosed by a group of criteria that include presence of diffuse infiltrates in
more than two of four quadrants on chest radiograph, most often bilateral; an impaired FIO ,/PaO, ratio (less than 200); and a PCWP of less than
18 if a PA catheter is in place. If the patient is a candidate for CHF and has poor oxygenation and infiltrates, a PA catheter is helpful in
distinguishing between ARDS and CHF.

FCWEP =18 oun He = AKLES
FCWE > 1834 mm Hg = cardiogenic pulmonary edema

3. Cardiac index (CI) ranges from 2.4 to 4.0 L/minute/m?. Cardiac output is measured by the thermodilution technique: A volume of cold fluid is
injected through the proximal port of the PA catheter and the flow rate is detected by the thermistor. Cl = cardiac output/BSA.
Stroke volume index (SVI) ranges from 40 to 70 mL/beat/m?. SVI is the volume ejected by the ventricles during systole. SVI = Cl/heart rate.
Right ventricular ejection fraction (RVEF) normally is 46-50%.
6. Right ventricular end-diastolic volume (RVEDV) ranges from 80 to 150 mL/m2 RVEF is the fraction of ventricular volume ejected during systole.
RVEF = stroke volume/RVEDV. Likewise, RVEDV = stroke volume/RVEF.
7. Left ventricular stroke work index (LVSWI) ranges from 40 to 60 g-m/m?. LVSWI is the work performed by the left ventricle to eject the stroke
volume into the aorta. LVSWI = [mean arterial pressure (MAP) — PCWP] x SVI x 0.0136.
8. Right ventricular stroke work index (RVSWI) ranges from 4 to 8 g-m/m?. RVSWI is the work performed by the right ventricle to eject the stroke
volume across the pulmonary vessels. RVSWI = [pulmonary artery pressure (PAP) — CVP] x SVI x 0.0136.
9. Systemic vascular resistance index (SVRI) ranges from 1600 to 2400 dynes-sec-m?%cm®. SVRI = (MAP — CVP) x 80/ClI.
10. Pulmonary vascular resistance index (PVRI) ranges from 200 to 400 dynes-sec-m?cm?®. PVRI = (PAP — PCWP) x 80/CI.
c. Oxygen transport parameters
a. Arterial oxygen delivery (DO,) ranges from 520 to 570 mL/minute-m? and is the rate of oxygen transport in arterial blood. DO , = Cl x 13.4 x
hemoglobin level x SaO.,,.
b. Mixed venous oxygen saturation ranges from 70% to 75%. SaO, is the oxygen saturation in pulmonary arterial blood. It can be measured from a
blood sample drawn from the distal port or as a continuous reading from a specialized PA catheter.
c. Oxygen uptake (VO,) ranges from 110 to 160 mL/minute-m? VO, = Cl x 13.4 x hemoglobin level x (Sa0, — SVO,).
d. Oxygen extraction ratio (O,gg) ranges from 20% to 30%. O, is the ratio between O, delivery and uptake. O,z = VO,/DO, (x 100).
d. Hemodynamic profiles
Right heart failure: high CVP and RAP, low CI, high PVRI
Left heart failure: high PCWP, low CI, high SVRI
Hypovolemic hypotension: low CVP, low CI, high SVRI
Cardiogenic hypotension: high CVP, low ClI, high SVRI
Vasogenic hypotension: low CVP, high CI, low SVRI
Heart failure versus cardiogenic shock
1. Heart failure: high CVP, low CI, high SVRI, normal VO,
2. Cardiogenic shock: high CVP, low CI, high SVRI, low VO,
C. Fluid management and common electrolyte disorders
A. General guidelines
1. In a patient with no preexisting renal disease, normal size, and no disorder of water or electrolyte metabolism, a reasonable fluid maintenance regimen
is 3 L/day of one-half normal saline with 20 mEq of KCI in each liter. (This is an average of 125 mL/hour.) The 4-2-1 rule as described earlier may be
applied here as well.
2. In patients with significant renal impairment (glomerular filtration rate less than 25 mL/minute), potassium therapy should be given only based on
serially determined potassium levels.
3. In patients who may have a defect in free water excretion due to hyponatremia or the presence of predisposing causes such as ascites, edematous
disorders, or pulmonary or brain metastases, the free water content of IV fluids should be decreased by using normal saline solution.
4. Patients undergoing nasogastric suctioning should also have fluid replacement with 1 mL of hypotonic saline solution (half normal saline) for every
milliliter of nasogastric suction output.
B. Hyponatremia
1. Definition. Serum sodium level of less than 135 mEg/L.
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FIG. 3-1. Diagnostic approach to hyponatremia. SIADH, syndrome of inappropriate secretion of antidiuretic hormone. (From Marino PL. The ICU book,
2nd ed. Baltimore: Williams & Wilkins, 1998, with permission.)



3.

a. Hyponatremia associated with diminished total body sodium content and hence extracellular volume depletion

b. Hyponatremia with normal or slightly expanded extracellular volumes

c. Hyponatremia with increased total body sodium and increased extracellular volume

Management is based on appropriate diagnosis of type, treatment of the underlying condition, and correction of the sodium deficit. The major
complication of hyponatremia is a metabolic encephalopathy resulting from cerebral edema and increased intracranial pressure. If the hyponatremia is
corrected too rapidly, the development of a demyelinating encephalopathy or central pontine myelinolysis can occur. Therefore, sodium
replacement must be approached with care. The goal is to correct the plasma sodium to 130 mEg/L. Determination of the rate of correction can be
calculated as follows.

a. Calculate the total body water and sodium deficit.

Total body water (TBW) (L) = 50% of lean body weight (kg) in women.

Sodium deficit {mEgl = pormal TBW = !.il"-ll' current plasima f

goalivng leval

(That is, for a 60-kg woman with a sodium level of 120 mEqg/L, the sodium deficit is 300 mEQ.)
b. Calculate the volume of hypertonic saline needed to correct the calculated sodium deficit.

Three percent NaCl solutions contain 513 mEq/L of sodium. Isotonic saline contains 154 mEq/L.

Sodium deficit (mEq)

Volume of 3% NaCl needed
’ ‘ 513 mEq/L

(That is, the 60-kg woman in the earlier example with a deficit of 300 mEq requires 585 mL of 3% NaCl.)

Volume of 0,9% Sodium deficil {mbg o jusl multiply valume
normal saline 154 mEq/L 3% NaCl pesdbed by 3.3

c. Calculate the rate of infusion for the volume needed. The rate of infusion should be no greater than 0.5 mEg/L/hour.

MNumber of hours meeded | 130 — (current plasma sodium level )]

f:-r COFPeC LD k5
(That is, for the example given earlier, 20 hours will be required for correction.)

, . ( valume of hypertonie solution necded )
Fluil rate = !

( number of hours needed )

(That is, the rate required for the earlier example is 29 mL/hour.)

C. Hypokalemia

1.
2.

3.

Definition. Serum potassium level of less than 3.5 mEg/L.

Causes include artifactual result of dilution of the blood sample (i.e., sample is drawn over an IV site), decreased dietary potassium, insufficient
replacement in a patient with a nasogastric tube, laxative abuse, diarrhea, or diuretic therapy.

Clinical findings. Severe hypokalemia (less than 2.5 mEg/L) may be associated with muscle weakness and mental status changes. Milder forms of
hypokalemia can be asymptomatic. Other findings include ileus mimicking intestinal obstruction, and tetany. ECG findings are nonspecific for
hypokalemia but can demonstrate flattened T waves and presence of U waves. Hyperglycemia can occur from diminished insulin secretion. Chronic
hypokalemia can result in renal tubular disorders with concentrating abnormalities, phosphaturia, and azotemia.

Management involves treating the underlying cause and replenishing potassium. Unless potassium levels are severely depleted, the patient is also on
digoxin, or there are ongoing arrhythmias, repletion of potassium is not emergent and should not be aggressive. In these special cases, the goal is to
bring the potassium level to 4.0 mEg/L. In general, for each 10 mEq of KCI given either orally or IV, there is a rise in serum KCI by 1 mEg/L . Rapid
increases in serum potassium levels can result in fatal myocardial depression; therefore, patients should not receive more than 40 mEqg/hour IV, and IV
administration should be performed cautiously only in those patients with a documented need. In patients who are taking a potassium-sparing diuretic
or who have renal failure, close monitoring of potassium levels is required to avoid hyperkalemia. Magnesium depletion promotes urinary potassium
losses and can cause a refractory hypokalemia; therefore, magnesium should be replenished in all hypokalemic patients with normal renal function.
Magnesium levels do not reflect active levels of the element (ionized), and their measurement is generally not helpful unless the patient has impaired
renal function or is receiving a magnesium infusion.

D. Hyperkalemia is not as well tolerated as hypokalemia and can be life-threatening.

1.
2.

Definition. Serum potassium level of more than 5.5 mEq/L.

Causes include an artifactual result from a hemolyzed specimen (reported in 20% of blood samples with an elevated K * level), redistribution
associated with acidosis (i.e., diabetic ketoacidosis), renal insufficiency, adrenal insufficiency, and cellular breakdown due to hemolysis or
rhabdomyolysis.

Clinical findings. The majority of patients, even those with dangerous levels, have no signs or symptoms of hyperkalemia. ECG changes can be
found when the serum potassium level reaches 6 mEqg/L. The earliest ECG finding is peaked T waves, followed by P-wave flattening, prolonged PR
intervals, P-wave disappearance, widened QRS complexes, and ultimately ventricular fibrillation or asystole. Hyperkalemia is a medical emergency.
Management. An unexpected finding of hyperkalemia in an asymptomatic patient warrants an immediate repeat measurement, because hemolysis of
specimens is not uncommon. If the level is elevated on a reliable repeat sample, acute management of hyperkalemia should be guided by the serum

TABLE 3-3. MANAGEMENT OF HYPERKALEMIA

E. Hypercalcemia

1.
2.

Definition. Total serum calcium level of more than 12 mg/dL or ionized calcium level of more than 3.0 mmol/L.

Causes. In 90% of cases the underlying cause is hyperparathyroidism or malignancy, with malignancy the most common cause of severe
hypercalcemia (total serum calcium level above 14 mg/dL or ionized calcium level above 3.5 mmol/L). In gynecologic oncology patients, the most
common mechanism is increased osteoclastic bone resorption without direct bone involvement by tumor.

Clinical findings are usually nonspecific and can appear when total serum calcium level is above 12 mg/dL or ionized calcium level is above 3.0
mmol/L. Gl findings include nausea, vomiting, constipation, ileus, abdominal pain, pancreatitis, and elevations in serum amylase levels.
Cardiovascular findings include hypovolemia and hypotension, but some patients have hypertension, prolonged PR, and shortened QT intervals.
Renal findings include polyuria, polydipsia, and nephrocalcinosis. Neurologic findings include lethargy, confusion, depressed consciousness, and



coma.
4. Management in the acute phase includes the following.

a. Hydration with isotonic saline to promote renal calcium excretion, because hypercalciuria can produce an osmotic diuresis leading to
hypovolemia. Administration of isotonic saline allows for natriuresis, which promotes renal calcium excretion. One should be sure to replace the
urine output with isotonic saline.

b. Furosemide (40-80 mg IV every 2 hours) should be given to promote further urinary calcium excretion, with the goal of 100-200 mL/hour of urine
output. This output must be replaced with isotonic saline or hypovolemia will result, which defeats the purpose of hydration and diuresis.

c. Calcitonin (salmon calcitonin 4 U/kg subcutaneously or intramuscularly every 12 hours) inhibits bone resorption and thus addresses the
underlying issue of bone resorption. The onset of action is a few hours and the effect is not profound: only a maximal drop in serum calcium of 0.5
mmol/L.

d. Hydrocortisone (200 mg IV daily in two or three divided doses) inhibits lymphoid neoplastic tissue growth and enhances vitamin D action.

e. Pamidronate disodium (90 mg IV continuous infusion over 24 hours) is more potent than calcitonin in inhibiting bone resorption. The peak effect
is 4-5 days, and the dose can be repeated then if necessary.

f. Plicamycin (25 pg/kg IV over 4 hours, repeated in 24—-48 hours if necessary) is an antineoplastic agent that inhibits bone resorption and is more
potent than calcitonin. This agent is not commonly used as it has a potential for bone marrow suppression and other adverse affects. Pamidronate
is favored over plicamycin.

g. Dialysis (hemodialysis or peritoneal dialysis) is effective in patients with renal failure.

D. Acid-base disorders. To assess acid-base disorders, values for interpretation are obtained from arterial blood gas measurements. Normal values are as
follows:
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TABLE 3-4. EXPECTED CHANGES IN ACID-BASE DISORDERS

A. Approach to interpretation: assessment of pH and PCO.,.
1. Aprimary metabolic disorder is present if the pH is abnormal and the change in pH and PCO , are in the same direction.

a. In primary metabolic acidosis, the pH is less than 7.36 and the PCO, is decreased. In primary metabolic alkalosis, the pH is higher than 7.44
and the PCO,is increased.

b. Calculate the expected PCO, with full respiratory compensation.

2. Aprimary respiratory disorder is present if the PCO, is abnormal and the change in pH and PCO, are in opposite directions.

a. In primary respiratory acidosis, the PCO, is higher than 44 mm Hg and the pH is decreased. In primary respiratory alkalosis, the PCO, is less
than 36 mm Hg and the pH is increased.

b. Calculate the expected change in pH. In acute (uncompensated) respiratory acidosis or alkalosis, the change in pH is 0.008 times the
change in PCO,. In chronic (fully compensated) respiratory acidosis or alkalosis, the change in pH is 0.003 times the change in PCO ,. When
the change in pH is 0.003-0.008 times the change in PCO ,, then the respiratory disorder is partially compensated. If the change in pH is more
than 0.008 times the change in PCO,, then a superimposed metabolic disorder is present (i.e., a superimposed metabolic acidosis in the
setting of a primary metabolic acidosis).

3. Amixed (acidosis and alkalosis) disorder is present in two circumstances:

a. The PCO, is abnormal and the pH is unchanged or normal

b. The pH is abnormal and the PCO, is unchanged or normal

4. Calculation of the anion gap in metabolic acidosis permits distinguishing the cause of metabolic acidosis as an accumulation of hydrogen ions or a
loss of bicarbonate ions.

Anion gap = [Na" + K] = [CI” + HCO4] (normal range is 10-14 mEg/L).
Of note, a 50% reduction in the level of plasma proteins can result in a 75% reduction in the anion gap.

a. Causes of normal anion gap acidosis (mnemonic USEDCAR) include: Uterosigmoidostomy, Saline administration (in the face of renal
dysfunction),Endocrine disorder (Addison's disease; treatment with spironolactone, triamterene, amiloride hydrochloride; primary
hyperparathyroidism), Diarrhea,Carbonic anhydrase inhibitors, Ammonium chloride, and Renal tubular acidosis.

b. Causes of increased anion gap acidosis (mnemonic MUDPIILES) include: Methanol,Uremia, Diabetes (ketoacidosis), garaldehyde, Isoniazid,
Infection, Lactic acidosis, Ethylene glycol, Salicylates.

B. Treatment is based on the severity of the process. In most situations, treatment of the underlying cause is the only therapy necessary. In patients with
profound disturbances, pH less than 7.2 or bicarbonate levels less than 10 mEqg/L, bicarbonate therapy should be considered. This therapy should be
approached carefully, as there is a theoretical risk of causing a transient worsening of the cerebrospinal fluid pH level or of inducing fluid overload and
rebound metabolic alkalosis.

E. Oliguria is the most frequently encountered acute renal problem in critical care medicine.

A. Definitions
1. Oliguria is defined as a urine output of less than 400 mL/day. Although low urine output is generally defined as less than 25-30 mL/hour, many

clinicians do not take into account the fact that urine output is dependent on body weight. Therefore, minimal adequate urine output should be

calculated by the following formula:
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2. Acute oliguric renal failure (AORF) is identified by oliguria, as defined by the formula given earlier, accompanied by any of the following:
a. An increase in serum creatinine of at least 50% over baseline
b. Anincrease in serum creatinine of at least 0.5 mg/dL above baseline
c. A reduction in calculated creatinine clearance of at least 50%
d. Severe renal dysfunction requiring some form of renal replacement therapy
B. Differential diagnoses of AORF can be classified into prerenal, renal, and postrenal causes.

1. Prerenal disorders account for approximately 50% of cases of AORF and result from decreased renal perfusion. In gynecology, the most common
prerenal cause of oliguria is volume depletion from either inadequate fluid repletion or hemorrhage. Other causes include hypotension, heart failure,
renal vasoconstriction (i.e., from nonsteroidal anti-inflammatory drugs), and reduced glomerular filtration pressure (i.e., from angiotensin-converting
enzyme inhibitors). A prerenal cause of AORF is supported by an elevated specific gravity, a fractional excretion of sodium (FE ) of less than 1%, a

BUN/creatinine ratio of 20 or more, a urinary sodium (urine ;) level of less than 20 mEg/L, or some combination of these.
2. Intrinsic renal disorders, as the name implies, result from injuries to and dysfunction of the renal parenchyma. They can be classified into three types



of disorders: acute tubular necrosis (ATN), acute glomerulonephritis, and acute interstitial nephritis. Of these, ATN is the most common intrinsic renal
cause of AORF. The most common causes of ATN are sepsis, shock, and exposure to toxins (i.e., radiocontrast dye, aminoglycosides, pigments, and
uric acid). In ATN, there is damage to the renal tubules and surrounding parenchyma without damage to the glomeruli from ischemia and inflammatory
cell injury. Of note, necrosis of the tubes may not necessarily exist. Injured tubular epithelial cells that have been shed off block the proximal tubular
lumen, which reduces the net glomerular filtration pressure and results in a decreased glomerular filtration rate. Laboratory evidence for ATN includes
an FE,, of more than 2% or urine, higher than 40 mEqg/L. Consideration should be given to the fact that ATN can be seen as part of multiorgan
failure, and therapy should be directed at the primary cause rather than the kidneys alone in this situation.

3. Postrenal disorders rarely give rise to oliguria unless only a single functioning kidney exists. Postrenal disorders result from obstruction of the
urinary tract distal to the renal tissue: collecting system (i.e., papillary necrosis), ureters (i.e., transection, compression, clot, calculus, tumor, sloughed
papillae), bladder (i.e., calculus, neurogenic bladder, carcinoma, clot), and urethra (i.e., calculus, stricture, clot). Early treatment can prevent
permanent renal damage. Assessment usually involves bladder catheterization and urinary tract ultrasonography. Postobstructive diuresis is the
significant increase in urinary flow after resolution of bilateral postrenal obstruction. This diuresis can result in electrolyte depletion and intravascular
volume contraction. In an overdistended obstructed bladder, sudden emptying may cause capillary bleeding, hematuria, and even hemorrhage. This is
not common but does occur, and one should be cautious and watch expectantly when decompressing a bladder containing more than 500 mL and
certainly for one containing more than 1000 mL.

C. Laboratory assessment

1. Urinalysis and urine microscopy. The specific gravity of urine (normal range, 1.003—-1.030) is elevated in the setting of dehydration and is a
reflection of the concentrating ability of the kidneys. False elevations in specific gravity can result from administration of mannitol, glucose, and
radiocontrast dye. Urine microscopy is not helpful in identifying prerenal causes of AORF; however, it is helpful in distinguishing intrinsic disorders.
The presence of large amounts of tubular epithelial cells and epithelial cell (granular) casts is pathognomonic for ATN (ischemic damage). White cell
casts suggest interstitial nephritis (pyelonephritis). Red blood cell casts suggest glomerulonephritis. Pigmented casts suggest myoglobinuria. In
postrenal cases involving collection system disorders, sloughed papilla from papillary necrosis can be seen.

2. Urinary sodium level is best calculated by means of a 24-hour urine collection; however, a randomly obtained specimen of 10 mL may be used as
well. A urine,0f less than 20 mEg/L suggests a prerenal disorder. In renal hypoperfusion, sodium reabsorption increases and sodium excretion

decreases. Urine higher than 40 mEq/L suggests impaired sodium reabsorption and thus an intrinsic renal disorder. However, a level higher than 40
mEQ/L does not rule out a prerenal disorder. An elevated urine , level can be seen in cases of coexisting prerenal and renal disorders as well as in
the setting of diuretic therapy. In elderly patients, there is an obligatory sodium loss that can elevate the urine , level in prerenal states.

3. Fractional excretion of sodium is the fraction of sodium filtered at the glomerulus that is excreted in the urine. Normally, FE , is less than 1%.

Calculation of this value in the setting of oliguria is one of the most reliable tests for distinguishing prerenal causes from renal causes of AORF. A
10-mL randomly collected urine specimen is taken for assay of sodium and creatinine (urine ) levels. A blood sample is also taken for assay of

sodium (plasma,,) and creatinine (plasmac,) levels. FE,, is then calculated by the following formula:

o e Ty 8
Urine,, /Plasma,, < 100
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Urine. Plasmag,

When a patient is oliguric, an FE , lower than 1% suggests a prerenal disorder and an FE , higher than 2% suggests an intrinsic renal disorder.
4. Creatinine clearance (Cl,) is best measured from values obtained from a 24-hour urine collection, according to the following formula:

e (mgfdl) ¥ volume of urinel ml.)

A 24-hour urine collection is best accomplished by discarding the first void and then collecting the voids thereafter for 24 hours. The specimen should
be refrigerated during the collection at 4 °C. Cl, reference range for women is 72—110 mL/minute (at the Johns Hopkins Central Laboratories). Renal
impairment is considered at a Cl, level of 50-70 mL/minute, renal insufficiency at a level of 20-50 mL/minute, and renal failure at a level of 4-20

mL/minute. Of note, a serum creatinine level of 1.2 mg/dL in a pregnant patient indicates an approximately 50% reduction in glomerular filtration rate.

D. Clinical assessment. In approaching the assessment of oliguria, the patient should always be evaluated first. Subjective symptoms including those for
hypovolemia (dizziness, chest pain, shortness of breath, palpitations), infection, and obstruction (pain, bloating) as well as signs (tachycardia, orthostatic
hypotension, elevated temperature, hypertension) should be assessed, and total fluid input and output should be calculated. In the setting of oliguria, if
the output exceeds the input (the patient is in negative fluid balance), hypovolemia should be considered. If the patient's fluid input exceeds the output
(the patient is in positive fluid balance), inadequate cardiac output is suggested. Serum and urine laboratory tests should be performed before initiation of
any fluid challenges or diuretic therapy. Mechanical problems with the urinary drainage catheter should be addressed (i.e., displaced bulb, obstruction
that may be cleared by flushing the catheter). When testing is necessary in a low-risk patient with postoperative oliguria, if the patient has a negative fluid
balance, the most cost-effective test for hypovolemia is to measure urine specific gravity. In this setting, if the specific gravity is elevated (and in the
absence of substances that falsely elevate specific gravity), the patient should be given a fluid challenge. The healthy patient should tolerate a fluid
challenge of 10 mL/kg of normal saline or lactated Ringer's solution run over 30 minutes. Lack of response may necessitate another fluid challenge or
consideration of administering furosemide, depending on the patient's fluid status.

E. Management. The management of acute oliguria in a patient with invasive hemodynamic monitoring involves optimizing central hemodynamics (cardiac
filling pressures and cardiac output) and increasing glomerulotubular flow. Cardiac filling pressures are measured by the CVP and PCWP. First CVP and
PCWP should be assessed. If CVP is less than 4 mm Hg and PCWP is less than 8 mm Hg, volume should be infused until CVP is between 6 and 8 mm
Hg and PCWP is between 12 and 15 mm Hg. Next, cardiac output should be assessed, with a Cl above 3 L/minutes/m 2 as the goal. If the cardiac output
is low, volume should be infused until CVP is 10-12 mm Hg and PCWP is close to 20 mm Hg. If the cardiac output is still low after these measures,
inotropic support should be initiated. If BP is normal, a dobutamine hydrochloride drip (starting at 5 pg/kg/minute) for inotropic support should be started.
If BP is low, a dopamine drip (starting at 5 pg/kg/minute) should be given for inotropic and pressure support. If oliguria persists after these measures are
taken, the probable cause of renal failure is an intrinsic disorder. Although low-dose dopamine (2 pug/kg/minute) and furosemide are common treatment
attempts when arriving at this situation, neither therapy has been shown to be effective. In fact, administration of low-dose dopamine may increase the
risk of bowel ischemia. In patients with CHF or borderline BP, a furosemide drip (1-9 mg/hour) has a greater diuretic effect than an IV bolus. Use of
furosemide in this setting may convert an oliguric renal failure into a nonoliguric renal failure and assist in fluid management. Conversion to a nonoliguric
state does not influence the outcome of renal failure; however, it certainly makes the care of a critically ill patient easier. Rarely, a patient is encountered
who is “furosemide dependent.” Although this condition is commonly discussed, it is in fact uncommon, and most perioperative patients with oliguria,
especially in the first 48 hours after surgery, are hypovolemic. If a patient is believed to be diuretic dependent, every effort should be made to ensure that
volume and cardiac output are adequate before assuming that the patient is indeed diuretic deficient. Patients who have undergone extensive
gynecologic surgery involving drainage of ascites are at increased risk for oliguria, as the intravascular volume tends to be drawn into the abdominal cavity
to replace the removed ascitic fluid. Special attention should be given to following the urine output in these patients. Replacement fluids should be
comprised of isotonic solutions.
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4. PRECONCEPTION COUNSELING AND PRENATAL CARE

Pascale Duroseau and Karin Blakemore

Preconception care and counseling
Reproductive history

Medical assessment

Nutritional assessment

Social assessment

Nutrition and weight gain

Exercise

Alcohol consumption

lllicit drug use

Round ligament pain

Hemorrhoids

Genetic screening and testing

I. Preconception care and counseling are important because they may identify women who can benefit from early intervention, such as those with diabetes
mellitus or hypertension, and may help to reduce birth defects. The risk of major birth defects (with or without chromosomal abnormalities) in the general
population is approximately 3%. Because organogenesis begins 17 days after fertilization, it is important to provide the optimal environment for the developing
conceptus. Preconception care and education can be incorporated into any visit with a woman of childbearing age. The following issues should be discussed
with both prospective parents.

A. Reproductive history. Diagnosis and treatment of conditions such as uterine malformations, maternal autoimmune disease, and genital infection may lessen
the risk of recurrent pregnancy loss. Review of an obstetric history when the woman is not pregnant may allow prospective parents to explore their fears,
concerns, and questions. Recording the menstrual history provides an opportunity to evaluate a woman's knowledge of menstrual physiology and offer
counseling about how she might use such knowledge to plan a pregnancy.

B. Preconception assessment of family history for genetic risks offers a number of advantages.

1. Carrier screening based on family history or the ethnic background of the couple allows relevant counseling before the first potentially affected
pregnancy. Preconception recognition of carrier status allows women and their partners to be informed of autosomal recessive risks outside the emotional
context of pregnancy. Knowledge of carrier status also allows both informed decision making about conception and planning for desired testing should
pregnancy occur.

Tay-Sachs disease mainly affects families of Ashkenazi Jewish and French-Canadian ancestry.

Canavan's disease also affects families of Ashkenazi Jewish ancestry.

Beta-thalassemia mainly affects families of Mediterranean, Southeast Asian, Indian, Pakistani, and African ancestry.

Alpha-thalassemia mainly affects families of Southeast Asian and African ancestry.

Sickle cell anemia mainly affects families of African, Mediterranean, Middle Eastern, Caribbean, Latin American, and Indian descent.

Cystic fibrosis screening should be offered to patients with a family history of the disease. New recommendations suggest that all white and Jewish

women be offered carrier screening.

2. Family history can reveal risks for other genetic diseases such as muscular dystrophy, fragile X syndrome, or Down syndrome for which genetic
counseling should be offered. Information about appropriate diagnostic tests such as chorionic villus sampling or amniocentesis can be introduced. In
some instances, genetic counseling may result in a decision to forgo pregnancy or to use assisted reproductive technologies that may obviate the risk.

C. Medical assessment (Table 4-1 and Table 4-2). Preconception care for women with significant medical problems should include an assessment of potential

risks not only to the fetus but also to the woman, should she become pregnant. Appropriate care may require close collaboration with other specialists. Risk

assessment includes the following.
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TABLE 4-1. PRECONCEPTION RISK ASSESSMENT: LABORATORY TESTS RECOMMENDED FOR ALL WOMEN
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TABLE 4-2. PRECONCEPTION RISK ASSESSMENT: LABORATORY TESTS RECOMMENDED FOR SOME WOMEN

1. Infectious disease screening
a. Rubella-nonimmune women can be identified by preconception screening, and congenital rubella syndrome can be prevented by vaccination. No
case of congenital rubella syndrome has ever been reported after rubella immunization within 3 months before or after conception.
b. Universal screening of pregnant women for hepatitis B virus (HBV) has been recommended by the Centers for Disease Control and Prevention since



1988. Women with social or occupational risks for exposure to HBV should be counseled and offered vaccination.

c. Patients at risk for tuberculosis should be tested if their histories of bacille Calmette-Guérin vaccination do not meet the guidelines for screening or
preventive therapy.

d. Cytomegalovirus (CMV) screening should be offered preconceptually to women who work in neonatal ICUs, child care facilities, or dialysis units.

Parvovirus B19 IgG may be offered preconceptually to schoolteachers and child care workers.

Toxoplasmosis is of most concern to cat owners and people who eat or handle raw meat. Routine toxoplasmosis screening to determine antibody

status before conception mainly provides reassurance to those who are already immune. Patients' cats can also be tested. Routine testing of

pregnant women without known risk factors is not recommended.

g. Screening for varicella antibody should be performed if a positive history cannot be obtained. The varicella zoster virus vaccine is now recommended
for all nonimmune adults.

h. Human immunodeficiency virus (HIV) counseling and testing should be offered confidentially and voluntarily to all women.

i. Testing for Neisseria gonorrhea, Chlamydia trachomatis, and Treponema pallidum is often performed routinely in sexually active patients.

2. Evaluation of exposure to medications includes exposure to over-the-counter and prescribed drugs. Drug use should be ascertained and information
provided on the safest choices. A genetic counselor may be helpful.

a. Isotretinoin (Accutane), an oral treatment approved by the U.S. Food and Drug Administration for severe cystic acne, should be avoided before
conception. Isotretinoin is highly teratogenic, causing craniofacial defects (microtia, anotia).

b. Warfarin sodium (Coumadin), an anticoagulant, and its derivatives have been associated with warfarin embryopathy. Because heparin sodium does
not cross the placenta, women requiring anticoagulation should be encouraged to switch to heparin therapy before conception.

c. The offspring of women treated with anticonvulsants for epilepsy are at increased risk for congenital malformations. Debate continues as to whether
the disease process, the medication, or a combination of both causes the malformations. The patient's neurologist may feel it is appropriate to attempt
withdrawal from anticonvulsants for women who have not had a seizure in at least 2 years. For women who are not candidates for anticonvulsant
withdrawal, drug regimens that have the fewest teratogenic risks may be attempted.

d. No evidence exists of teratogenicity from oral contraceptive or contraceptive implant use.

e. Vaginal spermicides are not teratogenic to the offspring of women who conceive while using them or immediately after discontinuing their use.

D. Nutritional assessment

1. The body mass index, defined as [weight in kilograms/(height in meters) 7, is the preferred indicator of nutritional status. Very overweight and very
underweight women are at risk for poor pregnancy outcomes. Women with a history of anorexia or bulimia may benefit from both nutritional and
psychological counseling before conception.

2. Eating habits such as fasting, pica, eating disorders, and the use of megavitamin supplementation should be discussed. Excess use of multivitamin
supplements containing vitamin A should be avoided because the estimated dietary intake of vitamin A for most women in the United States is sufficient.
Vitamin A is teratogenic in humans at dosages of more than 20,000-50,000 IU daily, producing fetal malformations like those seen with isotretinoin, a
synthetic derivative of vitamin A.

3. Periconceptual intake of folic acid reduces the risk of neural tube defects (NTDs). The U.S. Public Health Service recommends daily supplementation
with 0.4 mg of folic acid for all women capable of becoming pregnant. Unless contraindicated by the presence of pernicious anemia, women who have
previously carried a fetus with an NTD should take 4.0 mg of folic acid daily.

E. Social assessment. A social and lifestyle history should be obtained to identify potentially risky behaviors and exposures that may compromise a good
reproductive outcome and to identify social, financial, and psychological issues that could affect pregnancy planning.

— @

Assistance in answering questions about reproductive toxicology is available through the online database REPROTOX ( http://reprotox.org/). The
Reproductive Toxicology Center at Columbia Hospital for Women Medical Center, one of the sponsors of REPROTOX, also offers a clinical inquiry program.
Many states have teratogen hotlines or state-funded programs; the local March of Dimes is a good source for information about these and other resources.

Maternal use of alcohol, tobacco, and other mood-altering substances may be hazardous to a fetus. Alcohol is a known teratogen, and a clear
dose-response relationship exists between alcohol use and fetal effects. Increasing evidence suggests that cocaine is a teratogen as well as a cause of
prematurity, abruptio placentae, and other complications. Tobacco use has been identified as the leading preventable cause of low birth weight. Although
many women understand the risks of substance exposures after confirmation of pregnancy, they may be unaware of the risks of exposure during the earliest
weeks of pregnancy. If substance addiction is present, structured recovery programs are needed to effect behavioral change. All patients should be asked
about use of alcohol, tobacco, and illicit drugs. The preconception interview enables timely education about drug use and pregnancy, informed decision
making about the risks of using these substances at the time of conception, and the introduction of interventions for women who abuse substances.

Victims of domestic violence should be identified before they conceive, because they are more likely to be abused during pregnancy than at other times.
Approximately 37% of obstetric patients are physically abused during their pregnancies. Such assaults can result in abruptio placentae; antepartum
hemorrhage; fetal fractures; rupture of the uterus, liver, or spleen; and preterm labor. Information about available community, social, and legal resources
should be made available to women who are abused and a plan for dealing with the abusive partner devised.

The preconception interview is an appropriate time to discuss insurance coverage and financial difficulties. Many women and couples do not know the
eligibility requirements or amount of maternity coverage provided by their insurance carriers. Some women may have no medical insurance coverage. Also,
many women are unaware of their employers' policies regarding benefits for complicated and uncomplicated pregnancies and the postpartum period.
Facilitating enrollment in medical assistance programs should be part of preconception care for eligible women.
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TABLE 4-3. ROUTINE PRENATAL TESTING

A. Pregnancy Dating
1. Clinical dating
a. The average duration of human pregnancy is 280 days from the first day of the last menstrual period (LMP) until delivery. The 40-week gestational
period is based on menstrual weeks (not conceptual weeks), with an assumption of ovulation and conception on the fourteenth day of a 28-day cycle.
b. The most reliable clinical indicator of gestational age is an accurate LMP date. Using Nagele's rule, the estimated date of delivery is calculated by
subtracting 3 months from the first day of the LMP, then adding 1 week.
c. A Doppler ultrasonography device allows detection of fetal heart tones by 11-12 weeks' gestation.
d. A fetoscope can enable detection of heart tones at 19-20 weeks' gestation.
e. Quickening is noted at approximately 19 weeks in the first pregnancy; in subsequent pregnancies, quickening usually is noted approximately 2 weeks
earlier.
f. The uterus reaches the umbilicus at 20 weeks.
2. UItrasonographic dating is most accurate from 7 to 11-6/7 weeks of pregnancy. If LMP dating is consistent with uItrasonographic dating Within the

is outside the range of accuracy, then ultrasonographic dating |s used.
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TABLE 4-4. RANGE OF ACCURACY OF PREGNANCY DATING BY ULTRASONOGRAPHY ACCORDING TO GESTATIONAL AGE

B. Nutrition and weight gain

1.

2.

3.

Balanced nutrition

a. Pregnant women should avoid uncooked meat because of the risk of toxoplasmosis.

b. Pregnant women require 15% more kilocalories than nonpregnant women, usually 300-500 kcal more per day, depending on the patient's weight and
activity.

c. Dietary allowances for most minerals and vitamins increase with pregnancy. All of these nutrients, with the exception of iron, are supplied adequately
by a well-balanced diet. Increased iron is needed both for the fetus and for the mother, whose blood volume increases. Therefore, consumption of
iron-containing foods should be encouraged. Iron is found in liver, red meats, eggs, dried beans, leafy green vegetables, whole-grain enriched breads
and cereals, and dried fruits. Some physicians choose to give 30 mg of elemental ferrous iron supplements to pregnant women daily. The 30-mg iron
supplement is contained in approximately 150 mg of ferrous sulfate, 300 mg of ferrous gluconate, or 100 mg of ferrous fumarate. Taking iron between
meals on an empty stomach or with orange juice facilitates its absorption. For calcium, the prenatal requirement is 1200 mg daily.

The total weight gain recommended for pregnancy is based on the prepregnancy body mass index. The total weight gain recommended is 25-35 Ib for

women who fall within the normal range of prepregnancy weight.

Underweight women may gain 40 |Ib or more, whereas overweight women should limit weight gain to less than 25 Ib.

Three pounds to 6 Ib is gained in the first trimester and 0.5-1.0 |b per week is gained in the last two trimesters of pregnancy.

If a patient has not gained 10 Ib by midpregnancy, her nutritional status should be carefully evaluated.

Inadequate weight gain is associated with an increased risk of low birth weight in infants. Inadequate weight gain seems to have the greatest effect in

women whose weight is low or normal before pregnancy.

e. Patients should be warned against weight loss during pregnancy. Total weight gain in an obese patient can be as low as 15 Ib, but weight gains of
less than 15 |b are associated with a lack of expansion of plasma volume and a risk of intrauterine growth restriction.

Nausea and vomiting

a. Nonpharmacologic recommendations for controlling nausea and vomiting in early pregnancy include the following:

1. Greasy or spicy foods should be avoided.
2. Some food should be kept in the stomach at all times by consumption of frequent small meals or snacks.
3. A protein snack should be eaten at night; crackers should be kept at the bedside for consumption before rising in the morning.
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C. Exercise. In the absence of obstetric or medical complications, women who engage in a moderate level of physical activity can maintain cardiovascular and
muscular fitness throughout pregnancy and the postpartum period. No data suggest that moderate aerobic exercise is harmful to mother or fetus. Women
who engage in regular non—weight-bearing exercise (cycling or swimming) are more likely to maintain their regimens throughout their pregnancies than
women whose regular exercise before pregnancy is weight bearing. Women who wish to maintain body conditioning during their pregnancies may consider
switching to non—weight-bearing exercise.

1.

2.

3.

4.

5.

Pregnancy induces alterations in maternal hemodynamics, including increases in blood volume, cardiac output, and resting pulse, and a decrease in

systemic vascular resistance.

Because of increased resting oxygen requirements and the increased work of breathing brought about by the physical effects of an enlarged uterus on

the diaphragm, a decreased amount of oxygen is available for the performance of aerobic exercise during pregnancy.

For women who do not have any obstetric or medical contraindications, the following exercise recommendations may be made:

a. Mild to moderate exercise routines are encouraged. Regular exercise (at least three times per week) is preferable to intermittent activity.

b. Pregnant women should avoid exercise in the supine position after the first trimester. This position is associated with decreased cardiac output in most
pregnant women, and the cardiac output is preferentially distributed away from splanchnic beds (including the uterus) during vigorous exercise;
therefore, exercises performed supine are best avoided during pregnancy. Prolonged periods of stationary standing should also be avoided.

c. Because of the decrease in oxygen available for aerobic exercise during pregnancy, pregnant women should modify the intensity of their exercise in
response to symptoms of oxygen depletion such as shortness of breath. Pregnant women should stop exercising when fatigued and should not
exercise to exhaustion.

d. Physical maneuvers involving a shift in the physical center of gravity that may result in a loss of balance are contraindicated during pregnancy. Any
type of exercise with the potential for even mild abdominal trauma should be avoided.

e. Because pregnancy requires an additional 300 kcal/day to maintain metabolic homeostasis, women who exercise during pregnancy must be careful to
ensure an adequate diet.

f. Pregnant women who exercise should augment heat dissipation by maintaining adequate hydration, wearing appropriate clothing, and ensuring
optimal environmental surroundings during exercise.

g. Many of the physiologic and morphologic changes of pregnancy persist for 4—6 weeks postpartum. Therefore, prepregnancy exercise routines should
be resumed gradually, based on a woman's individual physical capability.

The following conditions are contraindications to exercise during pregnancy:

Pregnancy-induced hypertension

Preterm rupture of membranes

Preterm labor during a prior pregnancy, the current pregnancy, or both

Incompetent cervix or cerclage

Persistent second- or third-trimester bleeding

. Intrauterine growth restriction

Women with certain other conditions, including chronic hypertension or active thyroid, cardiac, vascular, or pulmonary disease, should be carefully

evaluated to determine whether an exercise program is appropriate.
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D. Smoking

1.

Carbon monoxide and nicotine are believed to be the main ingredients in cigarette smoke responsible for adverse fetal effects. Compared to nonsmoking,
smoking is associated with increased rates of occurrence of the following events:

Spontaneous abortion (risk is 1.2—1.8 times greater in smokers than in nonsmokers)

Abortion of a chromosomally normal fetus (39% more likely in smokers than in nonsmokers)

Abruptio placentae, placenta previa, and premature rupture of membranes

Preterm birth (risk is 1.2—1.5 times greater in smokers than in nonsmokers)

Low infant birth weight

Sudden infant death syndrome

Smoking cessation during pregnancy improves the birth weight of the infant, especially if cessation occurs before 16 weeks' gestation. If all pregnant
women stopped smoking, it is estimated that a 10% reduction in fetal and infant deaths would be observed.

Prospective, randomized, controlled clinical trials have shown that intensive smoking reduction programs with frequent patient contact and close
supervision aid in smoking cessation and result in increased infant birth weights. Successful interventions emphasize ways to stop smoking rather than
merely providing antismoking advice.

Nicotine replacement therapy (chewing gum or transdermal patch). The package inserts of these therapies suggest that pregnant women should not
use them because nicotine is considered an important cause of the adverse effects of smoking on mothers and fetuses. Nicotine, however, is only one of
the toxins absorbed from tobacco smoke; cessation of smoking with nicotine replacement reduces fetal exposure to carbon monoxide and other toxins.
For women who smoke more than 20 cigarettes per day and who are unable to reduce their smoking otherwise, it may be reasonable to advise nicotine
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replacement as an adjunct to counseling during pregnancy.
E. Alcohol consumption

1. Ethanol freely crosses the placenta and the fetal blood—brain barrier. Ethanol is a known teratogen. Fetal ethanol toxicity is dose related, and the
exposure time of greatest risk is the first trimester; however, fetal brain development may be affected throughout gestation. Although an occasional drink
during pregnancy has not been shown to be harmful, patients should be counseled that the threshold for adverse effects is unknown.

2. Fetal alcohol syndrome is characterized by three findings: growth retardation (prenatally, postnatally, or both), facial abnormalities, and CNS
dysfunction. Facial abnormalities include shortened palpebral fissures, low-set ears, midfacial hypoplasia, a smooth philtrum, and a thin upper lip. CNS
abnormalities of fetal alcohol syndrome include microcephaly, mental retardation, and behavioral disorders such as attention deficit disorder. Skeletal
abnormalities and structural cardiac defects are also seen with greater frequency in the children of women who abuse alcohol during pregnancy than in
those of women who do not. The most common cardiac structural anomaly is ventricular septal defect, but a number of others occur.

F. lllicit drug use

1. Marijuana. The active ingredient is tetrahydrocannabinol. No evidence exists that marijuana is a significant teratogen in humans. Cannabinoid
metabolites can be detected in the urine of users for days to weeks after use, much longer than for alcohol and most other illicit drugs. The presence of
cannabinoid metabolites in the urine may identify patients who are likely to be current users of other illicit substances as well.

2. Cocaine. Adverse maternal effects include profound vasoconstriction leading to malignant hypertension, cardiac ischemia, and cerebral infarction.
Cocaine may have a direct cardiotoxic effect, leading to sudden death. Complications of cocaine use in pregnancy include spontaneous abortion and
fetal death in utero, premature rupture of membranes, preterm labor and delivery, intrauterine growth restriction, meconium-staining of amniotic fluid, and
abruptio placentae. Cocaine is teratogenic, and its use has been associated with cases of in utero fetal cerebral infarction, microcephaly, and limb
reduction defects. Genitourinary malformations have been reported with first trimester cocaine use. Infants born to women who use cocaine are at risk for
neurobehavioral abnormalities and impairment in orientation, motor, and state-regulation neurobehaviors.

3. Opiates. Opiate use has been associated with increased rates of stillbirth, fetal growth retardation, prematurity, and neonatal mortality, perhaps due to
risky behaviors in opiate substance abusers. Opiates are not known to be teratogenic. Treatment with methadone is associated with improved pregnancy
outcomes. The newborn narcotic addict is at risk for a severe, potentially fatal, narcotic withdrawal syndrome. Although the incidence of clinically
significant withdrawal is slightly lower among methadone-treated addicts, its course can be just as severe. Neonatal withdrawal is characterized by a
high-pitched cry, poor feeding, hypertonicity, tremors, irritability, sneezing, sweating, vomiting, diarrhea, and, occasionally, seizures. Frequent sharing of
needles has resulted in extremely high rates of HIV infection (greater than 50%) and hepatitis among narcotic addicts.

4. Amphetamines. Crystal methamphetamine, a potent stimulant administered intravenously, has been associated with decreased fetal head circumference
and increased risk of abruptio placentae, intrauterine growth restriction, and fetal death in utero. There is, however, no proven teratogenicity.

5. Hallucinogens. No evidence has shown that lysergic acid diethylamide (LSD) or other hallucinogens causes chromosomal damage, as was once
reported. Few studies exist on the possible deleterious effects of maternal hallucinogen use during pregnancy. There is no proven teratogenicity to LSD.

6. Prenatal care for the substance abuser. Intensive prenatal care to address the multiple problems of substance abusers, involving a multidisciplinary
team of health care and social service providers, has been shown to ameliorate the maternal and neonatal complications associated with substance
abuse. At each prenatal visit, substance abuse treatment should be offered to substance abusers who have not quit. All substance abusers should be
counseled about the potential risks of preterm delivery, fetal growth restriction, fetal death, and possible long-term neurobehavioral effects in the child.
HIV testing should be encouraged. Periodic urine toxicologic testing should be offered. The reliability of urine toxicologic testing is limited by the rapid
clearance of most substances. Overaggressive urine testing may be perceived by the patient as threatening and thus decreases patient compliance.
Early ultrasonographic confirmation of gestational age is necessary, because growth restriction is a frequent finding among fetuses of substance abusers,
and accurate assessment of gestational age is important in the management of intrauterine growth restriction. A fetal anatomic survey is indicated
because of the increased frequency of structural anomalies among offspring of substance abusers. Antepartum testing is appropriate when a reason to
suspect fetal compromise exists (e.g., size small for date, decreased fetal movement, suspected growth restriction). When normal growth and an active
fetus are present, no evidence shows that regular antepartum testing is associated with improved perinatal outcome in substance-abusing patients. All
patients should be screened for substance abuse (including use of alcohol and tobacco) at the time of their first prenatal visit. Several screening
guestionnaires have been developed to detect problem drinking (e.g., the T-ACE questions and the CAGE questionnaire) and substance abuse.

G. Immunizations. Preconception immunization of women to prevent disease in their offspring is preferred to vaccination of pregnant women; only live-virus
vaccines, however, carry any risk to the fetus.

1. All women of childbearing age should be immune to measles, rubella, mumps, tetanus, diphtheria, poliomyelitis, and varicella through childhood natural
or vaccine-conferred immunization.

2. Rubella infection during pregnancy is associated with congenital infection; measles, with high risk of spontaneous abortion, preterm birth, and maternal
morbidity; tetanus, with transplacental transfer of toxin, which causes neonatal tetanus; and varicella, with fetal CNS and limb defects and severe
maternal pneumonia.

3. All pregnant women should be screened for hepatitis B surface antigen. Pregnancy is not a contraindication to the administration of an HBV vaccine or
hepatitis B immune globulin. Women at high risk of HBV infection who should be vaccinated during pregnancy include those with histories of the
following: intravenous drug use, acute episode of any sexually transmitted disease, multiple sexual partners, occupational exposure in a health care or
public safety environment, household contact with an HBV carrier, occupational exposure or residence in an institution for the developmentally disabled,
occupational exposure or treatment in a hemodialysis unit, or receipt of clotting factor concentrates for bleeding disorders.

4. Combined tetanus and diphtheria toxoids are the only immunobiological agents routinely indicated for susceptible pregnant women.

5. There is no evidence of fetal risk from inactivated-virus vaccines, bacterial vaccines, or tetanus immunoglobulin, and these agents should be
administered if appropriate.

6. Measles, mumps, and rubella single-antigen vaccines, as well as the combined vaccine, should be given at a preconception or postpartum visit. Despite
theoretical risks, no evidence has been reported of congenital rubella syndrome in infants born to women inadvertently given rubella vaccine while
pregnant. Women who undergo immunization should be advised not to become pregnant for 3 months afterward. Measles, mumps, and rubella vaccines
can be given to children of pregnant women, as there is no evidence that the viruses can be transmitted by someone who has recently been vaccinated.

7. Immune globulin or vaccination against poliomyelitis, yellow fever, typhoid, or hepatitis may be indicated for travelers to areas where these diseases are
endemic or epidemic.

8. Influenza and pneumococcal vaccines are recommended for women with special conditions that put them at high risk of infection. Women in their second
or third trimester should be given influenza vaccine during influenza season. This is especially true for women who work at chronic care facilities that
house patients with chronic medical conditions or who themselves have cardiopulmonary disorders, including asthma, are immunosuppressed, or have
diabetes mellitus. Women who have undergone splenectomy should be given pneumococcal vaccine.

9. Immune globulin or a specific immune globulin may be indicated after exposure to measles, hepatitis A or B, tetanus, chickenpox, or rabies.

10. Varicella zoster immune globulin (VZIG) should be administered to any newborn whose mother developed chickenpox within 5 days before or 2 days after
delivery. No evidence shows that administration of VZIG to mothers reduces the rare occurrence of congenital varicella syndrome. VZIG can be
H. Sexual intercourse

1. Generally, no restriction of sexual activity is necessary for pregnant women.

2. Patients should be instructed that pregnancy may cause changes in physical comfort and sexual desire.

3. Increased uterine activity after intercourse is common.

4. For women at risk of preterm labor placenta or vasa previa or women with histories of previous pregnancy loss, avoidance of sexual activity may be
recommended.

I. Employment
Most patients are able to work throughout the entire pregnancy.
Heavy lifting and excessive physical activity should be avoided.
Modification of occupational activities is rarely needed, unless the job involves physical danger.
Patients should be counseled to discontinue an activity whenever they experience discomfort.
Jobs that involve strenuous physical exercise, standing for prolonged periods, work on industrial machines, or other adverse environmental factors should
be modified as necessary.
J. Travel. The following are general recommendations for all pregnant women:

1. Prolonged sitting should be avoided because of the increased risk of venous thrombosis and thrombophlebitis during pregnancy.

2. Patients should drive a maximum of 6 hours a day and should stop at least every 2 hours and walk for 10 minutes.

3. Support stockings should be worn for prolonged sitting in cars or airplanes.

4. A seat belt should always be worn; the belt should be placed under the abdomen as the pregnancy advances.

K. Carpal tunnel syndrome. In pregnancy, weight gain and edema can compress the median nerve, producing carpal tunnel syndrome. The syndrome consists
of pain, numbness, or tingling in the thumb, index finger, middle finger, and radial side of the ring finger on the palmar aspect. Compressing the median
nerve and percussing the wrist and forearm with a reflex hammer (Tinel's maneuver) often exacerbates the pain. The syndrome most often occurs in
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primigravidas over the age of 30 during the third trimester and usually recedes within 2 weeks of delivery. Treatment is conservative, with splinting of the
wrist at night. Local injections of glucocorticoids may be necessary in severe cases.

. Back pain

1. Back pain may be aggravated by excessive weight gain.

2. Exercises to strengthen back muscles and loosen the hamstrings can help alleviate back pain.

3. Pregnant women should maintain good posture and wear low-heeled shoes.

. Round ligament pain. These very sharp groin pains are caused by spasm of round ligaments associated with movement. The spasms are generally
unilateral and are more frequent on the right side than the left because of the usual dextroversion of the uterus. Patients sometimes awaken at night with
round ligament pain after having suddenly rolled over in their sleep.

. Hemorrhoids are varicose veins of the rectum.

1. Patients with hemorrhoids should avoid constipation, because straining during bowel movement aggravates hemorrhoids.

2. Good hydration and certain fruits like prunes and apricots help to soften the stool.

3. Patients should avoid prolonged sitting.

4. Hemorrhoids often regress after delivery but usually do not disappear completely.

TABLE 4-5. INDICATIONS FOR GENETIC COUNSELING

1. Triple screen
a. The maternal serum triple screen is performed at 15-20 weeks of pregnancy (ideally 16—18 weeks) and measures three substances in maternal

serum:

1. Maternal serum alpha-fetoprotein (MSAFP) [average is 0.7 multiples of the median (MoM) for women carrying a fetus with Down syndrome].

2. Human chorionic gonadotropin (hCG): Levels decline after approximately 10 weeks and throughout much of the second trimester. It is the most
sensitive second trimester maternal serum screening marker for detection of fetal Down syndrome (average is 2.1 MoM for women carrying a fetus
with Down syndrome).

3. Unconjugated estriol (average is 0.7 MoM with fetal Down syndrome). It is important to realize that the three serum marker results are combined
with maternal age to generate a risk of Down syndrome.

b. The maternal serum triple screen has a different profile for fetal trisomy 18 (Edward's syndrome). A typical triple screen result for this chromosome
abnormality is low for AFP, low for estriol, and very low for hCG.

2. First trimester screening. First trimester maternal serum screening for Down syndrome and trisomy 18 is being evaluated using levels of hCG and
pregnancy-associated plasma protein A (PAPP-A). The hCG level is elevated, whereas the PAPP-A level is lower than average in women carrying a fetus
with Down syndrome. When these measurements are combined with maternal age and a standard measurement of the thin skin fold behind the fetal neck
(nuchal translucency) at 10-14 weeks' gestation, the detection rate for Down syndrome in the first trimester is predicted to approach 85-90%.

3. Maternal serum alpha-fetoprotein is a fetal glycoprotein that is synthesized sequentially in the embryonic yolk sac, Gl tract, and liver. Normally, AFP
crosses the fetomaternal circulatory interface within the placenta to appear in the mother's serum. In addition, a small amount of AFP enters the amniotic
fluid via fetal urination, Gl secretions, and transudation from exposed blood vessels. The concentration of AFP in amniotic fluid is highest at the end of the
first trimester and slowly declines during the remainder of pregnancy. MSAFP concentrations, on the other hand, rise until approximately 30 weeks'
gestation. In the second trimester, the level of AFP in fetal blood is approximately 100,000 times that in maternal serum, whereas the level of AFP in
amniotic fluid is 100 times that in maternal serum. With an open fetal NTD or an abdominal wall defect, more AFP will be present in the amniotic fluid and
more will cross the membranes and lead to an elevated level in the mother's blood in 85% of cases.

4. Screening for neural tube defects. NTDs result from a failure of the neural tube to close or attain its normal musculoskeletal coverings in early
embryogenesis. Among the most common major congenital malformations, NTDs include the fatal condition of anencephaly as well as spina bifida
(meningomyelocele and meningocele); most have the potential for surgical correction.

a. The incidence of NTDs in the United States is 1-2:1000 live births.

b. A family history of NTD in either parent generally signifies an increased risk of an NTD in the offspring. If one partner has an NTD, this risk is 2—-3%. In
a couple with a prior affected child, the risk of recurrence is 2%. Ninety percent of NTDs, however, occur in families without such histories. Therefore,
all pregnant women in the United States are currently offered MSAFP screening.

c. Prenatal diagnosis of an NTD allows for termination of pregnancy or preparation for the birth of an affected infant. The potential exists for in utero
repair of spina bifida.

5. Significance of elevated alpha-fetoprotein level
a. Diagnostic ultrasonography should be performed on patients with abnormal MSAFP screening results to determine gestational age, as well as to

visualize the placenta, detect multiple pregnancies, and detect any fetal anomalies. Amniocentesis is generally offered to patients found to have a

single living fetus of the expected gestational age without anomalies.

b. Elevated AFP levels are usually found in maternal serum (80% of cases) and amniotic fluid (over 95% of cases) with open NTDs (elevated value for
MSAFP of 2.5 MoM or higher). Closed defects, however, including those associated with hydrocephalus, are not associated with abnormal AFP
findings. In addition to open NTDs, elevated MSAFP levels can also occur with multiple pregnancies, abdominal wall defects such as omphalocele or
gastroschisis, congenital nephrosis, Turner's syndrome with cystic hygroma, fetal bowel obstruction, and some teratomas.

Fetal growth retardation, fetal death, and other adverse outcomes are also associated with elevated MSAFP levels.

Assignment of incorrect gestational age may lead to incorrect interpretation of AFP levels, because both MSAFP and amniotic fluid AFP levels change

in relation to gestational age.

e. MSAFP measurement alone is performed for fetal NTD screening. Most women, however, have AFP testing performed as part of the triple screen. An
elevated MSAFP level is often defined as 2.5 MoM or higher. The first MSAFP screen specimen is drawn at 15-18 weeks' gestation after informed
consent and counseling. A second MSAFP screen specimen is drawn only from patients with a slightly high initial test result. A second screening is
not recommended if the first is higher than 3.0 MoM.

f. The normal range of AFP values is established by each reference laboratory. Laboratories should provide interpretations of results and risk
assessments that take into account race, maternal weight, multiple pregnancy, and the presence of insulin-dependent diabetes mellitus. Results are
reported in multiples of the median to standardize interpretation of values among different laboratories.

6. Maternal age screening for fetal aneuploidy
a. There are normally 46 chromosomes in every cell of the body. Aneuploidy refers to the condition in which there is an additional or missing

chromosome that results in, for example, a total of 47 or 45 chromosomes altogether. The way that a cytogenetics laboratory would convey a

diagnosis of Down syndrome, the most common aneuploid condition in liveborns, is as 47,XX,+21 or 47,XY,+21. Down syndrome, or trisomy 21, most

often results from meiotic nondisjunction during maternal chromosomal replication and division.

b. Down syndrome is characterized by mental retardation, cardiac defects, hypotonia, and characteristic facial features.
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d.

e.

TABLE 4-6. CHROMOSOMAL ABNORMALITIES IN LIVEBORNS

Prenatal diagnosis by chromosomal analysis currently is offered to women who will be 35 or older at the time of delivery. This approach detects only
approximately 30% of cases of Down syndrome; 70% of cases occur in women younger than 35 years.
The risk of recurrence for a couple who are both chromosomally normal and have had a prior child with Down syndrome is often cited to be 1%.

7. Amniocentesis

a.

C.

Procedure. Amniocentesis involves withdrawal of a small sample of the fluid that surrounds the fetus. Amniotic fluid contains cells that are shed
primarily from the fetal bladder, skin, Gl tract, and amnion. These cells can be used for karyotyping or other genetic diagnostic tests. Amniocentesis is
most commonly performed at 15-18 weeks' gestation.

Indications. In the United States, the current standard of care is to offer chorionic villus sampling (CVS) or amniocentesis to women who will be 35
years or older when they give birth, because older women are at increased risk for giving birth to infants with Down syndrome and other types of
aneuploidy. Patients with a positive obstetric history of NTD should be appropriately counseled about the 2—3% risk of recurrence of NTD and offered
second trimester amniocentesis for amniotic fluid AFP testing; detailed ultrasonographic evaluation of the fetus for NTD at 18—-20 weeks' gestation
should also be offered. If the amniotic fluid AFP results and the ultrasonographic findings are normal, the likelihood of an open NTD is minimal. The
amniocentesis site should be selected carefully; the placenta should be avoided to reduce the risk of contaminating the amniotic fluid specimen with
fetal blood, which obviously will result in falsely elevated amniotic fluid AFP levels. False-positive results due to contamination of amniotic fluid with
fetal blood can be identified by the absence of acetylcholinesterase in amniotic fluid. After fetal blood contamination of the amniotic fluid has been
excluded, elevated amniotic fluid AFP levels not accompanied by elevated acetylcholinesterase levels should be investigated by performing detailed
ultrasonographic examination.

Risks and complications. The miscarriage rate from amniocentesis is 0.25 —0.50% (1:400 to 1:200). Unsensitized Rh ~ women are given Rh™ immune
globulin after amniocentesis.

8. Chorionic villus sampling

a.

C.

d.

Procedure. CVS uses either a catheter or a needle to biopsy placental tissue derived from the same fertilized egg as the fetus. CVS is usually
performed at 10-12 weeks' gestation but may be performed throughout the second or third trimester. CVS may be more acceptable than
amniocentesis to some women because of the psychological and medical advantages provided by early diagnosis of abnormalities and first trimester
termination.

Risks and complications. When adjusted for confounding factors such as gestational age, the CVS-related miscarriage rate has not been shown to
be statistically different from that for second trimester amniocentesis. Unsensitized Rh ™~ women are given Rh™ immunoglobin after CVS.
Cytogenetically ambiguous results caused by maternal cell contamination or mosaicism are reported more often after CVS than after amniocentesis. In
such instances, follow-up amniocentesis may be required to clarify results, which increases both the total cost of testing and the risk of miscarriage.
Reports of clusters of infants born with limb deficiencies after CVS were first published in 1991. Data from studies of CVS suggest that this outcome is
associated with the specific time of CVS exposure. Therefore, CVS is not recommended before 10 weeks' gestation.

9. A midtrimester ultrasonographic evaluation should include a systematic search of the fetal anatomy, in addition to establishment of the usual fetal
growth parameters. One should routinely conduct a search of the entire spinal column for any dorsal effects of the canal or abnormal vertebrae, as well as
perform an evaluation of the intracranial anatomy. The cord insertion site on the fetal ventral wall is examined carefully, and the remainder of the fetal
anatomy is visualized to detect structural anomalies. Presence of an increased nuchal fold is being used as a screening test for Down syndrome at 15-21
weeks, and a slightly short humerus (and femur) also has been associated with Down syndrome, although the positive predictive value of this sign is
poor. Ultrasonography cannot rule out Down syndrome with certainty. The woman's age and maternal serum triple screen results are often evaluated in
combination with sonographic findings to improve Down syndrome screening in a noninvasive way. Assessment of the fetal karyotype (by amniocentesis
or CVS) is necessary, however, to make the diagnosis or to rule it out with complete certainty. Ultrasonography is better at detecting aneuploidies other
than Down syndrome such as trisomy 18 or trisomy 13, which are associated with much higher incidence of major structural anomalies.



5. NORMAL LABOR AND DELIVERY, OPERATIVE DELIVERY, AND MALPRESENTATIONS,

Amy E. Hearne and Rita Driggers

Labor
Stages.and phases of labor
Mechanisms of labor

Pelvimetry and labor
Pelvic shapes, planes. and diameters

Radiologic pelvimetry

Management of normal labor and delivery
Initial assessment

Leopold's maneuvers

Cervical examination

Standard admission procedures

Management of labor in low-risk patients

Management of labor in high-risk patients

Induction of labor

Oxytocin administration

Management of nonreassuring fetal heart rate patterns

Forceps. delivery
Classification is by station

Indications

Intraoperative complications

Cesarean hysterectomy
Vaginal birth after cesarean section (VBAC)
Contraindications

Abnormal attitude and deflexion

Cerclage
Indication

|. Labor is defined as repetitive uterine contractions of sufficient frequency, intensity, and duration to cause cervical effacement and dilation.

Il. Stages and phases of labor

A. The first stage begins with the onset of labor and ends with full cervical dilation. It is further subdivided into latent and active phases.
1. The latent phase begins with the initial perception of regular contractions and ends when the rate of cervical dilation increases (usually at 3—4 cm of
dilation). Uterine contractions typically begin as mild and irregular, becoming more intense, frequent, and regular as the latent phase progresses. Cervical
dilation progresses slowly. The latent phase is considered to be prolonged if it exceeds 20 hours in a nulliparous patient and 14 hours in a multiparous

patient.

2. The active phase is characterized by an increased rate of cervical dilation with descent of the presenting fetal part. This phase is further subdivided into
an acceleration phase, a phase of maximum slope, and a deceleration phase.

a. Acceleration phase. A gradual increase in dilation initiates the active phase (usually beginning at 3 to 4 cm of dilation) and leads to a period of rapid

dilation.

b. The phase of maximum slope is defined as the period of active labor when the rate of cervical dilation is maximal. Once established, this rate tends
to be constant for each individual until the deceleration phase is reached. Primary dysfunctional labor is defined as an active-phase dilation at a rate
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TABLE 5-1. STAGES AND PHASES OF LABOR

c. Deceleration phase. During the terminal portion of the active phase, rate of dilation sometimes slows, with termination at full cervical dilation.

B. The second stage of labor is the interval between full cervical dilation and delivery of the infant. The average duration is 50 minutes for nulliparas and 20
minutes for multiparas. Descent of the fetal presenting part begins in the late active phase and continues during the second stage. The second stage is
considered prolonged after 2 hours in nulliparous patients or 1 hour in parous patients. An additional hour may be allowed if epidural anesthesia is used.
Studies show that duration of the second stage of labor is unrelated to perinatal outcome in the absence of a nonreassuring fetal heart rate pattern or
traumatic delivery. Therefore, a prolonged second stage alone usually is not considered an indication for operative intervention, provided steady descent of



the presenting part continues.

C. The third stage is the interval between delivery of the infant and delivery of the placenta, umbilical cord, and fetal membranes. This stage averages 10
minutes and is considered prolonged if it lasts longer than 30 minutes. Placental separation occurs along Nitabuch's layer and is the result of continued
uterine contractions. Continued contractions control blood loss by compression of spiral arteries and also result in migration of the placenta into the lower
uterine segment and then through the cervix.

D. The fourth stage, or puerperium, follows delivery and concludes with resolution of the physiologic changes of pregnancy, usually by 6 weeks postpartum.
During this time, the reproductive tract returns to the nonpregnant state, and ovulation may resume.

lll. Mechanisms of labor, or seven cardinal movements of labor, refer to the changes in position of the fetal head during passage through the birth canal in the
vertex presentation.

A. Engagement is descent of the biparietal diameter of the fetal head below the plane of the pelvic inlet. Clinically, if the lowest portion of the occiput is at or
below the level of the maternal ischial spines (station 0), engagement has usually taken place. Engagement can occur before the onset of true labor,
especially in nulliparas. Patients may experience a change in the shape of the abdomen and a decreased sense of shortness of breath, referred to as
lightening.

B. Descent of the fetal head to the pelvic floor is an important event of labor. The highest rate of descent occurs during the deceleration phase of the first stage
and during the second stage of labor.

C. Flexion of the fetal head onto the chest is a passive movement that permits the smallest diameter of the fetal head (suboccipitobregmatic diameter) to be
presented to the maternal pelvis.

D. Internal rotation. The fetal occiput rotates from its original position (usually transverse) toward the symphysis pubis (occiput anterior) or, less commonly,
toward the hollow of the sacrum (occiput posterior).

E. Extension. The fetal head is delivered by extension from the flexed position, rotating around the symphysis pubis.

F. External rotation. The fetus resumes its face-forward position, with the occiput and spine lying in the same plane.

G. Expulsion. Further descent brings the anterior shoulder of the fetus to the level of the symphysis pubis. After the shoulder is delivered under the symphysis
pubis, the rest of the body is usually expelled quickly.

IV. Pelvimetry and labor

A. Pelvic shapes, planes, and diameters. Four pelvic planes are commonly described.

1. The pelvic inlet (obstetric conjugate) is bordered anteriorly by the posterior border of the symphysis pubis, posteriorly by the sacral promontory, and
laterally by the linea terminalis. The pelvic inlet separates the false pelvis from the true pelvis. Measurement of the inlet's transverse diameter is taken at
its widest point.

2. The plane of greatest diameter is bordered by the midpoint of the pubis anteriorly, the upper part of the obturator foramina laterally, and the junction of
the second and third vertebrae posteriorly.

3. The plane of least diameter (midplane) is bordered anteriorly by the lower margin of the symphysis, posteriorly by the sacrum (S4 or S5), and laterally
by the inferior margins of the ischial spines.

4. The pelvic outlet is bordered anteriorly by the lower margin of the symphysis laterally by the ischial tuberosities and posteriorly by the tip of the sacrum.
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FIG. 5-1. Four pelvic types. (From Beckmann CR, et al. Obstetrics and gynecology, 2nd ed. Baltimore: Williams & Wilkins, 1995:36, with permission.)
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TABLE 5-2. PELVIC TYPES AND CHARACTERISTICS

1. Gynecoid (40-50% of women). Inlet is rounded, side walls are straight, and sacrum is well curved.

2. Anthropoid (20% of all women, 40% of African-American women). Inlet is oval, long, and narrow; side walls are straight; sacrum is long and narrow; and
sacrosciatic notch is wide.

3. Android (30% of all women, 10—-15% of African-American women). Inlet is heart shaped with a short posterior sagittal diameter.

4. Platypelloid (2-5% of all women). Inlet is flat and oval with a short posterior sagittal diameter.

C. Clinical pelvimetry. The diagonal conjugate is obtained by placing the tip of the middle finger at the sacral promontory and measuring to the point on the
hand that contacts the symphysis. This is the closest clinical estimate of the obstetric conjugate and is 1.5 to 2.0 cm longer than the obstetric conjugate. The
bi-ischial diameter is the distance between the ischial tuberosities, with a distance greater than 8 cm considered adequate. Other qualitative pelvic
characteristics include angulation of the pubic arch, prominence of the ischial spines, size of the sacrospinous notch, and curvature of the sacrum and
COCCYX.

D. Radiologic pelvimetry
1. Radiographic pelvimetry. Indications for performing radiographic pelvimetry to obtain more precise pelvic measurements include clinical evidence or

obstetric history suggestive of pelvic abnormalities, history of peric trauma, and breech presentation for Which a vaginal deIivery is being contemplated.

cephalopelvic disproportion exists if measurements are less than the established critical values.
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TABLE 5-3. AVERAGE AND CRITICAL LIMIT VALUES FOR PELVIC MEASUREMENTS BY RADIOGRAPHIC PELVIMETRY

2. Pelvimetry by other modalities. CT pelvimetry is superior to radiographic pelvimetry for assessing the exact position of the fetal head relative to the
maternal pelvis. MRI has also been used successfully to assess maternal pelvic structure and has the advantage of better definition of soft tissue
structures, given that soft tissue dystocia is a more frequent cause of fetopelvic disproportion than bony dystocia. Unlike radiography and CT, MRI does
not require the use of ionizing radiation.

V. Management of normal labor and delivery

A. Initial assessment of labor includes an appropriate history taking, physical examination, review of the prenatal data, and necessary laboratory testing. The
time of onset of contractions, status of the fetal membranes, presence or absence of vaginal bleeding, fetal activity, maternal allergies, time of last food or
fluid intake, and use of any medications should be noted. The admitting physical examination should include assessment of the patient's initial vital signs;
fetal presentation; fetal heart rate; and frequency, duration, and character of uterine contractions. If rupture of membranes is suspected, a sterile speculum
examination should be performed to look for evidence of ruptured membranes (gross vaginal pooling of fluid, positive results on Nitrazine and fern testing of
vaginal secretions) and evidence of meconium. If clinically indicated, genital specimens for culture and wet preparation may be obtained. If membranes are
intact, a digital examination can be performed to determine the amount of cervical dilation, effacement, and nature and position of the presenting part. If
premature rupture of membranes has occurred, digital examination may be deferred until active labor to reduce the risk of chorioamnionitis.

B. Leopold's maneuvers are a series of four abdominal palpations of the gravid uterus to ascertain fetal lie and presentation.

1. The fundus is palpated to ascertain the presence or absence of a fetal pole (vertical versus transverse lie) and the nature of the fetal pole (cranium
versus breech).

2. The lateral walls of the uterus are examined using one hand to palpate and the other to fix the fetus. In vertical lies, the lateral uterus is usually occupied
by the fetal spine (long, firm, and linear) and small parts or extremities.

3. The nature and station of the presenting part is determined by palpating above the symphysis pubis.

4. If the presentation is vertex, the cephalic prominence is palpated to determine the position of the fetal head. Provided the head is not too deep in the
pelvis, the chin will be prominent if the head is neither flexed nor extended, as in a military presentation. If the head is not flexed, as in face presentation,
the occiput will be felt below the spine. If the head is well flexed, neither chin nor occiput will be prominent.

C. Cervical examination. Three main components constitute a complete cervical examination.

1. Dilation (or dilatation) is the degree of patency of the cervix. The diameter of the internal os of the cervix is measured in centimeters, from closed to 10
cm, with 10 cm corresponding to complete cervical dilation.

2. Effacement is shortening and thinning of the cervix. Effacement is expressed as a percentage, ranging from 0% (no reduction in length) to 100%
(minimal cervix palpable below the fetal presenting part).

3. Station is a measure of descent of the presenting fetal part through the birth canal and is the estimated distance in centimeters between the leading bony
presenting part and the level of the ischial spines. The level of the spines is defined as station 0. The stations below the spines are +1 for 1 cm below the
spines to +5 at the perineum. The stations above the spines are —1 for 1 cm above the spines to -5 at the level of the pelvic inlet.

D. Standard admission procedures. For patients who have not received prenatal care, samples should be drawn for prenatal laboratory tests, including rapid
plasma reagin, screening for hepatitis B virus and human immunodeficiency virus, determination of ABO blood group, antibody screening, urine culture and
toxicology, screening for rubella IgG, and CBC. Patients with prenatal laboratory test results on record and an uncomplicated prenatal course require only
urine testing (for protein and glucose), CBC, and drawing of a blood bank sample to be available for crossmatching if needed. Decisions regarding perineal
hair shaving, enemas, showers, intravenous (IV) catheters, and positioning during labor and delivery should be based on the wishes of the patient and her
family, and informed and prudent guidelines set forth by her health care team. Signed informed consent for management of labor and delivery should be
obtained.

E. Management of labor in low-risk patients. The quality of uterine contractions should be regularly assessed. Cervical examinations should be kept to the
minimum required to detect abnormalities in the progression of labor. Maternal BP and pulse should be recorded every hour during the first stage of labor
and every 10 minutes during the second stage of labor.

1. Well-controlled studies have shown that, when performed at specific intervals with a 1:1 nurse-to-patient ratio, intermittent auscultation of the fetal heart is
equivalent to continuous electronic monitoring in assessment of fetal well-being. The fetal heart rate should be recorded immediately after a contraction at
least every 30 minutes during the active phase of the first stage of labor and at least every 15 minutes during the second stage.

2. Gastric emptying time increases in pregnant women, which results in an increased risk of regurgitation and subsequent aspiration. Aspiration pneumonitis
is a major cause of anesthesia-related maternal mortality and is related to the acidity of gastric contents. The use of an antacid such as sodium citrate (30
mL of 0.3 mol/L solution orally) during the course of labor as well as restriction of the patient to NPO has been recommended by many authors.

3. For low-risk patients, delivery may take place in birthing rooms or traditional delivery areas. The lithotomy position is most frequently assumed for vaginal
delivery in the United States, although alternative birthing positions, such as the lateral or Sims position or the partial sitting or squatting positions, are
preferred by some patients, physicians, and midwives.

F. Management of labor in high-risk patients. Monitoring is intensified in high-risk labors. The fetal heart rate should be assessed according to the following
guidelines.

1. During the active phase of the first stage of labor, if intermittent auscultation is used, the fetal heart rate should be recorded after a contraction at least
every 15 minutes. If external continuous electronic fetal monitoring is used, the tracing should be evaluated every 15 minutes.

2. During the second stage of labor, either the fetal heart rate should be auscultated and recorded every 5 minutes or, if continuous monitoring is used, the
tracing should be evaluated every 5 minutes.

G. Induction of labor
1. Indications. Induction of labor is indicated when the benefits of delivery to the mother or fetus outweigh the benefits of continuing the pregnancy.

2. An assessment of fetal lung maturity is necessary before elective induction of labor before 39 weeks' gestation based on standard dating criteria.
Amniocentesis is not necessary if the induction is medically indicated and the risk of continuing the pregnancy is greater than the risk of delivering a baby
before lung maturity.
likelihood of vaginal delivery after labor induction is similar to that with spontaneous labor. Induction with a lower Bishops score has been associated with
a higher rate of failure, prolonged labor, and cesarean delivery. Cervical ripening may be helpful in a patient with a low Bishop score.
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TABLE 5-4. BISHOP SCORE

H. Cervical ripening is a complex process that ultimately results in physical softening and distensibility of the cervix. Some degree of spontaneous cervical
ripening usually precedes spontaneous labor at term. In many postterm pregnancies, however, the cervix is unripe. Acceptable methods for cervical ripening
include pharmacological methods, such as synthetic prostaglandins (prostaglandin E ;, prostaglandin E,, prostaglandin F,a) or mechanical methods, such as
Laminaria japonicum (osmotic dilator), 24 French Foley balloon, hygroscopic dilators, and double-balloon device (Atad Ripener device).

1. Prostaglandin E,. Studies show that prostaglandin E, is superior to placebo in promoting cervical effacement and dilation. Prostaglandin E , also
enhances sensitivity to oxytocin.
a. Prepidil (prostaglandin E,) gel contains 0.5 mg of dinoprostone in a 2.5-mL syringe; the gel is injected intracervically up to every 6 hours for up to
three doses in a 24-hour period.



b. Cervidil (prostaglandin E,) is a vaginal insert containing 10 mg of dinoprostone. It provides a lower rate of release of medication (0.3 mg/hour) than

the gel but has the advantage that it can be removed should hyperstimulation occur.
2. Cytotec (misoprostol) (prostaglandin E,) is available in 100 pg tablets, which are divided into the desired dose. Dosing regimens range from 25 to 50 pg

every 3—4 hours. The use of misoprostol for cervical ripening is an off-label use.

3. Side effects. The major complication associated with the use of prostaglandins is uterine hyperstimulation, which is usually reversible with administration
of a beta-adrenergic agent (e.g., terbutaline sulfate). Maternal systemic effects such as fever, vomiting, and diarrhea are possible but infrequent.

4. Contraindications. Candidates for prostaglandin administration should not have an allergy to prostaglandins or active vaginal bleeding. Caution should
be exercised when using prostaglandin E, in patients with glaucoma or severe hepatic or renal impairment. Prostaglandin E is a bronchodilator, so it is

safe to use in asthmatic patients.

I. Oxytocin administration

1. Indications. Oxytocin is used for both induction and augmentation of labor. Augmentation should be considered for slow progression through the latent
phase, protraction or arrest disorders of labor, or the presence of a hypotonic uterine contraction pattern. In general, starting dosages of 2.0-4.0
mlU/minute, with incremental increases of 1.0-2.0 mlU/minute every 20—-30 minutes, are reasonable. Cervical dilation of 1 cm/hour in the active phase
indicates that oxytocin dosing is adequate. If an intrauterine pressure catheter is in place, calculation of more than 180 Montevideo units/period also
indicates that oxytocin dosing is adequate.

2. Complications. Adverse effects of oxytocin are primarily dose related. The most common effect is fetal heart rate deceleration due to uterine
hyperstimulation and resultant uteroplacental hypoperfusion. Hyperstimulation is usually reversible with terbutaline. Hypotension can result from rapid 1V
infusion. Natural and synthetic oxytocins structurally resemble antidiuretic hormone; therefore, water intoxication and hyponatremia can develop with
prolonged administration.

J. Examination of fetal heart rate patterns can give clues to fetal conditions. Normal baseline heart rate at term is between 120 and 160 beats/minute. The
presence or absence of variability (variation in the timing of successive beats) is a useful indicator of CNS integrity. The fetal CNS is very sensitive to
hypoxia. In some instances of decreased oxygenation, the pattern of deceleration of the fetal heart rate can identify the cause.

1. Variable decelerations may start before, during, or after the uterine contraction starts (hence the designation variable). They usually show an abrupt
onset and return, which gives them a characteristic V shape. Variable decelerations are caused by umbilical cord compression.

2. Early decelerations are shallow and symmetric and reach their nadir at the peak of the contraction. They are caused by vagus nerve—mediated response
to fetal head compression.

3. Late decelerations are U-shaped decelerations of gradual onset and gradual return, reach their nadir after the peak of the contraction, and do not return
to the baseline until after the contraction is over. They result from uteroplacental insufficiency and fetal hypoxia.

K. Management of nonreassuring fetal heart rate patterns. Studies have shown that abnormal fetal heart rate patterns do not predict long-term adverse
neurologic outcomes such as cerebral palsy, and electronic fetal heart rate monitoring has resulted in an increased cesarean delivery rate without
decreasing long-term adverse neurologic outcomes. Nevertheless, such monitoring is the best tool currently available for ensuring an optimal perinatal
outcome.

1. Noninvasive management
a. Oxygen. Administration of supplemental oxygen to the mother results in improved fetal oxygenation, assuming that placental exchange is adequate

and umbilical cord circulation is unobstructed.

b. Maternal position. Left lateral positioning releases vena caval compression by the gravid uterus, which allows increased venous return, increased
cardiac output, increased BP, and therefore improved uterine blood flow.

c. Oxytocin should be discontinued until fetal heart rate and uterine activity return to acceptable levels.

d. Vibroacoustic stimulation (VAS) or fetal scalp stimulation may be used to induce accelerations when the fetal heart rate lacks variability. Heart rate
acceleration in response to these stimuli indicates the absence of acidosis. An acceleration of greater than 10-15 beats/minute lasting at least 10 or
15 seconds in response to 5 seconds of VAS correlates with a mean pH value of 7.29 £ 0.07. Conversely, about a 50% chance of acidosis exists in a
fetus who fails to respond to VAS in the setting of an otherwise nonreassuring heart rate pattern.

2. Invasive management
a. Amniotomy. If the fetal heart rate cannot be adequately monitored externally, an amniotomy should be performed if necessary to allow access for

internal monitoring. The amount and character of fluid should be noted. After amniotomy, examination should be performed to verify that the cord is
not prolapsed.

b. Fetal scalp electrode. Direct application of a fetal scalp electrode records the fetal ECG and thus allows the fetal heart rate to be determined on a
beat-by-beat basis. This greater physiologic detail is useful when trying to evaluate effects of intrapartum stress on the fetus.

c. Intrauterine pressure catheter and amnioinfusion. A catheter is inserted into the chorioamnionic sac and attached to a pressure gauge. Accurate
pressure readings provide quantitative data on the strength, or amplitude, and duration of contractions. Amnioinfusion through the catheter of
room-temperature normal saline can be used to replace amniotic fluid volume in the presence of variable decelerations in patients with
oligohydramnios, or to dilute meconium. Studies have shown a decrease in newborn respiratory complications in fetuses with moderate to heavy
meconium-stained fluid with amnioinfusion, probably due to the dilutional effect of amnioinfusion. Either bolus infusion or continuous infusion can be
used, with care taken to avoid overdistention of the uterus.

d. Tocolytic agents. Beta-adrenergic agonists (e.g., terbutaline, 0.25 mg subcutaneously or 0.125 to 0.25 mg IV) can be administered to decrease
uterine activity in the presence of uterine hyperstimulation. Potential side effects of beta-adrenergic agonists include both elevated serum glucose
levels and increased maternal and fetal heart rates.

e. Management of maternal hypotension. Maternal hypotension, as a complication of the sympathetic blockade associated with epidural anesthesia,
can lead to uteroplacental insufficiency and fetal heart rate decelerations. Management of hypotension includes 1V fluid administration, left uterine
displacement, and ephedrine administration.

f. Fetal scalp blood pH. Determination of fetal scalp blood pH can clarify the acid-base state of the fetus. A pH value of 7.25 or higher is normal. A pH
range of 7.20—7.24 is a preacidotic range. A pH of less than 7.10-7.20 on two collections 5—-10 minutes apart is thought to indicate sufficient fetal
acidosis to warrant immediate delivery.

g. Other procedures. Newer techniques, such as continuous fetal pulse oximetry to monitor fetal oxygenation, may become more popular, but current
data do not support a role for this.

L. The goals of assisted spontaneous vaginal delivery are reduction of maternal trauma, prevention of fetal injury, and initial support of the newborn.

1. Episiotomy is an incision into the perineal body to enlarge the outlet area and facilitate delivery. Episiotomy may be necessary in cases of vaginal soft
tissue dystocia or as an accompaniment to forceps or vacuum delivery. The role of prophylactic episiotomy, however, is debated.

a. Technique. An incision is made vertically in the perineal body (midline episiotomy) or at a 45-degree angle off the midline (mediolateral episiotomy).
The incision should be approximately half the length of the perineal body. The incision should extend into the vagina 2—3 cm. Excessive blood loss
can result from performing the episiotomy too early. The episiotomy can be performed either before or after the application of forceps or a vacuum.

b. Midline episiotomies are classified by degree. A first-degree episiotomy involves the vaginal mucosa, a second-degree episiotomy involves the
submucosa, a third-degree involves the anal sphincter, and a fourth-degree involves the rectal mucosa.

2. Delivery of the head. The goal of assisted delivery of the head is to prevent excessively rapid delivery. If extension of the head does not occur easily, a
modified Ritgen maneuver can be performed by palpating the fetal chin through the perineum and applying pressure upward. After delivery of the head,
external rotation is possible, which allows the occiput to be in line with the spine. If a nuchal cord is present, it is looped over the head or double-clamped
and cut. Mucus and amniotic fluid are aspirated from the infant's mouth and nose using bulb suction, or a DeLee suction catheter in the presence of
meconium.

3. Delivery of the shoulders and body. After the fetal airway has been cleared, two hands are placed along the parietal bones of the fetal head, and the
mother is asked to bear down. The fetus is directed posteriorly until the anterior shoulder has passed beneath the pubic bone. The fetus is then directed
anteriorly until the posterior shoulder passes the perineum. After the shoulders are delivered, the fetus is grasped with one hand supporting the head and
neck and the other hand along the spine. Delivery is completed spontaneously or with a maternal push. Once delivered, the infant is dried off, and any
remaining mucus is suctioned from the airway.

4. Cord clamping. After delivery, a net transfer of blood from the placenta to the infant occurs via the umbilical vein, which permits passage of blood for up
to 3 minutes after birth. Lowering the height at which the infant is held allows gravitational forces to increase the postnatal transfusion. The cord is
generally double-clamped and cut shortly after delivery of the infant. After the cord is cut, a vigorous infant can be placed on the maternal abdomen and
chest for bonding.

5. Delivery of the placenta. As a result of continued uterine contractions after delivery of the fetus, placental separation occurs within 15 minutes in 95% of
all deliveries. While placental separation is awaited, a thorough inspection of the cervix, vagina, and perineum is performed. Classic signs of placental
detachment are increased bleeding; descent of the umbilical cord; a change in shape of the uterine fundus from discoid to globular; and an increase in
the height of the fundus as the lower uterine segment is distended by the placenta. After separation, the placenta, cord, and membranes are delivered by
gentle traction on the cord and maternal expulsive efforts. The placenta and membranes are examined for integrity. The cord is examined for length,
presence of knots, and number of vessels. If retained tissue is suspected or excessive uterine bleeding is present, intrauterine exploration is necessary.



VI. Shoulder dystocia

A.

B.

Shoulder dystocia occurs in 0.15-1.70% of all vaginal deliveries. It is defined as impaction of the fetal shoulders after delivery of the head and is associated
with an increased incidence of fetal morbidity and mortality secondary to brachial plexus injuries and asphyxia.
Macrosomia is strongly associated with shoulder dystocia. Compared to average-sized infants, the risk of shoulder dystocia is 11 and 22 times greater for
infants weighing more than 4000 g and 4500 g, respectively. Up to 50% of cases, however, occur in infants weighing less than 4000 g. Postterm and
macrosomic infants are at risk because the trunk and shoulder growth is disproportionate to growth of the head in late pregnancy.
Other risk factors include maternal obesity, previous macrosomic infant, diabetes mellitus, and gestational diabetes. Shoulder dystocia should be suspected
in cases of prolonged second stage of labor or prolonged deceleration phase of first stage of labor.
Management
1. Anticipation and preparation are important. Help should be called; extra hands will be needed during the delivery. A pediatrician should be notified. The
clock should be checked when the dystocia occurs, and the time elapsed should be followed. If necessary, an attempt should be made to intubate the
fetus while the head is still on the perineum.
2. First-line measures
a. A generous episiotomy is performed. One should not hesitate to extend it to a fourth-degree, a mediolateral, or even two mediolateral incisions.
b. McRoberts maneuver is performed by hyperflexion of the maternal hips, a maneuver that results in flattening of the lumbar spine and ventral rotation
of the pelvis to increase the posterior outlet diameter.
c. Suprapubic pressure is applied. Fundal pressure should not be applied, as it only presses the fetal shoulder into the pubic symphysis and may lead to
uterine rupture.
d. Pressure is applied to the fetal sternum to decrease shoulder diameter.
3. Second-line measures
a. A hand is placed into the vagina behind the fetal occiput, and the anterior shoulder pushed to oblique.
b. The Wood corkscrew maneuver is performed. The posterior shoulder is rotated 180 degrees forward and an attempt made to deliver it first.
c. The posterior arm is flexed and swept across the fetal chest, then the arm is delivered.
d. One or both clavicles is fractured. A thumb should be used to fracture the clavicle outward to avoid lung or subclavian injury.
4. Third-line measures
a. Symphysiotomy is performed.
b. A Zavanelli maneuver is performed. The fetal head is returned to the uterus and cesarean section is undertaken.

VII. Forceps delivery

VIII.

A. Classification is by station of the fetal head at the time the forceps are applied.

1. Mid forceps. Head is engaged but above the level of +2 station.

2. Low forceps. Station is +2 or greater.

3. Outlet forceps. Scalp is visible without separating the labia, skull has reached pelvic floor, head is at or on perineum, and the occiput is either directly
anterior-posterior in alignment or does not require more than 45 degrees of rotation to accomplish this.

Indications. No indication is absolute. Indications include prolonged second stage of labor, maternal exhaustion, fetal distress, or a maternal condition

requiring a shortened second stage.

Prerequisite criteria. Before forceps delivery is performed, the following criteria should be met.

The fetal head must be engaged in the pelvis.

The cervix must be fully dilated.

The exact position and station of the fetal head should be known.

Maternal pelvis type should be known, and the pelvis must be adequate. Cephalopelvic disproportion is a contraindication for forceps delivery.

If time permits, the patient should be given adequate anesthesia.

If forceps delivery is done for fetal distress, someone who is able to perform neonatal resuscitation should be available.

The operator should have knowledge about, and experience with, the appropriate instrument and its proper application, and should be aware of possible
complications.

Complications
1. Maternal. Uterine, cervical, or vaginal lacerations, extension of the episiotomy, bladder or urethral injuries, and hematomas.
2. Fetal. Cephalohematoma, bruising, lacerations, facial nerve injury, and, rarely, skull fracture and intracranial hemorrhage.

NogahrwhpE

Soft cup vacuum delivery. Indications, contraindications, and complications are largely the same as for forceps delivery. The suction cup is applied to the head

away from the fontanelles. Vacuum pressure to 0.7—-0.8 kg/cc is reached, and traction is applied with one hand on the vacuum while the other hand maintains

fetal flexion and supports the vacuum cup. Traction should be applied only during contractions. The vacuum pressure can be reduced between contractions and
should not be maintained for longer than 30 minutes.

. Cesarean section

A. Indications. Absolute indications for cesarean section are marked with an asterisk.

1. Fetal indications include

a. Fetal distress or nonreassuring fetal heart tracing

b. Nonvertex or breech presentation

c. Active maternal herpes simplex virus infection

d. Fetal anomalies, such as hydrocephalus, that would make successful vaginal delivery unlikely

2. Maternal indications include
a. Obstruction of the lower genital tract (e.g., large condyloma)

b. *Abdominal cerclage

c. *Conjoined twins

d. Previous cesarean section

e. Previous uterine surgery involving the contractile portion of the uterus (classical cesarean, myomectomy)

3. Maternal and fetal indications include
a. *Placenta previa and vasa previa
b. Abruptio placentae

c. Labor dystocia or cephalopelvic disproportion

B. Risks. The patient should be counseled about the standard risks of surgery, such as discomfort, bleeding that may require transfusion, infection, and
damage to nearby organs.
C. Procedure

1. The abdominal incision should be of sufficient length to allow for delivery and may be vertical or transverse.

a. Vertical incisions are faster and can be extended above the umbilicus if more room is needed. Less dead space is present in the wound, which
decreases the risk of infection. The resulting wound, however, is weaker than that from a transverse incision. The skin and subcutaneous tissue are
dissected sharply down to the fascia. The fascia can be incised vertically with the knife, or a window can be created and then the incision extended
with Mayo scissors. The rectus and pyramidalis muscles are then separated in the midline, which exposes the peritoneum. The peritoneum can be
entered bluntly or tented between two instruments and entered sharply, after transillumination demonstrates no underlying bowel or omentum. The
peritoneal incision is extended superiorly and inferiorly, with care taken to avoid the bladder and bowel.

b. A sufficient transverse or Pfannenstiel incision is made approximately 2 finger breadths above the pubic symphysis. The tissue is divided sharply
down to the fascia, which is transversely incised in a curvilinear fashion, either with the scalpel or with scissors. The superior and then the inferior
edge of the fascia is grasped and elevated, and the fascia is either bluntly or sharply separated from the underlying rectus muscles. Dissection is
continued superiorly to the level of the umbilicus and inferiorly to the pubic symphysis. The peritoneum is entered in the manner described earlier.

2. Bladder flap. The vesicouterine serosa is grasped, elevated, and sharply incised above the upper border of the bladder in the midline. Metzenbaum
scissors are used to extend the serosal incision in a curvilinear fashion, then opened in each direction to undermine the serosa before sharply incising it.
The bladder and lower portion of the peritoneum are then bluntly dissected off the lower uterine segment, and a bladder blade may be replaced between
the bladder and lower uterine segment.

3. Uterine incision
a. Low transverse. The transverse incision is used most commonly. A curvilinear incision is made transversely in the lower uterine segment at least 1-2

cm above the upper margin of the bladder. The uterine cavity is entered carefully in the midline, with care taken to avoid injury to the fetus. The
incision is then extended bilaterally and cephalad, either bluntly or with bandage scissors, with care taken to avoid the uterine vessels laterally. This
type of incision is associated with less blood loss, fewer extensions into the bladder, decreased time of repair, and lower risk of rupture with
subsequent pregnancies than other types of incisions. Disadvantages are the limitation in length and greater risk of extension into the uterine vessels.

b. Low vertical. The advantage of the low vertical incision is that it can be extended if more room is needed; in so doing, however, the active segment of



the uterus may be entered. Such an occurrence should be recorded in the operative notes, and the patient should be informed and counseled that
vaginal birth trial is contraindicated thenceforth, as the risk of uterine rupture is as high as 9%. Low vertical incisions are associated with extensions
into the active segment more frequently than transverse incisions. In addition, to avoid injury, the bladder must be dissected further for low vertical
incisions than for transverse incisions.

c. Classical. The classical type of incision extends from 1 to 2 cm above the bladder vertically up into the active segment of the uterus. Classical
incisions are associated with more bleeding, longer repair time, greater risk of uterine rupture with subsequent pregnancy (4-9%), and greater
incidence of adhesion of bowel or omentum. In cases of fetal prematurity, lower uterine segment fibroids, malpresentations, or fetal anomalies,
however, it may be necessary to make this type of incision to provide adequate room for delivery.

d. T and J extensions. If a low transverse incision is made, it may extend, or need to be extended, in a T or J fashion. If the active segment of the uterus
is entered, the event should be recorded in the operative notes, and the patient should be informed and counseled that vaginal birth trial is
contraindicated thenceforth, as risk of uterine rupture is 4-9%. The J extension results in a stronger wound than the T extension, but neither type of
extension is compatible with a subsequent trial of labor if the active segment is entered.

4. Delivery of the fetus
a. Term, cephalic presentation. Retractors are removed and a hand is inserted around the fetal head. The head is elevated through the incision. The

remainder of the fetus is delivered using gentle traction on the head as well as fundal pressure. The infant's nose and mouth are suctioned, the cord
clamped and cut, and the infant delivered to the resuscitation team. If the head is deeply wedged in the pelvis, it may be necessary to insert a sterile
gloved hand into the vagina to elevate and disengage the head.

b. Breech presentation. The fetal position should be confirmed before surgery. If the fetus lies transverse, back down, or is preterm with a poorly
developed maternal lower uterine segment, a classical cesarean section should be performed. Alternatively, in cases of transverse, back down
position, the fetus may be shifted to vertex or breech position by direct manipulation through the uterus. The surgical assistant can manually maintain
the fetus in the new position until delivery.

c. Preterm delivery. If the lower uterine segment is inadequately developed, a low vertical or classical uterine incision should be made. Making a
transverse incision under such circumstances risks injury to the uterine vessels, bladder, cervix, and vagina resulting from extension of the incision.

d. Vacuum extraction or forceps use in cesarean delivery. If the fetus is difficult to bring down to the low transverse incision and is in the vertex
presentation, a vacuum extractor or forceps may be applied to assist in delivery without altering the uterine incision.

5. Uterine repair. After delivery of the placenta, oxytocin is administered. The uterus may be removed through the abdominal incision or left in its anatomic
position. The incision is inspected for extensions, and the angles and points of bleeding are clamped with ring or Allis clamps. The uterine cavity is wiped
with a laparotomy pad to remove retained membranes or placental fragments, and the uterus is wrapped in a moist laparotomy pad.

a. Repair begins lateral to the angle of the incision, with care taken to avoid the uterine vessels. A running or running locking stitch is placed. The entire
myometrium should be included. A second imbricated stitch, either horizontal or vertical, may then be placed if hemostasis is not obtained with the
initial suture. The incision is inspected, and further areas of bleeding may be controlled with figure-of-eight sutures or electrocautery.

b. In classical cesarean sections, two or three layers of sutures may be required to close the myometrium. The serosa should then be closed with an
inverting baseball stitch to decrease formation of adhesions of bowel and omentum to the uterine incision.

6. Abdominal closure. The tubes and ovaries are inspected. The posterior cul-de-sac and gutters are cleaned of blood and debris. The uterus is returned
to the anatomic position in the abdominal cavity and the incision reinspected to assure hemostasis with the tension off the vessels. The fascia is then
closed with running delayed-absorption sutures. The subcutaneous tissue is inspected for hemostasis, and dead space may be closed with interrupted
absorbable sutures. The skin is closed with subcuticular stitches or staples.

D. Intraoperative complications

2. In cases of atony, the fundus should be massaged. Oxytocin (20—40 U/L), methylergonovine maleate (Methergine) (0.2 mg intramuscularly or 1V),

15-methyl prostaglandin F,a (Hemabate) (250 pg in successive doses up to 1.0-1.5 mg intramuscularly or intramyometrially) may be given if

contraindications do not exist. Methylergonovine should not be used in patients with hypertension and 15-methyl prostaglandin F ,a should be avoided in
patients with asthma. If pharmacologic treatment fails, uterine or hypogastric artery ligation, uterine compression sutures, or hysterectomy may be
necessary.

X. Cesarean hysterectomy

A. The indications for cesarean hysterectomy include uterine atony unresponsive to conservative measures; laceration of major vessels; severe cervical
dysplasia or carcinoma in situ; and abnormal plantation.

B. Risks include increased operative time, blood loss, rate of infection, and higher incidence of damage to the bladder and ureters than in nongravid
hysterectomy or cesarean section alone. In addition, the cervix is not easily identified in a labored uterus and may not be completely excised at the time of
cesarean hysterectomy.

XIl. Vaginal birth after cesarean section (VBAC) Provided no contraindications exist, a patient may be offered VBAC. Success rates are higher for patients with

XIl.

nonrecurring conditions, such as malpresentation or fetal distress (60—80%), than for those with a prior diagnosis of dystocia (50-70%).

A. Contraindications include prior classical T- or J-shaped incision or other transfundal uterine surgery, contracted pelvis, medical or obstetric
contraindications to vaginal delivery, and inability to perform emergency cesarean delivery.

B. Management. When VBAC is attempted, epidural anesthesia and oxytocin may be used. Appropriate staffing, fetal monitoring, blood products, and facilities
that can accommodate an emergency cesarean section should be available. The most common sign of uterine rupture is a nonreassuring fetal heart rate
pattern with variable decelerations evolving into late decelerations, bradycardia, and undetectable fetal heart rate. Other findings include uterine or
abdominal pain, loss of station of the presenting part, vaginal bleeding, and hypovolemia.

Malpresentations

A. Anormal presentation is defined by a longitudinal lie, cephalic presentation, and flexion of the fetal neck. All other presentations are malpresentations.
Occurring in approximately 5% of all deliveries, malpresentations may lead to abnormalities of labor and endanger the mother or fetus.

B. Risk factors are conditions that decrease the polarity of the uterus, increase or decrease fetal mobility, or block the presenting part from the pelvis.

1. Maternal factors include grand multiparity, pelvic tumors, pelvic contracture, and uterine malformations.
2. Fetal factors include prematurity, multiple gestation, poly- or oligohydramnios, macrosomia, placenta previa, hydrocephaly, trisomy, anencephaly, and
myotonic dystrophy.

C. Breech presentation occurs when the cephalic pole is in the uterine fundus. Major congenital anomalies occur in 6.3% of term breech presentation infants
compared to 2.4% of vertex presentation infants.

1. Incidence. Breech presentation occurs in 25% of pregnancies at less than 28 weeks' gestation, 7% of pregnancies at 32 weeks' gestation, and 3—-4% of
term pregnancies in labor.

FIG. 5-2. Breech presentations. A: Frank breech. B: Complete breech. C: Incomplete breech, single footling. (From Beckmann CR, et al. Obstetrics and
gynecology, 2nd ed. Baltimore: Williams & Wilkins, 1995:194, with permission.)

a. Complete breech (5—-12%) occurs when the fetus is flexed at the hips and flexed at the knees.
b. Incomplete, or footling breech (12—-38%), occurs when the fetus has one or both hips extended.
c. Frank breech (48—-73%) occurs when both hips are flexed and both knees extended.
3. Risks
a. The breech presentation is associated with risk of cord prolapse and head entrapment. The risk of cord prolapse is 15% in footling breech, 5% in
complete breech, and 0.5% in frank breech. If the fetal neck is hyperextended, a risk of spinal cord injury exists.



b. Risks of vaginal breech delivery. Patients with fetuses in a complete or frank breech presentation may be considered for vaginal delivery. Cesarean
section poses the risk of increased maternal morbidity and mortality. Vaginal breech delivery, however, poses increased risk to the fetus of the
following:

1. Mortality (three to five times greater mortality rate if the fetus is heavier than 2500 g and does not have a lethal anomaly)
2. Asphyxia (3.8 times greater risk)

3. Cord prolapse (5 to 20 times greater risk)

4. Birth trauma (13 times greater risk)

5. Spinal cord injuries (occur in 21% of vaginal deliveries if deflexion is present)

4. Vaginal delivery. A trial of labor may be attempted if the following circumstances exist: breech is frank or complete; the estimated fetal weight is less than
3800 g; pelvimetry results are adequate; the fetal head is flexed; anesthesia is immediately available and a prompt cesarean section may be performed;
the fetus is monitored continuously; and two obstetricians experienced with vaginal breech delivery and two pediatricians are present. A cesarean section
should be performed in the event of any arrest of labor.

a. The goal in vaginal breech delivery is to maximize cervical dilatation and maternal expulsion efforts to maintain flexion of the fetal vertex.

b. In breech presentation, the fetus usually emerges in the sacrum transverse or oblique position. As crowning occurs (the bitrochanteric diameter
passes under the symphysis), an episiotomy should be considered. One should not assist the delivery yet.

c. When the umbilicus appears, one should place fingers medial to each thigh and press out laterally to deliver the legs (Pinard maneuver). The fetus
should then be rotated to the sacrum anterior position, and the trunk can be wrapped in a towel for traction.

d. When the scapulae appear, fingers should be placed over the shoulders from the back. The humerus should be followed down, and each arm rotated
across the chest and out (Lovsett's maneuver). To deliver the right arm, the fetus is turned in a counterclockwise direction; to deliver the left arm, the
fetus is turned in a clockwise direction.

e. If the head does not deliver spontaneously, the vertex must be flexed by placing downward traction and pressure on the maxillary ridge
(Mauriceau-Smellie-Veit maneuver). Suprapubic pressure may also be applied. Piper forceps may be used to assist in delivery of the head.

f. For delivery of a breech second twin, ultrasonography should be available in the delivery room. The operator reaches into the uterus and grasps both
feet, trying to keep the membranes intact. The feet are brought down to the introitus, then amniotomy is performed. The body is delivered to the
scapula by applying gentle traction on the feet. The remainder of the delivery is the same as that described earlier for a singleton breech.

g. Entrapment of the head during breech vaginal delivery may be managed by one or more of the following procedures.

1. Duhrssen's incisions are made in the cervix at the 2, 6, and 10 o'clock positions. Either two or three incisions can be made. The 3 and 9 o'clock
positions should be avoided due to the risk of entering the cervical vessels and causing hemorrhage.

2. Cephalocentesis can be performed if the fetus is not viable. The procedure is performed by perforating the base of the skull and suctioning the
cranial contents.

5. External cephalic version
a. Indication for performing external cephalic version is persistent breech presentation at term. Version is performed to avoid breech presentation in

labor.

b. Risks include cord accident, placental separation, fetal distress, fetal injury, premature rupture of membranes, and fetomaternal bleeding (overall

incidence is 0-1.4%). The most common “risk” is failed version.

Success rate for external cephalic version ranges from 35% to 86%, but in 2% of cases the fetus reverts back to breech presentation.

. Technigue. A gestational age of at least 36 weeks and reactive nonstress test must be established before the procedure, and informed consent must
be obtained. Version is generally accomplished by applying a liberal amount of lubrication, then transabdominally grasping the fetal head and fetal
breech and manipulating the fetus through a forward or backward roll. This can be achieved by one or two operators. Ultrasonographic guidance is an
important adjunct to confirm position and monitor fetal heart rate. Tocolysis and spinal or epidural anesthesia may be used. After the procedure, the
patient should be monitored continuously until the fetal heart rate is reactive, there are no decelerations, and there is no evidence of regular
contractions. Rh-negative patients should receive Rh 5 (D) immune globulin (RhoGAM) after the procedure because of the potential for fetomaternal
bleeding.

e. Factors associated with failure include obesity, oligohydramnios, deep engagement of the presenting part, and fetal back posterior. Nulliparity and

an anterior placenta may also reduce the likelihood of success.

f. Contraindications to external cephalic version include conditions in which labor or vaginal delivery would be contraindicated (placenta previa, prior
classical cesarean section, etc.). Version is not recommended in cases of ruptured membrane, third trimester bleeding, oligohydramnios, or multiple
gestations, or if labor has begun.

Qo

D. Abnormal lie. “Lie” refers to the alignment of the fetal spine in relation to the maternal spine. Longitudinal lie is normal, whereas oblique and transverse lies

are abnormal. Abnormal lie is associated with multiparity, prematurity, pelvic contraction, and disorders of the placenta.

1. Incidence of abnormal lie is 1 in 300, or 0.33%, of pregnancies at term. At 32 weeks' gestation, incidence is less than 2%.

2. Risk. The greatest risk of abnormal lie is cord prolapse, because the fetal parts do not fill the pelvic inlet.

3. Management. If abnormal lie persists beyond 35-38 weeks, external version may be attempted. An ultrasonographic examination should be performed to
rule out major anomalies and abnormal placentation. If an abnormal axial lie persists, mode of delivery should be cesarean section, with careful thought
regarding type of uterine incision. A low segment transverse incision is still possible. However, 25% of transverse incisions will require an extension to
allow for access to and atraumatic delivery of the fetal head. An intraoperative cephalic version may be attempted but should not be tried if ruptured
membranes or oligohydramnios exists. A vertical incision may be prudent in cases with back down transverse or oblique lie with ruptured membranes or
poorly developed lower uterine segment.

E. Abnormal attitude and deflexion. Full flexion of the fetal neck is considered normal. Abnormalities range from partial deflexion to full extension.

1. Face presentation results from extension of the fetal neck. The chin is the presenting part.
a. Incidence is between 0.14% and 0.54%. In 60% of cases, face presentation is associated with a fetal malformation. Anencephaly accounts for 33% of
all cases.
b. Diagnosis. Face presentation may be diagnosed by vaginal examination, ultrasonography, or palpation of the cephalic prominence and the fetal back
on the same side of the maternal abdomen when performing Leopold's maneuvers.
c. Risk. Perinatal mortality ranges from 0.6% to 5.0%.
d. Management. The fetus must be mentum (chin) anterior for a vaginal delivery to be performed.
2. Brow presentation results from partial deflexion of the fetal neck.
a. Incidenceis 1in 670 to 1 in 3433 pregnancies. Causes of brow presentation are similar to those of face presentation.
b. Risks. Perinatal mortality ranges from 1.28% to 8.00%.
c. Management. The majority of cases spontaneously convert to a flexed attitude. A vaginal delivery should be considered only if the maternal pelvis is
large, the fetus is small, and labor progresses adequately. Forceps delivery or manual conversion is contraindicated.
3. Compound presentation occurs when an extremity prolapses beside the presenting part.
a. Incidenceis 1in 377 to 1 in 1213 pregnancies; compound presentation is associated with prematurity.
b. Diagnosis. Suspicion of compound presentation should be aroused if active labor is arrested or if the fetus fails to engage, as well as if the prolapsing
extremity is palpated directly.
c. Risks. Fetal risks are associated with birth trauma and cord prolapse. Cord prolapse occurs in 10-20% of cases. Neurologic and musculoskeletal
damage to the involved extremity can occur.
d. Management. The prolapsing extremity should not be manipulated. Continuous fetal monitoring is recommended because compound presentation can
be associated with occult cord prolapse. Spontaneous vaginal delivery occurs in 75% of vertex/upper extremity presentations. Cesarean section is
indicated in cases of nonreassuring fetal heart tracing, cord prolapse, and failure of labor to progress.

XIlll. Cerclage

A.
B.

Indication. Cervical incompetence.

Risks include premature rupture of membranes, chorioamnionitis, and fibrous scarring of the cervix, which may result in abnormal dilatation or rupture at the

time of labor. Before the cerclage is placed, cervical culture results should be obtained and any infections treated. An ultrasonographic examination should

be performed to rule out any anomalies (if longer than 16 weeks' gestation) and confirm cardiac activity.

Procedures

1. The McDonald cerclage is the most commonly performed and recommended technique. It involves placing a purse-string suture through the cervix as
close as possible to the internal os. Care should be taken to avoid the vessels at the 3 and 9 o'clock positions on the cervix. Permanent suture material,
such as Mersilene tape or nylon, is used. A second stitch may be placed above the first. The knot usually is tied anteriorly to facilitate removal. The
cerclage is removed at the time of labor, in the event of premature rupture of membranes, if infection is suspected, or at 37 weeks.

2. In the Shirodkar cerclage, the suture is buried beneath the cervical mucosa, after the bladder is dissected off the anterior cervix. The suture may be left
permanently in place, which necessitates cesarean section for delivery, or may be removed to allow for a vaginal delivery. This type of cerclage is
associated with more blood loss during placement than the McDonald cerclage and has not been proven to be more effective.



3. In cases in which a McDonald or Shirodkar cerclage has failed, an abdominal cerclage may be performed before the next pregnancy. Delivery via
cesarean section is required after placement of this type of cerclage.
D. Follow-up of the patient with a cerclage includes frequent cervical examinations either digitally or with ultrasonography. Reduced activity or bed rest as well
as abstinence from sexual intercourse may be considered.



6. FETAL ASSESSMENT

Dana Gossett and Karin Blakemore

The purpose of fetal testing

Methods of fetal assessment

Factors affecting test results

Indications for fetal testing

Maternal conditions and pregnancy complications

Freguency of testing

I. The purpose of fetal testing is to assess the well-being of the high-risk fetus, with the primary goal of preventing fetal death. Fetal testing may consist of
simply monitoring the fetal heart rate, or it may include ultrasonography or Doppler ultrasonography evaluation. Indications for testing include a variety of
maternal and fetal conditions, including diabetes mellitus, chronic hypertension, history of previous fetal demise, fetal growth restriction, and oligohydramnios.
A. Methods of fetal assessment

1.

Maternal assessment of fetal movement (“kick counts”). This is the least invasive, least expensive, and simplest of the various surveillance methods.
The mother is asked to count the number of times she feels her fetus move within a certain period of time. It is usually recommended that this be done
with the mother lying on her left side, after having eaten. Several different standards exist to define “reassuring” maternal assessment of fetal movement.
One approach is to have the mother count fetal movements over the course of 1 hour. Four or more is considered reassuring; three or fewer should
prompt further investigation. A second approach is to have the mother begin counting fetal movements when she wakes up in the morning and record the
number of hours required to feel ten movements. On average, this takes 2—3 hours. Again, maternal reports of decreased movement should prompt
further testing.

Nonstress test (NST). This is the next simplest to perform of the various methods of fetal assessment. The fetal heart rate is monitored with an external
cardiotocometer, whereas uterine activity is monitored with an external tocodynamometer. A “reactive” NST is one that demonstrates at least two
accelerations of the fetal heart rate in 20 minutes, associated with fetal movement as recorded by the mother (or detected electronically). Each of the two
risk of fetal mortality in the subsequent 72—96 hours and is still predictive at 1 week. Fetuses do not routinely demonstrate reactivity before 28 weeks, and
it may be normal to have a nonreactive tracing as late as 32 weeks' gestation. After 32 weeks, a nonreactive tracing should prompt further evaluation of
fetal well-being, such as measuring a biophysical profile.
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FIG. 6-1. Reactive nonstress test results. bpm, beats per minute; FHR, fetal heart rate.

Biophysical profile (BPP). The BPP, like the NST, has an excellent negative predictive value for fetal mortality in the 72—96 hours after the test; in fact,

surveillance and expectant obstetrical management may continue. A score of 6 raises concern, and the BPP should be repeated in 6-24 hours, especially
in fetuses over 32 weeks' gestation. If the score does not improve, delivery should be considered, depending on gestational age and individual
circumstances. Scores of 4 or below are worrisome, and delivery should be considered, again depending on gestational age and clinical context.
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TABLE 6-1. BIOPHYSICAL PROFILE

Contraction stress test (CST) or oxytocin challenge test (OCT). The most labor-intensive method of fetal surveillance, this method also has the
highest specificity for detecting the compromised fetus. The mother is placed in dorsal supine position with a leftward tilt, and external monitors are
applied. Contractions are induced either by nipple stimulation by the patient or by infusion of a dilute solution of oxytocin. Nipple stimulation is repeated,
or the oxytocin infusion titrated up, until three contractions per 10-minute period are observed. A “positive” CST is one in which late decelerations occur
with more than 50% of contractions. A “negative” CST is one in which no late decelerations occur. A CST with nonrepetitive late decelerations is
considered equivocal, and further evaluation of the pregnancy is performed. An inadequate CST is one in which adequate contractions are not achieved.
Relative contraindications to CST include preterm labor, preterm premature rupture of membranes, placenta previa, and high risk for uterine rupture. Prior
low transverse cesarean section is not a contraindication.

Nonstress test and amniotic fluid index (AFI). In the third trimester, an AFl and NST are often used together to assess fetal well-being. In general, the
AFI reflects fetal perfusion, and if decreased, raises suspicion for placental insufficiency. A normal test has a reactive NST and an AFI greater than 5 (and
less than 25); an abnormal test lacks one or both of these findings.

Doppler ultrasonography is a noninvasive method of assessing fetal vascular impedance. Umbilical artery Doppler ultrasonography has been used to
assess fetal well-being, based on observations that growth-restricted fetuses have different Doppler characteristics than normal fetuses. The most
frequently used measurement is the umbilical artery systolic to diastolic ratio (S/D ratio). The normal values vary depending on gestational age.
Significant elevations in the S/D ratio have been associated with intrauterine growth retardation, fetal hypoxia or acidosis or both, and higher rates of
perinatal morbidity and mortality. Absent and reversed end-diastolic flow are the more extreme examples of abnormal S/D ratio and may prompt delivery
in some situations.

B. Factors affecting test results

1.

Sleep cycles. Fetuses may have sleep cycles 20—-80 minutes in duration. During these periods, the long-term variability of the fetal heart rate is
decreased, and the tracing is likely to be nonreactive. To rule out sleep cycle as a cause for a nonreactive NST, prolonged monitoring is often required
(longer than 80 minutes at times).

Medications and illicit drugs taken by the mother, such as narcotics and sedatives, betamethasone, dexamethasone, and beta-blockers, will also reach



the fetus, resulting in decreased fetal heart rate variability and nonreactivity. Magnesium sulfate can also have this effect in high doses.
3. Maternal smoking results in a transient decrease in fetal heart rate variability.
4. Maternal hypoglycemia may reduce long-term fetal heart rate variability as well as fetal movement.
5. Prematurity. The NST is not expected to be routinely reactive before 32 weeks. If fetal surveillance is required at earlier gestational ages, obtaining a
biophysical profile may be helpful.
Il. Indications for fetal testing

By | pondifn, Tl iy

wirth® i Domplicat o of pregnancy
Iy Ay ] Frira-ty-simie hortenon
Rl sy Qlrasrios
Dot it 4 Feljhyiramrecs
Cyanol: hean dnsns Iy owh RS chin
Foiprongholpsd symdery Frastees praancy
Hemngobropnied (35, 50 o S ralteeri)  BomTunzao o i i)
Dot b et
oo sad el movereen

TABLE 6-2. INDICATIONS FOR TESTING

B. Frequency of testing. If the indication for fetal surveillance is temporary (e.g., decreased fetal movement or oligohydramnios that subsequently resolves),
the surveillance need only continue as long as the indication is present. Chronic maternal or fetal conditions, however, require regular testing. For many of
as moderate to severe fetal growth restriction, poorly controlled diabetes, or moderate to severe hypertension, twice-weekly testing may be performed.
Decisions about the frequency of testing must take into account the full clinical picture. Deterioration of maternal or fetal status at any time should prompt
reevaluation. Fetal testing results, when normal, have excellent negative predictive value; however, morbidity and mortality due to an acute event (such as
abruptio placentae) cannot be predicted. Of note, the positive predictive value (i.e., the prediction of a compromised fetus) is low for all of these antepartum
tests of fetal well-being.



7. COMPLICATIONS OF LABOR AND DELIVERY

Cynthia Holcroft and Ernest Graham

Postpartum hemorrhage
Incidence

Amniotic fluid embolism
Diagnosis and etiology

Septic pelvic thrombophlebitis (SPT)
Diagnosis and etiology

Management

Fistulas
Vesicovaginal fistulas

Rectovaqginal fistulas

Postpartum depression

|. Postpartum hemorrhage

A. Incidence. Defined as more than 500 mL of blood loss during the first 24 hours after a vaginal delivery or as more than 1 L of blood loss after a cesarean
section, postpartum hemorrhage remains the third most common cause of maternal mortality in the United States and accounts for 30% of maternal mortality
in the developing world. These statistics are difficult to interpret, however, because the blood loss during most deliveries is underestimated. When
guantitatively measured, the average blood loss during a vaginal delivery is 500 mL, and the average blood loss during a cesarean sectionis 1 L.

B. Management. When a patient develops postpartum hemorrhage, prompt action is crucial. The uterus of a pregnant woman at term has a blood supply of 600
mL/minute, and patients can rapidly become unstable. Signs of hemorrhage in young, healthy women tend to be masked until serious intravascular depletion
has occurred, so the clinical picture may be falsely reassuring. Large-bore intravenous access must be obtained and aggressive fluid resuscitation used. In
general, transfusion of blood products should be considered after 1-2 L of blood has been lost. Fresh frozen plasma (FFP) should be added after transfusion
of 6 U of packed red blood cells to reduce the chances of dilutional and citrate-related coagulopathy. Platelet transfusion should also be considered. As soon
as intravenous access is obtained, the physician must examine the patient to determine the cause of the hemorrhage and address the problem appropriately.

C. Causes of postpartum hemorrhage include uterine atony, lacerations, retained products of conception, uterine dehiscence or rupture, abruptio placentae,
coagulopathy, and uterine inversion.

1. Uterine atony occurs in 90% of cases of postpartum hemorrhage. Postpartum uterine bleeding is typically controlled by compression of vessels by
uterine contraction, so atony leads to rapid blood loss. Predisposing factors include overdistension of the uterus from multiple gestation, polyhydramnios,
or macrosomia; rapid or prolonged labor; grand multiparity; chorioamnionitis; use of general anesthesia or tocolytic agents; and use of oxytocin (Pitocin)
during labor.

a. The first step in managing uterine atony is bimanual massage of the uterus with evacuation of clot from the lower uterine segment to allow the uterus
to contract adequately.
b. Next, uterine contractile agents such as oxytocin, methylergonovine maleate (Methergine), 15-methyl prostaglandin F ,, (Hemabate), dinoprostone
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TABLE 7-1. UTERINE CONTRACTILE AGENTS

Methylergonovine is contraindicated for patients with hypertension or preeclampsia, and 15-methyl prostaglandin F ,_; is contraindicated for patients
with asthma.

c. If uterine atony continues after administration of uterine contractile agents, blunt curettage may be performed to rule out retained products of
conception. Large curettes and ultrasonographic guidance may be used to minimize the risk of uterine perforation.

d. Persistent hemorrhage resulting from uterine atony warrants more invasive measures. If interventional radiology is readily available, embolization of
pelvic vessels may be attempted; if not, the obstetrician must perform a laparotomy. To save the uterus, bilateral uterine artery ligation, hypogastric
artery ligation, or both may be attempted. Such measures decrease the pulse pressure to the uterus and help reduce blood loss and promote clot
formation, but because of the extent of collateral blood flow to the uterus, arterial ligation does not stop all bleeding. As hypogastric artery ligation can
be technically difficult, it may prove more prudent to proceed with hysterectomy instead of attempting arterial ligation. If hypogastric artery ligation is
decided on, the hypogastric artery should be isolated and ligated approximately 2 cm distal to the origin of the posterior branch to avoid cutting off the
blood supply to the gluteal muscles. Care should be taken to avoid injury to the hypogastric vein that lies beneath the artery. Permanent suture, such
as silk, is traditionally used for ligation. Aortic pressure may be applied to control blood loss temporarily.

e. The definitive measure for controlling intractable uterine bleeding remains hysterectomy. If the cervix is fully dilated at the time of hysterectomy, then
a total abdominal hysterectomy must be performed, but if the cervix is not fully dilated, supracervical hysterectomy may be considered in an attempt to
minimize blood loss. If total hysterectomy is performed, care must be taken not to shorten the vagina. This can be facilitated by palpating the cervix
vaginally or by amputating the fundus and palpating the cervicovaginal junction through a dilated cervix. Often, patients must be monitored in an
intensive care setting after peripartum hysterectomy because of massive blood loss and postoperative fluid shifts.
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2. Lacerations cause approximately 6% of all postpartum hemorrhages and should be suspected particularly if an operative delivery or episiotomy was
performed. Although lacerations often manifest as brisk vaginal bleeding, concealed pelvic hematomas, identified mainly by hypotension and pelvic pain,
may also form.

a. Vulvar and vaginal hematomas are particularly associated with operative deliveries. Nonexpanding hematomas may be managed conservatively, but
expanding hematomas should be evacuated.

b. Retroperitoneal hematoma is a potentially life-threatening condition that may present as hypotension, cardiovascular shock, or flank pain. If a
retroperitoneal bleed is stable, it is safest to provide supportive care and allow the hematoma to tamponade itself in the retroperitoneum. If the
hematoma continues to expand, however, then surgical exploration may be necessary. The retroperitoneum should be opened and bleeding vessels
identified and ligated. Care should be taken to localize the ureter in retroperitoneal dissection. If necessary, the hypogastric arteries may also be
ligated. The retroperitoneum should then be closed and the patient closely monitored.

3. Retained products of conception cause 3—-4% of cases of postpartum hemorrhage. Risk factors include the presence of accessory lobes of the
placenta and abnormal placentation such as placenta accreta, percreta, or increta. After the placenta is delivered it should be inspected carefully for
missing cotyledons or vessels in the membranes that might indicate missing accessory lobes. Abnormal placentation should be suspected if the placenta
fails to emerge spontaneously within 30 minutes after delivery of the infant. When the placenta is retained, manual exploration of the uterus is performed.
If products of conception remain in the uterus after manual exploration, blunt curettage should be performed. Because of the high risk of perforation of the
postpartum uterus during curettage, large curettes and ultrasonographic guidance should be used if available. In cases of abnormal placentation, it may
be impossible to remove all of the placenta without injury to the uterus. In these cases, part of the placenta may be left in the uterus if the bleeding is
adequately controlled with uterine contractile agents. Methotrexate sodium can also be administered to help speed resorption of the remaining placenta. If
significant bleeding persists despite curettage of the uterus and the use of contractile agents, further invasive procedures such as embolization of the
uterine arteries or laparotomy must be performed.

4. Coagulopathy can also lead to postpartum hemorrhage. Risk factors include severe preeclampsia, abruptio placentae, idiopathic thrombocytopenia,
amniotic fluid embolism, and hereditary coagulopathies such as von Willebrand's disease. If a patient's bleeding is the result of coagulopathy, supportive
measures to correct the coagulopathy are required; surgical treatment does not address the problem and only leads to further hemorrhage. If coagulation
factors are depleted, FFP or cryoprecipitate should be given; platelets should be given if the platelet count falls below 20,000 or if the patient's platelets
are malfunctioning, regardless of the platelet count. Dexamethasone has also been shown to improve both platelet number and function in patients with
severe preeclampsia. Dexamethasone, 10 mg by mouth daily, should be administered for 2 days, followed by 5 mg by mouth daily for 2 days.

. Uterine dehiscence or rupture. Uterine dehiscence is defined as separation of a lower uterine scar that does not penetrate the serosa and rarely causes

significant hemorrhage. Rupture is defined as complete separation of the uterine wall and may lead to significant hemorrhage and fetal distress.

A. Risk factors include a history of prior uterine surgery, including cesarean section, myomectomy, and ectopic surgery involving the cornua. Other risk factors
are hyperstimulation of the uterus, internal version or extraction, operative delivery, cephalopelvic disproportion, and cocaine use. Approximately 1% of
patients with a history of a prior low-segment transverse cesarean section and 5% of patients with a history of a cesarean section extending to the active
segment of the uterus experience rupture if allowed a trial of labor. One-third of women with a history of prior classic cesarean section who experience
rupture do so before onset of labor.

B. If rupture occurs, severe hemorrhage can result, which leads to a nonreassuring fetal heart tracing. On examination, the station of the presenting part may
rise with change in the fetal heart position. The patient should undergo laparotomy with delivery of the infant and repair of the uterine rupture.

Uterine inversion

A. Incidence. Uterine inversion occurs in 1 in 2000 deliveries and is diagnosed by partial delivery of the placenta that is followed by massive blood loss and
hypotension. Inversion occurs most commonly with fundal placentas and is classified as incomplete if the corpus travels partially through the cervix, complete
if the corpus travels entirely through the cervix, and prolapsed if the corpus travels through the vaginal introitus.

B. Treatment of uterine inversion consists of manually replacing the uterus after adequate intravenous access has been established.

1. If the uterus can be replaced easily without removing the placenta, less blood will be lost; if the bulk of the placenta prevents replacement of the uterus,
however, the placenta should be removed to facilitate uterine replacement.

2. If the cervix has contracted around the corpus of the uterus, uterine relaxant agents may be used, including nitroglycerin; betamimetics such as
terbutaline sulfate or ritodrine hydrochloride; magnesium sulfate; and halogenated general anesthetics such as halothane or isoflurane. If the patient is
normotensive and has been given adequate analgesia, nitroglycerin is the preferred agent because it has a rapid onset of 30—-60 seconds and a short
half-life, which enables the uterus to contract again after it has been replaced and minimizes further blood loss. General anesthesia should be used if
other agents are unsuccessful in freeing the uterus.

3. After the uterus is replaced, uterine contractile agents should be used.

4. If the obstetrician is unable to replace the uterus manually, laparotomy is performed. In addition to attempts to reduce the prolapse vaginally, traction can
then be placed on the round ligaments. If traction is unsuccessful, a vertical incision can be made on the posterior lower uterine segment to enable
replacement of the uterus.

. Amniotic fluid embolism occurs during 1 in 30,000 deliveries and carries a 50% mortality rate.

A. Diagnosis and etiology. Definitive diagnosis is made at postmortem autopsy, when fetal squames and lanugo are found in the maternal pulmonary
vasculature. The term embolism is a misnomer because the clinical findings are probably a result of anaphylactic shock, not massive pulmonary embolism.
In fact, fetal squames and lanugo have been found in the pulmonary vasculature of postpartum women who have died from reasons other than amniotic fluid
embolism. Whatever its cause, amniotic fluid embolism is potentially catastrophic and should be suspected when sudden respiratory and cardiovascular
collapse follows delivery of an infant. Cyanosis, hemorrhage, coma, and disseminated intravascular coagulation rapidly ensues.

B. Management. Aggressive supportive management is needed, and the patient should be intubated and monitored closely. Good intravenous access is
essential, and invasive monitoring devices should be placed. Volume support, inotropic agents, and pressors should be given as needed to maintain
adequate BP. Packed red blood cells and FFP should also be available, as these patients are at high risk for developing disseminated intravascular
coagulation. Despite all efforts, approximately one-half of patients who develop amniotic fluid embolism die.

Septic pelvic thrombophlebitis (SPT) occurs in 1 in 2000 deliveries, most commonly after cesarean section.

A. Diagnosis and etiology. Thrombi form in the deep pelvic veins as a result of the hypercoagulability, increased predilection to injury, and relative venous
stasis of pregnancy. The thrombi become superinfected and can cause septic emboli, particularly in the pulmonary system. SPT should be suspected when a
patient's fever fails to respond to adequate antibiotic therapy for endomyometritis after 2—3 days. A pelvic examination should be performed to assess for
masses or hematomas, and chest and abdominal radiographic studies should be obtained to rule out pneumonia or retained sponges. If such a workup is
negative, pelvic ultrasonography, pelvic and abdominal CT, or pelvic and abdominal MRI should be performed to locate abscesses or obvious thrombi in the
inferior vena cava or iliac vessels. Unfortunately, imaging studies miss the majority of septic pelvic thrombi, and SPT remains largely a diagnosis of
exclusion.

B. Management. If no other explanation of the persistent fever is found, the patient should be given heparin sodium intravenously; patients with SPT treated
with heparin typically experience fever reduction in 1-2 days and should be maintained on heparin for 7-14 days. Long-term anticoagulation therapy is
unnecessary unless deep venous thrombus or pulmonary embolus is visualized. If the patient remains febrile despite appropriate antibiotic and heparin
therapy, surgical exploration may be necessary to identify and treat the cause of febrile morbidity.

Chorioamnionitis occurs in 0.5-2.0% of all full-term pregnancies. Risk factors include low socioeconomic status, poor nutrition, invasive procedures including

vaginal examination and internal monitoring, prolonged rupture of membranes, preterm rupture of membranes, and infections such as gonorrhea and chlamydia.

A. Diagnosis. Chorioamnionitis is a polymicrobial infection and is usually diagnosed by clinical assessment. Signs and symptoms include maternal fever,
tachycardia, leukocytosis, fundal tenderness, foul-smelling vaginal discharge, and fetal tachycardia. Chorioamnionitis should be suspected in patients in
preterm labor who are unresponsive to tocolytic therapy, and the pediatrics caregiver should be informed of all patients with suspected chorioamnionitis. If a
patient presents with fever and physical examination findings are inconclusive, amniocentesis may be performed to help distinguish chorioamnionitis from
other causes of fever. The amniotic fluid is sent for glucose testing, Gram's stain, and bacterial culture. A glucose level less than or equal to 15 mg/dL is
indicative of chorioamnionitis. Gram's stain is approximately 60% sensitive for this diagnosis.

B. Management. Definitive treatment of chorioamnionitis consists of delivery of the infant with antibiotic coverage during labor. Ampicillin, 2 g intravenously
every 6 hours, and gentamicin sulfate, 120 mg intravenous loading dose followed by 80 mg intravenously every 8 hours, are administered during labor; if the
patient is allergic to penicillins, clindamycin 600 mg intravenously every 8 hours may be given instead of ampicillin. If the patient is not in labor already, labor
should be induced to help avoid sepsis in both the mother and infant. After delivery, a specimen may be sent for bacterial culture after separation of the
chorion and amnion, and the placenta should be sent to the pathology department for examination for evidence of chorioamnionitis. No further antibiotic
therapy is necessary after vaginal delivery. Patients who undergo cesarean section, however, should be given broad-spectrum antibiotics for prophylactic
treatment of endomyometritis until the patient is afebrile for 24—48 hours.

Endomyometritis. In addition to the risk factors for chorioamnionitis, risk factors for endomyometritis include cesarean section or pregnancy complicated by

chorioamnionitis.

A. Diagnosis. Endomyometritis is mainly a clinical diagnosis based on presence of fever, fundal tenderness, and foul-smelling lochia accompanied by
leukocytosis. Endometrial cultures tend to be unhelpful because they are usually contaminated by vaginal or cervical flora, and generally endomyometritis is
a polymicrobial infection. If the patient's clinical picture is consistent with endomyometritis, blood cultures do not necessarily need to be obtained because
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they have a low yield and do not affect the choice of antibiotics.

B. Management. Broad-spectrum antibiotics, such as gentamicin and clindamycin, should be started. Ampicillin can also be added, particularly if the patient
presents with a high fever within the first 24—48 hours after a delivery, because early temperature spikes are usually a result of streptococcal infection.
Although gentamicin should be administered every 8 hours before delivery, daily doses may be administered after delivery. If daily dosing is chosen,
gentamicin levels do not require monitoring. If the patient continues to be febrile 24—48 hours after appropriate antibiotics are initiated, further workup should
be undertaken to establish the source of the fever.

C. Further workup includes urine and blood cultures, chest and abdominal radiography, pelvic examination, and, possibly, pelvic ultrasonography, CT, or MRI.
Patients with endomyometritis usually show improvement in physical examination findings and temperature curves 24—-48 hours after beginning antibiotics. If
the patient's examination findings show improvement, antibiotic therapy can be stopped after the patient has remained afebrile for 48 hours, and no further
antibiotic treatment is necessary. It is worth noting that patients with endomyometritis carry an increased risk of secondary infertility as a result of scarring
from inflammation.

Umbilical cord prolapse occurs when the umbilical cord slips past the presenting fetal part and passes through the open cervical os. The blood supply to the

fetus is cut off when the fetus compresses the umbilical cord against the cervix. Risk factors include rupture of membranes when the fetus is not yet engaged in

the pelvis, footling breech presentation, transverse lie, oblique lie, and unstable fetal presentations. These factors may be influenced by cephalopelvic
disproportion, abnormal placentation, multiple gestation, polyhydramnios, and fetal and uterine anomalies.

A. Diagnosis. Vaginal examination should be performed shortly after rupture of membranes to evaluate cervical dilatation and investigate the possibility of cord
prolapse. Vaginal examination should also be performed promptly when fetal bradycardia occurs to rule out cord prolapse.

B. Management. If umbilical cord is palpated on vaginal examination the examiner should call for help and elevate the presenting fetal part to prevent
compression of the umbilical cord. The examiner can assess the fetal pulse by palpating the umbilical cord, taking care not to confuse his or her own pulse
with that of the fetus. While the examiner continues to elevate the presenting fetal part, the patient should be transported to an operating room where
appropriate anesthesia is initiated and urgent cesarean section performed. If a patient presents with a prolapsed cord, viability of the fetus must be
established before proceeding with cesarean section. Placing the patient in knee-chest position may be helpful in relieving cord compression with prolapse.

Meconium complicates 8—16% of all deliveries and 25—-30% of all postterm deliveries. Meconium passage by the fetus results from hypoxic stimulation of the

parasympathetic system or triggering of a mature vagal reflex.

A. Uncommonly, meconium passage leads to meconium aspiration syndrome, which carries a mortality rate of 28%. Symptoms of meconium aspiration
syndrome include tachypnea, chest retractions, cyanosis, barrel-shaped chest, and coarse breath sounds. Chest radiography shows coarse, irregular
pulmonary densities with areas of decreased aeration. Persistent pulmonary hypertension also occurs. Amnioinfusion may be performed in an effort to
reduce meconium aspiration.

B. Management. If meconium is present, a DelLee suction device should be used to aspirate the infant's oropharynx while the head is at the perineum. The
infant should then be handed over to a pediatrician quickly with minimal stimulation. Ideally, the pediatrician performs laryngoscopy and suctions below the
vocal cords if meconium is present; laryngoscopy is deferred, however, if the infant is crying or breathing vigorously. The placenta can be examined and sent
for examination by a pathologist to help determine how recently meconium passage occurred.

Fistulas

A. Vesicovaginal fistulas occur when obstructed and prolonged labor causes pressure necrosis of the anterior vagina and vesicovaginal septum. The fistula
usually becomes apparent by 1 week postpartum when the patient presents with continuous, painless leakage of urine from the vagina that is unrelated to
position. Diagnosis is confirmed when methylene blue is instilled into the bladder and either is observed draining from the vagina or stains a tampon placed
in the vagina. To evaluate possible damage to the ureters, IVP should be performed. An indwelling Foley catheter is placed to allow the fistula time to heal. If
the fistula fails to heal despite placement of a urinary catheter, cystoscopy with biopsy of the tract margins should be performed to rule out other pathologic
conditions. The fistula then can be closed in layers vaginally.

B. Rectovaginal fistulas usually involve the perineum, anal sphincter, anal canal, and distal rectum. Rectal examinations should be done after all vaginal
deliveries in which rectal trauma is suspected to identify and repair occult damage. If a fourth-degree laceration is identified immediately after a delivery, it
should be irrigated thoroughly and repaired directly after delivery. If a rectovaginal fistula presents later after delivery, the patient should be carefully
examined. Fistulograms can delineate anatomy with instillation of a barium contrast agent into the vagina by Foley catheter. If the tissue appears inflamed or
necrotic, dressing changes and débridement should be performed until the tissue appears healthy and granulated. The fistula may be repaired once the
tissue is healthy and not inflamed. Before surgery the patient requires a thorough bowel preparation. The fistulous tract is then excised and closed in layers
without tension with reconstruction of the anal sphincter and perineal body. Postoperatively, stool softeners are used to avoid excessive straining.

Postpartum depression. Known colloquially as the postpartum blues, postpartum depression occurs after 10-15% of all deliveries. Manifestations range from

transient tearfulness, anxiety, irritability, and restlessness to full-blown depression that can last up to 1 year. Risk factors include a prior history of depression,

young age, and poor social support. Postpartum depression also tends to recur in future pregnancies. If a postpartum patient appears to be depressed, thyroid
function tests should be performed and tricyclic antidepressants can be started. The patient should be questioned about suicidal and homicidal ideation, and
psychiatric follow-up should be arranged. It may be necessary to involve social services to ensure that the baby is receiving adequate care. Postpartum
psychosis can also occur, especially in patients with a prior history of psychiatric illness. Such patients require close psychiatric follow-up as well as
antipsychotic drug therapy.
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I. Amniotic fluid disorders

A. Physiologic aspects of amniotic fluid. The volume of amniotic fluid represents a balance between production, primarily from fetal urine and fetal alveolar
fluid and removal, via fetal swallowing and absorption by the amniotic-chorionic surface. Amniotic fluid volume (AFV) increases from a mean of 250 mL at 16
weeks' gestation to approximately 800 mL at approximately 32 weeks' gestation. The average volume of amniotic fluid remains stable from 32 weeks' to 35
weeks' gestation, then declines to approximately 500 mL at term.

B. Technique for assessing amniotic fluid volume. The vertical depth of the largest amniotic fluid pocket is measured (in centimeters) in each of four equal
guadrants of the uterus. The abdominal ultrasonic transducer should be oriented vertically to the floor; all pockets containing loops of umbilical cord must be
excluded. The sum of these measurements establishes the amniotic fluid index (AFI) in centimeters. AFI appears to be highly reproducible; it may be applied
reliably after 24 weeks using normative values. The AFI cannot be reliably used in assessing multiple gestations; for these pregnancies, the largest single
vertical pocket is measured (maximum vertical pocket depth).

C. Polyhydramnios is the pathologic accumulation of amniotic fluid. It is defined as more than 2000 mL at any gestational age, more than the ninety-fifth
percentile for gestational age, or an AFI greater than 20 cm at term. The incidence of polyhydramnios in the general population ranges from 0.2% to 1.6%.
Mild increases in AFV are usually clinically insignificant. Larger increases in amniotic fluid volume are associated with increased perinatal morbidity, due to
preterm labor, cord prolapse, and congenital malformations. In uncommon cases, abruptio placentae is associated with polyhydramnios at the time of rupture
of membranes, due to rapid decompression of the overdistended uterus. Increased maternal morbidity results from postpartum hemorrhage due to uterine
overdistension and atony.

1. Etiology. Between 16% and 66% of cases of polyhydramnios are idiopathic. The remaining cases can be attributed to increased fetal urine production or
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FIG. 8-1. Causes of polyhydramnios. ADH, antidiuretic hormone; Gl, gastrointestinal.

a. Fetal structural malformations. In cases of CNS abnormalities such as acrania or anencephaly, the polyhydramnios is probably due to several
factors: impairment of the swallowing mechanism, lack of antidiuretic hormone and resultant polyuria, and possibly transudation of fluid across the
exposed fetal meninges. Obstructions of the Gl tract, such as esophageal atresia, may also result in polyhydramnios due to decreased absorption
(although swallowing in these fetuses is usually normal). In some cases, ventral wall defects may result in increased AFV due to transudation of fluid
across the peritoneal surface or bowel wall.

b. Chromosomal and genetic abnormalities. The prevalence of chromosomal abnormalities in cases of significant polyhydramnios (over 23) can be as
high as 35%. The most common abnormalities are trisomies 13, 18, and 21; in these cases, the polyhydramnios may be due to impaired swallowing,
although the pathophysiology is unclear. For this reason karyotype analysis should be offered in all cases of isolated severe polyhydramnios.

c. Neuromuscular disorders may also be manifested clinically as polyhydramnios; this is also probably due to impaired swallowing.

d. Diabetes mellitus. Maternal diabetes is a common cause of polyhydramnios. In these cases, the etiology of polyhydramnios is unclear, but it is often
associated with poor glycemic control or fetal malformations. The fetal hyperglycemia may increase oncotic pressure, which causes transudation of
fluid across the placental interface to the amniotic cavity, as well increased glomerular filtration rate.

e. Other causes. In the absence of any of the aforementioned factors, the detection of polyhydramnios should prompt further testing. Screening tests for
toxoplasmosis and cytomegalovirus, syphilis, and isoimmunization should be performed. In the twin-to-twin transfusion syndrome, the recipient twin
develops polyhydramnios and, occasionally, hydrops fetalis, whereas the donor twin develops growth retardation and oligohydramnios. Twin-to-twin
transfusion syndrome is found in monozygotic twins with large arteriovenous anastomoses connecting their placentas.

2. Diagnosis. Polyhydramnios should be suspected in cases of uterine enlargement (size larger than normal for date) or difficulty in palpating fetal small
parts or hearing fetal heart tones. Ultrasonographic examination is necessary both to quantify amniotic fluid volume and to identify multiple fetuses and
fetal abnormalities. Amniocentesis is an indispensable tool for obtaining specimens for viral culture and, when indicated, karyotyping.

3. Treatment. Minor and moderate degrees of polyhydramnios with some discomfort can be managed expectantly until the onset of labor or spontaneous
rupture of membranes. In more severe cases, or if the patient develops dyspnea, abdominal pain, or difficulty ambulating, treatment becomes necessary.
a. Amnioreduction is the most common treatment. The purpose of amnioreduction is to relieve maternal discomfort, and to that end it is transiently

successful. The volume of fluid removed is critical. Frequent removal of smaller volumes (removal at a rate of 500 mL/hour to a total of 1500-2000 mL)
is less often associated with preterm labor than less frequent removal of larger volumes. Amnioreduction is repeated every 1-3 weeks as needed until
the fetus has reached pulmonary maturity or delivery is required for another reason.

b. Pharmacologic treatment involves manipulation of fetal urine flow. Fetal renal blood flow is maintained under normal conditions chiefly by
prostaglandins. The cyclooxygenase inhibitor indomethacin has been used to decrease fetal renal blood flow and therefore fetal urine production.
Data exist regarding treatment of polyhydramnios from 21 to 35 weeks' gestation with indomethacin (25 mg orally every 6 hours) for 2—-11 weeks. The
primary concern about the use of indomethacin is the potential closure of the fetal ductus arteriosus. Although closure of the ductus has not been



described, ductal constriction has been detected as early as 48 hours after initiating therapy with indomethacin. Thus, close monitoring of amniotic
fluid volume and ductal diameter is warranted, and therapy should be stopped if any decrease in ductal diameter is noted. Treatment for twin-to-twin

D. Oligohydramnios is defined as an AFI of less than the fifth percentile for gestational age or less than 5 cm at term. Oligohydramnios is associated with
increased perinatal morbidity and mortality at any gestational age, but the risks are particularly high when it is detected during the second trimester. In these
cases, perinatal mortality may approach 80—-90%. Pulmonary hypoplasia can result from the lack of fluid available for inhalation into the terminal air sacs of
the lungs, with lack of expansion and subsequent failure of growth (17%). Furthermore, prolonged oligohydramnios can lead to a deformation sequence in
10-15% of cases, characterized by cranial, facial, or skeletal abnormalities.

1.

Etiology. The clinical conditions commonly associated with oligohydramnios are ruptured membranes, fetal urinary tract malformations, intrauterine
growth restriction (IUGR), postdate pregnancy, and placental insufficiency. Possible rupture of membranes must be considered at any gestational age.
Renal agenesis or urinary tract obstruction often becomes apparent during the second trimester of pregnancy, when fetal urine flow begins to contribute
significantly to AFV. IUGR often is associated with oligohydramnios. This may be due to smaller fetal vascular volume with decreased glomerular filtration
and urinary flow rates. The association of oligohydramnios and IUGR may also reflect the fact that placental insufficiency can cause both conditions. AFV
also decreases in the postterm fetus; although the mechanism is unclear, the deterioration in placental function may cause a less efficient transfer of
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FIG. 8-2. Causes of oligohydramnios. Gl, gastrointestinal; GU, genitourinary; IUGR, intrauterine growth restriction; NSAID, nonsteroidal anti-inflammatory
drug.

Diagnosis. Clinical findings suspicious for oligohydramnios are a lag in fundal height measurements (size less than normal for date), a reduction in
perceived fetal movements, or easy palpitation of fetal parts. Ultrasonographic examination is necessary to quantify amniotic fluid and to identify fetuses
with IUGR or fetal abnormalities. If the diagnosis of ruptured membranes is being considered, a “tampon test” can be performed by instilling dye into the
amniotic sac via amniocentesis techniques and observing for staining of a tampon placed in the vagina.

Treatment. Therapeutic options for the patient with oligohydramnios are limited. Maternal intravascular fluid status appears to be closely tied to that of
the fetus; thus, hydrating the mother may have some transient effect on AFV. In cases in which oligohydramnios is caused by obstructive genitourinary
defect, in utero surgical diversion of urine flow has produced promising results. To achieve optimal benefit, urinary diversion must be accomplished
before the development of renal dysplasia and early enough in gestation to allow for lung development. Until term, oligohydramnios should be managed
with frequent fetal surveillance; at term, it is an indication for induction of labor due to the increased risks of perinatal morbidity and mortality. Intrapartum,
treatment with amnioinfusion may improve short-term fetal heart rate variability and lower rates of cesarean section for fetal distress.

Il. Intrauterine growth restriction
A. Description. A diagnosis of IUGR is considered when the estimated fetal weight by sonogram falls below the tenth percentile for gestational age. The
majority of these fetuses are simply constitutionally small, as would be expected from population-based nomograms. The incidence of pathologic IUGR varies
according to the population under investigation; it is estimated to be 4—8% in developed countries and 6—30% in developing countries. These cases are the
ones of concern to the obstetrician due to their increased perinatal morbidity and mortality.

1.

Symmetric growth restriction has an earlier onset than asymmetric growth restriction, and all organs tend to be proportionally reduced in size. Factors
associated with symmetric restriction include chromosomal abnormalities; anatomic (especially cardiac) malformations; congenital infection with rubella,
cytomegalovirus, or Toxoplasma; severe chronic maternal malnutrition; and maternal smoking.

Asymmetric growth restriction has a later onset, and some organs are more affected than others. Abdominal circumference is the measurement to be
first affected; femur length may be affected later; head circumference and biparietal diameter are usually spared. Asymmetric IUGR is attributed to
placental insufficiency, which can be caused by a variety of maternal conditions, including chronic or pregnancy-induced hypertension and diabetes
mellitus (typically pregestational).

B. Etiology. Approximately 75% of IUGR infants are constitutionally small; 15-20% have uteroplacental insufficiency resulting from various causes; 5-10%
have impaired growth resulting from perinatal infection or congenital malformation.
1. Maternal causes

a. Constitutionally small mothers and inadequate weight gain. Maternal familial factors appear to significantly affect birth weight. If a woman weighs
less than 100 Ib at conception, her risk of delivering a small-for-gestational-age infant is doubled. Inadequate weight gain during pregnancy or
arrested weight gain after 28 weeks is also associated with IUGR; weight gain goal should be 20-25 Ib for a normal-weight woman. An underweight
woman should be encouraged to achieve ideal body weight plus an additional 20-25 pounds. For the overweight mother, on the other hand, low
weight gain alone is unlikely to cause IUGR.

b. Chronic maternal disease. Multiple medical conditions of the mother, including chronic hypertension, cyanotic heart disease, long-standing diabetes,
and collagen vascular disease, can cause growth restriction. All of these conditions place the patient at risk for superimposed preeclampsia, which
itself can lead to IUGR.

2. Fetal causes

a. Fetal infection. Viral, bacterial, protozoan, and spirochetal infections all have been associated with fetal growth restriction. Rubella and
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TABLE 8-1. INFECTIOUS CAUSES OF INTRAUTERINE GROWTH RESTRICTION

b. Congenital malformations and chromosomal abnormalities. Chromosomal abnormalities, particularly trisomy or triploidy, and severe
cardiovascular malformations are often associated with IUGR. Trisomy 18 is associated with severe, early, symmetric IUGR and polyhydramnios.
Trisomy 13 and Turner's syndrome also can be associated with some degree of restricted fetal growth. Fetal growth restriction caused by trisomy 21 is
usually minimal.

c. Teratogen exposure. Any agent that causes a teratogenic injury is capable of producing fetal growth restriction. Anticonvulsants, tobacco, illicit
drugs, and alcohol may impair fetal growth.

3. Placental causes

a. Placental abnormalities. Chronic abruptio placentae, extensive infarction, chorioangioma, and velamentous insertion of the cord may cause growth
restriction due to decreased perfusion of the fetus. A circumvallate placenta or placenta previa also may impair growth.



b. Multiple fetuses. Pregnancy with two or more fetuses is complicated by appreciable impairment in growth of one or both fetuses in 12—-47% of cases.

C. Diagnosis. Early establishment of gestational age and careful measurements of uterine height throughout pregnancy should help to identify most instances
of abnormal fetal growth.

1. A history of risk factors, such as a previously growth-restricted fetus, prior fetal or neonatal death, or chronic maternal iliness, should alert the care
provider to the possibility of IUGR.

2. Clinical diagnosis of IUGR may be unreliable. If a lag in fundal height of more than 2 cm is found, growth restriction should be suspected and
ultrasonographic examination performed.

3. Ultrasonographic diagnosis. To determine if a fetus is growing appropriately, the gestational age must be established with certainty. The most reliable
method of estimating gestational age is certain knowledge of the date of the patient's last menstrual period (LMP). Some 20-40% of pregnant women,
however, fail to recall the exact date of their LMP. Therefore, sonography may be of help in dating a pregnancy. Once a fetus is suspected of being
growth restricted on clinical examination, a sonographic estimate of fetal weight should be obtained. If this measurement confirms the presence of IUGR,

4. Third trimester measurements are the least reliable for determining gestational age because growth restriction may already have occurred. Transverse
cerebellar diameter has been shown to correlate with gestational age in weeks up to 24 weeks and is not significantly affected by growth restriction.
Abdominal circumference is the parameter that correlates best with fetal weight. In contrast to biparietal diameter, abdominal circumference is smaller in
both symmetric and asymmetric types of IUGR; therefore, its measurement has high sensitivity for detecting IUGR. Abdominal circumference, however, is
subject to more intraobserver and interobserver variation in measurement than either biparietal diameter or femur length. Variability in abdominal
circumference may also result from fetal breathing movements, compression, or position of the fetus. Femur length generally is decreased in
symmetrically growth-restricted fetuses but may be normal with asymmetric IUGR. An elevated femur length to abdominal circumference ratio raises
suspicion for asymmetric IUGR.

5. Other associated findings. An association between oligohydramnios and fetal growth restriction has long been recognized, in which IUGR is preceded
by oligohydramnios. Detection of a grade Il placenta before 34 weeks' gestation should alert the clinician to the possibility of impending IUGR.

D. Management. Because perinatal morbidity and mortality are increased two- to sixfold in patients with IUGR, careful surveillance is critical, and early delivery
may be indicated in some cases.

1. IUGR at or near term. The best outcome for these fetuses is achieved by prompt delivery.

2. IUGR remote from term. Structural anomalies should be sought in these fetuses, and if a chromosomal abnormality is suspected then amniocentesis,
chorionic villus sampling, or fetal blood sampling for karyotyping and viral studies should be recommended. The parents may decide to terminate the
pregnancy based on this information; however, even in a pregnancy for which termination is not considered, the information gained from such studies
may be important for parents, obstetricians, and pediatricians in planning delivery and newborn care. In cases such as trisomy 13 or 18 in which the
neonate has a short life expectancy, cesarean section can be avoided.

a. General management. After ruling out structural and chromosomal abnormalities and possible congenital infection as completely as possible,
physical activity should be restricted, adequate diet ensured, and fetal surveillance started. If compliance with bed rest at home cannot be assured,
hospitalization should be considered. Fetal assessment should include maternal assessment of fetal movement, sonographic assessment of fetal
growth every 3—4 weeks, and performance of a nonstress test or measurement of BPP once or twice per week. Doppler flow studies of the umbilical
for more information on fetal assessment techniques.)

b. Treatment. In most cases of fetal growth restriction remote from term, no specific treatment exists beyond the supportive care described earlier.
Possible exceptions are cases of inadequate maternal nutrition or maternal heavy smoking, use of street drugs, or alcoholism. In women with a history
of recurrent, severe fetal growth restriction, early antiplatelet therapy with low-dose aspirin (80 mg taken orally once a day) may prevent placental
thrombosis, placental infarction, and fetal growth restriction.

c. Delivery. For the severely growth-restricted fetus remote from term, the decision to deliver involves comparing the risks from further exposure to the
intrauterine environment with the risks of preterm delivery. Confirmation of lung maturity by measurement of a lecithin to sphingomyelin ratio of 2 or
more or by identification of phosphatidylglycerol in amniotic fluid is a clear indication for delivery. Close monitoring during labor to avoid further fetal
compromise, cesarean delivery if fetal distress is identified, and excellent neonatal care are imperative for a successful neonatal outcome. The
likelihood of fetal distress during labor is increased considerably, because fetal growth restriction is commonly the result of insufficient placental
function, which is likely to be aggravated by labor. The association of IUGR with oligohydramnios also predisposes the fetus to cord compression and
intolerance of labor as a result.

E. Fetal outcome. The growth-restricted fetus is at risk for perinatal hypoxia and meconium aspiration. It is essential that care of the newborn infant be
provided by someone who is skillful at clearing the airway below the vocal cords of meconium. The severely growth-restricted newborn is also particularly
susceptible to hypothermia and may develop other metabolic abnormalities, including severe hypoglycemia. In general, prolonged symmetrical IUGR is likely
to be followed by slow growth after birth, whereas the fetus with asymmetric IUGR is more likely to recuperate with “catch-up” growth after birth. The
subsequent neurologic and intellectual effects of IUGR cannot be predicted precisely. Some data show that fetal growth restriction has long-term negative
effects on cognitive function, independent of other variables. One study found that almost 50% of children born small for gestational age were found to have
learning deficits at 9—11 years of age.

[ll. Multiple pregnancy

A. Epidemiology. The incidence of multiple pregnancy in the United States is just over 2% of all births and has been increasing annually due to improved
success rates of assisted reproductive technologies. Approximately one-third of spontaneous multiple gestations are monozygotic, the result of cleavage of a
single fertilized ovum. The incidence of monozygotic twins is constant at approximately 4 in 1000 births and is unrelated to maternal age, race, or parity. The
incidence of dizygotic twins, the result of two fertilized ova, is higher in certain families, is more common in African Americans and less common in Asians
than in other races, and increases with maternal age, parity, weight, and height. Women taking medications to induce ovulation are at greatest risk. The
incidence of multiple gestations after clomiphene citrate therapy is 5-10%, and it is significantly higher (10-30%) when gonadotropins are used. In the
absence of fertility agent use, triplet pregnancies occur at a rate of approximately 1 in 8000 births, and births of higher order are more rare. Multiple
gestations increase morbidity and mortality for both the mother and the fetuses; perinatal mortality rates in developed countries range from 50 to 100 per
1000 births for twins and from 100 to 200 per 1000 births for triplets.

B. Clinical characteristics. Clinical findings such as size larger than normal for gestation date, palpation of apparently multiple fetuses, and apparent
auscultation of two fetal heart tones are insufficient to definitively diagnose multiple gestation. If multiple gestation is suspected, a sonogram should be
obtained to confirm the diagnosis. Maternal serum alpha-fetoprotein levels are elevated (more than four times the median) in multiple pregnancies; many
multiple gestations are identified after an abnormal serum screening result. Patients with multiple gestations should be referred to high-risk perinatal units
early in their pregnancies.

C. Zygosity, placentation, and mortality. Multiple gestations that result from the fertilization of multiple ova (dizygotic) are termed dichorionic and
diamniotic. Each fetus has its own placenta (although these may fuse during development), and the fetuses are each contained within a complete
amniotic-chorionic membrane. Multiple gestations that result from the cleavage of a single fertilized ovum (monozygotic) may share an amnion, a chorion, a
placenta, or some or all of these, depending on the timing of cleavage. Twins that divide in the first 3 days after fertilization are dichorionic, diamniotic, and
may have distinct placentas (20-30% of cases). If cleavage occurs between the fourth and eighth days after fertilization, the twins are diamniotic,
monochorionic (because the chorionic layer has already formed), and have a single placenta (70—-80% of cases). If cleavage occurs after the eighth day, the
twins are monoamniotic and monochorionic (because the amnion and chorion are formed before the embryos divide); they are contained in the same sac and
have a single placenta (approximately 1% of cases). Later cleavage results in conjoined twins and is even more rare. Dichorionic twins have the lowest
perinatal mortality rate (8.9%) of all placenta types. The mortality rate of diamniotic monochorionic twins is approximately 25%. Monoamniotic gestations
have a 50-60% mortality rate, with death usually occurring before 32 weeks' gestation. The relationship of placentae among triplets, quadruplets, and
higher-order multiple fetuses generally follows the same principles, except that monochorionic and dichorionic placentation may coexist and placental
anomalies, particularly marginal and velamentous insertions of the cord and single umbilical artery, are more frequently found in higher-order multiples.

D. Complications
1. Miscarriage is at least twice as common in multiple pregnancies as in singleton pregnancies, and a continued pregnancy with resorption of one or more

of the embryos may be even more common. Fewer than 50% of twin pregnancies diagnosed via ultrasonography during the first trimester result in

delivery of twins. Some twins may be resorbed silently, whereas the demise of others is associated with bleeding and uterine activity.

2. Congenital anomalies and malformations are approximately twice as common in twin infants as in singleton infants and are four times as common in
triplets. Monozygotic twins have a risk of 2-10% for developmental defects, which is twice the incidence of fetal abnormalities in dizygotic twins. Because
the risk of chromosomal anomalies increases with each additional fetus, amniocentesis should be offered at a younger maternal age based on the
number of fetuses (at 33 years for twins; at 28 years for triplets).

3. Nausea and vomiting are often worse in twin pregnancies than in singleton pregnancies. Although the cause is unclear, higher levels of human chorionic
gonadotropin b-subunit have been implicated in stimulation of the chemoreceptor trigger zone.

4. Preeclampsiais more common, occurs earlier, and is more severe in multiple pregnancy than in singleton pregnancy. Approximately 40% of twin
pregnancies and 60% of triplet pregnancies are affected.



10.

11.

Polyhydramnios occurs in 5—-8% of multiple pregnancies, particularly with monoamniotic twins. Acute polyhydramnios before 28 weeks' gestation has
been reported to occur in 1.7% of all twin pregnancies; the perinatal mortality in these cases approaches 90%.

Preterm delivery. Approximately 10% of preterm deliveries are twin gestations, which account for 25% of preterm perinatal deaths. The incidence of
preterm delivery in twin gestations approaches 50%. Most neonatal deaths in multiple premature births are associated with gestations of less than 32
weeks and birth weight under 1500 g. The average gestational age at delivery is 36 weeks for twins and 32—33 weeks for triplets.

Intrauterine growth restriction. Although growth curves exist for twin and triplet gestations, nomograms for singletons are more commonly used.
Because growth restriction is so common among multiple gestations, the use of a nomogram based on the normal range of twin and triplet birth weights
might be insufficiently sensitive to detect IUGR. IUGR is common, and low-birth-weight has an additive effect with prematurity in increasing neonatal
morbidity and mortality. Follow-up of growth-restricted twins shows a tendency for persistence of short stature and lower weight percentiles.

. Discordant twin growth is defined as a discrepancy of more than 20% in the estimated fetal weights, expressed as a percentage of the larger twin's

When weight discordance exceeds 25%, the fetal death rate increases 6.5-fold and the neonatal death rate 2.5-fold.

Twin-to-twin transfusion syndrome. Approximately 15% of monochorionic twin pregnancies have some demonstrable vascular anastomoses. Single or
multiple placental arteriovenous shunts may exist, some in opposing directions. When these anastomoses are not accompanied by artery-to-artery or
vein-to-vein anastomoses, one fetus continuously donates blood into the other, which leads to hypervolemia, heart failure, and hydrops in the recipient
twin, and anemia in the donor twin. This is referred to as twin-to-twin transfusion syndrome and is a rare but dangerous complication of monochorionic
gestations. A common maternal symptom is rapid uterine growth between 20 and 30 weeks' gestation due to the polyhydramnios of the recipient twin,
which frequently causes premature delivery. The severity and time of observable growth discrepancy probably depends on the size, number, and
direction of arteriovenous shunts. Fetal hydrops is usually a terminal sign. Prenatal diagnosis of twin-to-twin transfusion syndrome can be made when
sonography suggests single placentation and a single chorion, discordant fetal growth, polyhydramnios in the sac of the larger twin, and little or no fluid
around the smaller fetus (“stuck twin” sign). If extreme prematurity prevents immediate delivery, several interventions can be considered in view of the
high mortality associated with expectant management. Repeated decompression amniocentesis of the sac of the recipient twin has been shown to
improve outcome in some cases. Intrauterine transfusion of the anemic (donor) twin is futile as there is ongoing loss; in addition, it risks congestive
cardiac failure in the recipient twin, who is already polycythemic. Fetoscopically guided laser ablation of the anastomotic placental vessels is performed in
some centers, but its efficacy remains highly controversial.

Hemorrhage. The risk of uterine atony and of postpartum hemorrhage is significantly increased in multiple pregnancies, probably due to overdistension
of the uterus.

Intrapartum complications, including malpresentation, cord prolapse, cord entanglement, discoordinated uterine action, fetal distress, and need for
cesarean delivery are more common during labor in multiple gestations than in single gestations. Locking of twins, which occurs with breech-vertex
presentations only, is extremely rare.

E. Antenatal management of multiple gestations

1.

Clinical management should include adequate nutrition (daily intake of approximately 300 kcal more per fetus than for a singleton pregnancy), restriction
of physical activity, more frequent prenatal visits, ultrasonographic assessment of fetal growth (every 3—4 weeks), assessment of fetal well-being, and
prompt hospital admission for preterm labor or other obstetric complications. The role of bed rest in prevention of preterm labor in women with multiple
gestations remains controversial. Prophylactic use of tocolytic agents has not been shown to prevent preterm birth in twin gestations.

Ultrasonographic assessments should be conducted every 3—4 weeks from 23 weeks' gestation to delivery, to monitor the growth of each fetus and to
detect evidence of discordant growth or twin-to-twin transfusion syndrome.

. Fetal surveillance. Performance of a nonstress test before 34 weeks' gestation is not indicated unless clinical or ultrasonographic measurements

suggest IUGR or discordant growth. Although the practice of routine cardiotocography after 34 weeks' gestation is debatable from a cost-efficiency point
of view, cardiotocography certainly should be considered if any risk factors are present. A major therapeutic dilemma arises when the results of the
nonstress test are discordant. Additional testing, such as measurement of a BPP, may be necessary to better ascertain fetal condition. The utility of a
contraction stress test is debatable, as it might precipitate preterm delivery.

Amniocentesis should be performed in both sacs if indicated for prenatal diagnosis of a fetal condition, including genetic disorders or isoimmunization.
aspiration from both sacs, 1-5 mL of indigo carmine is injected into the first sac. Recovery of blue-tinged fluid at the time of the second aspiration
indicates that the first sac has been reentered, and another attempt is necessary. To establish lung maturity, a lecithin to sphingomyelin ratio of 2 or more
obtained from one fetal sac is adequate. When twins are concordant, the lecithin to sphingomyelin ratio in one sac is usually similar to that obtained from
the other. When twins are discordant, amniotic fluid should be obtained from the sac of the larger twin, who usually achieves pulmonary maturity later
than the smaller twin.

Death of one fetus, once diagnosed, is managed based on the gestational age and condition of the surviving fetus. Until evidence of fetal lung maturity
in the surviving fetus is exhibited, weekly fetal surveillance should be performed and weekly maternal clotting profiles measured. Delivery should be
considered if fetal lung maturity is demonstrated or if compromise of the remaining fetus develops. In the setting of twin-to-twin transfusion syndrome, the
death of one twin should prompt consideration of delivery, particularly after 28 weeks, given the high rates of embolic complications in the surviving twin.

F. Intrapartum management. The optimal route of delivery of twin gestations remains controversial and must be assessed on a case-by-case basis. Decisions
about delivery must take into account the presentation of the twins, the gestational age, the presence of maternal or fetal complications, the experience of the
obstetrician, and the availability of anesthesia and neonatal intensive care. Various presentations of twins and their incidence are twin A vertex, twin B vertex
(43%); twin A vertex, twin B nonvertex (38%); and twin A nonvertex (19%).

1.

Vertex/vertex. Successful vaginal delivery can be expected in 70—80% of cases of vertex-vertex twin presentations. Surveillance of twin B with real-time
ultrasonography or continuous monitoring is advised during the time interval between vaginal delivery of the first and second twin. After the vertex of twin
B is in the pelvic outlet, amniotomy is performed. If twin B is in jeopardy or shows evidence of distress before atraumatic vaginal delivery is possible,
cesarean delivery is performed.

. Vertex/nonvertex. Routine cesarean delivery is not always necessary for vertex-nonvertex twin presentation. If vaginal delivery is planned, external

cephalic version of twin B may be attempted (with a success rate of approximately 70%). Vaginal delivery of twin B in nonvertex presentation (podalic
extraction) is also reasonable to consider for infants with an estimated weight of more than 1500-2000 g. Insufficient data exist to advocate a specific
route of delivery of a twin B whose birth weight is less than 1500 g. The relative weights of the twins must also be considered. For vaginal delivery of
vertex/nonvertex twins, it is preferable if the weights are similar or if twin A is the larger of the two.

Nonvertex twin A. With this presentation, cesarean delivery of both twins appears to be preferable to vaginal delivery. Data documenting the safety of
vaginal delivery for this group are insufficient to recommend it.

. Locked twins is a rare condition that occurs in approximately 1 in 817 twin gestations. It occurs with breech/vertex twins, when the body of twin A

delivers, but the chin “locks” behind the chin of twin B. Hypertonicity, monoamniotic twinning, or a reduced amount of amniotic fluid may contribute to the
interlocking of the fetal heads.

G. Multifetal pregnancy reduction. The presence of three, four, or more fetuses in one pregnancy is associated with increased maternal and perinatal
mortality and morbidity. Although moral, ethical, and psychological concerns exist about reducing the number of fetuses in early pregnancy, multifetal
reduction is a reasonable option and should be offered to patients. The procedure usually is performed transabdominally at between 10 and 12 weeks'
gestation by means of potassium chloride injection into the pericardia of the most accessible fetuses. Composite data from the centers with the most
experience in reduction suggest an ultimate live birth rate after multifetal reduction of 75-80%. Selective termination refers specifically to the termination of
one or more fetuses with structural or chromosomal anomalies.

IV. Other complications of pregnancy

A. Postterm pregnancy, by definition, extends beyond 294 days or 42 weeks from the first day of the LMP. Increased perinatal morbidity and mortality have

been documented when pregnancy extends beyond 42 weeks' gestation. The incidence of congenital anomalies is also increased in postdate pregnancies.

1.

2.

Epidemiology. The incidence of postterm pregnancy has been reported to range between 7% and 12% of all pregnancies. Approximately 4% of all

pregnancies extend beyond 43 weeks. Recurrence risk is 50% for subsequent pregnancies.

Diagnosis of postterm pregnancy must be based on an accurate estimate of gestational age. Obstetric dates should be considered valid if two or more of

the following criteria are met: certain LMP; positive urine pregnancy test 6 weeks from the LMP; fetal heart tone detected with Doppler ultrasonographic

testing at 10-12 weeks' gestation or with DelLee stethoscope at 18—-20 weeks' gestation; fundal height at the umbilicus at 20 weeks' gestation; pelvic

examination consistent with LMP before 13 weeks' gestation; and ultrasonographic dating by crown—rump length between 6 and 12 weeks' gestation or by

biparietal diameter before 26 weeks' gestation. The best estimates of gestational age are based on as many criteria as possible.

Complications

a. Postmature or dysmature neonates exhibit some of the following findings, probably due to decreased placental reserve: wasting of subcutaneous
tissue, failure of intrauterine growth, meconium staining, dehydration, absence of vernix caseosa and lanugo hair, oligohydramnios, and peeling of
skin. Such findings are described in approximately 10-20% of true postterm fetuses.

b. Macrosomia is far more common in postterm than term pregnancies because, under most circumstances, the fetus continues to grow in utero. Twice
as many postterm fetuses as term fetuses weigh more than 4000 g, and the occurrence of birth injuries caused by difficult forceps deliveries and



shoulder dystocia is increased in postterm pregnancy.

c. Oligohydramnios. Amniotic fluid tends to decrease in postterm gestation, probably due to decreasing uteroplacental reserve. Low AFV is associated
with increased rates of intrapartum fetal distress and cesarean delivery.

d. Meconium. Most studies of postterm gestations report a significantly increased incidence of meconium-stained amniotic fluid, and an increased risk of
meconium aspiration syndrome. Oligohydramnios also increases the risks of meconium-stained amniotic fluid, because the meconium is not diluted.

Management. After 40 weeks' gestation, patients may keep daily fetal motion charts. It is generally accepted that careful fetal monitoring can reduce the

risk of perinatal mortality of the postterm fetus to virtually that of the term fetus. It remains controversial which method of fetal testing provides the greatest

prognostic accuracy, and whether the patient who reaches 41-42 weeks' gestation with an unripe cervix is better managed by cervical ripening and
induction or by continued testing.

a. The use of the nonstress test as a single technique to evaluate the postterm gestation is not recommended, based on reports of poor outcome after a
reactive nonstress test in this situation. In contrast, the contraction stress test, although more time consuming to perform, appears to be an earlier and
more sensitive indicator of fetal hypoxia.

b. Many experts recommend twice-weekly BPP testing beginning at 41 weeks, with delivery if oligohydramnios or a BPP score of 6 or lower is observed.

c. Despite the fact that antenatal monitoring can almost entirely eliminate perinatal mortality in the postterm gestation, concern about morbidity persists.
One alternative approach to fetal testing is to achieve cervical ripening and induction of labor with prostaglandin gel at 41 weeks' gestation.

d. The data from studies of routine induction of labor rather than antenatal monitoring between 41 and 42 weeks' gestation remain the subject of some
controversy. It seems appropriate, in evaluating and managing the postterm gestation, to perform weekly cervical examinations starting at 41 weeks
and to induce labor if the Bishop score is 5 or higher. If the cervix is unfavorable, the decision regarding induction versus further testing must be based
on an assessment of fetal well-being, risk factors for poor prognostic outcome, and the patient's concerns and desires.

B. Fetal demise in utero describes the antenatal diagnosis of the stillborn infant.

1.

Diagnosis. Fetal demise in utero should be suspected if the mother reports an absence of fetal movement for more than a few hours. Inability to detect a
fetal heartbeat via Doppler ultrasonography is suggestive, but definitive diagnosis is made by observing the absence of fetal heartbeats with real-time
ultrasonography.

Epidemiology. Approximately 50% of perinatal deaths are stillbirths. In the past few years, the recorded incidence of fetal death (death at 28 or more
weeks' gestation) has fallen from 9.2 to 7.7 per 1000. Of all fetal deaths in the United States, the majority occur before 32 weeks' gestation, 22% occur
between 36 and 40 weeks' gestation, and approximately 10% occur beyond 41 weeks' gestation. With improvement in prenatal care and proper
hospitalization, some of these deaths are preventable.

Etiology. Fetal deaths may be divided into those that occur during the antepartum period and those that occur during labor (intrapartum stillbirths). The
antepartum fetal death rate in an unmonitored population is approximately 8 in 1000 and represents 86% of fetal deaths. Antepartum death can be
divided into four broad categories: chronic hypoxia of diverse origin (30%); congenital malformation or chromosomal anomaly (20%); superimposed
complication of pregnancy, such as Rh isoimmunization, abruptio placentae (25%), and fetal infection (5%); and deaths of unexplained cause (25% or
more).

Management. Studies have been performed to identify any avoidable factors contributing to antepartum fetal death. Failure of the medical team to
respond appropriately to problems detected during pregnancy and labor, such as abnormal fetal growth assessments or intrapartum fetal monitoring
results, significant matzwernal weight loss, or reported reduction in fetal movements, constituted the largest group of avoidable factors. Extensive clinical
experience has shown that antepartum fetal assessment can have a significant impact on the frequency and causes of antenatal fetal deaths. Among the
inclusion criteria for selecting the population of patients for antepartum fetal assessment are uteroplacental insufficiency such as in prolonged pregnancy,
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I. Preterm labor (PTL) is traditionally defined as contractions that result in cervical change at less than 37 weeks' gestation. In clinical practice, however, the
utility of this criterion has been called into question. An alternative definition is six to eight contractions per hour even in the absence of cervical change. It is a

diffi

cult diagnosis to make, because the signs and symptoms of PTL are seen in normal pregnancies and because of the cervical examination can be inaccurate.

The incidence of PTL has remained at 9-11% of all live births despite the use of tocolytic agents.

A.

Neonatal consequences. There are numerous possible neonatal consequences of preterm delivery, which include respiratory distress syndrome,
hypothermia, hypoglycemia, jaundice, bronchopulmonary dysplasia, patent ductus arteriosus, necrotizing enterocolitis, intraventricular hemorrhage,
neurologic impairment, apnea, retrolental fibroplasias, and neonatal sepsis. In addition, preterm birth is the cause of at least 75% of neonatal deaths that are
not attributable to congenital malformations. The survival of infants is directly related to their gestational age. Approximate survival rates are listed in Table

complications mentioned earlier, which may have lasting effects on child development. It is imperative that the family be fully counseled by a neonatologist
once PTL is diagnosed so that an informed decision can be made concerning neonatal management.

A iaonal ek In Wi Searvtunl vl [

2T wily,
Pmky
LT
el -
i
Tk
Ll
Sl
) mich
Srecwt ha Miwks

jessssnsss
g
=

TABLE 9-1. SURVIVAL BY GESTATIONAL AGE AMONG INBORNS ADMITTED TO THE NEONATAL INTENSIVE CARE UNIT AT JOHNS HOPKINS
HOSPITAL, 1995-1999

Risk factors

1. Infection is an important cause of PTL. Ascending infection from the genital tract stimulates an inflammatory reaction that releases cytokines, including
interleukin-1, interleukin-6, and tumor necrosis factor-a, from endothelial cells. These cytokines then stimulate a cascade of prostaglandin production,
which heralds the onset of PTL. Pathogens commonly involved are Gonorrhea, Chlamydia, Ureaplasma, Trichomonas, organisms causing bacterial
vaginosis, Treponema pallidum, and Mycoplasma. However, systemic infections, including pyelonephritis, have also been associated with PTL.

2. Uterine malformations, due to overdistension of the smaller intrauterine cavity (i.e., bicornuate uterus or myoma) can cause PTL. Similarly,
polyhydramnios and multiple gestation are known risk factors.

3. Antepartum hemorrhage including placenta previa and abruptio placentae may instigate PTL.

4. Other risk factors include low socioeconomic status; nonwhite race; low prepregnancy weight; diethylstilbestrol exposure; maternal age of less than 18
years or more than 40 years; smoking, cocaine use; lack of prenatal care; history of PTL (recurrence rate is 17-37%); cervical incompetence; premature
rupture of membranes (PROM); congenital anomalies of the fetus; and medical problems, including severe hypertension or diabetes mellitus. In most
cases, however, the cause of PTL is unknown.

Prevention. A number of approaches to prevention have been advocated; none, however, has been proven effective. Education about PTL remains integral

to prevention. Weekly cervical examinations have no demonstrated beneficial effect. In fact, numerous cervical examinations may cause harm by introducing

pathogens, which may increase the risk of ascending infections. The benefits of home uterine monitoring and daily nurse contact are subjects of controversy,
except in cases of multiple gestation. Prophylactic oral tocolytic therapy also has no demonstrated beneficial effect overall. Because of their side effects,
tocolytic agents should be avoided before the onset of true PTL. Decreased activity or bed rest in the late second trimester and early third trimester
commonly is recommended, although no studies demonstrating the efficacy of these measures have been done. Likewise, no studies demonstrating the
efficacy of sexual abstinence have been completed. Cervical cerclage is recommended only for women who have been diagnosed with cervical
incompetence and is not an appropriate treatment for cervical dilation due to preterm labor.

Investigation. Any evaluation of suspected PTL should include a thorough history, physical examination, laboratory studies, ultrasonography, and evaluation

of the continuous fetal heart tracing.

1. History. The history taking should elicit previous occurrences of PTL, preterm delivery, or both; infections during the present pregnancy or symptoms of
current infection, including upper respiratory tract or urinary tract infection; recent intercourse; physical abuse or recent abdominal trauma; and recent
drug use.

2. Examination. Physical examination should include attention to vital signs (fever, maternal tachycardia, and fetal tachycardia), any potential source of
infection (culture of cervical specimens and wet preparation), uterine tenderness, and contractions, as well as a sterile speculum examination of the
Cervix.

a. Sterile speculum examination should include a Nitrazine and fern test to rule out membrane rupture, and procurement of specimens for cervical
cultures, including cultures for Chlamydia trachomatis, Neisseria gonorrhea (GC), and group B b-hemolytic streptococci (GBS) and wet preparations
for organisms causing bacterial vaginosis and Trichomonas. The advisability of obtaining cultures for Ureaplasma and Mycoplasma is a subject of
controversy.

b. Bimanual examination may be performed if there is no evidence of membrane rupture. The examination should be repeated at appropriate intervals to
determine whether cervical change has occurred. If rupture has taken place, treatment for premature rupture of membranes should be initiated as
outlined in the second half of this chapter.

3. Laboratory studies. It is important to include a blood sample for complete cell counts; cervical specimens for culture; urine specimens for a toxicology
screen, urinalysis, microscopic evaluation, and culture; and specimens for sensitivity studies. One should consider performing amniocentesis, especially if
the patient does not respond well to tocolytic agents or is febrile without an obvious source of infection. If amniocentesis is performed, specimens should
be designated for Gram's stain, cell count, glucose testing, culture, and fetal lung maturity studies if gestational age is between 30 and 35 weeks. The
presence of fetal fibronectin from cervicovaginal secretions is a marker for decidual disruption, which is thought to be a potential diagnostic indicator.
When found in secretions between 24 and 36 weeks' gestation, it can be a predictor of PTL; however, its presence usually precedes the event by more
than 3 weeks, and therefore it cannot be used to diagnose PTL.

4. Ultrasonography is performed to assess fetal position, calculate amniotic fluid index, estimate fetal weight, determine placental location, detect evidence
of abruptio placentae (a rare finding on ultrasonography even when abruptio placentae is the correct diagnosis), identify fetal or uterine anomalies, and



determine a biophysical profile if indicated.

5. Continuous fetal heart monitoring should be performed until the patient is stable and the rate of contractions is less than six per hour for an extended
period.

E. Management
1. Intravenous hydration is often used as an initial approach to treatment. Administration of a bolus of 500 mL of isotonic crystalloid solution is of great

benefit for patients who are dehydrated. Excessive hydration should be avoided because of its association with pulmonary edema during tocolytic

therapy. Maintenance fluid should be Ringer's lactated solution or 0.9 N saline, with or without dextrose, to minimize the risk of pulmonary edema.

Strict bed rest is recommended at least initially with continuous fetal monitoring.

. Antibiotic therapy. All specific infections implicated by positive culture findings should be treated appropriately. Prophylaxis against GBS infection
should be initiated while the patient is in active PTL, as a preterm neonate is highly susceptible to neonatal sepsis from these organisms. Penicillin or
ampicillin is recommended unless the patient is allergic to penicillin, in which case clindamycin is recommended. Currently, antibiotic therapy is not
indicated to prolong pregnancy in women with PTL and intact membranes, as this has been shown to increase neonatal mortality in these cases.

4. Corticosteroids accelerate the appearance of pulmonary surfactant from type Il pneumocytes and decrease the incidence of neonatal deaths,
intracerebral hemorrhage, and necrotizing enterocolitis. The current recommended dose of betamethasone is 12.0 mg intramuscularly, with a repeat dose
in 24 hours. This should be administered to induce lung maturity in fetuses of between 24 and 34 weeks' gestation if no obvious signs of infection are
present. Optimal benefit is achieved 24 hours after the second dose. The beneficial effects of corticosteroid therapy in PTL and PROM are significant.
Concerns about corticosteroid therapy include the increased risk of infection for both baby and mother as well as impaired maternal glucose tolerance.
The antenatal glucose screen test should be delayed for 1 week while administering steroids. Weekly doses of steroids are no longer recommended as
recent studies have shown they may cause the fetus potential harm. A new area of controversy has arisen regarding the use of corticosteroids in cases of
less than 23 weeks' gestation. Recently, a protective effect has been demonstrated in relation to intraventricular hemorrhage. Administration of steroids at
this early gestational stage is not likely to aid in respiratory status, as most fetuses at this age have not yet formed the type Il pneumocytes required to
produce surfactant.

5. Home management of PTL is reserved for patients who have had stable cervical examination findings while taking no oral tocolytics with at least
bathroom privileges in the hospital. Candidates for home management must be able to comply with bed rest and pelvic rest instructions. Kick count charts
should be used. Antenatal testing should be ordered as indicated. If intrauterine growth retardation (IUGR) is present, sonograms to track growth should
be performed every 3—-4 weeks.

6. Tocolytic therapy. In the assessment of whether a patient is a candidate for tocolysis, gestational age should be confirmed and fetal anomalies ruled
out.

a. Indications. Tocolytic therapy is usually indicated when regular uterine contractions are present with cervical change documented. Cervical dilation of
at least 3 cm is associated with a decreased success rate for tocolytic therapy. Tocolytic therapy is appropriate in some such cases, however, to allow
time for transfer to a tertiary medical center or treatment with a corticosteroid. It is reasonable to begin treatment with tocolytic agents until 34 weeks'
gestation. Analysis of data from neonatal centers reveals that the survival rate of infants delivered at 34 weeks is within 1% of the survival rate of
those delivered at 37 weeks' gestation. No studies have convincingly demonstrated an improvement in survival or in any index of long-term neonatal
outcome with tocolytic therapy alone.

b. General contraindications. If there is evidence of acute fetal distress, acute chorioamnionitis, eclampsia, or severe preeclampsia, tocolytic agents
should not be administered. Other contraindications include fetal demise (singleton), fetal maturity, and maternal hemodynamic instability. Finally,
each tocolytic agent has its own specific contraindications.

c. Goals of tocolysis. Primarily, tocolysis should decrease uterine contractions and arrest cervical dilation when the lowest effective dose is used. The
drug should be decreased or stopped if significant side effects develop. If intravenous or subcutaneous therapy has been used and has produced
sustained clinical improvement for 12—24 hours, the agent should be discontinued. Although many practitioners advocate the use of oral tocolytics
immediately after parenteral tocolytics, this practice has not been shown to prolong pregnancy.

d. Inpatient management. Once tocolysis has been achieved and maintained, the patient should be kept in the hospital for observation, initially on strict
bed rest (which may be liberalized according to individual patient tolerance). A physical therapy consult should be considered if the possibility exists
that bed rest will be prolonged. Fetal well-being is another major consideration. Therefore, fetal heart tones should be obtained at least every 8 hours
and fetal testing used as needed (i.e., determined by evidence of IUGR or oligohydramnios, or by maternal factors). If cultures for GBS are positive, it
is important to treat with penicillin for 7 days.

7. Tocolytic agents
a. Terbutaline sulfate is a phenylethylamine derivative with b ,-mimetic properties. It may be used as a first-line tocolytic. The dosage of terbutaline is

0.25 mg given subcutaneously every 20 minutes. The drug should be withheld if maternal heart rates are higher than 120 bpm or fetal heart rates are
higher than 160 bpm. Terbutaline may also be given orally. The total dose should not exceed 5 mg every 3—4 hours. The use of oral terbutaline has
not been associated with prolongation of pregnancy past 72 hours. Finally, the terbutaline pump has been advocated by some clinicians for long-term
management of PTL. The efficacy of this therapy is controversial.

b. Magnesium sulfate. The action of magnesium sulfate is thought to occur at neuronal levels. By influencing the amplitude of the motor plate potentials
and interfering with calcium function at the myometrial neuronal junction, it is thought to decrease uterine contractility. The initial loading dose is 4—6 g
intravenously over 20 minutes followed by a continuous infusion of 2—4 g/hour. The dose should be titrated to stop contractions, but usually 6 g/hour is
not exceeded. Magnesium sulfate should be continued until the patient has had fewer than six contractions per hour for 12 hours and no cervical
change. It is not essential to check magnesium levels; the patient's examination record can be followed and the dose titrated accordingly to stop
contractions. Therapeutic levels of magnesium sulfate are between 6 and 8 mg/dL.

1. Absolute contraindications. Myasthenia gravis and recent myocardial infarction are the most notable contraindications to magnesium sulfate
therapy. Careful attention should be paid to patients with renal impairment, as magnesium is excreted by the kidneys and in such patients its
effects can last longer and levels can become toxic at lower dosages.

2. Maternal side effects include respiratory depression, pulmonary edema, cardiac arrest, tetany, nausea, and vomiting. Other notable effects are
flushing, muscle weakness, hypotension, and hyporeflexia. Decreased variability is the only notable fetal side effect. Terbutaline and magnesium
sulfate should not be administered together as the risk of side effects increases. Because of the side effects, close monitoring is essential. Flow
sheets with hourly documentation of symptoms, lung examination findings, deep tendon reflexes, and total intake and outputs are often helpful.
Intravenous fluids should be limited to 100 mL/hour.

c. Indomethacin. The method of action of indomethacin is inhibition of the synthesis of prostaglandins, primarily prostaglandin F ,,, from fatty acid

precursors. The recommended dosage is a loading dose of 100 mg per rectum, and therapeutic levels are maintained with doses of 25 mg orally or 50

mg per rectum every 4—6 hours for a maximum of 48—72 hours.

1. Contraindications. Maternal contraindications include peptic ulcer disease, renal disease, coagulopathy, and oligohydramnios. Indomethacin
should not be given when the estimated gestational age of the fetus is greater than 32 weeks as it may interfere with fetal circulation.

2. Side effects. Oligohydramnios and irreversible constriction of the fetal ductus arteriosus are the most worrisome fetal side effects. Just as any
nonsteroidal anti-inflammatory drug, indomethacin can affect the fetal kidneys; hence, amniotic fluid volume may decrease. An amniotic fluid index
should be established before beginning therapy and should be checked after 48 hours. The effect of indomethacin on the fetal kidneys is
reversible. Headache, dizziness, Gl discomfort, fluid retention, nausea, vomiting, and pruritus are the primary maternal side effects.

d. Nifedipine. By inhibiting intracellular calcium entry, nifedipine blocks contraction of smooth muscle and inhibits uterine contraction. The recommended
dosage is 10-20 mg every 6 hours orally. Nifedipine has been administered in a loading dose of 10 mg sublingually every 20 minutes for up to three
doses.

1. Contraindications. Concomitant use with magnesium sulfate is not recommended as it may illicit severe hypotension. Other contraindications
include congestive heart failure and aortic stenosis.

2. Side effects. The following are noted side effects of nifedipine: hypotension, flushing, nasal congestion, tachycardia, dizziness, nausea,
nervousness, bowel changes, and, in one case report, skeletal muscle blockade.

F. Chorioamnionitis is an infection of the fetal membranes, usually from an ascending infection. It is a frequent cause of PTL and should always be excluded
before one embarks on prolonged tocolytic therapy. Hallmarks of this infection are maternal and fetal tachycardia, maternal fever, leukocytosis, uterine
tenderness, and uterine contractions. Premature rupture of membranes is frequently associated with this diagnosis. It is primarily a clinical diagnosis.
However, amniocentesis may provide helpful information. Polymorphonuclear neutrophil leukocytes in amniotic fluid are suggestive but not diagnostic of
chorioamnionitis, as is a glucose level of less than 14 mg/dL; bacteria on Gram's stain is specific but not sensitive, and culture results may take more than 1
week to return. The usual treatment is ampicillin and gentamicin sulfate intravenously and delivery of the fetus. Acetaminophen (Tylenol) is administered to
reduce maternal fever after the diagnosis of chorioamnionitis has been made.

G. Delivery
1. Timing. Itis important to proceed with delivery if signs or symptoms of chorioamnionitis or fetal distress are present. Anesthesia issues should be

addressed early in the delivery process.

2. Management. Preterm infants are fragile and can easily experience asphyxia and birth trauma. These can be decreased by controlling the second stage
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of labor. Episiotomy is indicated only when perineal resistance is present. Forceps should be used for obstetrical indications.

Management of a honvertex presentation is dependent on gestational age and estimated fetal weight. If the fetus is older than 26 weeks' gestation, most
obstetricians opt for delivery by cesarean section. Similarly, some have advocated performing a cesarean section if the estimated weight is greater than
1000 g. A vaginal delivery should be considered for fetuses with a nonvertex presentation weighing less than 1000g.

For attempted vaginal deliveries with both vertex and nonvertex presentations of fetuses of less than 26 weeks' gestation, it is imperative to discuss with
patients the possible need for a classical cesarean section in case of fetal distress. At these early gestational ages, some mothers may not opt for
cesarean section. They should be clearly informed of the risks and benefits of this procedure for an infant for whom survival may be limited. These can be
difficult decisions that should be handled with the help of both the neonatologist and the obstetrician.

Il. Premature rupture of membranes (PROM) is the rupture of the amnion and chorion 1 hour or more before the onset of labor. If this event occurs before 37
weeks' gestation, it is referred to as preterm PROM (PPROM). It becomes prolonged PPROM when ruptured longer than 12 hours before the onset of labor.
A. Etiology. Possible causative factors include local amniotic membrane defect; infection, including vaginal, cervical, or intra-amniotic infection; colonization,

especially with GBS; history of PROM; incompetent cervix; hydramnios; multiple gestation; trauma; fetal malformations; abruptio placentae; and placenta
previa.
B. Investigation. Similar to PTL, the investigation of PPROM includes history taking, examination, laboratory investigations, and ultrasonography.

1.

2.

History. It is important to note the time of the rupture and the color of the fluid. In addition, the patient should be asked about blood or discharge per
vagina as well as any cramping.

Examination. Only a sterile speculum examination is performed. There should be no digital cervical examination performed unless delivery is anticipated
within 24 hours. Nitrazine and fern tests can be used to confirm rupture. Both tests commonly have false-positive results. Nitrazine testing can be falsely
positive in the presence of Trichomonas, blood, semen, cervical mucus, and urine. Ferning is falsely positive in the presence of cervical mucus and
falsely negative in the presence of blood. Cervical specimens should also be obtained for culture. Testing of vaginal pool fluid for fetal lung maturity
should be considered (the Amniostat test is a rapid test used to detect the presence of phosphatidylglycerol). If phosphatidylglycerol is present, there is a
higher likelihood of fetal lung maturity, and delivery is recommended as the risk of maternal infection is higher than the risk of fetal respiratory distress. All
of the commercially available methods of detecting fetal lung maturity using vaginal pool collections of fluid have been shown to be affected by the
vaginal environment. These results should be interpreted cautiously when there is evidence of maternal or intra-amniotic infection.

C. Management. Conservative management is usually the rule in PPROM. Before 34 weeks' gestational age, most obstetricians wait for signs or symptoms of
infection or fetal distress to appear before intervening. Severe oligohydramnios, fetal tachycardia, and cessation of fetal breathing are associated with
chorioamnionitis.

1.

Fetal well-being. A neonatologist should be consulted to inform patients concerning survival rates and long-term outcomes of preterm infants with
PROM. In cases of PROM, it is often important to assess the gestational age, weight, and position of the fetus by ultrasonography. Betamethasone may
be given between 24 and 34 weeks' gestation. Prophylaxis against GBS infection with penicillin G is recommended (clindamycin is used if the patient is
allergic to penicillin) until negative culture results are received. Positive culture results should prompt appropriate treatment. Evidence of fetal heart tones
should be obtained at least every 8 hours. Recommendations for fetal testing vary from daily nonstress tests and weekly biophysical profile measurement
to semiweekly testing. If IUGR is identified, sonograms to track growth should be performed every 3—4 weeks. If the fetus is not growing appropriately,
delivery may be necessary.

Maternal care. Use of tocolytics generally is reserved for cases in which transport is necessary or a delay in delivery is desired, in some cases for 48
hours, so that steroid therapy can produce a maximal effect on pulmonary maturation. If the patient is not in labor and the fetal heart rate tracing is stable,
the patient may be managed expectantly. Strict bed rest should be used due to the risk of cord prolapse, especially if the fetus is breech in presentation.
The patient should receive physical therapy while confined to bed. Therapy with antithromboembolic agents and prophylactic subcutaneous heparin
sodium should be considered as these patients are at increased risk for deep vein thrombosis.

. Antibiotic therapy. Unlike in PTL, it has been shown that antibiotic therapy can prolong pregnancies in PPROM. Many regimes have been proposed.

One common regime first described by Mercer et al. includes ampicillin 2 g intravenously every 6 hours coupled with intravenous erythromycin for 48
hours. After this, the intravenous medication may be converted to oral amoxicillin 250 mg every 8 hours and oral erythromycin 333 mg every 8 hours. The
regimen should be continued for a total of 7 days (JAMA, 09/24, 1997).

Delivery indications are identical to those for PTL.

Cerclage. Management of PROM in the setting of a cerclage is the subject of some controversy. Most obstetricians remove the cerclage and proceed with
expectant management.

D. Consequences of PROM include increased risk of maternal and fetal infection, fetal limb contracture formation, and pulmonary hypoplasia.



10. THIRD TRIMESTER BLEEDING
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l. Introduction. Third trimester bleeding occurs in 2—6% of all pregnancies. The amount of bleeding can range from spotting to massive hemorrhage. Because
third trimester bleeding can lead to emotional and physical stress, as well as maternal and fetal morbidity and mortality, it remains important to make a
diagnosis. The differential diagnosis of common causes includes abruptio placentae, placenta previa, vasa previa, labor (bloody show), cervicitis, trauma
(including sexual intercourse), uterine rupture, and carcinoma. Because of the potential severe sequelae, this chapter focuses on abruptio placentae, placenta
previa, and vasa previa.

Il. Abruptio placenta (AP) is the premature separation of the implanted placenta from the uterine wall.

A. Epidemiology. The incidence varies from 1 in 86 to 1 in 206 births. AP has a recurrence rate of 5-17% after an episode in one previous pregnancy and 25%
after episodes in two previous pregnancies.

B. Etiology. Although many cases continue to be idiopathic, AP is associated with maternal hypertension, advanced maternal age, multiparity, cocaine use,
tobacco use, chorioamnionitis, and trauma. Rarely, rapid contraction of an overdistended uterus may lead to abruption, such as with rupture of membranes
with polyhydramnios or delivery of an infant in a multiple gestation.

C. Clinical manifestation. The amount of external bleeding can vary from none to massive hemorrhage. The presence of blood in the basalis stimulates uterine
contractions, which results in abdominal pain. Fetal and maternal mortality rates vary depending on the location and size of the hemorrhage.

D. Maternal complications
1. Hemorrhagic shock leading to ischemic necrosis of distant organs
2. Disseminated intravascular hemorrhage
3. Couvelaire's uterus (extravasation of blood into uterine muscle) leading to uterine atony. Rarely, Couvelaire's uterus may lead to uterine atony and

massive hemorrhage, which necessitates aggressive measures such as selective arterial embolization or cesarean hysterectomy to control the bleeding.

E. Fetal complications include hypoxia leading to fetal distress, death, growth restriction, prematurity, anemia, and major malformations.

F. Diagnosis
1. History and physical examination. Classically, AP presents with vaginal bleeding and acute onset of constant abdominal pain, whereas placenta previa

presents with painless vaginal bleeding. A vaginal examination should not be performed unless both placenta previa and vasa previa have been ruled
out. Maternal vital signs, fetal heart pattern, and uterine tone should be monitored. Fundal height can also be followed to look for concealed hemorrhage.

2. Ultrasonography. Although ultrasonography is relatively insensitive in diagnosing AP, a hypoechoic area between the uterine wall and placenta may be
seen with large abruptions.

3. Pelvic examination. If placenta previa is ruled out, perform a speculum examination to look for vaginal or cervical lacerations and evaluate vaginal
bleeding. If there is a discharge that is suspicious for infection or the cervix is friable, obtain a wet prep, potassium hydroxide (KOH), and cervical cultures
for gonorrhea and chlamydia.

4. Laboratory tests. If the clinical presentation is suspicious for AP, the following tests may be performed: complete blood cell count with a
hematocrit and platelet count, prothrombin/activated partial thromboplastin time, fibrinogen and fibrin degradation product levels, blood type and screen
(type and crossmatch determination should be considered depending on severity of bleeding), and Betke-Kleihauer test.

In addition, two bedside tests can be performed. A “poor man's clot test” consists of placing a specimen of whole blood in a red-top tube. If a clot does not
form within 6 minutes or forms and lyses within 30 minutes, a coagulation defect is most likely present. To determine if vaginal blood is maternal or fetal in
origin, an Apt test may be performed at the bedside. This test consists of mixing vaginal blood with potassium hydroxide. If the blood is maternal in origin,
it will turn brown. If it is fetal in origin, no changes will occur because fetal hemoglobin is more resistant to changes in pH. This may prove helpful in
distinguishing between placenta previa and vasa previa.
G. Management. The management of AP depends on the fetus's gestational age and the hemodynamic status of both patient and fetus. Standard management
for all patients includes establishment of intravenous access with two large-bore catheters, fluid resuscitation, blood type and crossmatch determination, and
continuous fetal monitoring. Rh ,(D) immunoglobulin should be administered to Rh-negative individuals. In addition, maternal vital signs should be recorded

frequently. A Foley catheter should be placed to monitor urine output, which should be more than 0.5-1.0 mL/kg/hour.

1. Term gestation, maternal and fetal hemodynamic stability. One should plan for vaginal delivery with cesarean section reserved for the usual
obstetrical indications. If the patient does not present in labor, induction of labor should be initiated.

2. Term gestation, maternal and fetal hemodynamic instability. Aggressive fluid resuscitation as well as transfusion of blood products and coagulation
factors should be performed as appropriate. Once maternal stabilization is achieved, cesarean section should be performed unless vaginal delivery is
imminent.

3. Preterm gestation, maternal and fetal hemodynamic stability. Eighty-two percent of patients who are at less than 20 weeks' gestation can be
expected to have a term delivery despite evidence of placental separation. Only 27% of patients who present after 20 weeks' gestation, however, will
have a term delivery.

a. Preterm, absence of labor. These patients should be followed closely with serial ultrasonographic examination for fetal growth starting at 24 weeks'
gestation. Steroids should be administered to promote fetal lung maturity. If at any time maternal instability arises, delivery should be performed after
appropriate resuscitation. Otherwise, labor should be induced at term or if testing shows signs of fetal compromise.

b. Preterm, presence of labor. If both maternal and fetal hemodynamic stability are established, tocolysis may be used in selective cases, particularly
cases of extreme prematurity. Magnesium sulfate is preferred over the b-sympathomimetic agents (terbutaline sulfate) because it has fewer
cardiovascular side effects. The b-sympathomimetics may mask the physiologic signs of shock. If maternal or fetal hemodynamic status is
compromised, delivery should be performed after appropriate resuscitation.

4. Preterm gestation, maternal and fetal hemodynamic instability. Delivery should be performed after appropriate resuscitation.

H. Abruptio placentae and abdominal trauma. Whenever abdominal trauma has occurred, AP must be ruled out. In the absence of vaginal bleeding, uterine
contractions, or uterine tenderness, 2—6 hours of continuous fetal heart monitoring may be adequate. If any of these signs are present, then 24 hours of
observation is warranted. The laboratory studies mentioned earlier can be performed as well. Rh (D) immunoglobulin should be administered within 72 hours
of the trauma to Rh-negative unsensitized patients.

lll. Placenta previa (PP) is defined as the implantation of the placenta over or near the cervical os. PP can be classified into four types based on the location of the
placenta relative to the cervical os: complete or total previa, in which the placenta covers the entire cervical os; partial previa, in which the margin of the



placenta covers part but not all of the internal os; marginal previa, in which the edge of the placenta lies adjacent to the internal os; and low-lying previa, in
which the placenta is located near but not directly adjacent to the internal os.
A. Epidemiology. In general, the incidence of PP is 1 in 250 pregnancies. The frequency varies with parity, however. For nulliparas, the incidence is only 1 in

1000 to 1500, whereas in grand multiparas, it may be as high as 1 in 20. The most important risk factor for PP is a prior cesarean section. PP occurs in 1% of
pregnancies after a cesarean section. Note that the placenta covers the cervical os in 5% of pregnancies when examined at midpregnancy. The majority of
these cases resolve as the uterus grows with gestational age; the upper third of the cervix develops into the lower uterine segment, and the placenta
“migrates” away from the internal os.

Etiology. The etiology of PP is unknown. Bleeding is thought to occur in association with the development of the lower uterine segment in the third trimester.

Placental attachment is disrupted as this area gradually thins in preparation for labor. Bleeding then ensues as the thinned lower uterine segment is unable

to contract adequately to prevent blood flow from the open vessels.

Clinical manifestations. Patients present most commonly at 29-30 weeks' gestation with painless vaginal bleeding. The fluid is usually bright red, and the

bleeding is acute in onset and starts abruptly. The number of bleeding episodes is unrelated to the degree of placenta previa or to the prognosis for fetal

survival. Placenta previa is associated with a doubling of the rate of congenital malformations. These include malformations of the CNS, Gl tract,
cardiovascular system, and respiratory system. Abnormal growth of the placenta into the uterus can result in one of the following three complications:

1. Placenta previa accreta. The placenta adheres to the uterine wall without the usual intervening decidua basalis. The incidence in patients with previa
who have not had prior uterine surgery is approximately 4%. The risk is increased to 16—25% in patients who have had a prior cesarean section or uterine
surgery.

2. Placenta previa increta. The placenta invades the myometrium.

3. Placenta previa percreta. The placenta penetrates the entire uterine wall, potentially growing into bladder or bowel.

Diagnosis

1. History and physical examination. PP presents with acute onset of painless vaginal bleeding. Any prior history of cesarean section should be
ascertained, and maternal vital signs and fetal heart pattern should be monitored.

2. Ultrasonography accurately confirms diagnosis in 95-98% of cases. The diagnosis may be missed, however, if the placenta lies in the posterior portion
of the lower uterine segment, because ultrasonography may not adequately visualize the placenta in this location. Vaginal sonography can be helpful in
these instances.

3. Pelvic examination. If PP is present, digital examination is contraindicated. A speculum examination can be used to evaluate the presence and quantity
of vaginal bleeding; however, in most cases these can be assessed without placing a speculum and potentially causing more bleeding.

4. Laboratory studies. The following laboratory studies should be done for a patient with PP with vaginal bleeding:

Complete blood cell count with hematocrit and platelets

Type and crossmatch determination

Prothrombin time and activated thromboplastin time

Betke-Kleihauer test to assess for fetomaternal hemorrhage

Qoo

Management. Standard management of patients with PP includes initial hospitalization with hemodynamic stabilization. Laboratory studies should be
ordered as outlined earlier. Steroids should be given to promote lung maturity for gestations between 24 and 34 weeks. Rh (D) immunoglobulin should be

administered to Rh-negative mothers. Management of PP is then based on gestational age, severity of the bleeding, and fetal condition and presentation.
The location of the placenta also plays an important role in management and route of delivery.

Fetal testing is controversial, but often semiweekly testing is instituted. Follow-up ultrasonographic examinations to assess growth are often recommended
as PP has been linked with an increased risk of intrauterine growth retardation and congenital anomalies (CNS, CDV, respiratory tract, and Gl tract).

Management of complications, such as placenta accreta or one of its variants (placenta percreta or placenta increta), can be challenging. In patients with PP
and a prior history of cesarean section, cesarean hysterectomy may be required. However, in cases where uterine preservation is highly desired and no
bladder invasion has occurred, bleeding has been successfully controlled with selective arterial embolization or packing of the lower uterine segment, with
subsequent removal of the pack through the vagina in 24 hours.

1. Term gestation, maternal and fetal hemodynamic stability. At this point, management depends on placental location.

a. Complete previa. Patients with complete previa at term require cesarean section.

b. Partial, marginal previa. These patients may deliver vaginally; however, a double setup in the operating room is recommended. The patient should
be prepared and draped for cesarean section. An anesthesiologist and the operating room team should be present. If at any point maternal or fetal
stability is compromised, urgent cesarean section is indicated.

2. Term gestation, maternal and fetal hemodynamic instability. The first priority is to stabilize the mother with fluid resuscitation and administration of
blood products if necessary. Delivery should then occur via cesarean section.
3. Preterm gestation, maternal and fetal hemodynamic stability.

a. Labor absent. Patients at 24—36 weeks' gestation with PP who are hemodynamically stable can be managed expectantly until fetal lung maturity has
occurred. The patient should be on strict bed rest with an active type and screen at all times. Maternal hematocrit should be maintained above 30%.
Rh,(D) immunoglobulin should be administered to Rh-negative mothers within 72 hours of a bleeding episode. After initial hospital management, care

as an outpatient may be considered if the following criteria are met: the patient is compliant, has a responsible adult present at all times who can
assist in an emergency situation, and has ready transportation to the hospital. In general, once a patient has been hospitalized for three separate
episodes of bleeding, she should remain in the hospital until delivery.

b. Labor present. Twenty percent of patients with PP show evidence of uterine contractions; however, it is difficult to document preterm labor, as
cervical examinations are contraindicated. Tocolysis with magnesium sulfate is the recommended choice. The b-mimetics should be avoided as they
cause tachycardia and mimic hypovolemia. If tocolysis is successful, amniocentesis can be performed at 36 weeks. If fetal lung maturity is established,
the patient can be delivered.

4. Preterm gestation, maternal and fetal hemodynamic instability. Again, maternal stabilization with resuscitative measures is the priority. Once stable,
the patient should be delivered by urgent cesarean section.

IV. Vasa previa (VP) can occur when the umbilical cord inserts into the membrane of the placenta instead of the central region of the placenta. When one of these
vessels is located near the internal os, it is at risk of rupturing and causing fetal hemorrhage. VP can also occur when vessels leading to an accessory lobe
cover the internal os.

A.

B.
C.

Epidemiology. VP is rarely encountered. The incidence of vasa previa is between 0.1% and 1.8% of pregnancies. Fetal mortality has been reported to be as
high as 50%.

Etiology. The etiology of VP is unknown.

Clinical manifestations. Although VP is a rare cause of third trimester bleeding, the physician must make the correct diagnosis because of the catastrophic
consequences to the fetus. As the total fetal blood volume is small, even small amounts of blood loss result in fetal instability. The patient usually presents
with an acute onset of vaginal bleeding. This is associated with an acute change in fetal heart pattern. Typically, fetal tachycardia occurs, followed by
bradycardia with intermittent accelerations. Short-term variability is often maintained. Rupture of the membranes can result in catastrophic exsanguination
and fetal distress.

Diagnosis. Transvaginal ultrasonography in combination with color Doppler ultrasonography is the most effective tool in antenatal diagnosis. In addition, the
Management. Third trimester bleeding caused by VP is usually accompanied by fetal distress, and emergency cesarean section is indicated. If VP is
diagnosed antenatally, elective cesarean section should be scheduled at 37—-38 weeks under controlled circumstances to reduce fetal mortality.



11. PERINATAL INFECTIONS
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Diagnosis

I. Human immunodeficiency virus (HIV)
A. Epidemiology. Worldwide, UNAIDS (Joint United Nations Programme on HIV/AIDS) estimates that 2.3 million women were newly infected with HIV in 1999,
adding their numbers to the 15.7 million women living with HIV/AIDS. Overall, 34.3 million persons worldwide currently are infected with HIV. In the United
States, by the end of 1999, over 400,000 cases of HIV had been reported to the U.S. Centers for Disease Control and Prevention (CDC). Approximately 90%
of women infected with HIV in the United States today are between the ages of 13 and 44. Eighty-seven percent of HIV-infected children in the United States
had a mother with HIV or at risk for HIV as their only known risk factor for the virus. It is impossible to predict accurately who is infected with HIV. According
to the CDC, 40% of infected American women report heterosexual contact as their only risk factor; an additional 38% report no known risk factor.
B. Perinatal transmission
1. Perinatal transmission rates of HIV in the absence of antiretroviral prophylaxis range from 14% to 33% in industrialized nations. In Africa, rates up to 43%
have been reported.

2. The timing of perinatal transmission is an important factor in its prevention. Data support HIV transmission during the intrauterine, intrapartum, and
postpartum periods.

3. Intrauterine transmission of HIV is most likely transplacental. Transmission later in pregnancy is more likely to be preventable with antiretroviral agents.
Overall, 20-30% of perinatal transmission probably occurs in the intrauterine period.

4. Intrapartum transmission, which accounts for up to 80% of perinatal transmission, may occur by transplacental maternal-fetal transfusion of blood
during uterine contractions or by exposure to infected maternal blood and cervicovaginal secretions.

5. Breast feeding is the primary mechanism of postnatal transmission. HIV has been isolated from cellular and noncellular fractions of breast milk.

6. Prevention strategies for vertical transmission include decreasing maternal viral load, decreasing maternal-fetal transfusion and fetal exposure to
maternal secretions, and avoidance of breast feeding when possible.

7. The risk of vertical transmission is proportional to the maternal viral load (concentration of virus in maternal plasma). In a recent study of 141
mother-infant pairs in which maternal viral load was less than 1000 copies/mL, the observed incidence of vertical transmission was 0 with a 95% upper
confidence limit of 2%.



C. Diagnosis of HIV infection is based on a screening test for specific antibodies using enzyme-linked immunosorbent assay (ELISA), usually against core
(p24) or envelope (gp44) antigens. Positive results are confirmed by Western blot test. In untreated patients, the average time between initial infection and
the development of AIDS is 10 years. Clinical progression of the disease is monitored using the CD4 cell count.

1. At CD4 counts of more than 500/mL, patients usually do not demonstrate clinical evidence of immunosuppression.

2. At CD4 counts of 200-500/mL, patients are more likely to develop symptoms and require intervention than at higher counts.

3. At CD4 counts less than 200/mL, or at higher CD4 cell counts accompanied by thrush or unexplained fevers for 2 or more weeks, patients are at
increased risk for developing complicated disease.

D. Management. HIV testing should be offered to all pregnant women as part of routine prenatal care. The care of the HIV-infected obstetric patient parallels
that of the nonpregnant HIV-infected patient and includes monitoring of immune status, prophylaxis as indicated for opportunistic infections, and testing for
other sexually transmitted diseases.

1. Strategies to prevent perinatal transmission
a. In 1994, the AIDS Clinical Trials Group 076 showed that administration of zidovudine (ZDV, or AZT; Retrovir) during pregnancy and childbirth could

reduce vertical transmission rates by two-thirds. Further studies have found that ZDV is efficacious in reducing transmission in the context of
advanced disease, low maternal CD4 cell counts, and prior use of ZDV therapy. It is therefore vitally important to offer this regimen to all infected
women.

b. To decrease maternal-fetal transfusion, certain procedures should be avoided, including chorionic villus sampling, amniocentesis, fetal scalp blood
sampling, and the use of fetal scalp electrodes in labor. Avoidance of labor also may decrease the risk of transmission. Some studies have shown a
decrease in the risk of vertical transmission when scheduled cesarean delivery is performed as opposed to vaginal delivery or unscheduled cesarean
delivery. Most of this evidence, however, was compiled before the use of highly active antiretroviral therapy and without obtaining data regarding
maternal viral load. Whether scheduled cesarean delivery decreases vertical transmission rates in women on highly active antiretroviral therapy or in
those with low viral loads is unknown. The impact of the length of labor or of rupture of membranes on vertical transmission in unscheduled cesarean
deliveries is also unknown. Maternal morbidity is higher with cesarean delivery than with vaginal delivery; increases in maternal morbidity seem to be
greatest in HIV-infected women with lower CD4 cell counts. For now, patients should be counseled regarding the existing evidence and offered a
choice between vaginal delivery and scheduled cesarian delivery.

c. Treatment during pregnancy should focus not only on prevention of vertical transmission but on effective treatment of the women themselves.
Pregnancy is not a reason to defer aggressive treatment regimens that maximally suppress viral replication. Although ZDV prophylaxis alone has
substantially decreased the risk of perinatal transmission, antiretroviral monotherapy is now considered suboptimal treatment. Combination
antiretroviral therapy, usually consisting of two nucleoside analog reverse transcriptase inhibitors and a protease inhibitor, is the currently
recommended standard for HIV-infected adults. Triple-drug therapy is associated with the disappearance of detectable viral burden and an increase in
CD4 cell counts. Special considerations in pregnancy include changes in dosing regimens and potential short- and long-term effects of antiretroviral
drugs on the fetus and newborn.

2. Opportunistic infection prophylaxis
a. Pneumocystis carinii pneumonia (PCP) prophylaxis: When the CD4 count is less than 200/mL, trimethoprim-sulfamethoxazole double strength

(TMP/SMX-DS), once daily, is recommended. Alternatively, dapsone may be used. In the first trimester of pregnancy, TMP/SMX should be avoided;
aerosolized pentamidine isethionate may be substituted.

b. Mycobacterium avium complex (MAC) prophylaxis: Azithromycin, 1200 mg once weekly, is recommended for MAC prophylaxis when the CD4 count is
less than 100/mL.

c. Toxoplasmosis prophylaxis should be given when the CD4 count is less than 100/mL; it is provided adequately by TMP/SMX, as given for PCP
prophylaxis.

d. Previously, patients who were started on prophylaxis for opportunistic infections were kept on their regimens even when their CD4 counts increased or
viral loads decreased; it has been postulated that the risk of these illnesses remains high because less effective CD4 cells form after HIV infection.
However, more recent studies have shown that it is probably safe to discontinue PCP and MAC prophylaxis in patients in whom CD4 cell counts are
increased for at least 3—6 months. There is less evidence to support the safety of discontinuing toxoplasmosis prophylaxis, however, so it should be
continued indefinitely.

e. Women with HIV may be taking systemic antifungal medications for candidiasis prophylaxis; this prophylaxis should be discontinued in pregnancy due
to the potential for azole-induced teratogenicity. Similarly, cytomegalovirus (CMV) prophylaxis with ganciclovir is not recommended in pregnancy.

f. Women with positive results on tuberculin skin tests should be treated after a chest radiograph has been obtained to rule out active disease.
Treatment may be deferred until the second trimester. Isoniazid, either daily or twice weekly, is the treatment of choice. Pyridoxine hydrochloride
should be administered as well to minimize the risk of neuropathy.

3. Routine vaccinations include the hepatitis B virus (HBV) series, one-time pneumonia vaccine, and an annual influenza vaccine. Rubella vaccine may be
safely administered as indicated. Severely immunocompromised patients may fail to mount an appropriate response to vaccines, however. Studies of
nonpregnant adults have shown transient bursts of viremia after vaccination. The effect of transient postvaccination viremia on vertical transmission rates
is unknown. It is reasonable to defer vaccination in pregnancy until antiretroviral therapy has been established.

4. Serum monitoring of HIV-infected patients includes obtaining a baseline CD4 count, HIV RNA polymerase chain reaction (PCR) quantification, CBC,
and liver function tests, and assessing CMV infection and toxoplasmosis status.

a. If the CMV test results are positive, an ophthalmologic evaluation is indicated. The risk of CMV retinitis is present in patients with a CD4 count of less
than 50/mL. Toxoplasmosis in HIV-infected patients usually is caused by reactivation of latent disease (seroprevalence of 10—30%). Toxoplasmosis
risk is increased in patients with a CD4 count of less than 100/mL (75% of cases occur in those with a CD4 count of less than 50/mL); prophylaxis is
provided by TMP/SMX-DS.

b. After a patient is started on antiretroviral therapy, a set of laboratory studies should be repeated on a monthly basis for 2 months, then every 2 or 3
months, or after any changes in her medical therapy, depending on her response to therapy. An effective therapeutic regimen should result in an
increase in the patient's CD4 count and a substantial decrease in her viral load; undetectable viral levels are to be expected on the triple-drug
regimen. Failure to achieve such an effect warrants a reevaluation of the regimen.

c. Patients requiring only ZDV for fetal indications must be informed of the possibility that their risk of drug resistance will increase with one-drug
therapy. Pregnancy is the only indication for such therapy at this point. Our practice is to administer zidovudine in combination with lamivudine (3TC,
Epivir) in an attempt to decrease the risk that resistant viral serotypes will arise.

5. Drug toxicity
a. General. Gl upset, chiefly nausea, vomiting, and diarrhea, can occur with any of the commonly prescribed medications and is a significant problem in

pregnancy.

b. Nucleoside analog reverse transcriptase inhibitors. Of the five approved, only ZDV and 3TC have been evaluated in clinical trials involving
pregnant women.

insomnia, myalgias, asthenia, malaise, and headaches. Bone marrow suppression resulting in anemia or neutropenia can be severe and
occasionally necessitates the use of erythropoietin (U.S. FDA Pregnancy Category C), blood transfusions, dose reductions, or drug holidays.
Macrocytosis is usually observed during the first month of therapy and has been used as a measure of patient compliance. A mild, reversible
elevation of transaminase levels can be seen. Fingernail, skin, and oral mucosa discoloration may appear at 2—6 weeks of therapy. Rarely,
nucleoside analog therapy is associated with lactic acidosis or severe hepatomegaly with steatosis, either of which necessitates discontinuance of
the therapy. ZDV has been shown to be toxic in animals when given early in gestation, and the manufacturer has recommended that ZDV be
administered only after 14 weeks' gestation. Long-term follow-up of children exposed in utero is not available for any antiretroviral drug, but
short-term studies of ZDV (up to 4 years) have been reassuring. ZDV is excreted in breast milk.
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TABLE 11-1. PEDIATRIC AIDS CLINICAL TRIAL GROUP PROTOCOL 076 (PACTG 076) ZIDOVUDINE (ZDV) REGIMEN

2. 3TC (U.S. FDA Pregnancy Category C) has minimal toxicity. Side effects include abdominal pain; nausea, vomiting, and diarrhea; headache; fever;
rash; malaise; insomnia; cough; nasal symptoms; and musculoskeletal pain. Rarely, peripheral neuropathy and pancreatitis have been reported.
TMP-SMX-DS has been shown to decrease serum levels of 3TC; the therapeutic implications of this interaction are unclear. 3TC is excreted in
breast milk.

3. Didanosine (dideoxyinosine, Videx) (U.S. FDA Pregnancy Category B) requires concomitant antacid administration. Severe side effects include
peripheral neuropathy and pancreatitis. It is not known whether didanosine is excreted in breast milk.

4. Stavudine (didehydrodeoxythymidine, Zerit) (U.S. FDA Pregnancy Category C) is being studied now as treatment for pregnant women.

5. Abacavir sulfate (ABC) and zalcitabine (dideoxycytidine) have not been studied for use in pregnant humans.

c. Nonnucleoside analog reverse transcriptase inhibitors
1. Nevirapine (Viramune) has adverse effects that include fatigue, headache, nausea and diarrhea, increases in hepatic enzyme levels, hepatitis, and

skin rashes. Rarely, Stevens-Johnson syndrome and toxic epidermal necrolysis have resulted, so the drug should be discontinued if a severe skin
rash or a rash accompanied by fever, blistering, oral lesions, conjunctivitis, swelling, myalgias, or arthralgias is noted. Nevirapine is excreted in
breast milk.

2. Delavirdine mesylate (Rescriptor) (U.S. FDA Category C) can cause nausea, vomiting, rash, headache, and fatigue. As with nevirapine, severe
skin reactions have occurred. It is not known whether delavirdine is excreted in breast milk.

3. Efavirenz (EFV, Sustiva) is contraindicated in pregnancy because primate studies reveal a high rate of severe birth defects with its use, including
anencephaly, anophthalmia, cleft palate, and microophthalmia. Its use has not been tested in human gestation, however, so is designated U.S.
FDA Pregnancy Category C. It is unknown whether efavirenz is excreted in breast milk.

d. Protease inhibitors. As a class, these drugs interact with the hepatic cytochrome P-450 system. Drug-drug interactions between other antiretrovirals
and other medications are a common problem. Hyperglycemia and an association with the onset or worsening of diabetes mellitus has occurred in
patients taking protease inhibitors. It is not known whether this effect is influenced by pregnancy, but glucose levels should be closely monitored in
pregnant patients taking protease inhibitors. Allergic reactions have been a problem for indinavir sulfate, saquinavir mesylate, and ritonavir. It is not
known whether any of the protease inhibitors is excreted in human breast milk.

1. Indinavir sulfate (IDV, Crixivan) (U.S. FDA Pregnancy Category C), a frequently prescribed protease inhibitor, carries the risk of nephrolithiasis and
requires the consumption of an additional liter of fluid daily. Because indinavir crosses the placenta and the fetus cannot voluntarily increase its
fluid intake, it is best to avoid use of this drug in pregnancy. Other side effects of indinavir include nausea, vomiting, diarrhea, reflux, and
dyspepsia. Indinavir is also considered unsafe for use during lactation.

2. Nelfinavir (Viracept) (U.S. FDA Pregnancy Category B) has the common side effects of diarrhea, nausea, and fatigue. It is the most commonly
used protease inhibitor in pregnancy.

3. Saquinavir (Invirase) (U.S. FDA Pregnancy Category B) is associated with asthenia, diarrhea, and abdominal pain. Photosensitivity and
pancreatitis have been noted.

4. Ritonavir (Norvir) (U.S. FDA Category B) is commonly associated with vasodilation, and syncope and orthostatic hypotension have been noted.

5. Amprenavir (Agenerase) (U.S. FDA Category C) is the newest protease inhibitor. Its use has not been studied in humans.

e. Hydroxyurea (U.S. FDA Category D) has been examined in only limited human studies, but significant toxicities have been noted in multiple animal
species. In addition, its role in HIV therapy is not well defined. Women are advised to avoid pregnancy while taking hydroxyurea.

Il. Cytomegalovirus

A. Epidemiology. CMV infection is the most common congenital infection, affecting 0.4—2.3% of neonates. CMV is a ubiquitous DNA herpesvirus. In the United
States, approximately half of the population is CMV seropositive. The virus has been isolated from saliva, cervical secretions, semen, and urine. Infection
can also be contracted by exposure to infected breast milk or blood products. Transmission can occur from mother to child both in utero and postpartum. An
estimated 40,000 infants are born infected with CMV infection in the United States annually. By school age, 30—60% of children are infected.

B. Clinical manifestations
1. Maternal infection. In immunocompetent adults, CMV infection is silent; symptoms appear in only 1-5% of cases. These symptoms include low-grade

fever, malaise, arthralgias, and, occasionally, pharyngitis with lymphadenopathy. As in other herpesvirus infections, after primary infection,

cytomegalovirus becomes latent, with periodic episodes of reactivation and shedding of virus. Mothers determined to be seronegative for CMV before
conception or early in gestation have a 1-4% risk of acquiring the infection during pregnancy, with a 30—-40% rate of fetal transmission. Fetal infection
also can result from recurrent maternal CMV infection. In fact, most fetal infections are due to recurrent maternal infection. These infections rarely lead to
congenital abnormalities. Previously acquired immunity confers a decreased likelihood of clinically apparent disease, because partial protection to the
fetus is provided by maternal antibodies. Acquired immunity does not impede transmission, but evidently prevents the serious sequelae that develop with
primary maternal infection.

2. Congenital infection. Ten percent to 15% of infected infants have clinically apparent disease, with 90% developing sequelae. Of the remaining 85-90%
with asymptomatic infection, 5-15% develop long-term sequelae. A higher risk of sequelae is seen in fetuses infected earlier in gestation than in those
infected later. Preterm neonates are at greatest risk of infection. Manifestations of CMV in the neonate may include focal or generalized organ
involvement. Common clinical findings in fetal infection include the presence of petechiae, hepatosplenomegaly, jaundice, microcephaly with
periventricular calcifications, oligohydramnios, intrauterine growth retardation, premature delivery, inguinal hernias in boys, and chorioretinitis.
Nonimmune hydrops has also been reported. The severely affected infant may present with purpura, “blueberry muffin skin,” and “salt and pepper skin.”
Approximately one-third of neonates with symptomatic infection die from severe disease, generally with cerebral involvement. Infants who survive
symptomatic CMV are at high risk of significant developmental and neurologic problems. Sixty percent to 70% of these survivors suffer hearing loss;
visual disturbances, motor impairments, language and learning disabilities, and mental retardation are also common.

C. Diagnosis
1. Maternal infection currently can be detected reliably only by documenting maternal seroconversion using serial Immunoglobulin G (IgG) measurements

during pregnancy. If seropositivity is detected at least several months before conception, symptomatic fetal infection is unlikely. In practice, however, this

testing does not occur. Most primary infections are clinically silent, so the majority are undiagnosed. Screening of asymptomatic pregnant women for
seroconversion is not recommended because distinguishing primary from secondary CMV infection is frequently difficult using CMV serology. The CMV

IgM test result is positive in only 75% of primary infections and in 10% of secondary infections. Screening is also of limited value due to the lack of a CMV

vaccine and the inability to predict severity of sequelae of primary infection.

2. Fetal infection. Ultrasonography may enable the detection of the fetal anomalies that characterize CMV infection. Amniocentesis and cordocentesis also
have been used to diagnosis fetal infection using measurement of total and specific IgM antibodies and viral culture.

D. Management. Effective in utero CMV therapy for the fetus does not exist. Given the difficulty in distinguishing primary from secondary maternal CMV
infection, counseling patients about pregnancy termination is problematic because most infected fetuses do not suffer serious sequelae. Breast feeding is
discouraged in women with active infection.

lll. Varicella zoster virus

A. Epidemiology. The incidence of varicella in pregnancy is approximately 0.7:1000 pregnancies. Herpes zoster is also uncommon in women of childbearing
age.

1. The major mode of transmission is respiratory, although direct contact with vesicular or pustular lesions also may result in disease. Nearly all persons are
infected before adulthood, 90% before the age of 10.

2. Varicella outbreaks occur most frequently during the winter and spring. The incubation period is 13—-17 days. Infectivity is greatest 24—48 hours before the
onset of rash and lasts 3—4 days into the rash. The virus is rarely isolated from crusted lesions.

B. Clinical manifestations
1. Maternal infection. Primary varicella infection tends to be more severe in adults than in children. Infection is especially severe in pregnancy. The risk of

varicella pneumonia appears to increase in pregnancy, starting several days after the onset of the characteristic rash. When varicella pneumonia occurs

in pregnancy, maternal mortality may reach 40% in the absence of specific antiviral therapy. Early signs and symptoms of varicella pneumonia should be
managed aggressively. Herpes zoster infection, or reactivation of varicella, is more common in older and immunocompromised patients. Zoster is not
more prevalent or severe in pregnancy.

2. Congenital infection. Of fetuses born to mothers who had active disease during the first 20 weeks of pregnancy, 20—40% are infected. The risk of
congenital malformation after fetal exposure to primary maternal varicella before 20 weeks' gestation is estimated to be approximately 5%. Fetal infection
with varicella zoster virus can lead to one of three major outcomes: intrauterine infection, which infrequently causes congenital abnormalities; postnatal
disease, ranging from typical varicella with a benign course to fatal disseminated infection; and shingles, appearing months or years after birth. The
sequelae of congenital varicella syndrome have been attributed to the occurrence of infection before 20 weeks' gestation. Those afflicted may exhibit a



variety of abnormalities, including cutaneous scars, limb-reduction anomalies, malformed digits, muscle atrophy, growth restriction, cataracts,
chorioretinitis, microphthalmia, cortical atrophy, microcephaly, and psychomotor retardation. The risk of this syndrome is estimated to be around 2%.
Infection after 20 weeks' gestation may lead to postnatal disease. If maternal infection occurs within 5 days of delivery, hematogenous transplacental viral
transfer may cause significant infant morbidity, incurring infant mortality rates between 10% and 30%. Sufficient antibody transfer to protect the fetus
apparently requires at least 5 days after the onset of the maternal rash. Women who develop chickenpox, especially near term, should be observed for
and educated about signs and symptoms of labor; they should receive tocolytic therapy if labor begins before day 5 of the maternal infection. Neonatal
therapy is also important when a mother develops signs of chickenpox less than 3 days postpartum.

Herpes zoster is not associated with fetal sequelae.

C. Diagnosis

1.

Clinical. The diagnosis of acute varicella zoster in the mother usually can be established by the characteristic clinical cutaneous manifestations
described as chickenpox. The generalized vesicular rash of chickenpox usually appears on the head and ears, then spreads to the face, trunk, and
extremities. Mucous membrane involvement is common. Lesions in different areas will be in different stages of evolution. Vesicles and pustules evolve
into crusted lesions, which then heal and may leave scars. Herpes zoster, or shingles, demonstrates a unilateral vesicular eruption, usually in a
dermatomal distribution.

Laboratory studies. Confirmation of the diagnosis may be obtained by examining scrapings of lesions, which may reveal multinucleated giant cells. For
rapid diagnosis, varicella zoster antigen may be demonstrated in exfoliated cells from lesions by immunofluorescent antibody staining.
Ultrasonography. Detailed ultrasonographic examination is probably the best means for assessing a fetus for major limb and growth disturbances. Other
abnormalities that have been detected before 20 weeks' gestation include polyhydramnios, hydrops fetalis, multiple hyperechogenic foci within the liver,
limb defects, and hydrocephaly. Although ultrasonography can be offered in pregnancies with maternal varicella, it is less likely to be helpful in cases of
zoster due to the very low risk of fetal sequelae.

D. Management

1.

2.

Exposure of a previously uninfected woman during pregnancy

a. An IgG titer should be obtained within 24—48 hours of a patient's exposure to a person with noncrusted lesions. The presence of IgG within a few days
of exposure reflects prior immunity. Absence of IgG indicates susceptibility.

b. Varicella zoster immune globulin. To prevent maternal infection in patients without IgG, some advocate administering varicella zoster immune globulin
(VZIG) within 96—144 hours of exposure, in a dosage of 125 U/10 kg up to a maximum of 625 units, or five vials, intramuscularly (IM). Because it is
difficult to obtain serologic test results in a timely manner, and because no proven benefit results from administration of VZIG for the prevention of
maternal-fetal transmission or amelioration of maternal symptoms and sequelae, many experts do not currently recommend VZIG administration to
pregnant women who have been exposed to varicella. If the mother becomes infected, a risk exists of fetal infection and the potential sequelae.
Pregnant women with varicella, however, may be advised to continue with the pregnancy because the risk of congenital varicella is small.

Maternal illness. Generally, the disease course in pregnant patients is similar to that in nonpregnant patients and requires no specific treatment. Most

patients require only supportive care with fluids and analgesics. If evidence of pneumonia or disseminated disease appears, the patient should be

admitted to the hospital for treatment with intravenous acyclovir. A decrease in maternal morbidity and mortality occurs in pregnant women afflicted with
varicella pneumonia who are treated with acyclovir during the last two trimesters, and the drug is safe to use at this stage of gestation. The dosage of
acyclovir is 10-15 mg/kg intravenously (IV) every 8 hours for 7 days, or 800 mg by mouth (PO) five times per day.

. Vaccination. An attenuated live vaccine was approved by the FDA in 1995. One dose is recommended for all children between ages 1 and 12, which

results in a 97% seroconversion rate. Two doses, given 4-8 weeks apart, are recommended for adolescents and adults without a history of varicella
infection. Use of the vaccine during pregnancy is not recommended.

IV. Parvovirus B19
A. Epidemiology. Thirty percent to 60% of adults have acquired immunity to human parvovirus B19. Most clinical infections, which are known as erythema
infectiosum or fifth disease, occur in school-aged children. The virus is spread primarily by the respiratory route. Outbreaks usually occur in the midwinter to
spring months.
B. Clinical manifestations

1.

Maternal infection. Adults may present with the typical clinical features of fifth disease, particularly a red, macular rash and erythroderma affecting the
face, which gives a characteristic “slapped cheek” appearance. Sixty percent of infected adults have acute joint swelling, usually with symmetrical
involvement of peripheral joints; the arthritis may be severe and chronic. Some adults have completely asymptomatic infection. Parvovirus B19 may cause
aplastic crises in patients with hemolytic anemia (i.e., sickle cell disease). The course of the infection is unchanged in pregnancy.

Fetal infection. Approximately one-third of maternal infections are associated with fetal infection. On transplacental transfer of the virus, fetal red blood
cell precursors may be infected. Infection of fetal red blood cell precursors can result in fetal anemia, which, if severe, leads to nonimmune hydrops
fetalis. The likelihood of severe fetal disease is increased if maternal infection occurs during the first 18 weeks of pregnancy, but the risk of hydrops

fetalis persists even when infection occurs in the late third trimester. Fetal immunoglobulin M (IgM) production after 18 weeks' gestation probably
contributes to the resolution of infection in fetuses who survive. Fetal demise may occur at any stage of pregnancy. Studies suggest that the overall risk of
fetal death after maternal parvovirus B19 infection is lower than 10%, and the risk is lower still in the second half of pregnancy. Although no direct
evidence exists that parvovirus B19 causes congenital anomalies, there is some evidence that possible damage to the fetal myocardium results from
infection.

C. Diagnosis

1.
2.

3.

The illness may be suspected on epidemiologic grounds if a regional outbreak is ongoing or if a family member is known to be affected.

Clinical. Children, the most common transmitters of parvovirus B19 infection, present with systemic symptoms such as fever, malaise, myalgia, and
headaches as well as with a confluent, indurated facial rash that imparts the characteristic “slapped-cheek” appearance of fifth disease. The rash spreads
over 1-2 days to other areas, especially exposed surfaces such as the arms and legs, and is usually macular and reticular in appearance.

A pregnant woman who has been exposed to a child with fifth disease, who presents with an unexplained morbilliform or purpuric rash, or who has a
known history of chronic hemolytic anemia and presents with an aplastic crisis should be evaluated for parvovirus B19 virus by measuring IgG and IgM
titers. For patients who have had contact with an infected individual, titers should be drawn 10 days after exposure. Parvovirus B19 IgM appears 3 days
after the onset of iliness, peaks in 30—60 days, and may persist for 4 months. Parvovirus B19 IgG usually is detected by the seventh day of illness and
persists for years.

D. Management. No specific antiviral therapy exists for parvovirus B19 infection.

1.

2.

3.

Prophylaxis. Intravenous gamma globulin should be administered on an empiric basis to immunocompromised patients with known exposure to parvovirus
B19 and should be used for treatment of women in aplastic crisis with viremia.

Detection of fetal hydrops. When maternal infection is identified, serial sonographic studies should be performed. Although hydrops fetalis usually
develops within 6 weeks of maternal infection, it can appear as late as 10 weeks after maternal infection. Weekly or biweekly ultrasonographic scans can
be performed.

Intrauterine blood transfusion has been demonstrated to be a successful therapeutic measure for correcting the fetal anemia in fetal hydrops. Single or
serial intrauterine transfusions may be undertaken.

V. Rubella virus
A. Epidemiology. Despite immunization programs in the United States, up to 20% of adults remain susceptible to rubella. This number is due to failure to
immunize susceptible individuals, not to a lack of effectiveness of the vaccine. The number of reported cases of congenital rubella syndrome, however, is
now at an all-time low. Transmission results from direct contact with the nasopharyngeal secretions of an infected person. The most contagious period is the
few days before the onset of a maculopapular rash. The disease is communicable, however, for 1 week before and for 4 days after the onset of the rash. The
incubation period ranges from 14 to 21 days.
B. Clinical manifestations

1.

3.

Maternal infection. Rubella is symptomatic in 50-70% of those who contract the virus. The illness is usually mild, with a maculopapular rash that
generally persists for 3 days; generalized lymphadenopathy (especially postauricular and occipital), which may precede the rash; and transient arthritis.
Rubella follows the same mild course in pregnancy. The disease is often asymptomatic. Up to 50% of women with affected infants report no history of a
rash during their pregnancies.

Fetal infection after maternal viremia leads to a state of chronic infection. At least 50% of all fetuses are infected when primary maternal rubella infection
occurs in the first trimester, when the greatest risk of congenital anomalies exists. Multiple organ system involvement can occur. Permanent congenital
defects include ocular defects such as cataracts, microphthalmia, and glaucoma; heart abnormalities, especially patent ductus arteriosus, pulmonary
artery stenosis, and atrioventricular septal defects; sensorineural deafness; occasional microcephaly; and encephalopathy that culminates in mental
retardation or profound motor impairment. As many as one-third of infants asymptomatic at birth may develop late manifestations, including diabetes
mellitus, thyroid disorders, and precocious puberty. The extended rubella syndrome (progressive panencephalitis and type 1 diabetes mellitus) may
develop as late as the second or third decade of life. Infants born with congenital rubella may shed the virus for many months.

Mortality. Spontaneous abortion occurs in 4-9% and stillbirth in 2—3% of pregnancies complicated by maternal rubella. The overall mortality of infants



C.

D.

with congenital rubella syndrome is 5—-35%.

Diagnosis

1. Serology. Diagnosis is usually confirmed by serology because viral isolation is technically difficult; moreover, results from tissue culture may take up to 6
weeks to obtain. Many rubella antibody detection methods exist, including hemagglutination inhibition and radioimmunoassay, and latex agglutination.
Specimens should be obtained as soon as possible after exposure, 2 weeks later, and, if necessary, 4 weeks after exposure. Serum specimens from both
acute and convalescent phases should be tested; a fourfold or greater increase in titer or seroconversion indicates acute infection. If the patient is
seropositive on the first titer, no risk to the fetus is apparent. Primary rubella confers lifelong immunity; protection, however, may be incomplete.
Antirubella IgM can be found in both primary and reinfection rubella. Reinfection rubella usually is subclinical, rarely is associated with viremia, and
infrequently results in a congenitally infected infant.

2. Prenatal diagnosis is made by identification of IgM in fetal blood obtained by direct puncture under ultrasonographic guidance at 22 weeks' gestation or
later. The presence of rubella-specific IgM antibody in blood obtained by cordocentesis indicates congenital rubella infection, because IgM does not cross
the placenta.

Management

1. Pregnant women should undergo rubella serum evaluation as part of routine prenatal care. A clinical history of rubella is unreliable. The rubella vaccine is
an attenuated live virus, and if the patient is nonimmune, she should receive rubella vaccine after delivery. Contraception should be used for a minimum
of 3 months after vaccination. There is a theoretical risk of teratogenicity if the vaccine is used during pregnancy. The CDC has maintained a registry
since 1971 to monitor fetal effects of vaccination, however, and there have been no reported cases of vaccine-induced malformations.

2. If a pregnant woman is exposed to rubella, immediate serologic evaluation is mandatory. If primary rubella is diagnosed, the mother should be informed
about the implications of the infection for the fetus. If acute infection is diagnosed during the first trimester, the option of therapeutic abortion should be
considered. Women who decline this option may be given immune globulin because it may modify clinical rubella in the mother. Immune globulin,
however, does not prevent infection or viremia and affords no protection to the fetus.

VI. Hepatitis A virus

VII.

A.

Epidemiology. The hepatitis A virus (HAV) accounts for approximately one-third of all cases of acute hepatitis in the United States. It is transmitted primarily

through fecal-oral contamination. Epidemics frequently result from contaminated food or water supplies. The virus's incubation period ranges from 15 to 50

days, with a mean of 28—-30 days. The duration of viremia is short. The virus typically is not excreted in urine or other bodily fluids. Feces contain the highest

concentration of viral particles. Obstetric patients at highest risk of developing HAV infection are those who have emigrated from, or traveled to, countries

where the virus is endemic (Southeast Asia, Africa, Central America and Mexico, and the Middle East). It affects approximately 1:1000 pregnant American

women.

Clinical manifestations

1. Maternal infection. Serious complications of HAV infection are uncommon. A chronic carrier state does not exist. Symptoms include malaise, fatigue,
anorexia, nausea, and abdominal pain, typically right upper quadrant or epigastric. Physical findings include jaundice, upper abdominal tenderness, and
hepatomegaly. In fulminant hepatitis, signs of coagulopathy and encephalopathy may be seen.

2. Fetal effects. Perinatal transmission of HAV has not been documented.

Diagnosis. A complete travel history suggests the diagnosis in a jaundiced patient. A marked increase in liver function indicators (ALT and AST) is seen;

serum bilirubin concentration may be increased. Abnormalities in coagulation and hyperammonemia may be noted. Hepatitis serologic testing should be
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TABLE 11-2. INTERPRETATION OF HEPATITIS SEROLOGY RESULTS

Management

1. Administration of HAV immune globulin is recommended for those with close personal or sexual contact with affected individuals. A single IM dose of 1
mL should be given as soon as possible after exposure; the agent is ineffective if given more than 2 weeks after exposure. HAV immune globulin is safe
in pregnancy.

2. There is no antiviral agent available for the treatment of HAV. Most affected individuals can be treated as outpatients. Activity level should be decreased
and upper abdominal trauma should be avoided. Those with encephalopathy or coagulopathy and debilitated patients should be hospitalized.

3. The HAV vaccine (inactivated viral vaccine) may be used in pregnancy. Anyone traveling to an endemic area should receive the vaccine series (two
injections 4—-6 months apart).

Hepatitis B virus

A.

Epidemiology. In North America hepatitis B virus (HBV) transmission occurs most commonly via parenteral exposure or sexual contact. Approximately

300,000 new cases of HBV are diagnosed annually in the United States. More than 1 million Americans are chronic carriers. Acute HBV occurs in 1-2:1000

pregnancies and chronic HBV in 5-15:1000. Mother-to-infant transmission appears to be a significant mode of maintenance and transmission of infection

throughout the world. Possible sources of mother-to-infant infection are infected amniotic fluid and blood. Between 85% and 90% of cases of perinatal

transmission appear to occur during delivery.

Natural history. The hepatitis B virus contains three principal antigens. HBV surface antigen (HBsAQ) is present on the surface and also circulates in

plasma. It is detectable in serum in almost all cases of acute and chronic HBV. HBV core antigen (HBcAg) compromises the middle portion (the

nucleocapsid) of the virus. This antigen is found only in hepatocytes during active viral replication. HBV e antigen (HBeAg) is another product of the core

gene that produces HBCAg; its presence in serum indicates active viral replication. Circulating antibodies against the viral antigens develop in response to

infection.

Clinical manifestations

1. Maternal infection. The prodrome of HBV virus often is associated with nonhepatic symptoms such as rash, arthralgias, myalgias, and occasional frank
arthritis. Jaundice occurs in a minority of patients. Eighty-five percent to 90% of acute cases completely resolve, and the patient develops protective
levels of antibody. The other 10-15% of patients become chronically infected; they have detectable levels of HBsAg but are completely asymptomatic and
have normal liver function test results. Fifteen percent to 30% of chronic carriers have continued viral replication (biochemically manifested by persistent
presence of HBeAg) and are at risk of the development of chronic hepatitis, cirrhosis, and hepatocellular carcinoma. Acute hepatitis carries a 1%
mortality. In otherwise healthy women, no worsening of the course of the disease occurs during pregnancy.

2. Fetal infection. Ten percent to 20% of women seropositive for HBsAg transmit the virus to their neonates in the absence of immunoprophylaxis. In

women who are seropositive for both HBsAg and HBeAg, the vertical transmission rate increases to 90%. The frequency of vertical transmission is also

affected by the timing of maternal infection. When maternal infection occurs in the first trimester, 10% of neonates are seropositive; when it occurs in the

third trimester, 80—90% of neonates are infected. Whether infection occurs in utero or intrapartum, the presence of HBeAg in a fetus carries an 85—-90%

likelihood of development of chronic hepatitis B virus infection and the associated hepatic sequelae. No increases in sequelae such as malformation,

intrauterine growth retardation, spontaneous abortion, or stillbirth appear to exist.

HBsAg appears in the blood before clinical symptoms develop, and its presence implies carrier or infective status.

HBeAg is detected during active viral replication.

The disappearance of HBeAg and the appearance of anti-HBcAg IgG signals a decrease in infectivity.

The presence of anti-HBsAg IgG indicates immunity or recovery.

If a patient is tested during the period in which results for HBsAg are negative, HBV virus can be identified by the presence of anti-HBsAg IgM.

The risk of fetal transmission is highest in mothers who are HBeAg positive at the time of delivery.

Management

1. If significant GI symptoms develop, including hepatitis and an inability to tolerate oral intake, patients may require hospitalization for parenteral hydration.
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Administration of alpha interferon has been shown to alter the natural history of acute HBV infection but has multiple side effects (myelosuppression,
autoantibody formation, thyroid disturbances, and possible cardiotoxicity). Its use should be avoided in pregnancy.

2. The CDC recommends universal screening of pregnant women for HBV virus. Serum transaminase levels should be measured in seropositive patients to
detect evidence of active chronic hepatitis. Recombinant HBV vaccine should be offered to all pregnant women deemed to be at high risk for contracting
HBV, such as those with histories of sexually transmitted diseases or intravenous drug use. The vaccine results in 95% seroconversion rates if
administered into the deltoid muscle. Lower seroconversion rates are seen with intragluteal and intradermal injections.

3. Women exposed to HBV should receive passive immunization with HBV immune globulin (HBIG) and should undergo active immunization with the
recombinant HBV vaccine, preferably in the contralateral arm. The HBIG regimen is 75% effective in preventing maternal HBV infection. HBIG and HBV
vaccines interrupt vertical transmission of the virus in 85—90% of cases. HBIG, 5 mL, is administered to adults for prophylaxis as soon as possible after
exposure. HBIG, 0.5 mL, should be administered to neonates within 12 hours of birth to infected mothers. HBIG administration should be followed by the
standard three-dose immunization series, with HBV vaccinations at the time of HBIG administration.

4. During labor, invasive fetal monitoring (fetal scalp electrodes or fetal scalp blood sampling) should be avoided in the context of HBV.

VIII. Hepatitis C virus

XI.

A.

Epidemiology. Transmission of the hepatitis C virus (HCV) appears to be similar to that of HBV, with an increased incidence among intravenous drug
abusers, recipients of blood transfusions, and patients with multiple sex partners. Parenteral transmission occurs via blood and body fluids. Fewer
transmissions from blood product transfusions occur now than in the past, however, as a result of blood bank screening. HCV may infect as much as 0.6% of
pregnant American women.

Clinical manifestations

1. Maternal infection. Approximately 50% of patients with acute HCV develop chronic disease. Of these patients, at least 20% subsequently develop
chronic active hepatitis or cirrhosis. Unlike HBV antibodies, antibodies to HCV are not protective. HCV causes acute hepatitis in pregnancy but may go
undetected if liver function tests and HCV antibody tests are not performed. Several months may elapse before positive results are detected on HCV
antibody tests. Vertical transmission is proportional to the titer of HCV viral RNA in the maternal serum. Vertical transmission is also more likely if the
mother also is infected with HIV. Approximately 8% of HCV-positive women transmit the virus to their children.

2. Fetal infection. Currently, there is no way to prevent prenatal transmission. If transmission occurs transplacentally, the neonate is at increased risk of
acute hepatitis and of probable chronic hepatitis or carrier status. To date, however, no teratogenic syndromes associated with this virus have been
defined. During labor, fetal scalp electrode use and fetal scalp blood sampling should be avoided. When possible, women with HCV should not breast
feed, because the risk of transmission through breast milk is 2—3%.

Diagnosis. Serum analysis is performed to detect antibody to HCV. Because it takes up to 1 year after infection for infected individuals to become

seropositive, however, many cases may be missed by serum analysis. HCV viral RNA can be detected by PCR assay of serum soon after infection and in

Management. Because no known method to prevent vertical transmission exists, prevention of maternal infection by blood product screening has been the

mainstay of management. Treatment with alpha interferon produced clinical improvement in 28—-46% of patients with chronic HCV, but approximately 50% of

these patients experienced relapse within 6 months of cessation of therapy. Pregnant women have not been studied. Until more data are available, it is
reasonable to administer immune globulin in a 0.5 mL dose to infants at risk for HCV infection immediately after birth and 4 weeks later, to prevent neonatal

HCV acquisition from a mother positive for anti-HCV antibody.

Rubeola virus

A.

B.

Epidemiology. Rubeola (measles) is highly contagious. Its incubation period is 10-14 days. Since the advent of the measles vaccine, rates have fallen 99%.

Rubeola is extremely rare in pregnancy because of low susceptibility in adults.

Clinical manifestations

1. The prodrome, which consists of fever, cough, conjunctivitis, and coryza, lasts 1-2 days; Koplik spots (pinpoint gray-white spots surrounded by
erythema) appear on the second or third day; a rash emerges on the fourth day. Patients remain contagious from the onset of symptoms until 2—4 days
after the appearance of the maculopapular and characteristic semiconfluent rash. Measles may be complicated by pneumonia, encephalitis, or otitis
media. Pneumonia occurs in 3.5-50.0% of adults who contract measles, and superinfection may occur. Superinfection should be suspected in patients
who demonstrate clinical deterioration, an elevated WBC with a leftward shift, and a chest radiograph with evidence of multilobar infiltrates. Encephalitis
occurs in 1:1000 cases of measles and may result in permanent neurologic impairment and a mortality rate of 15-33%. Another rare but serious sequela
is subacute sclerosing panencephalitis, which occurs in 0.5-2:1000 cases. It typically develops 7 years after measles infection and is most common in
children who contract measles before the age of 2. Subacute sclerosing panencephalitis usually has a fatal outcome.

2. Maternal infection. Higher rates of mortality have been observed in pregnant women with measles, primarily due to pulmonary complications. A small
increase in spontaneous abortion and preterm labor also has been noted.

3. Fetal infection. No definitive evidence of a teratogenic influence exists. Infants born to infected mothers are at risk of neonatal infection resulting from
transplacental viral transmission.

Diagnosis

1. Maternal infection. Clinical diagnosis is considered to be reliable. When the patient's presentation is atypical, laboratory confirmation of the diagnosis by
serologic studies may be required. A pregnant woman with measles should be evaluated for preterm labor, volume depletion, hypoxemia, and secondary
bacterial pneumonitis.

2. Fetal infection. Ultrasonographic evaluation of the fetus is sufficient; microcephaly, growth restriction, and oligohydramnios should be sought.

Management. Susceptible (nonimmune) women should receive a vaccine postpartum and should be advised to use contraception for 3 months after

vaccination, because the vaccine is of the live, attenuated viral variety. Susceptible pregnant women who are exposed to measles should receive immune

globulin, 0.25 mg/kg IM. Measles is not a contraindication for breast feeding. No specific therapy is available for measles other than supportive measures

and close observation for the development of complications. Infants delivered to mothers who develop measles within 7—10 days of delivery should receive

IM immune globulin (0.25 mg/kg) as well.

Mycoplasma and Ureaplasma

A.

C.
D.

Epidemiology. Mycoplasma species are common inhabitants of genital mucous membranes. Colonization rates are higher among patients from lower

socioeconomic groups. Women who do not use barrier methods of contraception are more likely to be colonized. The rate of colonization increases with

number of sexual partners.

Clinical manifestations

1. Maternal infection. Mycoplasma hominis and Ureaplasma urealyticum are commonly identified in women with bacterial vaginosis. The exact impact of
these organisms on human reproduction has yet to be clarified. They have been implicated in infertility, habitual abortion, and low birth weight. An
association between chorioamnionitis and mycoplasmal infection has been reported.

2. Fetal infection. Studies have failed to demonstrate an association between adverse pregnancy outcomes and maternal mycoplasmal infection. In
neonates with meningitis, however, Mycoplasma species were most frequently isolated from cerebrospinal fluid.

Diagnosis is confirmed by cervical culture.

Management. Mycoplasma hominis infections respond to treatment with clindamycin. Infection with Ureaplasma species usually responds to tetracyclines

and to erythromycin, which is the appropriate antibiotic to use in pregnancy. No immunizations for these infections exist.

Toxoplasma

A.

Epidemiology. In the United States, the incidence of acute toxoplasmaosis infection in pregnancy has been estimated to be 0.2-1.0%. Congenital
toxoplasmosis occurs in 1-8:1000 live births. Transmission occurs primarily via ingestion of undercooked or raw meat containing cysts, ingestion of food or
water contaminated by the feces of an infected cat, or handling of material contaminated by the feces of an infected cat. Approximately one-third of American
women carry antibodies to Toxoplasma.

Clinical manifestations

1. Maternal infection. Specific symptoms signaling acute toxoplasmosis infection are uncommon in pregnant women. A mononucleosis-like syndrome,
including fatigue, malaise, cervical lymphadenopathy, and atypical lymphocytosis, may occur. Placental infection and subsequent fetal infection occur
during the spreading phase of the parasitemia. The overall risk of fetal infection is estimated to be 30—-40%, and the rate of transmission increases with
gestational age.

2. Fetal infection. During the first trimester, the rate of transmission is approximately 15%. The rate of second trimester transmission is approximately 30%
and of third trimester transmission, 60%. Fetal morbidity and mortality rates are higher after early transmission. Infected neonates often have evidence of
disease, including low birth weight, hepatosplenomegaly, icterus, and anemia. Sequelae such as vision loss and psychomotor and mental retardation are
common. Hearing loss is demonstrated in 10—-30% and developmental delay in 20—75%. Chorioretinitis often develops.

Diagnosis. Screening for toxoplasmosis is not routine in the United States. Because most women with acute toxoplasmosis are asymptomatic, the diagnosis

is not suspected until an affected infant is born. For women who do present with symptoms of acute toxoplasmosis, both IgM and IgG titers should be
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TABLE 11-3. INTERPRETATION OF TOXOPLASMA SEROLOGY RESULTS

1. A negative IgM finding rules out acute or recent infection, unless the serum has been tested so early that an immune response has not yet been mounted.
A positive test finding is more difficult to interpret because IgM may be elevated for more than 1 year after infection.

2. Serologic tests generally used include the Sabin-Feldman dye test, the indirect fluorescent antibody test, and ELISA.

3. PCR testing can be performed on amniotic fluid specimens and a diagnosis obtained in 1 day.

D. Management. For women who elect to continue their pregnancies after a diagnosis of toxoplasmaosis, therapy must be initiated immediately and continued in
the infant for a year or more to decrease the risk of development of sequelae. Medical therapy is believed to decrease the risk of development of permanent
sequelae by 50%.

1. Spiramycin is available in the United States through the FDA (301-443-4280), or through the drug's manufacturer (Rhéne-Poulenc Rover, Valley Forge,
PA). Its use reduces the incidence of fetal infection but not necessarily the severity of fetal infection. It is recommended for the treatment of acute
maternal infections diagnosed before the third trimester and should then be continued for the duration of the pregnancy. If amniotic fluid PCR results for
Toxoplasma are negative, spiramycin is used as a single agent; if results are positive, pyrimethamine and sulfadiazine should be added. Spiramycin
dosing is 500 mg PO five times daily, or 3g/day in divided doses.

2. Pyrimethamine and sulfadiazine. These two agents act synergistically against Toxoplasma gondii. The dosing is pyrimethamine, 25 mg PO daily, or
sulfadiazine, 1 g PO four times daily, for 28 days. Folinic acid, 6 g IM or PO, is administered three times per week to prevent toxicity. During the first
trimester, pyrimethamine is not recommended due to a risk of teratogenicity. Sulfadiazine is omitted from the regimen at term.

XIl. Herpes simplex virus (HSV)

A. Epidemiology. Type 1 herpes simplex virus (HSV) is responsible for most nongenital herpetic infections and infrequently involves the genital tract. Type 2
HSV is usually recovered from the genital tract. Approximately 1:7500 live-born infants contracts HSV perinatally. Whether pregnancy alters the rate of
recurrence or frequency of cervical shedding of virus is disputed. Surveys indicate that the incidence of asymptomatic shedding in pregnancy is 10% after a
first episode and 0.5% after a recurrent episode.

1. Primary maternal infection with HSV results from direct contact, generally sexual, with mucous membranes or intact skin infected with the virus.

2. Fetal infection with HSV can occur via three routes. In utero transplacental transmission and ascending infection from the cervix both occur. The most
common route, however, is direct contact with infectious maternal genital lesions during delivery.

B. Clinical manifestations
1. Maternal infection. Primary infections are often severe but may be mild or even asymptomatic. Vesicles appear 2—-10 days after exposure on the cervix,

vagina, or vulva. Swelling, erythema, and pain are common, as is lymphadenopathy near the affected region. The lesions generally persist 1-3 weeks,
with concomitant viral shedding. Reactivation occurs in 50% of patients within 6 months of the initial outbreak and subsequently at irregular intervals.
Recurrent outbreaks are generally milder, with viral shedding for less than 1 week. In pregnancy, primary outbreaks are not associated with spontaneous
abortion but may increase the incidence of preterm labor in late pregnancy.

2. Fetal infection is usually the result of a primary maternal infection. Congenital infections resulting from a recurrent maternal infection are rare,
accounting for less than 1% of fetal infections. The transplacental passage of maternal IgG antibody is believed to account for the low rate of
transmission. Overall, congenital infections are very rare. Few are asymptomatic. The majority ultimately produce disseminated or CNS disease.
Localized infection is usually associated with a good outcome, but infants with disseminated infection have a mortality rate of 60%, even with treatment.
At least half of infants surviving disseminated infection develop serious neurologic and ophthalmic sequelae.

C. Diagnosis. When HSV is suspected, a swab specimen may be obtained from the lesion or vesicle and sent for tissue culture. Seven to 10 days must be
allowed for isolation of the virus via tissue culture, because 6 days may be required for low numbers of infective particles to produce the characteristic
cytopathic changes in vitro. Tissue culture has 95% sensitivity and very high specificity. The use of HSV-specific ELISA allows preliminary diagnosis within
24-48 hours of culturing. Serology is of limited value in diagnosis because a single antibody titer is not predictive of the presence or absence of genital
shedding of the virus. To reduce the likelihood of a false-negative result, the patient should point out the location of any lesions, as well as sites of prior
outbreaks. A sample from the endocervical canal and exfoliated cells from all suspicious areas should be obtained. Smears of scrapings from the bases of
vesicles may be stained using Tzanck or Papanicolaou techniques, which reveal multinucleated giant cells that implicate HSV infection. CMV cervical
infection, however, is difficult to differentiate from HSV infection by smears.

D. Management. Patients with a history of genital herpes should undergo a careful perineal examination at the time of delivery. Active genital HSV in patients in
labor or with ruptured membranes is an indication for cesarian section, regardless of the duration of rupture. There is evidence that HSV recurrences in the
regions of the buttocks, thighs, and anus are associated with low rates of cervical virus shedding, so that vaginal delivery is allowed. Vaginal delivery is
indicated if there are no signs or symptoms of HSV. Acyclovir may be used to treat HSV infection in pregnancy; however, valacyclovir hydrochloride (Valtrex)
has been shown to be more effective and is more easily tolerated due to a twice-daily dosing schedule. Third trimester suppression with valacyclovir, 500 mg
PO daily, should be considered in women with frequent outbreaks during their pregnancies.

XIll. Group B Streptococcus

A. Epidemiology. Group B Streptococcus (GBS), primarily S. agalactiae, can be isolated from the vagina, rectum, or both in 10-30% of obstetric patients.
Vaginal colonization presumably results from contamination by rectal flora rather than from sexual transmission. Although maternal colonization is common,

invasive disease in term neonates is rare. Maternal-fetal transmission can occur via an ascending route in utero or during passage of the fetus through the
vagina. The vertical transmission rate varies from 42% to 72%. No more than 1-2% of full-term infants delivered to colonized women, however, develop the
serious sequelae of sepsis, pneumonia, or meningitis. In preterm infants, invasive disease is more common and is accompanied by significant morbidity and

mortality.
B. Clinical manifestations
1. Maternal infection is occasionally a cause of asymptomatic bacteriuria and acute cystitis. Several complications occur with increased frequency in
GBS-infected women, including the following:
Premature rupture of membranes
Preterm labor
Chorioamnionitis
Puerperal endometritis, especially after cesarean section
Postoperative wound infections after cesarean section
Increased risk of bacteremia in patients with endometritis
g. Increased risk of preterm delivery in patients with GBS bacteriuria, but decreased risk after antibiotic therapy

2. Fetal infection. GBS is acquired in the immediate perinatal period as a result of contamination of the infant with the microorganism from the mother's
genital tract. GBS is a leading cause of pneumonia, sepsis, and meningitis during the first 2 months of life.

3. Neonatal morbidity and mortality. The overall neonatal case fatality rate ranges from 5% to 20%, with low-birth-weight infants at higher risk. The fatality
rate has fallen from a high of 15-50% in the 1970s, likely due to improvements in neonatal care. Early-onset GBS disease, which occurs before 7 days of
life, has an incidence of 1.3—3.7:1000 live births. Late-onset GBS infection, which occurs 7 days or later after birth, affects 0.5-1.8:100 live births and
carries a mortality rate of approximately 10%. Approximately 25% of affected infants are preterm. Meningitis occurs in 85%, but infants may also present
with bacteremia without localizing symptoms. Other clinical syndromes include pneumonia, osteomyelitis, and cellulitis. Neurologic sequelae develop in
15-30% of meningitis survivors.

C. Diagnosis. Definitive diagnosis is made by culture, and the highest yield is found when samples are obtained from both the lower vagina and the rectum.

These samples must be inoculated immediately into Todd-Hewitt broth or onto selective blood agar.

D. Management. In cases of lower urinary tract infection, the treatment is ampicillin or penicillin, 250 mg PO four times per day for 3—7 days. For pyelonephritis,
hospitalization is required, and ampicillin, 1-2 g IV every 6 hours, is administered. When the patient has been afebrile and asymptomatic for 24—48 hours,
she may be discharged, and an oral regimen of ampicillin or penicillin should be followed to complete a total of 7-10 days of therapy. The CDC recommends
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treating all patients with risk factors for GBS in the intrapartum period. Risk factors include a history of delivering an infant with invasive GBS; GBS
bacteriuria; and labor before 37 weeks. Multiple gestation is not considered a risk factor for GBS independent of prematurity. Patients without risk factors
may be screened with testing of lower vaginal and rectal swab specimens at 35-37 weeks' gestation. Patients with risk factors, with positive screening
results, or with preterm premature rupture of membranes, preterm labor, rupture of membranes of longer than 18 hours' duration, or overt chorioamnionitis
should all be treated for GBS during active labor. In cases of preterm premature rupture of membranes without labor, cultures should be sent; the patient may
be treated empirically for GBS and the treatment discontinued if the culture results are negative, or treatment may be delayed pending positive culture
results. The drug of choice for intrapartum treatment of GBS infection is penicillin, 5-million-U IV loading dose, followed by 2.5 million U IV every 4 hours. For
patients with an allergy to beta-lactam antibiotics, clindamycin, 600 mg IV; erythromycin, 1-2 g IV; or vancomycin hydrochloride, 500 mg IV is administered
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FIG. 11-1. Centers for Disease Control and Prevention algorithm for group B Streptococcus (GBS) testing and management. ?Broader spectrum antibiotics
may be considered at the physician's discretion, based on clinical indications.

. Immunization. Recent studies have found that neonatal susceptibility to GBS disease is caused by a deficiency of maternal anticapsular antibody. Maternal
immunization may prevent peripartum maternal disease and neonatal disease by transplacental transfer of protective IgG anticapsular antibodies. Vaccines
designed to induce anticapsular antibodies against GBS are being developed. These vaccines can potentially be used to prevent GBS disease in
nonpregnant adults as well. The potential impact of effective vaccines may be limited because of reduced transplacental transport of protective antibody
before 32—-34 weeks' gestation and because of possible difficulty in making the vaccine available to pregnant women.



12. CONGENITAL ANOMALIES
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Introduction
Methods of evaluation
Ultrasonographic examination

Maternal alpha-fetoprotein (AFP) determination and triple screen

Amniocentesis

Fetal thoracic malformations
Congenital diaphragmatic hernia

Congenital cystic adenomatoid malformation

Common cardiac defects

Gastrointestinal anomalies
Intestinal obstructions

Abdominal wall defects

Urinary tract anomalies

Congenital urinary tract obstruction

Fetal skeletal anomalies
Thanatophoric dysplasia

Camptomelic dysplasia

Diastrophic dysplasia

Osteogenesis imperfecta

l. Introduction Congenital malformations and genetic disorders play an important role in neonatal morbidity and mortality. Two percent of all liveborn infants have
a congenital malformation that has surgical or cosmetic significance. Birth defects or genetic disorders are caused by a multitude of conditions, including
environmental agents, chromosomal abnormalities, single-gene abnormalities, and multifactorial causes. The etiologies of many disorders are still unknown.
Some of the factors that should raise the clinician's suspicion include a positive family history of such disorders, advanced maternal age, exposure to teratogens
during pregnancy, abnormal maternal serum marker levels, fetal growth restriction, and abnormal amniotic fluid volume.

Il. Methods of evaluation
A. Ultrasonographic examination should be performed whenever there is a suspicion of an anomalous fetus based on the criteria described earlier. Given the

relatively high incidence of congenital malformations in the general population, however, routine sonography for anatomic survey is advocated by many

academicians. Sonography should evaluate fetal number, fetal presentation, fetal lie, placental location, amniotic fluid volume, and gestational age; confirm
presence or absence of maternal pelvic mass and provide evaluation; and provide a gross survey of fetal anatomy. Ultrasonography to exclude many
congenital anomalies should be deferred until midgestation (17 weeks' gestation or later). At this time, organogenesis is complete, and the structures of
interest are large enough to permit accurate evaluation, but ossification is not yet complete (which allows better visualization than would be afforded later in
pregnancy) and time remains for workup and exercise of all options should abnormalities be discovered. Structures to be evaluated include the following:

1. Head. The head can be measured using the biparietal diameter and head circumference. Intracranial anatomy should be examined at three levels to
ascertain that midline structures are present (biparietal diameter level), and that the ventricular and posterior fossa anatomy is normal.

2. Spine. In a targeted examination for neural tube defects, the fetal spine should be examined in both longitudinal and transverse planes from the cranium
to the sacrum.

3. Heart. A four-chamber image of the fetal heart and examination of the ventricular outflow tracts should be part of all examinations after 18—20 weeks'
gestation.

4. Abdomen. Ventral wall defects of the abdomen can be excluded by the demonstration of an intact abdomen in the area of the umbilical cord insertion.
Other normal structures that should be sought are the single cystic area representing the stomach on the left side of the abdomen and the umbilical vein,
which hooks in a crescentic fashion toward the right within the liver. Kidneys can be visualized as early as 14 weeks' gestation. The fetal bladder is
usually visible as a fluid-filled structure in the midline, low in the pelvis; in fact, the bladder may visibly fill and empty during the course of an examination.

5. Skeleton. When the extremities are examined, the four fetal limbs should be identified and measured routinely during any second or third trimester
evaluation. Both bones of the distal extremities should be present. If possible, digits should be counted, feet should be assessed for normal positioning,
and hands should be observed to open and close.

B. Maternal alpha-fetoprotein (AFP) determination and triple screen have been used to screen for neural tube defects, abdominal wall defects, and
chromosomal abnormalities. A high AFP level is suggestive of neural tube defect or abdominal wall defect; triple screen results with a low level of AFP, low
level of estriol, and high level of human chorionic gonadotropin are suggestive of trisomy 21. When all three values are low, the fetus is at risk for trisomy 18.

lll. Anomalies of the head and neck and CNS The most common abnormalities of these organ systems are neural tube defects and hydrocephalus.

A. Neural tube defects result from failure of the rostral neuropore (anencephaly) or caudal neuropore (spina bifida) to close during the third to fourth week of
gestation.

1. The etiology of these disorders is multifactorial. In anencephaly, the cranial vault is absent, as well as the telencephalic and encephalic structures.
Associated malformations are common, and polyhydramnios frequently is found. Spina bifida is characterized as occult (characterized by vertebral schisis
covered by normal soft tissue) or open (characterized by a defect in the skin, underlying soft tissues, and vertebral arches that exposes the neural canal).
Open spina bifida almost always is associated with a specific intracranial malformation (Arnold-Chiari, type Il). Frontal cranial narrowing (the lemon sign)
and abnormal convex configuration of the cerebellum (the banana sign), in addition to splaying of the vertebral arches, are consistently found in fetuses
with spina bifida. Hydrocephalus occurs in 60-85% of low lumbar and sacral defects and in 96% of high lumbar and thoracic lesions. Predictors of poor
outcome include high lumbar or thoracic defects, severe hydrocephalus (less than 1 cm of frontal cerebral mantle), other brain malformations, and other
structural anomalies. The term cephalocele denotes a protrusion of intracranial contents through a bony defect of the skull. Cephalocele may occur
either as an isolated defect or as a part of genetic syndromes (Meckel's syndrome) or nongenetic syndromes (amniotic band syndrome).

2. Diagnosis. The combined use of AFP determination and ultrasonography as a screening tool for the prenatal diagnosis of neural tube defects is a routine
part of antenatal care. Targeted ultrasonographic examinations of patients at risk because of either family history or elevated AFP levels are
recommended.

3. Management. Anencephaly is invariably fatal. Spina bifida is frequently complicated by birth injury due to traction on the exposed neural tissue, and
although disagreement exists, cesarean delivery is commonly recommended. The outcome for infants with spina bifida is dictated by the site and
extension of the lesion. The mortality rate has been reported to be as high as 40%, and many of the survivors suffer disability, mainly from lower limb
paralysis, sexual dysfunction, or incontinence, or a combination of these. Recurrence of neural tube defects in offspring of women with prior affected
infants can be decreased by preconception folic acid supplementation (4 mg daily), in accordance with the guidelines of the Centers for Disease Control
and Prevention.

B. Hydrocephalus is characterized by dilation of the fetal cerebral ventricles (ventriculomegaly) and ultimately enlargement of the fetal head (macrocrania). It
can be due to an obstructing lesion or it can be “communicating,” usually due to nonresorption of cerebrospinal fluid. Possible causes include isolated
agueductal stenosis, intracranial hemorrhage, and other cerebral structural anomalies. Incidence ranges from 0.3 to 1.5 per 1000 births in different series.
Both congenital infection and genetic factors are involved in the pathogenesis of aqueductal stenosis. Infectious antecedents include toxoplasmosis, syphilis,
cytomegalovirus infection, mumps, and influenza. Analysis of familial cases indicates an X-linked pattern of transmission that is thought to account for 25% of
lesions occurring in male fetuses. A multifactorial etiology with a recurrence risk of 1-2% has also been suggested. The Dandy-Walker malformation consists
of hydrocephalus, retrocerebellar cyst, and abnormal cerebellar vermis, and its cause is still unclear. Dandy-Walker malformation frequently is associated



with other nervous system abnormalities and systemic anomalies such as congenital heart disease.

1. Diagnosis of hydrocephalus by sonography is based on measurement of an enlarged ventricular system. After hydrocephalus has been recognized, the
site of obstruction may be determined by identifying the enlarged and normal portions of the ventricular system. The incidence of severe associated
anomalies, both structural and chromosomal, is approximately 30%. Detailed sonographic examination of the entire fetal anatomy, fetal
echocardiography, and karyotyping are strongly recommended.

2. Management. Fetuses with progressive hydrocephalus should be delivered as soon as fetal maturity is achieved, at a center able to provide prompt
neurologic treatment, to maximize the chances of survival and normal development. A cesarean section is recommended in cases of hydrocephalus with
associated macrocrania. Infants with aqueductal stenosis have been found to have normal intelligence after surgical correction in over 50% of those
studied. Isolated communicating hydrocephalus carries a good long-term prognosis. Infants with Dandy-Walker deformity have a mortality risk of up to
44% and an intelligence quotient below 85 in up to 90% of cases.

C. Large neck masses. A variety of neck masses, such as fetal goiters, lymphoceles, and teratomas, can grow to proportions that interfere both with normal
vaginal delivery and with resuscitative efforts for the newborn. When such a mass is identified on ultrasonography, an MRI should be performed to better
evaluate the extent and the nature of the mass. If it is thought that the mass is large enough both to prevent successful vaginal delivery and to compromise
the newborn's airway, an Ex-Utero Intrapartum Technique (EXIT) procedure may be performed. In this complex surgery, which involves both obstetric and
pediatric surgeons, a hemostatic incision is made in the uterus using automatic staplers, with continuous uterine relaxation maintained; then only the head
and neck of the fetus are delivered without compromising the fetal circulation, and the fetus is intubated or a tracheostomy performed before the delivery of
the body and the clamping of the umbilical cord.

IV. Fetal thoracic malformations. The most common thoracic malformations are congenital diaphragmatic hernia (CDH) and cystic congenital adenomatoid
malformation (CCAM).

A. Congenital diaphragmatic hernia is a diaphragmatic defect characterized by herniation of abdominal contents into the thoracic cavity. Despite optimal
postnatal medical management and surgical repair, many infants with CDH die of pulmonary hypoplasia, secondary to compression of the developing fetal
lungs in utero by the herniated abdominal viscera. Mortality rates for neonates with prenatally diagnosed CDH have been reported to range from 70% to
90%, especially if polyhydramnios is present. In contrast, the mortality rate for neonates diagnosed at or after birth is reported to be 50%.

1. Diagnosis. Prenatal sonographic evaluation reveals the presence of an echolucent mass or masses in the fetal chest, which represent the fetal stomach
or small bowel. Poor prognostic indicators include diagnosis before 25 weeks' gestation, polyhydramnios, other structural anomalies, and the presence of
stomach or liver in the chest.

2. Management. All fetuses with CDH diagnosed before 28 weeks' gestation should undergo detailed ultrasonography, karyotype determination, and fetal
echocardiography to exclude other anomalies. If an isolated CDH with poor prognostic indicators is present, the fetus is placed in an early or severe
category with poor prognosis. In these cases, fetal surgical repair at a specialty center may be offered. When the fetal prognosis is equivocal according to
the prognostic criteria, appropriate parental counseling should be provided to help parents choose between fetal surgery and expectant management.
Fetuses in the less severe category are managed conservatively and undergo postnatal surgical correction.

B. Congenital cystic adenomatoid malformation represents a disease spectrum characterized by cystic lesions of the lung. Most cases of CCAM are
diagnosed in infancy or early childhood; patients present with pulmonary masses causing either respiratory difficulty or recurrent pulmonary infections. The
most severe lesions, however, can result in fetal hydrops, pulmonary hypoplasia, and fetal death.

1. Types of lesions. CCAMs can be divided into macrocystic or microcystic types, based on the presence or absence of cysts larger than 5 mm in diameter.
Macrocystic lesions usually are not associated with hydrops and have a more favorable prognosis. Microcystic, or solid, lesions more frequently induce
fetal hydrops, which is caused by vena caval obstruction or cardiac compression from extreme mediastinal shift. Once this occurs, rapid fetal demise may
ensue.

2. Management. The majority of affected fetuses have isolated small lesions, without hydrops, that are best treated by surgical resection after term delivery.
Fetuses diagnosed in early gestation with large CCAMs should undergo serial sonographic examinations to evaluate fetal growth and monitor for
hydrops. If pulmonary maturity is documented and hydrops develops, the fetus should be delivered, and the lesion may immediately be resected ex utero.
Between 28 and 34 weeks, the detection of hydrops should prompt an attempt at steroid-induced lung maturation and delivery for immediate surgical
resection. Earlier than 28 weeks, the fetus with a large CCAM and hydrops should be considered as a candidate for in utero resection of the tumor (see

V. Cardiovascular anomalies Congenital heart defects are the malformations most frequently observed at birth. Incidence has been estimated at 0.5-1.0%.

Congenital heart defects probably result from a wide variety of causes. Chromosomal anomalies are found in 4-5% of cases; extracardiac structural

abnormalities are present in 25-45% of these fetuses. In pregnancies affected by the following risk factors, fetal echocardiography should be performed:

nonimmune hydrops, suspected cardiac abnormalities on screening sonogram, other structural anomalies, teratogen exposure, parental or sibling heart defects,
aneuploidy, maternal diabetes mellitus, maternal phenylketonuria, and fetal arrhythmias.

A. Diagnosis. Cardiac malformations may be detected at screening sonogram by examining the four-chamber view of the heart and the ventricular outflow
tracts. Any suspected abnormality should be further evaluated by echocardiography. Fetal echocardiography is performed by perinatologists and pediatric
cardiologists with specialized training in this area. In all cases of prenatally diagnosed congenital heart disease, further evaluation should include
karyotyping.

B. Management. Some cardiovascular anomalies are incompatible with life (those associated with severe nonimmune fetal hydrops), and parents should be
given the option of terminating the pregnancy. For many cardiac diagnoses, however, accurate prenatal diagnosis allows for parental counseling and medical
planning both for delivery and for neonatal medical and surgical management. Survival statistics for fetuses with severe congenital heart disease remain
discouraging because prenatal diagnosis is more commonly made with severe forms of disease.

C. Common cardiac defects
1. Tetralogy of Fallot is the association of a ventricular septal defect, infundibular pulmonic stenosis, aortic valve overriding the ventricular septum, and

hypertrophy of the right ventricle. Enlargement of the ascending aorta is usually present. Views of the right ventricular outflow tract and pulmonary artery

provide information about the degree of infundibular stenosis. Doppler ultrasonography is useful to establish the presence of blood flow in the pulmonary
artery. Tetralogy of Fallot is compatible with intrauterine life but may result in severe cyanosis and hypoxia after birth. The treatment includes
administration of prostaglandins to maintain the ductus arteriosus, and surgical repair. The timing of this repair depends on the severity of the infundibular
stenosis and hence the amount of blood oxygenated by the lungs.

2. Transposition of the great arteries (TGA) has two anatomic forms: complete TGA (in which the aorta arises from the right ventricle and the pulmonary
artery from the left ventricle) and corrected TGA (the association of atrioventricular and ventriculoarterial discordance). Fetal echocardiography can
identify abnormalities of the ventriculoarterial connection, but meticulous scanning is required to identify the aorta and pulmonary artery and their
relationships with each ventricle. Fetuses with uncomplicated complete transposition should not be subjected to hemodynamic compromise in utero;
survival after birth depends on the persistence of fetal circulation. In cases of corrected transposition, ideally no hemodynamic imbalance should be
present.

3. Hypoplastic left heart syndrome (HLHS) is characterized by a very small left ventricle, with mitral or aortic atresia or both. HLHS frequently is
associated with intrauterine heart failure. Sonographic diagnosis of HLHS in utero is suspected when a very small left ventricle, hypoplastic ascending
aorta, and enlarged right ventricle, right atrium, and pulmonary artery are found. The prognosis is extremely poor; however, palliative procedures and,
recently, cardiac transplantation have been attempted, and long-term survivors have been reported.

4. Fetal arrhythmia denotes irregular patterns of fetal heart rhythm. Brief periods of tachycardia, bradycardia, and ectopic beats are a frequent finding and
are not cause for concern. Therefore, clear differentiation between physiologic variations and pathologic alteration can be difficult but must be attempted.
Sustained bradycardia (less than 100 beats per minute), sustained tachycardia (more than 200 beats per minute), and irregular rhythms occurring more
than once in 10 beats should be considered abnormal. M-mode echocardiography of cardiac motion, pulsed Doppler ultrasonography, and color-encoded
M-mode echocardiography can be used to assess irregular fetal heart rhythms.

a. Premature atrial and ventricular contractions are the most frequent fetal arrhythmias. These are benign rhythms and usually disappear in utero or
soon after birth. Serial monitoring of the fetal heartbeat during pregnancy is suggested because a theoretical possibility exists that a premature beat
could trigger a reentrant tachyarrhythmia.

b. Supraventricular tachyarrhythmias include supraventricular paroxysmal tachycardia, atrial flutter, and atrial fibrillation. Diagnosis of fetal
tachyarrhythmia can be accomplished easily by direct auscultation or continuous Doppler ultrasonographic examination. M-mode or pulsed Doppler
ultrasonography or both can identify the exact heart rate and the atrioventricular sequence of contraction. The association of fetal tachyarrhythmia with
nonimmune hydrops is well established. The fast ventricular rate results in suboptimal filling of the ventricle, decreased cardiac output, right atrial
overload, and congestive heart failure (CHF). Intrauterine pharmacologic cardioversion of fetal tachyarrhythmia by intravenous or oral administration
of drugs to the mother (digoxin, verapamil hydrochloride, propranolol hydrochloride, quinidine, procainamide hydrochloride, amiodarone
hydrochloride, flecainide acetate) has been attempted with success. Direct administration of medications to the fetus via umbilical venous puncture is
also possible if no response to maternal treatment occurs. The optimal approach to treating these conditions is still uncertain.

c. Atrioventricular (AV) block can result from immaturity of the fetal conduction system, absence of connection to the AV node, or abnormal anatomical
position of the AV node. AV block is classified into three types: first, second, and third degree. First- and second-degree AV blocks are not usually
associated with significant hemodynamic perturbations. Third-degree AV block may lead to significant bradycardia, decreased cardiac output, and



CHF in utero. In more than half of cases, third-degree AV block is accompanied by a structural anomaly. In cases without structural cardiac disease,
testing should be performed for maternal antibodies against SSA and SSB antigens (anti-RO and anti-LA). Transplacental passage of these
antibodies can lead to inflammation and damage of the cardiac conduction system. Anti-SSA antibodies have been reported in more than 80% of
mothers who delivered infants with AV block, although only 30% of these women showed clinical evidence of connective tissue disease. In these
women, treatment with dexamethasone may reduce the fetus's risk of heart block. Intrauterine ventricular pacing has also been attempted.

VI. Gastrointestinal anomalies are relatively common. Fetuses with isolated Gl anomalies, which often allow a good quality of life after postnatal surgical
correction, benefit greatly from prenatal diagnosis. Anomalies can be divided into two major groups: intestinal obstructions and ventral wall defects.

A.

B.

Intestinal obstructions

1. Esophageal atresia occurs in 1 in 3000-3500 live births. In the most common type (90-95%), the upper portion of the esophagus ends blindly, and the
lower portion develops from the trachea near the bifurcation. Other severe structural anomalies are associated with esophageal atresia in nearly 50% of
cases and include cardiac and genitourinary anomalies, skeletal deformity, cleft defects of the face, and CNS disorders (meningocele or hydrocephalus).
Because the prognosis of affected newborns is worse if other severe congenital anomalies are present, sonographic evaluation of the entire fetal anatomy
should be performed. Chromosomal anomalies, particularly trisomy 21, are also common in cases of esophageal atresia, so fetal karyotype should also
be determined. Prenatal diagnosis is based on indirect findings: polyhydramnios, failure to visualize the stomach, and, rarely, presence of an enlarged
upper mediastinal and retrocardiac anechoic structure (dilated proximal esophageal pouch). In the majority of cases, however, a fistula between the
respiratory and the Gl tracts distal to the obstruction allows ingestion of amniotic fluid, so both the polyhydramnios and the mediastinal anechoic structure
may be absent.

2. Duodenal atresia occurs in 1 in 7500-10,000 live births. Nearly 30% of affected fetuses have trisomy 21; other common associated anomalies include
structural cardiac anomalies (20%), malrotation of the colon (22%), and, less frequently, tracheoesophageal fistula or renal malformation. Detection of two
echo-free areas inside the abdomen, which represent the dilated stomach and the first portion of the duodenum (double bubble sign), is the critical
sonographic finding for diagnosis. Polyhydramnios is almost always an associated finding. Complete survey of fetal anatomy and determination of fetal
karyotyping are indicated in these pregnancies. If the anomaly is isolated, a good quality of life may be anticipated after postnatal surgical correction.
Premature labor resulting from polyhydramnios is a frequent complication. Prenatal diagnosis can prevent neonatal vomiting and aspiration pneumonia
caused by aspiration of gastric contents.

3. Small or large bowel obstructions occur in 1 in 300—1500 live births. Obstruction can be intrinsic or extrinsic. In cases of Gl obstruction below the
duodenum, multiple echo-free areas within the fetal abdomen are usually seen on ultrasonographic examination (dilated loops of small or large bowel or
both). In these cases, associated structural and chromosomal anomalies are rare. Proximal bowel obstructions often are associated with a certain degree
of polyhydramnios, whereas obstruction of the colon typically is associated with normal amniotic fluid volume. Bowel perforation is a possible
consequence of impaired blood supply to the distended bowel; perforation should be suspected when ultrasonographic examination reveals ascites that
was absent on previous examination. Because meconium begins to accumulate in the fetal bowel at 4 months' gestation, any perforation occurring after
that time could cause meconium peritonitis. Fetuses with uncomplicated intestinal obstruction can be delivered vaginally at term. When perforation occurs
and ascites is seen, early induction should be considered. In these cases, fetal paracentesis should be performed to decrease abdominal pressure on the
diaphragm and thus allow expansion of the lungs at birth.

Abdominal wall defects
a translucent, avascular membrane, consisting of peritoneum inside and amniotic membrane outside. The skin defect may vary greatly in size, from a
small opening through which only one or two loops of small intestine protrude to a large defect containing all abdominal contents. A dense, echogenic
mass outside the abdomen and covered by amnioperitoneal membrane can be seen on ultrasonographic examination. In small defects, umbilical cord
insertion is on the top of the mass, whereas in large lesions, the cord is attached to the lower border of the mass. Polyhydramnios may be present, and
amniotic fluid levels of AFP are significantly elevated. Omphalocele is frequently associated with additional structural or chromosomal anomalies; the
mortality rate for fetuses with omphalocele is therefore high. Thorough sonographic evaluation of the fetus anatomy should be performed and karyotype
determined. The volume of the protruded viscera is a critical factor in fetal prognosis; giant defects frequently are associated with liver evisceration and
ectopia cordis and have a worse prognosis. When giant omphalocele or multiple other malformations are diagnosed prenatally, termination of the
pregnancy may be considered. In cases of ruptured omphalocele, preterm delivery to avoid the pathologic alterations of the bowel exposed to amniotic
fluid should be considered. Delivery should be performed in a medical center with neonatal intensive care and pediatric surgery facilities.
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TABLE 12-1. OMPHALOCELE AND GASTROSCHISIS

The umbilical cord is inserted normally, and no covering sac is visible. The defect is on the right side of the abdomen. In most cases, all segments of the
small and large intestine protrude. Stomach, gallbladder, urinary bladder, and adnexa may also prolapse. Chemical peritonitis is a serious complication
that results from exposure of eviscerated abdominal contents to amniotic fluid. The intestine can show marked dilatation of the lumen and increased
thickness of the wall, with single or multiple atretic sites. The extruded structures are not covered by amnioperitoneal membrane. Polyhydramnios and
increased amniotic fluid AFP levels are common findings. Unlike omphalocele, gastroschisis often is associated with intrauterine growth retardation and
oligohydramnios. As with omphalocele, a fetus affected by gastroschisis commonly is delivered in a medical center at which the neonate can receive
intensive care and undergo prompt neonatal surgical correction. Long-term follow-up of survivors demonstrates excellent outcomes.

VII. Urinary tract anomalies. Congenital malformations of the genitourinary tract are classified as either primary renal dysgenesis (of variable types and severity) or
obstructive disorders.

VIII.

A.

Renal dysgenesis. The most severe variant of renal dysgenesis is bilateral and is characterized by absence of recognizable renal tissue (bilateral renal
agenesis), absent bladder, severe oligohydramnios or anhydramnios (invariably present after 16 weeks), and lethal pulmonary hypoplasia. Bilateral renal
agenesis is incompatible with life; affected fetuses die in utero or soon after birth. Less severe variants of renal dysgenesis may manifest as unilateral
(typically) or bilateral (less common) multicystic dysplasia, characterized by an increase in renal size; distortion of renal architecture; multiple, echolucent
renal cysts of various sizes; and areas of increased echogenicity. Bilateral disease may be associated with oligohydramnios and is always fatal. Unilateral
disease is associated with normal or increased amniotic fluid volume and evidence of contralateral renal function (bladder filling), and has a more favorable
prognosis.

Congenital urinary tract obstruction. Genitourinary lesions are the most common cause of fetal abdominal masses, and obstruction may occur at several
sites. The most common site of obstruction is the ureteropelvic junction; obstructions at this site produce renal pelvis dilatation in mild cases and renal
calyceal dilatation (hydronephrosis) in more severe cases. In these instances, the disease typically progresses slowly, and early delivery is rarely indicated.
Outlet obstruction may be due to posterior urethral valve syndrome, urethral atresia, or persistent cloacal syndrome. Outlet obstruction produces
megalocystis, bilateral hydroureter, and bilateral hydronephrosis. Oligohydramnios is common. For the fetus for whom good renal function is predicted,
management options depend on fetal lung maturity. Persistent outlet obstruction, particularly when caused by posterior urethral valve syndrome, can be
treated with in utero diversion therapy. If the fetus's gestational age is 28 weeks 