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Neil R. Floch

here is a smooth transition from the end of the pharynx,

at the level of the cricoid cartilage and the sixth cervical
vertebra (C6), to the esophagus (Figs. 1-1 and 1-2). On average,
the esophagus is 40 cm (16 inches) long from the upper incisor
teeth to the cardia of the stomach, but it may be as long as 43 cm
in tall persons or in those with long trunks. The esophagus is
divided, with the first part extending 16 cm from the incisors to
the lower border of the cricopharyngeus muscle and the rest
extending 24 cm.

The aortic arch crosses the esophagus from the left side and
is located 23 cm from the incisors and 7 cm below the cricopha-
ryngeus muscle; 2 cm below this level, the left main bronchus
crosses in front of the esophagus. The lower esophageal sphinc-
ter (LES) begins 37 to 38 cm from the incisors. The esophageal
hiatus is located 1 cm below this point, and the cardia of the
stomach is yet lower. In children the dimensions are propor-
tionately smaller. At birth the distance from the incisor teeth to
the cardia is approximately 18 cm; at 3 years, 22 cm; and at
10 years, 27 cm.

Like a “good soldier,” the esophagus follows a left-right-left
path as it marches down the anteroposterior curvature of the
vertebral column. It descends anterior to the vertebral column,
through the lower portion of the neck and the superior and
posterior mediastinum. The esophagus forms two lateral curves
that, when viewed anteriorly, appear as a reverse S: the upper
esophagus has a convex curve toward the left, and the lower
esophagus has a convex curve toward the right. At its origin, the
esophagus bends Y4 inch (0.6 cm) to the left of the tracheal
margin. It crosses the midline behind the aortic arch at the level
of the fourth thoracic vertebra (T'4). The esophagus then turns
to the right at the seventh thoracic vertebra (T7), after which it
turns sharply to the left as it enters the abdomen through the
esophageal hiatus of the diaphragm, to join the cardia of the
stomach at the gastroesophageal (GE) junction.

The esophagus is composed of three segments: cervical, tho-
racic, and abdominal. Anterior to the cervical esophagus is the
membranous wall of the trachea. Loose areolar tissue and mus-
cular strands connect the esophagus and the trachea, and recur-
rent laryngeal nerves ascend in the grooves between them.
Posterior to the esophagus are the longus colli muscles, the
prevertebral fascia, and the vertebral bodies. Although the
cervical esophagus is positioned between the carotid sheaths, it
is closer to the left carotid sheath. The thyroid gland partially
overlaps the esophagus on both sides.

The thoracic esophagus lies posterior to the trachea. It extends
down to the level of the fifth thoracic vertebra (T'5), where the
trachea bifurcates. The trachea curves to the right as it divides,
and thus the left main bronchus crosses in front of the esopha-
gus. Below this, the pericardium separates the esophagus from
the left atrium of the heart, which lies anterior and inferior to

the esophagus. The lowest portion of the thoracic esophagus
passes through the diaphragm into the abdomen.

On the left side of the esophageal wall, in the upper thoracic
region, is the ascending portion of the left subclavian artery and
the parietal pleura. At approximately the level of T4, the arch
of the aorta passes backward and alongside the esophagus.
Below this, the descending aorta lies to the left, but when that
vessel passes behind the esophagus, the left mediastinal pleura
again comes to adjoin the esophageal wall. On the right side,
the parietal pleura is intimately applied to the esophagus, except
when, at the level of T4, the azygos vein intervenes as it turns
forward.

In the upper thorax, the esophagus lies on the longus colli
muscle, the prevertebral fascia, and the vertebral bodies. At the
eighth thoracic vertebra (T8), the aorta lies behind the esopha-
gus. The azygos vein ascends behind and to the right of the
esophagus as far as the level of T4, where it turns forward. The
hemiazygos vein and the five upper-right intercostal arteries
cross from left to right behind the esophagus. The thoracic duct
ascends to the right of the esophagus before turning behind it
and to the left at the level of T5. The duct then continues to
ascend on the left side of the esophagus.

A small segment of abdominal esophagus lies on the crus of
the diaphragm and creates an impression in the underside of
the liver. Below the tracheal bifurcation, the esophageal nerve
plexus and the anterior and posterior vagal trunks adhere to the
esophagus.

As the esophagus travels from the neck to the abdomen, it
encounters several indentations and constrictions. The first nar-
rowing occurs at the cricopharyngeus muscle and the cricoid
cartilage. The aortic arch creates an indentation on the left side
of the esophagus, and the pulsations of the aorta may be seen
during esophagoscopy. Below this point, the left main bronchus
creates an impression on the left anterior aspect of the esopha-
gus. The second narrowing occurs at the LES.

Although the esophagus is described as a “tube,” it is oval
and has a flat axis anterior to posterior with a wider transverse
axis. When the esophagus is at rest, its walls are approximated
and its width is 2 cm, but it distends and contracts depending
on its state of tonus.

ADDITIONAL RESOURCES

Cameron JL, editor: Current surgical therapy, ed 6, St Louis, 1998, Mosby,
pp 1-74.

Gray H, Bannister LH, Berry MM, Williams PL, editors: Gray’s anatomy:
the anatomical basis of medicine and surgery, New York, 1995, Churchill
Livingstone.

Peters JH, DeMeester TR: Esophagus and diaphragmatic hernia. In
Schwartz SI, Shires TG, Spencer FC, editors: Principles of surgery, ed 7,
New York, 1999, McGraw-Hill, pp 1081-1179.
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Neil R. Floch

he esophagus is composed of outer longitudinal and inner

circular muscle layers (Figs. 2-1 and 2-2). On the vertical
ridge of the dorsal aspect of the cricoid cartilage, two tendons
originate as they diverge and descend downward around the
sides of the esophagus to the dorsal aspect. These tendons weave
in the midline of the ventral area, creating a V-shaped gap
between the two muscles known as the V-shaped area of Laimer.
This gap, or bare area, exposes the underlying circular muscle.
Located above this area is the cricopharyngeus muscle. Sparse
longitudinal muscles cover the area, as do accessory fibers from
the lower aspect of the cricopharyngeus muscle.

In the upper esophagus, longitudinal muscles form bundles
of fibers that do not evenly distribute over the surface. The
thinnest layers of muscle are anterior and adjacent to the pos-
terior wall of the trachea. The longitudinal muscle of the esoph-
agus receives fibers from an accessory muscle on each side that
originates from the posterolateral aspect of the cricoid cartilage
and the contralateral side of the deep portion of the cricopha-
ryngeus muscle. As the longitudinal muscle descends, its fibers
become equally distributed and completely cover the surface of
the esophagus.

Thyroid cartilage

ViR 74

Cricoid cartilage

L d JEdED

Circular muscle layer

o 4 sap s cnes oz o 5 LB

Left main bronchus

Inferior pharyngeal constrictor muscle
Pharyngeal raphe

Zone of sparse muscle fibers
Cricopharyngeus (muscle) part of inferior pharyngeal constrictor

Main longitudinal muscle bundle passing upward and ventrally
to attach to middle of posterior surface of cricoid cartilage

Accessory muscle bundle from posterolateral surface of cricoid cartilage

Additional fibers from contralateral side of cricopharyngeus
(muscle) part of inferior pharyngeal constrictor

Circular muscle layer with sparse longitudinal
fibers in V-shaped area (Laimer)

Bare area on ventral surface of esophagus

Lateral mass of longitudinal muscle

Fibroelastic membranes with sparse muscle fibers

Window cut in longitudinal muscle layer

The inner, circular, muscle layer is thinner than the outer
longitudinal layer. This relationship is reversed in all other parts
of the gastrointestinal (GI) tract. In the upper esophagus, the
circular muscle closely approximates the encircling lower fibers
of the cricopharyngeus muscle. The upper esophageal fibers are
not circular but elliptical, with the anterior part of the ellipse at
a lower level of the posterior part. The ellipses become more
circular as the esophagus descends, until the start of its middle
third, where the fibers run in a horizontal plane. In one 1-cm
segment, the fibers are truly circular. Below this point, the fibers
become elliptical once again, but they now have a reverse incli-
nation; that is, the posterior part of the ellipse is located at a
lower level than the anterior part. In the lower third of the
esophagus, the fibers follow a spiral course down the esophagus.
The elliptical, circular, and spiral fibers of this layer are not truly
uniform and parallel but may overlap and cross, or they may
even have clefts between them. Some fibers in the lower two
thirds of the esophagus pass diagonally or perpendicularly, up
or down, joining fibers at other levels. These branched fibers
are 2 to 3mm wide and 1 to 5cm long and are not
continuous.
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Figure 2-1 Musculature of the Esophagus.
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The cricopharyngeus muscle marks the transition from
pharynx to esophagus. It is the lowest portion of the inferior
constrictor of the pharynx and consists of a narrow band of
muscle fibers that originate on each side of the posterolateral
margin of the cricoid cartilage. The cricopharyngeus then passes
slinglike around the dorsal aspect of the pharyngoesophageal
(PE) junction. Upper fibers ascend and join the median raphe
of the inferior constrictor muscle posteriorly. Lower fibers do
not have a median raphe; they pass to the dorsal aspect of the
PE junction. A few of these fibers pass down to the esophagus.
The cricopharyngeus functions as a sphincter of the upper
esophagus. Muscle tone of the esophageal lumen is greatest at
the level of the cricopharyngeus, and relaxation of this muscle
is an integral part of the act of swallowing. There is a weak area
between the cricopharyngeus and the main part of the inferior
constrictor where Zenker diverticula are thought to develop.

The upper 25% to 33% of the esophagus is composed of
striated muscle, whereas the lower or remaining portion is
smooth muscle. Within the second fourth of the esophagus is a
transitional zone where striated muscle and smooth muscle are
present. The lower half contains purely smooth muscle. Between
the two muscular coats of the esophagus, a narrow layer of con-
nective tissue is inserted that accommodates the myenteric
plexus of Auerbach.

ADDITIONAL RESOURCES

Gray H, Bannister LH, Berry MM, Williams PL, editors: Gray’s anatomy:
the anatomical basis of medicine and surgery, New York, 1995, Churchill
Livingstone.

Peters JH, DeMeester TR: Esophagus and diaphragmatic hernia. In
Schwartz SI, Shires T'G, Spencer FC, editors: Principles of surgery, ed 7, New
York, 1999, McGraw-Hill, pp 1081-1179.



Neil R. Floch

he blood supply of the esophagus is variable (Fig. 3-1).

The inferior thyroid artery is the primary supplier of the
cervical esophagus; esophageal vessels emanate from both side
branches of the artery and from the ends of the vessels. Anterior
cervical esophageal arteries supply small branches to the esopha-
gus and trachea. Accessory arteries to the cervical esophagus
originate in the subclavian, common carotid, vertebral, ascend-
ing pharyngeal, superficial cervical, and costocervical trunk.

Arterial branches from the bronchial arteries, the aorta, and
the right intercostal vessels supply the thoracic esophagus.
Bronchial arteries, especially the left inferior artery, distribute
branches at or below the tracheal bifurcation. Bronchial artery
branches are variable. The standard—two left and one right—
occurs in only about 50% of patients. Aberrant vessel patterns
include one left and one right in 25% of patients, two right and
two left in 15%, and one left and two right in 8%. Rarely do
three right or three left arteries occur.

At the tracheal bifurcation, the esophagus receives branches
from the aorta, aortic arch, uppermost intercostal arteries, inter-
nal mammary artery, and carotid artery. Aortic branches to the
thoracic esophagus usually consist of two unpaired vessels. The
cranial vessel is 3 to 4 cm long and usually arises at the level of
the sixth to seventh thoracic vertebrae (T6-T7). The caudal
vessel is longer, 6 to 7 cm, and arises at the level of T7 to T8.
Both arteries pass behind the esophagus and divide into ascend-
ing and descending branches. These branches anastomose along
the esophageal border with descending branches from the infe-
rior thyroid and bronchial arteries, as well as with ascending
branches from the left gastric and left inferior phrenic arteries.
Right intercostal arteries, mainly the fifth, give rise to esopha-
geal branches in approximately 20% of the population.

The abdominal esophagus receives its blood supply from
branches of the left gastric artery, the short gastric artery, and
a recurrent branch of the left inferior phrenic artery. The left
gastric artery supplies cardioesophageal branches either through
a single vessel that subdivides or through two to five branches
before they divide into anterior and posterior gastric branches.
Other arterial sources to the abdominal esophagus are (1)
branches from an aberrant left hepatic artery, derived from the
left gastric, an accessory left gastric from the left hepatic, or a
persistent primitive gastrohepatic arterial arc; (2) cardioesopha-
geal branches from the splenic trunk, its superior polar, terminal
divisions (short gastrics), and its occasional, large posterior
gastric artery; and (3) a direct, slender, cardioesophageal branch
from the aorta, celiac, or first part of the splenic artery.

With every resection surgery, areas of devascularization
may be induced by (1) excessively low resection of the cervical
segment, which always has a supply from the inferior thyroid;
(2) excessive mobilization of the esophagus at the tracheal bifur-
cation and laceration of the bronchial artery; and (3) excessive
sacrifice of the left gastric artery and the recurrent branch of
the inferior phrenic artery to facilitate gastric mobilization.
Anastomosis around the abdominal portion of the esophagus is
usually copious, but sometimes it is limited.

ADDITIONAL RESOURCES

Gray H, Bannister LH, Berry MM, Williams PL, editors: Gray’s anatony:
the anatomical basis of medicine and surgery, New York, 1995, Churchill
Livingstone.

Peters JH, DeMeester TR: Esophagus and diaphragmatic hernia. In
Schwartz SI, Shires TG, Spencer FC, editors: Principles of surgery, ed 7, New
York, 1999, McGraw-Hill, pp 1081-1179.
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Neil R. Floch

enous drainage of the esophagus begins in small tributaries

that eventually empty into the azygos and hemiazygos veins
(Fig. 4-1). Drainage begins in a submucosal venous plexus that
exits externally to the surface of the esophagus. Tributaries from
the cervical periesophageal venous plexus drain into the inferior
thyroid vein, which empties into the right or left brachioce-
phalic (innominate) vein, or both. Tributaries from the thoracic
periesophageal plexus on the right side join the azygos, the right
brachiocephalic, and occasionally the vertebral vein; on the left
side, they join the hemiazygos, the accessory hemiazygos, the
left brachiocephalic, and occasionally the vertebral vein. Tribu-
taries from the short abdominal esophagus drain into the left
gastric (coronary) vein of the stomach. Other tributaries are in
continuity with the short gastric, splenic, and left gastroepiploic
veins. They may also drain to branches of the left inferior
phrenic vein and join the inferior vena cava (IVC) directly or
the suprarenal vein before it enters the renal vein.

The composition of the azygos system of veins varies. The
azygos vein arises in the abdomen from the ascending right
lumbar vein, which receives the first and second lumbar and the
subcostal veins. The azygos may arise directly from the IVC or
may have connections with the right common iliac or renal vein.
In the thorax, the azygos vein receives the right posterior inter-
costal veins from the fourth to the eleventh spaces and termi-
nates in the superior vena cava (SVC). The highest intercostal
vein drains into the right brachiocephalic vein or into the ver-
tebral vein. Veins from the second and third spaces unite in a
common trunk, the right superior intercostal, which ends in the
terminal arch of the azygos.

"The hemiazygos vein arises as a continuation of the left ascend-
ing lumbar or from the left renal vein. The hemiazygos receives
the left subcostal vein and the intercostal veins from the eighth
to the eleventh spaces, and then it crosses the vertebral column
posterior to the esophagus to join the azygos vein.

The accessory hemiazygos vein receives intercostal branches
from the fourth to the eighth intercostal veins, and it crosses
over the spine and under the esophagus to join the hemiazygos
or the azygos vein. Superiorly, the accessory hemiazygos com-
municates with the left superior intercostal that drains the
second and third spaces and ends in the left brachiocephalic
vein. The first space drains into the left brachiocephalic or
vertebral vein. Often the hemiazygos, the accessory hemiazygos,
and the superior intercostal trunk form a continuous longi-
tudinal channel with no connections to the azygos. There may
be three to five connections between the left azygos, in which
case a hemiazygos or an accessory hemiazygos is not formed. If
the left azygos system is very small, the left venous drainage of
the esophagus occurs through its respective intercostal veins.
Connections between left and right azygos veins occur between
the seventh and ninth intercostal spaces, usually at the eighth.

At the gastroesophageal (GE) junction, branches of the left
gastric coronary vein are connected to lower esophageal branches
so that blood may be shunted into the SVC from the azygos and
hemiazygos veins. At the GE junction, blood may also be shunted
into the splenic, retroperitoneal, and inferior phrenic veins to
the caval system. Retrograde flow of venous blood through the
esophageal veins leads to dilatation and formation of varicosities.
Because the short gastric veins lead from the spleen to the GE
junction of the stomach, thrombosis of the splenic vein may
result in esophageal varices and fatal hemorrhage.

ADDITIONAL RESOURCES

Gray H, Bannister LH, Berry MM, Williams PL, editors: Gray’s anatomy:
the anatomical basis of medicine and surgery, New York, 1995, Churchill
Livingstone.

Peters JH, DeMeester TR: Esophagus and diaphragmatic hernia. In
Schwartz SI, Shires T'G, Spencer FC, editors: Principles of surgery, ed 7, New
York, 1999, McGraw-Hill, pp 1081-1179.
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Neil R. Floch

he esophagus is supplied by a combination of parasympa-

thetic and sympathetic nerves (Fig. 5-1). Constant com-
munication occurs between efferent and afferent fibers that
transmit impulses to and from the vessels, glands, and mucosa
of the esophagus.

Anterior and posterior vagus nerves carry parasympathetic
efferent fibers to the esophagus, and afferent fibers carry them
from the esophagus. These parasympathetic fibers terminate in
the dorsal vagal nucleus, which contains visceral efferent and
afferent cells. The striated muscle of the pharynx and upper
esophagus is controlled by parasympathetic fibers that emanate
from the nucleus ambiguus. Vagus nerves intermingle with
nerve fibers from the paravertebral sympathetic trunks and their
branches such that the nerves in and below the neck are a com-
bination of parasympathetic and sympathetic.

In the neck, the esophagus receives fibers from the recurrent
laryngeal nerves and variable fibers from the vagus nerves, lying
posterior to and between the common carotid artery and the
internal jugular vein in the carotid sheath. On the right side, the
recurrent laryngeal nerve branches from the vagus nerve and
descends, wrapping itself around the right subclavian artery
before it ascends in the esophageal-tracheal groove. On the left
side, the recurrent laryngeal nerve branches from the left vagus
nerve, descends and wraps around the aortic arch, and ascends
between the trachea and the esophagus.

In the superior mediastinum, the esophagus receives fibers
from the left recurrent laryngeal nerve and both vagus nerves.
As the vagus nerves descend, small branches intermingle with
fibers from sympathetic trunks to form the smaller anterior
and the larger posterior pulmonary plexuses. Below the main-
stem bronchi, the vagus nerves divide into two to four branches
that become closely adherent to the esophagus in the posterior
mediastinum. Branches from the right and left nerves have
anterior and posterior components that divide and then inter-
mingle to form a mesh nerve plexus, which also contains small
ganglia.

At a variable distance above the esophageal hiatus, the plexus
reconstitutes into one or two vagal trunks. As the vagus enters
the abdomen, it passes an anterior nerve, which is variably
embedded in the esophageal wall, and a posterior nerve, which
does not adhere to the esophagus but lies within a layer of
adipose tissue. Small branches from the plexus and the main
vagus enter the wall of the esophagus. Variations in the vagal
nerves and plexuses are important for surgeons performing
vagotomy because there may be more than one anterior or
posterior vagus nerve.

Sympathetic preganglionic fibers emanate from axons of
intermediolateral cornual cells, located in the fourth to sixth
thoracic spinal cord segments (T4-T6). Anterior spinal nerve
roots correspond to the segments containing their parent cells.
They leave the spinal nerves in white or mixed rami communi-
cans and enter the paravertebral sympathetic ganglia. Some
fibers synapse with cells in the midthoracic ganglia and travel
to higher and lower ganglia in the trunks. Axons of the gangli-
onic cells have postganglionic fibers that reach the esophagus.
Afferent fibers travel the same route in reverse; however, they
do not relay on the sympathetic trunks, and they enter the spinal
cord through the posterior spinal nerve roots. Afferent nerve
perikaryons are located in the posterior spinal nerve root ganglia.

The pharyngeal plexus innervates the upper esophagus. As
the esophagus descends, it receives fibers from the cardiac
branches of the superior cervical ganglia, but rarely receives
them from the middle cervical or vertebral ganglia, of the sym-
pathetic trunks. Fibers may also reach the esophagus from the
nerve plexus that travels with the arterial supply.

In the upper thorax, the stellate ganglia supply esophageal
filaments called ansae subclavia, and the thoracic cardiac nerves
may be associated with fibers from the esophagus, trachea, aorta,
and pulmonary structures.

In the lower thorax, fibers connect from the greater thoracic
splanchnic nerves to the esophageal plexus. The greater splanch-
nic nerves arise from three to four large pathways, and a variable
number of smaller rootlets arise from the fifth to tenth thoracic
ganglia and the sympathetic trunks. The roots pass in multiple
directions across the sides of the thoracic vertebral bodies and
discs to form a large nerve. On both sides, the nerve enters the
abdomen through the diaphragm by passing between the lateral
margins of the crura and the medial arcuate ligament.

In the abdomen, the nerves branch into the celiac plexus.
The lesser and least thoracic splanchnic nerves end primarily in
the aortorenal ganglia and the renal plexuses, respectively. Fila-
ments from the terminal part of the greater splanchnic nerve
and from the right inferior phrenic plexus reach the abdominal
portion of the esophagus.

ADDITIONAL RESOURCES
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E nteric plexuses that extend from the esophagus to the rectum
control the gastrointestinal (GI) tract (Fig. 6-1). Numerous
groups of ganglion cells interconnect in a network of fibers
between the muscle layers. Synaptic relays are located in the
myenteric plexus of Auerbach and the submucosal plexus of
Meissner. The Meissner plexuses are coarse and consist of a
mesh of thick, medium, and thin bundles of fiber, which repre-
sent the primary, secondary, and tertiary parts. The thin plexus
is delicate.

Subsidiary plexuses appear in other areas covered by perito-
neum. Enteric plexuses vary in pattern in different parts of the
alimentary tract. They are less developed in the esophagus and
are more developed from the stomach to the rectum. Ganglion
cells also are not uniformly distributed; they are at their lowest
levels in the Auerbach plexus and the esophagus, increase in the
stomach, and reach their highest levels in the pylorus. Distribu-
tion is intermediate throughout the small intestine and increases
along the colon and in the rectum. Cell population density in
Meissner plexus parallels that in Auerbach plexus.

The vagus nerve contains preganglionic parasympathetic
fibers that arise in its dorsal nucleus and travel to the esophagus,
stomach, and intestinal branches. The proportion of efferent
parasympathetic fibers is smaller than that of its sensory fibers.
Vagal preganglionic efferent fibers have relays in small ganglia
in the visceral walls; the axons are postganglionic parasympa-
thetic fibers. Gastric branches have secretomotor and motor
functions to the smooth muscle of the stomach, except for the
pyloric sphincter, which is inhibited. Intestinal branches func-
tion similarly in the small intestine, cecum, appendix, and colon,
where they are secretomotor to the glands and motor to the
intestinal smooth muscle and where they inhibit the ileocecal
sphincter.

Enteric plexuses contain postganglionic sympathetic and pre-
ganglionic and postganglionic parasympathetic fibers, afferent
fibers, and intrinsic ganglion cells and their processes. Sympa-
thetic preganglionic fibers have already relayed in paravertebral
or prevertebral ganglia; thus the sympathetic fibers in the plex-
uses are postganglionic and pass through them and their termi-
nations without synaptic interruptions. Afferent fibers from the
esophagus, stomach, and duodenum are carried to the brainstem
and cord through the vagal and sympathetic nerves, but they

form no synaptic connections with the ganglion cells in the
enteric plexuses.

Except for interstitial cells of Cajal, two chief forms of nerve
cells, types 1 and 2, occur in the enteric plexuses. Interstitial
cells of Cajal are pacemaker cells in the smooth muscles of the
gut and are associated with the ground plexuses of all autonomic
nerves. Type 1 cells are multipolar and confined to Auerbach
plexus, and their dendrites branch close to the parent cells.
Their axons run for varying distances through the plexuses to
establish synapses with type 2 cells, which are more numerous
and are found in Auerbach and Meissner plexuses. Most type 2
cells are multipolar, and their longer dendrites proceed in
bundles for variable distances before they ramify in other cell
clusters. Many other axons pass outwardly to end in the muscle,
and others proceed inwardly to supply the muscularis mucosae
and to ramify around vessels and between epithelial secretory
cells; their distribution suggests that they are motor or secreto-
motor in nature.

Under experimental conditions, peristaltic movements occur
in isolated portions of the gut, indicating the importance of
intrinsic neuromuscular mechanisms, but the extrinsic nerves
are probably essential for the coordinated regulation of all activ-
ities. Local reflex arcs, or axon reflexes, may exist in the enteric
plexuses. In addition to types 1 and 2 multipolar cells, much
smaller numbers of pseudounipolar and bipolar cells can be
detected in the submucosa and may be the afferent links in local
reflex arcs.

In megacolon (Hirschsprung disease), and possibly in acha-
lasia, the enteric plexuses apparently are undeveloped or have
degenerated over a segment of alimentary tract, although the
extrinsic nerves are intact. Peristaltic movements are defective
or absent in the affected segment, indicating the importance of
the intrinsic neuromuscular mechanism.
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E sophageal layers include the mucosa, submucosa, muscularis
externa, and adventitia (Fig. 7-1). The esophageal mucosa
ends abruptly at the gastroesophageal (GE) junction, where
columnar epithelia with gastric pits and glands are found. The
esophageal epithelium is 300 to 500 um thick, nonkeratinized,
stratified, and squamous and is continuous with the pharyngeal
epithelium. Tall papillae rich in blood and nerve fibers assist in
anchoring the tissue to its base. The epithelial layer is constantly
renewed by mitosis as cuboidal basal cells migrate, flatten, and
slough in 2 to 3 weeks.

The barrier wall of the esophagus functions well with the aid
of mucus-producing glands that protect against mechanical
invasion. However, this protection is limited. Repeated expo-
sure of acid and protease-rich secretions from the stomach may
occur during episodes of GE reflux and may cause fibrosis of
the esophageal wall. Patients with nonerosive reflux disease
(NERD) have evidence of increased cell permeability, which
may contribute to their symptoms but does not exhibit visible
damage. Exposure may also cause metaplastic epithelial cell
changes consistent with Barrett esophagus. In the most serious
cases, neoplastic changes may occur. A competent GE sphincter
should prevent significant acid exposure.

With its lymphoid aggregates and mucous glands, especially
near the GE junction, the lamina propria is supportive. Two

types of glands reside in the esophagus. The cardiac glands are
at the proximal and distal ends of the esophagus. Their ducts
do not penetrate the muscularis mucosae, and their branched
and coiled tubules are located in the lamina propria rather than
in the submucosa. The other glands, the esophageal glands
proper, produce mucus and are located throughout the
esophagus.

The muscularis mucosae is composed primarily of sheets of
longitudinal muscle that aid in esophageal peristalsis. It loosely
adheres to both the mucosa and the muscularis as it invades
the longitudinal ridges of the esophagus. Muscularis mucosae
contain blood vessels, nerves, and mucous glands. The muscu-
laris externa is approximately 300 um thick and is composed of
an outer longitudinal and an inner circular layer, as described
previously.

ADDITIONAL RESOURCES
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he sphincter mechanism of the gastroesophageal (GE)

junction prevents retrograde flow of gastric contents into
the lower esophagus while allowing deposition of a food bolus
from the esophagus to the stomach (Figs. 8-1 and 8-2). The
lower esophageal sphincter (LES) mechanism is a combination
of functional contractions of the diaphragm, thickening of
the circular and longitudinal muscles of the esophagus, an
intraabdominal-esophageal component, gastric sling muscles,
and the angle created by the entry of the esophagus into the
abdomen through the diaphragm. Proper functioning of the
LES mechanism depends on all its muscular components and
the complex interaction of autonomic nerve inputs. Failure of
this sphincterlike mechanism results in the symptoms of gastro-
esophageal reflux disease (GERD) with reflux and regurgitation
of gastric contents. Physical damage, including esophagitis,
ulcers, strictures, Barrett esophagus, and esophageal carcinoma,
may develop.

At the GE junction, the Z line, indicating the transition from
squamous to columnar gastric mucosa, is easily recognized by
the color change from pale to deep red and texture change from
smooth to rugose. The Z line is located between the end of the
esophagus and the level of the hiatus and diaphragm. In some
patients, the gastric mucosa may extend several centimeters
proximally, into the esophagus.

Toward the distal esophagus, the circular and longitudinal
muscles gradually thicken and reach their greatest width 1 to
2 cm above the hiatus. These characteristics define the location
of the LES, which is capable of tonic contraction and neurologi-
cally coordinated relaxation. Manometry reveals a high-pressure
zone in the distal 3 to 5 cm of the esophagus, with a pressure
gradient between 12 and 20 mm Hg.

Pressure magnitude and sphincter length are important for
maintaining the competency of the valve. The intraabdominal
portion of the esophagus is important for the antireflux mech-
anism. The intrathoracic esophagus is exposed to -6 mm Hg of
pressure during inspiration through 6 mm Hg of pressure
within the abdomen, for a pressure difference of 12 mm Hg.
Sliding hiatal hernia is defined as the lower esophagus migrating
into the chest, where the pressure is =6 mm Hg. In this situa-
tion, negative pressure resists the LES remaining tonically
closed.

The longitudinal muscle of the esophagus continues into the
stomach to form the outer longitudinal muscle of the stomach.
The inner circular or spiral layer of the esophagus divides at the
cardia to become the inner oblique layer and the middle circular
layer. Inner oblique fibers create a sling across the cardiac inci-
sura, and the middle circular fibers pass horizontally around the
stomach. These two muscle layers cross at an angle and form a
muscular ring known as the collar of Helvetius and thought to
be a component of the complex LES.

Muscle fibers of the hiatus usually arise from the larger right
crus of the diaphragm, not from the left crus. Fibers that origi-

nate from the right crus ascend and pass to the right of the
esophagus as another band, originating deeper than the right
crus, ascending and passing to the left of the esophagus. The
bands cross scissorslike and insert ventrally to the esophagus,
into the central tendon of the diaphragm. Fibers that pass to the
right of the esophagus are innervated by the right phrenic nerve,
whereas right crural fibers, which pass to the left of the esopha-
geal hiatus, are innervated by a branch of the left phrenic nerve.

In some patients, an anatomic variation may be found by
which fibers from the left crus of the diaphragm surround the
right side of the esophageal hiatus. Rarely, the muscle to the
right of the esophageal hiatus originates entirely from the left
crus, and fibers surrounding the left of the hiatus originate from
the right crus. The ligament of Treitz originates from the fibers
of the right crus of the diaphragm.

The diaphragm independently contributes to sphincter func-
tion. As the crura contract, they compress the esophagus. This
action is most exaggerated during deep inspiration, when the
diaphragm is in strong contraction and the passage of food into
the stomach is impeded. The LES mechanism is exaggerated by
the angulation of the esophagus as it connects to the stomach
at the angle of His. How much this angulation contributes is
not clearly defined.

Phrenicoesophageal and diaphragmatic esophageal ligaments
connect the multiple components of the sphincter as the esoph-
agus passes through the hiatus. The phrenicoesophageal liga-
ment arises from the inferior fascia of the diaphragm, which is
continuous with the transversalis fascia. At the margin of the
hiatus, the phrenicoesophageal ligament divides into an ascend-
ing leaf and a descending leaf. The ascending leaf passes through
the hiatus, climbs 1 to 2 cm, and surrounds the mediastinal
esophagus circumferentially. The descending leaf inserts around
the cardia deep to the peritoneum. Within the intraabdominal
cavity formed by the phrenicoesophageal ligament is a ring of
dense fat. The phrenicoesophageal ligament fixates the esopha-
gus while allowing for respiratory excursion, deglutition, and
postural changes. Its role in the closure of the sphincteric mech-
anism is unclear.

Resting LES pressure is maintained by a complex interaction
of hormonal, muscular, and neuronal mechanisms. The muscu-
lar sphincter component functions with coordinated relaxation
and contraction of the LES and the diaphragm. Its action may
be observed during deglutition as it relaxes and tonically closes
to prevent the symptoms of reflux and regurgitation. As the
muscle groups contract externally, the mucosa gathers internally
into irregular longitudinal folds.

When a swallowed bolus of food reaches the LES, it pauses
before the sphincter relaxes and enters the stomach. The mech-
anism depends on the specialized zone of esophageal circular
smooth muscle and possibly the gastric sling. At resting state,
the LES is under tonic contraction. During swallowing, these
muscles relax, the sphincter opens, and the food bolus empties
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into the stomach. Conversely, during vomiting, the LES relaxes
to emit fluid into the esophagus.

The diaphragm contributes an external, sphincterlike func-
tion through the right crus of the diaphragm, which is attached
by the phrenicoesophageal ligament. Manometry and electro-
myographic studies reveal that fibers of the crura contract
around the esophagus during inspiration and episodes of

increased intraabdominal pressure. In patients with hiatal hernia,
the diaphragmatic component is no longer functional.

The muscular component is only partially responsible for the
resting LES pressure. Parasympathetic, sympathetic, inhibitory,
and excitatory autonomic nerves innervate the intramural plexus
of the LES. Resting pressure decreases after administration of
atropine, supporting the presence of a cholinergic neural com-
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wallowing, once initiated, becomes a reflex response (Figs.

9-1 and 9-2). Although a continuous process, deglutition is
divided it into three stages—oral, pharyngeal, and esophageal—
and may be observed by cineradiography and manometry.
Deglutition requires the physiologic ability to (1) prepare a
bolus of suitable size and consistency, (2) prevent dispersal of
this bolus during the phases of swallowing, (3) create differential
pressure that propels the bolus in a forward direction, (4) prevent
food or liquid from entering the nasopharynx or larynx, (5) pass
the bolus rapidly through the pharynx to limit the time respira-
tion is suspended, (6) prevent gastric reflux into the esophagus
during free communication between the esophagus and the
stomach, and (7) clear residual material from the esophagus.
Failure of these mechanisms leads to difficulty with swallowing
and may lead to regurgitation of gastric contents into the esoph-
agus and possibly into the pharynx.

The oral phase of deglutition follows mastication. The food
bolus in the mouth breaks down into smaller pieces with the
assistance of saliva. The tongue pushes the bolus posteriorly into
the oropharynx as it simultaneously closes the nasopharynx with
the help of the soft palate, fauces, and posterior wall of the
oropharynx to prevent food from being pushed through the
nose. Afterward, a peristaltic wave propels the bolus distally.
Paralysis of the soft palate may occur in patients after a cere-
brovascular accident (stroke) and cause regurgitation into the
nasopharynx.

When the bolus enters the oropharynx, the hyoid bone
elevates and moves anteriorly. Concomitantly, the larynx ele-
vates, moves forward, and tilts posteriorly, pulling the bolus
inward as the anteroposterior diameter of the laryngopharynx
increases. This action causes the epiglottis to move under the
tongue, tilt backward, and overlap the opening of the larynx to
prevent aspiration of the food. Depression of the epiglottis may
not completely close the larynx, and small particles of food
may infringe on the opening. A liquid bolus may be split by
the epiglottis and travel on each side of the larynx through
the piriform recesses, rejoining behind the cricoid cartilage.
The pharyngeal mechanism of swallowing occurs within 1.5
seconds.

At the same time, the upper esophageal sphincter (UES)
closes as the tongue moves backward and the posterior pharyn-
geal constrictors contract. In the hypopharynx, pressure
increases from 15 mm Hg to a closing pressure of 30 to
60 mm Hg. A pressure difference then develops between the
hypopharynx and the midesophagus, creating a vacuum effect
that, with the help of peristalsis, pulls the food from the hypo-
pharynx into the esophagus during relaxation of the cricopha-
ryngeus muscle. The 30-mm Hg closing pressure prevents
reflux of food back into the pharynx. When the bolus reaches
the distal esophagus, pressure in the UES returns to 15 mm Hg.

Passage of the food bolus beyond the cricopharyngeus muscle
signifies the completion of the pharyngeal phase and the begin-

ning of the esophageal phase. Hyoid bone, larynx, and epiglottis
return to their original positions, and air reenters the trachea.
The peristaltic wave begins in the oropharynx and continues
into the esophagus, propelling the food in front of it. Sequential,
coordinated contractions in middle and distal esophageal smooth
muscles function to propel the food down to the lower esopha-
geal sphincter (LES). In its travels, the bolus moves from an area
with intrathoracic pressure of —6 mm Hg to an area with
intraabdominal pressure of +6 mm Hg.

Peristaltic contractions may range from 30 to 120 mm Hg in
a healthy person. The average wave peaks in 1 second, remains
at that peak for 0.5 second, and subsides for 1.5 seconds. The
total rise and fall of each wave proceeds for 3 to 5 seconds. A
primary peristaltic contraction, initiated by swallowing, travels
down the esophagus at a rate of 2 to 4 cm/sec, reaching the LES
approximately 9 seconds after the initiation of swallowing. If
swallowing is rapidly repeated, the esophagus remains relaxed;
a wave develops only after the ending movement of the pharynx.

Efferent vagal nerves that arise in the medulla control esoph-
ageal peristalsis. When the esophagus is distended, a wave is
initiated with the forceful closure of the UES and contracts
down the esophagus. This phenomenon is a secondary contrac-
tion and occurs without movement of the mouth or pharynx.
Secondary peristalsis is a dependent, local reflex that attempts
to remove any food substance that remains in the esophagus
after primary contraction is complete. The propulsive force of
the esophagus is not very strong. Normal contractions of the
esophageal muscles and relaxation of the inferior esophagus are
necessary for efficient deglutition. So-called tertiary waves,
which occur particularly in elderly persons and in patients with
hiatal hernia, are nonperistaltic, repetitive, ringlike contractions
at multiple levels in the distal half of the esophagus, usually
during stages of incomplete distention. A patient with a large
hiatal hernia lacks the ability for distal fixation and adequate
food propulsion.

In the resting state, the LES divides the esophagus from the
stomach and functions as a pressure barrier with a 12-mm Hg
gradient. The LES is a thickening of muscle fibers that performs
a sphincterlike action, although no distinct sphincter exists.
Tonically, the LES remains closed, preventing gastroesophageal
(GE) reflux. With the onset of swallowing, the peristaltic wave
creates a transient peak behind the bolus and stops in the ter-
minal esophagus. The LES then relaxes through a reflex mecha-
nism. It does not relax completely until the pressure immediately
proximal is great enough to overcome the LES pressure. The
esophagus immediately proximal to the LES functions as a col-
lecting area in which pressure builds after the peristaltic wave
and the bolus is temporarily delayed.

After the bolus enters the stomach, LES pressure increases
temporarily before it returns to a resting state. The UES returns
to its resting pressure. The bolus does not completely clear the
esophagus; rather, small amounts may remain, especially if a



SECTION | = Esophagus

2. Bolus lying in groove on lingual dorsum formed
by contraction of genioglossus and transverse
intrinsic musculature of tongue.

1. Tip of tongue in contact with
anterior part of palate. Bolus

is pushed backward in groove Transverse Genioglossus
between tongue and palate. intrinsic musculature muscles
Soft palate is being drawn upward, of tongue

bulge has begun to form in upper
part of posterior pharyngeal wall (Passavant
ridge) and approaches rising soft palate.

7. Laryngeal vestibule is closed by approximation of
aryepiglottic and ventricular folds, preventing entry of
food into larynx (coronal section: AP view).

Soft palate

Root of tongue
Vallecula

Epiglottis turned
down (sectioned)

Thyroid cartilage
Aryepiglottic fold
Ventricular fold

6. Soft palate has been pulled Ventricle of larynx
down and approximated to root '}
of tongue by contraction of ‘
pharyngopalatine muscles (posterior

pillars) and by pressure of descending
"stripping wave”. Oropharyngeal cavity

closed by contraction of upper pharyngeal
constrictors. Cricopharyngeus muscle is
relaxing to permit entry of bolus into
esophagus. Trickle of food also enters laryngeal
aditus but is prevented from going farther by
closure of ventricular folds.

Vocal fold

Cricoid cartilage

Figure 9-1 Deglutition: Oral and Pharyngeal.
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4. Bolus has reached vallecula; hyoid bone and larynx move
upward and forward. Epiglottis is tipped downward. “Stripping
wave” on posterior pharyngeal wall moves downward.

7 i ",

3. Gradually pressing
more of its dorsal surface
against hard palate, tongue pushes
bolus backward into oral pharynx, soft palate is drawn upward
to make contact with Passavant ridge, closing off nasopharynx,
receptive space in oral pharynx forms by slight forward
movement of root of tongue, contraction of stylopharyngeus
and upper pharyngeal constrictor muscles draws pharyngeal
wall upward over bolus

5. Epiglottis is tipped down over laryngeal aditus
but does not completely close it. Bolus flows in
two streams around each side of epiglottis to
piriform fossae. Streams will then unite to enter
esophagus. Trickle of food may enter laryngeal
aditus (viewed from behind).

9. “Stripping wave” has passed pharynx. Epiglottis is beginning
to turn up again as hyoid bone and larynx descend.
Communication with nasopharynx has been reestablished. %I@,ﬁ;

8. “Stripping wave” has reached vallecula and is 10. Al structures of pharynx have returned
pressing out last of bolus. Cricopharyngeus muscle to resting position as “stripping wave”
has relaxed and bolus has largely passed into passes down into esophagus, pushing

esophagus. bolus before it.

23




24 SECTION | = Esophagus

: 1.Resting esophagus

' Cricopharyngeus and
gastroesophageal vestibule in
tonic contraction, as indicated
by elevated pressures at A and
D. Resting esophageal pressure
(B and C) lower than pressure
in gastric fundus (E)

Intragastric (fundic) pressure
tends to be slightly
subatmospheric when patient
is upright.

It is greater than atmospheric
in supine and “heads down”
positions

71 4. Peristaltic wave continues descent,
(C) causing bulge (ampulla) in
lower esophagus as vestibule (D)
has not yet relaxed enough to
permit passage of semisolid bolus

Cricopharyngeal pressure (A) and
upper esophageal pressure (B) have
returned to resting levels

Fundic pressure (E) unchanged

2.Semisolid bolus passing down
esophagus. Cricopharyngeus

4 is in powerful contraction after

passage of bolus as indicated
by elevated pressure at A

Peristaltic contraction wave,
- traveling behind bolus, causes

increased pressure at B.

Vestibule has already relaxed
slightly (D) but is still greater
than esophageal (C) or fundic
pressure (E)

Vestibule has fully relaxed as
indicated by drop in pressure (D)
almost to intragastric (fundic)
pressure (E). Bolus is passing
into stomach under influence of
peristaltic contraction wave,
evidenced by elevated pressure
atC

Fundic pressure (E) remains
unchanged despite entry of food
into stomach owing to
compensatory relaxation of gastric
and abdominal wall tonus

1 3.Head of bolus has arrived at upper
end of vestibule and come to
transient arrest. Pressures at
cricopharyngeus (A) and in upper
esophagus (B) have returned almost
to resting levels

Peristaltic contraction wave has
reached C, causing elevated pressure

Vestibule is slightly relaxed relative
to resting state but pressure here (D)
is still great enough to prevent
passage of semisolid bolus

5 "\ 6.Immediately after termination of
swallow, vestibule contracts
strongly as evidenced by elevated
pressure at D. It remains in this
state for a few seconds and then
gradually returns to resting

state (D7)

If a second swallow takes place
during phase of strongly elevated
vestibular pressure (refractory
stage), bolus may be held up at the
vestibule longer than was initial
swallow

D1 E

Figure 9-2 Deglutition: Esophageal.

person consumes thick food or swallows in the recumbent
position.

If a pharyngeal swallow does not result in peristalsis of the
esophagus, relaxation of the LES results in the reflux of gastric
contents that cannot be propelled back into the stomach. Vagal
function is responsible for relaxation of the LES. Therefore,
preventing reflux requires a functioning LES and stomach and
an esophagus capable of peristalsis.

ADDITIONAL RESOURCES

Gray H, Bannister LH, Berry MM, Williams PL, editors: Gray’s anatomy:
the anatomical basis of medicine and surgery, New York 1995, Churchill
Livingstone.

Peters JH, DeMeester TR: Esophagus and diaphragmatic hernia. In
Schwartz SI, Shires T'G, Spencer FC, editors. Principles of surgery, ed 7, New
York, 1999, McGraw-Hill, pp 1081-1179.
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wallowing is controlled by the cortical area located in the

inferior portion of the precentral gyrus, near the insula
(Fig. 10-1). Efferent connections are made by the hypothala-
mus with the medulla, where a deglutition center is located near
the ala cinerea and the nuclei of cranial nerve X. This medullar
deglutition center coordinates the nerves and muscles involved
in the act of swallowing.

Sensory impulses ready the swallowing center through affer-
ent fibers from the mucosa of the mouth, soft palate, tongue,
fauces, pharynx, and esophagus. Stimulation of the anterior and
posterior tonsils and of the sides of the hypopharynx may stimu-
late swallowing as a reflex; but swallowing may also be initiated
voluntarily. The glossopharyngeal nerve, the superior laryngeal
branches to the vagus, and the pharyngeal branches to the vagus
serve as the afferent sensory nerves of the pharynx. These nerves
initiate a reflex reaction and regulate the response of the muscle
groups that control breathing, positioning of the larynx, and
movement of the bolus into the esophagus. The voluntary com-
ponent of swallowing is completed when sensory nerves on the
pharynx detect the food bolus. After this, swallowing is an invol-
untary process.

Afferent sensory fibers travel through cranial nerves V, IX,
and X into their respective nuclei, after which fibers travel to
the swallowing center in the medulla. Data are coordinated in
the deglutition center and are stimulated by these nerves, which
facilitate the act of swallowing by emitting impulses in a deli-
cately timed reflex sequence through cranial nerves V, VII, X,
XTI and XII. Fibers from cranial nerves V, X, and XII innervate
the levator muscles of the soft palate. Cranial nerve X travels to
the constrictor muscles of the pharynx. Cervical and thoracic
spinal nerves innervate the diaphragm and intercostal muscles.
Cranial nerves V and XII travel to the extrinsic muscles of the
larynx. Fibers from cranial nerve X control the intrinsic muscles
of the larynx and the musculature of the esophagus. Cranial
nerves VII and XI and cervical motor neurons C1 to C3 are also
involved. The entire coordinated event occurs over 0.5 second.
Swallowing may be initiated by several different impulses. The
output, however, always follows the same sequence of coordi-
nated events.

These events may be altered after a cerebrovascular
accident (stroke). Efferent nerves through the vagus, cranial
nerve X, and recurrent laryngeal nerves activate the cricop-
harynx and upper esophageal muscles. Innervation is required
for the cricopharynx to relax as the pharyngeal constrictors
contract concomitantly. Damage to these nerves may result in
aspiration.

The bolus is propelled down the esophagus by peristaltic
muscle contractions controlled by the vagus nerves. In addition
to the recurrent laryngeal nerve, the cervical esophagus receives
an additional efferent supply either from a pharyngoesophageal
nerve arising proximal to the nodose ganglion or from an esoph-
ageal nerve.

Visceral afferent nerves from the upper five or six thoracic
sympathetic roots convey nerve stimuli that result from esopha-
geal distention, chemical irritation, spasm, or temperature varia-
tions. These impulses travel to the thalamus and then to the
inferior portion of the postcentral gyrus. After this, stimuli are
interpreted as sensations of pressure, burning, gas, dull ache, or
pain in the tissues innervated by the somatic nerves from the
corresponding spinal levels. These connections explain why
pain from esophageal disease may be referred to the middle or
to either side of the chest, to the sides of the neck, or to the
jaws, teeth, or ears. The similarity between atypical chest pain
and referred pain of cardiac origin is controversial and compli-
cates the differential diagnosis of cardiac and esophageal disease.
Distention, hypertonus, or obstruction of the distal esophagus
may give rise to difficulty in swallowing and to reflex contraction
of the upper esophageal sphincter, with the resultant sensation
of a lump, known as globus, at the level of the suprasternal
notch.

ADDITIONAL RESOURCES

Gray H, Bannister LH, Berry MM, Williams PL, editors: Gray’s anatomy:
the anatomical basis of medicine and surgery, New York, 1995, Churchill
Livingstone.

Peters JH, DeMeester TR: Esophagus and diaphragmatic hernia. In
Schwartz SI, Shires T'C, Spencer FC, editors: Principles of surgery, ed 7, New
York, 1999, McGraw-Hill, pp 1081-1179.
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Figure 10-1 Neuroregulation of Deglutition.
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he most frequently encountered anomaly in the newborn

is esophageal atresia (EA), which occurs with or without
tracheoesophageal fistuln (TEF) (Fig. 11-1). The incidence of EA
is 1in 4500 live births, with no gender predilection. Infants born
with EA have a 95% chance of survival.

Anatomic classification of EA comprises five categories. The
most common category is proximal pouch with distal fistula (41,
A2), which occurs in 85% of patients. The upper esophagus
ends at the level of the second thoracic vertebra (T2), leaving a
gap of 1 to 2 cm. The lower esophagus enters the trachea at the
carina. Over time, the upper esophagus dilates as swallowing
ends in a blind pouch. The distal esophagus is of normal caliber
but tapers proximally to 3 to 4 mm at its tracheal communica-
tion. The second most common EA category is long-gap esoph-
ageal atresia (B), which develops in 8% of patients. In this EA,
a fibrous cord connects the proximal and distal parts of the
esophagus. Occasionally, no cord exists, and the esophagus ends
in two pouches. Isolated H-type TEF (D), which can exist any-
where along the posterior wall of the trachea in a normal esoph-
agus, occurs in 4% of patients. EA with distal and proximal
fistulae (C) may develop in 6% of patients. Rare variants occur
in 2% to 3% of patients; for example, congenital atresia caused
by a stenosing web may develop anywhere in the esophagus of
a patient with a normal trachea (E).

The pathogenesis of EA remains controversial. In the fetus,
the tracheoesophageal septum is a single tube of mesoderm that
divides into the esophagus and the lung bud between the fourth
and twelfth week of development. The laryngotracheal groove
forms the floor of the gut. The esophageal lumen closes as it is
filled with epithelial-lining cells. After this, vacuolation occurs,
and the lumen is reestablished. An early traumatic event may
result in failure of the mesoderm to separate or differentiate
during growth of the lung and esophageal components, result-
ing in reabsorption of a portion of the esophagus. If vacuoles
fail to coalesce, a solid core of esophageal cells remains, result-
ing in atresia. An abnormal esophagus forms, with or without
pulmonary communication. Recent evidence indicates that a
tracheal fistula may develop as a trifurcation of the trachea that
grows and connects to the stomach bud.

Congenital anomalies of the esophagus are frequently
associated with organ anomalies. Certain anomalies are in-
compatible with life unless they are surgically corrected.
The most common associated syndrome is the VATER/
VACTERL (vertebral, anorectal, cardiac, tracheoesophageal,
renal, and limb abnormalities) syndrome, which occurs in 46%
of patients; 15% of infants have two or more components of the
syndrome.

CLINICAL PICTURE

Shortly after birth, the infant with a congenital abnormality
of the esophagus experiences respiratory distress, tachypnea,

coughing, and choking. Excessive salivation and drooling occur,
along with regurgitation and cyanosis with feedings. Cardiac
murmur or cyanosis may be noted. Symptoms are worse after
feedings. In infants with EA, the obstruction occurs 10 to 12 cm
from the mouth. H-type TEF may be diagnosed in older chil-
dren with pneumonia and reactive airway disease.

DIAGNOSIS

Diagnosis of a congenital esophageal anomaly in the prenatal
period may be possible with ultrasound. Abdominal radio-
graphs may confirm the diagnosis if air/fluid is found in the
mediastinum or if a nasogastric tube in the chest has become
curled. TEF may indicate air in the stomach. Barium esophag-
raphy, upper endoscopy, and bronchoscopy are the best diag-
nostic tests for TEF. The VATER syndrome may be detected
using radiography, renal ultrasound, or echocardiographic
studies.

TREATMENT AND MANAGEMENT

An infant with a congenital abnormality should be kept in an
incubator that provides oxygen or ventilation and has controlled
temperature and humidity. A rubber catheter should be intro-
duced into the pharynx for suction, and the infant should be
placed in a slight Trendelenburg position to facilitate the aspira-
tion of mucus. Aspiration pneumonia is treated with antibiotics.
Intravenous fluids should be given, and total parenteral nutri-
tion should be maintained if possible. Premature infants may
receive surfactants.

In the past, surgery was performed as soon as the patient
was stabilized after birth. Current procedures include closure of
the fistula, if present, and anastomosis of the esophageal ends.
A temporary gastrostomy feeding tube may be inserted. New-
borns who undergo surgery within the first 48 hours tend to
do better, but the timing of repair depends on the patient’s
condition.

In patients with VATER, the most severe problem is cor-
rected first. Bronchoscopy is performed at surgery, and the
incision is made on the side opposite the aortic arch. In patients
with dysphagia secondary to webs located at the cricopharyngeal
folds, dilatation with bougie may be well tolerated.

COURSE AND PROGNOSIS

Although long-term outcomes are favorable, children with EA
and TEF encounter many difficulties after initial surgery and
later in life. In the first 5 years, almost 50% of children acquire
gastroesophageal reflux disease, and 45% have dysphagia. At
least 25% of children with EA and TEF contract pulmonary
infections. Many experience developmental delays, but these
usually resolve as the children grow. Support groups have been
successful at helping children mature and helping parents
through their children’s difficult years.
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Figure 11-1 Congenital Anomalies. A1, A2, Proximal pouch with distal fistula; B, long-gap esophageal atresia, C, EA with distal and
proximal fistulae, D, Isolated H-type TEF, E, congenital atresia caused by stenosing web.
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In 1953, Schatzki first reported a circumferential stricture, or
ring, at the gastroesophageal (GE) junction. It is now believed
that up to 18% of patients undergoing routine upper endoscopy
exhibit this characteristic. No consensus exists on the cause,
location, or significance of the ring. It has been found in patients
with sliding hiatal hernia and in whom the GE junction has
migrated proximally. The ring may form from an infolding of
tissue at the GE junction (Fig. 12-1). Of patients with a Schatzki
ring, 65% have reflux, 50% erosive esophagitis, and 25% a
nonspecific dysmotility disorder.

Histologically, the lower esophageal (Schatzki) ring marks
the abrupt change from squamous esophageal cells to columnar
gastric cells. The ring consists of connective tissue and muscu-
laris mucosa. Over time, it may progress to form a stricture.
Differential diagnosis includes a congenital web, gastroesopha-
geal reflux disease, or carcinoma-induced strictures. Eosino-
philic esophagitis and reflux may play a role in the development
of Schatzki ring. Some evidence indicates that a ring may have
a protective effect from Barrett esophagus. A Schatzki ring may
be a rare cause of swallow syncope.

CLINICAL PICTURE

Patients may report symptoms of dysphagia or odynophagia
after swallowing meat, bread, or hard vegetables. Analysis of the
data by Schatzki indicates that decreasing the ring diameter by
I mm results in a 46% increase in the incidence of dysphagia.
Patients may present with food or a pill that has lodged at the
site of the ring.

DIAGNOSIS

A Schatzki ring is diagnosed by barium esophagram, which
reveals two protrusions that resemble pencil tips at the GE junc-
tion. Esophagogastroscopy may reveal the ring within a sliding
hiatal hernia. Infrequently, a ring may be distended beyond
13 mm. Swallowing a marshmallow bolus results in impaction

in 75% of patients at barium esophagraphy. Manometry usually
reveals high-amplitude contractions.

TREATMENT AND MANAGEMENT

Patients should chew food thoroughly to prevent impaction.
Esophagoscopy with bolus extraction is the simplest measure to
relieve obstruction. However, glucagon administration has
successfully reduced spasm and allowed an obstructed object
to pass. Balloon or bougie dilatations are equally effective for
patients with chronic dysphagia from Schatzki ring. Bougienage
is generally effective, but relapse is common. The ring may be
incised if repeat dilatations are ineffective. Dilatation after inci-
sion is performed if there is further failure.
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Figure 12-1 Schatzki Esophageal Ring Formation.
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he disease named after two Americans, physician Henry
Stanley Plummer and surgeon Porter Paisley Vinson,
usually occurs in edentulous, premenopausal, married women
and rarely in men (Fig. 13-1). Plummer-Vinson syndrome
(PVS) develops over months to years, manifests in the fourth to
fifth decades of life, and is more common in Scandinavian coun-
tries than in the United States. Because PVS is a risk factor for
developing squamous cell carcinoma of the esophagus and
hypopharynx, it is considered a premalignant process.
Dysphagia symptoms of PVS are caused by the hallmark
finding of a weblike structure that originates on the posterior
wall of the cervical esophagus between the hypopharynx and
1 to 2 cm below the cricopharyngeal region. At its root, the web
is usually thick. It becomes thinner as it protrudes inward, and
it may have the consistency of paper. The cause of the web’s
formation is unknown, but genetic factors and nutritional
deficiencies may play a role.

CLINICAL PICTURE

Dysphagia, iron-deficiency anemia, and weakness are the most
common symptoms of PVS. Dysphagia of solids occurs fre-
quently, but dysphagia of liquids is rare. Odynophagia may also
be present. Oral symptoms are common, and patients complain
of glossitis or burning of the tongue and oral mucosa. Possible
atrophy of lingual papillae produces a visually smooth and shiny
glossal dorsum. Patients may have stomatitis with painful cracks
in the angles of a dry mouth.

Atrophic mucosa may involve the esophagus and the hypo-
pharynx. Patients with PVS may also have achlorhydria, brittle
fingernails (which may indicate vitamin deficiency), and spleno-
megaly (33% of patients). Anemia may result in hemoglobin
levels that are 50% of normal values.

DIAGNOSIS

Barium esophagraphy reveals a fibrous web under the cricopha-
ryngeus muscle, seen as a filling defect below the level of

the cricoid cartilage in the esophagus. The web may involve the
entire circumference of the esophagus and is thought to be the
cause of dysphagia. Serum tests may reveal hypochromic micro-
cytic anemia, consistent with iron-deficiency anemia. Biopsy of
mucosa should demonstrate epithelial atrophy and submucosal
chronic inflammation, as well as possible epithelial atypia or
dysplasia.

TREATMENT AND MANAGEMENT

Treatment of PVS is primarily aimed at correcting the iron-
deficiency anemia. Patients should receive iron supplementa-
tion, as well as foods high in iron content. With treatment,
symptoms such as dysphagia, as well as oral and tongue pain,
usually resolve. Iron supplementation usually resolves the
anemia.

Dilatation of the esophageal web may be necessary. Only a
small amount of pressure ruptures a web, so introducing an
endoscope is usually therapeutic because it reestablishes a
normal passage through the esophagus.

COURSE AND PROGNOSIS

Iron replacement therapy reverses anemia, and strictures are
almost always dilated successfully. Unfortunately, malignant
lesions of the oral mucosa, hypopharynx, and esophagus may be
observed in as many as 100% of patients with PVS on long-term
follow-up.
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he connection between unexplained chest pain and esopha-
geal spasm was first discovered by William Osler in 1892.
Since then, multiple esophageal motility disorders have been
encountered in clinical practice, with a wide range of symptoms,
manometric findings, and responses (Fig. 14-1). These disor-
ders vary from minimal changes to extensive radiologic and
manometric abnormalities. The etiology of motility disorders
has yet to be clearly defined.
Esophageal motility disorders have been best classified into
four categories according to manometric findings (Spechler and
Castell, 2001), as follows:

1. Inadequate lower esophageal sphincter (LES) relaxation is
indicative of achalasia and its variants (see Chapter 15).

2. Uncoordinated esophageal contractions indicate the pres-
ence of diffuse esophageal spasm.

3. Hypercontractility disorders include “nutcracker” esopha-
gus, high-amplitude peristaltic contraction (HAPC), and hyper-
tensive lower esophageal sphincter (HLES).

4. Hypocontraction occurs in ineffective esophageal motility.

Diffuse esophageal spasm (DES) is a disease of the esophageal
body characterized by rapid wave progression down the esopha-
gus. It has an incidence of 1 in 100,000 population per year.
DES is unique in that it is distinguished by a nonperistaltic
response to swallowing, and it may be closely related to achala-
sia. Significant overlap exists between DES and other esopha-
geal spasm disorders; their clinical presentations are similar,
their pathologic basis is undetermined, and their management
is almost the same.

Nutcracker esophagus (NE) was first diagnosed in the 1970s.
HLES is an uncommon manometric abnormality found in
patients with dysphagia and chest pain that is sometimes associ-
ated with gastroesophageal reflux disease (GERD).

Ineffective esophageal motility (IEM) is a manometrically
defined disorder associated with severe GERD, obesity, respira-
tory symptoms, delayed acid clearance, and mucosal injury. IEM
may occur secondary to other diseases, including alcoholism,
diabetes mellitus, multiple sclerosis, rheumatoid arthritis,
scleroderma, and systemic lupus erythematosus.

Unfortunately, pathologic distinction between these disor-
ders is usually not helpful because muscles and neural plexuses
cannot be properly biopsied. The degree of increase in muscle

mass may be an important determinant of the type and severity
of esophageal motor dysfunction. The LES and esophageal
muscles are thickest in patients with achalasia, thicker in patients
with esophageal spasm disorders, and least thick in patients with
DES and NE. In certain studies, no specific change in ganglion
cells, vagus nerve, or disease progression has been found.
However, a nerve defect is suspected because many patients may
be sensitive to cholinergic stimulation.

CLINICAL PICTURE

Classic symptoms of esophageal motility disorders include chest
pain (80%-90% of patients), dysphagia (30%), and heartburn
(20%). Dysphagia of liquids and solids indicates a functional
disorder of the esophagus; dysphagia of solids alone indicates a
physical lesion. Very hot or cold liquids and stress may exacer-
bate dysphagia. The pain is usually retrosternal and frequently
radiates to the back. Patients describe a pain more severe than
angina that is intermittent and variable from day to day. It may
last from minutes to hours. Usually, a disparity exists between
symptoms and manometric findings, and the chest pain may be
unrelated to the dysmotility. Anxiety and depression are common
in these patients. Stress, loud noises, and ergonovine maleate
may stimulate muscular contractions. The cause may be a
sensory abnormality, and psychiatric illness may alter patients’
sensory perception.

Patients with DES complain of chest pain and dysphagia.
The pain may be associated with eating quickly or drinking hot,
cold, or carbonated beverages. Anxiety is common.

Patients with NE or HAPC usually present with chest pain;
dysphagia is present in only 10%. There is a 30% incidence of
associated psychiatric disorders. Patients with IEM present with
typical symptoms of heartburn and reflux and rarely dysphagia.
Patients with HLES have dysphagia (71%) and chest pain
(49%). Other common symptoms are regurgitation (75%) and
heartburn (71%).

DIAGNOSIS

A diagnosis of esophageal motility disorder is made using mul-
tiple tests. First, barium esophagraphy typically is used to evalu-
ate for nonpropulsive contractions, which indicate “corkscrew”
esophagus; unfortunately, NE and other spastic disorders
present minimal findings. Endoscopy is not diagnostic but may
reveal associated disorders, such as hiatal hernia, reflux esopha-
gitis, and strictures.
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Manometry is the definitive test for evaluating esophageal
motility disorders, but symptoms correlate poorly with findings.
Most findings are present in the distal esophagus and at the
LES, where smooth muscle is located. Patients may have a
combination of nonperistaltic contractions after most swallows,
waves of increased amplitude and duration, or frequent multi-
peak waveforms.

In DES patients, an esophagram is usually normal but may
reveal a corkscrew appearance with segmentation. The diagno-
sis of DES is made by manometry, which shows aperistalsis in
more than 30% of wet swallows, 20% of contractions that are
simultaneous, and amplitudes greater than 30 mm Hg in the
distal three fifths of the esophagus. DES patients rarely have
repetitive contractions or LES dysfunction. Vigorous achalasia
can easily be confused with DES. Recently, computed tomog-
raphy (CT) has been found to be sensitive in detecting esopha-
geal wall thickening in the distal 5 cm of the esophagus of DES
patients, showing promise as a diagnostic test. Degeneration of
esophageal vagal branches may be seen on biopsy.

The remaining esophageal motility disorders are diagnosti-
cally nonspecific. Patients may have combinations and degrees
of increased amplitude, wave duration, and triple-peaked con-
tractions. Double-peaked waves may be present, but these may
also be found in healthy patients.

Both NE and HAPC are characterized by abnormally ele-
vated contractions, with peaks greater than 180 mm Hg on
manometry despite normal LES. These disorders may be related
to DES.

Hypertensive LES is defined as a resting LES greater than
45 mm Hg, with normal relaxation of the sphincter. Intrabolus
pressure, a manometric measure of outflow obstruction, is sig-
nificantly higher in patients with HLES. Residual pressure mea-
sured during LES relaxation induced by a water swallow is also
significantly higher than in healthy persons. Hypermotility of
the LES may be present in conjunction with other muscular
disorders, and 33 % of patients may have elevated LES pressures
with poor relaxation.

Ineffective esophageal motility is associated with GERD and
is characterized by multiple low-amplitude waves in the lower
esophagus that are less than 30 mm Hg. Also, nontransmitted
contractions are present and ineffective at propelling food
through a normal LES. Esophagraphy may confirm these find-
ings. Endoscopy should be performed to exclude malignancy or
associated disorders. In patients with GERD and respiratory
symptoms, 30% to 50% have IEM, and 75% of IEM patients
and 25% of HLES patients have an abnormal DeMeester score
on 24-hour pH monitoring. Recent studies suggest that evalu-
ation of the distal esophagus with impedance manometry may
be helpful in the diagnosis and differentiation of esophageal
motility abnormalities.

TREATMENT AND MANAGEMENT

Medical therapy for esophageal motility disorders is limited, and
all disorders are treated similarly. These disorders rarely
progress and are not known to be fatal. Treatment focuses on
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symptom reduction and begins with reassurance, because many
disorders may have a psychiatric component. These patients’
most frequent complaint is pain, which may be related to GERD
and not the motor disorder; therefore, treatment should also
include proton pump inhibitors (PPIs). Treatment directed at
resolving GERD will cure the spasm. It is unknown whether
IEM is the cause or the effect of GERD, but resolving reflux
helps improve IEM. Unfortunately, effective motility medica-
tions for IEM are no longer available.

Trials should be performed with isosorbide nitrate and
calcium channel blockers because these agents are successful in
relaxing muscle, but studies show no significant benefit. Silde-
nafil lowers LES pressure and spastic contractions of the esoph-
agus in healthy people as well as in patients with NE, HLES,
or achalasia, and these effects may last for 8 hours. Patients with
HLES and NE may benefit from sildenafil, but adverse effects
are a limiting factor.

Tricyclic antidepressants, which have proven benefit for
chest pain, have produced the most success with motility disor-
ders. Recently, a 70% incidence of concomitant psychiatric dis-
orders has been observed. Trazodone at 100 to 150 mg daily
decreases stress and symptoms, and imipramine is also benefi-
cial. Antidepressants such as sertraline may also be used. Up
to 75% of patients may experience prolonged remission of
symptoms.

If symptoms include dysphagia or regurgitation accompanied
by poor LES relaxation, treatment is similar to that for achala-
sia, including smooth muscle relaxants and bougie dilatation
(beneficial in 40% of patients with severe manometric abnor-
malities). Botulinum toxin A (Botox) injections show promise as
a medical treatment.

Surgical therapy is reserved for patients in whom medical
intervention has failed and symptoms of dysphagia and chest
pain have remained severe. Surgical intervention includes a long
myotomy from the arch of the aorta across the LES, with an
added antireflux procedure to address severe dysmotility. Tho-
racoscopy, the preferred technique for long myotomy and a
viable alternative to open surgery, provides effective relief for
spastic disorders, reduces surgical trauma, decreases hospital
stay, and speeds recovery. Myotomy with partial fundoplication
for isolated HLES relieves dysphagia and chest pain, suggesting
a primary sphincter dysfunction. Because medication for IEM
is used only to treat associated reflux, patients may be offered
partial fundoplication to treat GERD, with expected relief of
reflux in 79% of patients.

COURSE AND PROGNOSIS

Open surgical therapy has been successful in only 50% of
patients and only when dysmotility is clearly associated with
dysphagia. Thoracoscopic myotomy for NE and DES has
resulted in a good or excellent result in 80% of patients, com-
pared with a good to excellent result in only 26% of patients
treated with medication or dilatation. Minimally invasive surgery
offers patients with NE and DES the best opportunity to
become asymptomatic. Patients with IEM should undergo lapa-
roscopic partial fundoplication for relief of reflux.
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ith an incidence of 1 to 6 per 100,000 population in

North America, achalasia is the most common motor
disorder of the esophagus (Fig. 15-1). It affects both genders
equally and usually occurs in persons 20 to 40 years of age. The
traditional form, characterized by extensive esophageal dilata-
tion, aperistalsis, and thickened lower esophageal sphincter
(LES) that does not relax to baseline pressure, affects 75% of
patients with achalasia. The remaining 25% of patients have
“vigorous” achalasia. Compared with patients with traditional
achalasia, those with vigorous achalasia seek treatment at an
earlier stage of disease and have higher muscle contraction
amplitude, minimal esophageal dilatation, higher LES pressure,
and prominent tertiary contractions.

Patients with achalasia lack ganglion cells in the myenteric
plexus of Auerbach in the distal esophagus. Degeneration of the
vagal motor dorsal nucleus and destruction of the vagal nerve
branches have been observed.

The etiology of achalasia is becoming clearer. Achalasia is
now believed to be an immune-mediated inflammatory disease
in which esophageal neurons are destroyed by herpes simplex
virus type 1 (HSV-1) reactive T cells present in the LES
muscles. Myenteric antiplexus antibodies are present in 100%
of women and 67% of men with achalasia. The response
occurs after HSV-1 infection and is believed to have a genetic
predisposition.

Secondary achalasia results from Chagas disease, and pseu-
doachalasia results from malignancy, infiltrative disorders,
diabetes, and other causes.

CLINCAL PICTURE

Almost all patients with achalasia have dysphagia of solids, and
66% have dysphagia of liquids. Patients initially feel heaviness
or constriction in the chest when under stress. Food itself causes
some stress, eventually resulting in obstruction. Retrosternal
chest pain may occur in up to 50% of patients but improves over
time. Patients eventually become afraid to eat as symptoms of
dysphagia, chest pain, and regurgitation of food develop. Regur-
gitation of undigested food occurs in 60% to 90% of patients.
Most patients maintain their nutritional status with little weight
loss. Pneumonia is common in elderly patients from the regur-
gitation and aspiration of food.

Neither the severity nor the total number of achalasia-related
symptoms correlates with the severity of radiographic findings.
Although the most common symptom, dysphagia is the initial
symptom in only 39% of patients. Heartburn occurs in 25% to
75% of patients. During barium esophagraphy or swallowing,
symptoms increase. Slow eating occurs in 79% of patients,
regurgitation occurs in 76%, and 60% engage in characteristic
movements such as arching the neck and shoulders, raising the
arms, standing and sitting straight, and walking.

DIAGNOSIS

Barium esophagraphy shows dilatation of the distal esophagus,
aperistalsis, and poor relaxation of the LES. There is a classic

bird-beak appearance as a dilated portion of the LES esophagus
tapers to a point. Fluoroscopy may visualize spasms in the
esophagus as it attempts to empty its contents through the LES.
Epiphrenic diverticula are often associated with achalasia.

Diagnosis is made through manometric evaluation, which
reveals simultaneous low-amplitude contractions of the esopha-
geal body that do not propagate. The LES narrows to 2 cm, and
the LES relaxes incompletely. The esophagus responds with
increased activity to parasympathetic agents. An acetylcholine
analog, methacholine chloride (Mecholyl), causes exaggerated
esophageal body and LES contractions that indicate achalasia.

Esophagoscopy is performed to rule out malignancy and
other diseases that are a part of the differential diagnosis and to
evaluate the mucosa before any procedure is undertaken. Endo-
scopic findings may include dilatation and atony of the esopha-
geal body and LES closing that is difficult to open; a pop may
be heard as the scope passes through the LES. Small particles
of food may be retained early and large amounts retained late
in the disease process. Inspissated food particles may adhere to
the thickened mucosa, causing leukoplakia. The esophagus may
also become elongated before dilatation.

TREATMENT AND MANAGEMENT

Therapy consists of medications, local injections, pneumatic
dilatation, and surgery and is directed at palliation of symptoms
and prevention of complications. Medications have had limited
success in relieving achalasia symptoms. Nitrates, such as amyl
nitrite or sublingual isosorbide, can enhance esophageal empty-
ing and relieve symptoms in up to 70% of patients. Calcium
channel blockers have been used to relax the LES, but studies
show no significant benefit.

Botulinum toxin A (Botox) inhibits acetylcholine release
from the nerve endings within the myenteric plexus and at the
nerve-muscle junction. It decreases LES pressure in patients
with achalasia and has limited adverse effects. It is initially suc-
cessful in 30% to 75% of patients after circumferential injection
into the LES. Unfortunately, the results last only 6 to 9 months
on average. Only 50% of patients respond for more than 1 year,
and 70% experience relapse at 2 years. Long-term success is
highest in elderly patients and in patients with LES pressure
that exceeds normal by only 50%. Injections must therefore be
repeated several times. Botulinum toxin A injection is a good
option for elderly, debilitated patients who are not candidates
for more invasive procedures, as well as for patients who prefer
this option.

Pneumatic dilatation is another option that is less invasive
than surgery. Dilatation with a 50-French dilator provides tem-
porary relief for only 3 days. Forceful dilatation with a balloon
is more successful because the circular muscles must be torn
to achieve long-term relief. The balloon creates pressure to
300 mm Hg for 1 to 3 minutes and distention to a diameter of
3 cm. After dilatation, a meglumine diatrizoate (Gastrografin)
swallow is performed, and the patient is observed for 6 hours
before discharge. The most severe complication after dilatation
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is esophageal perforation, which occurs in 3% of patients. Small
tears with free flow of contrast back into the esophagus may be
treated conservatively. If there is free flow into the mediastinum,
emergency thoracotomy is indicated. Surgery is usually neces-
sary for 50% of perforations. Symptom relief is successful in
55% to 70% of achalasia patients with an initial dilatation and
up to 93% with multiple dilatations. Symptom relief is the tra-
ditional measure used to assess treatment success. The timed
barium study (TBS) is also used to assess esophageal emptying
and correlates with a successful outcome in patients undergoing
pneumatic dilatation. Poor esophageal emptying can be seen on
barium esophagraphy in almost 30% of achalasia patients
reporting complete symptom relief after pneumatic dilatation;
90% of these patients experience failed treatment within 1 year.

In the past, surgery performed by thoracotomy had an 80%
to 90% success rate. However, minimally invasive procedures
such as left thoracoscopic myotomy and laparoscopic myotomy

are now the preferred methods, with the latter gaining greatest
acceptance. Surgery is indicated in patients younger than 40
years or in those who have recurrent symptoms after botulinum
type A treatment or pneumatic dilatation. It is also indicated in
those who are at high risk for perforation from dilatation because
of diverticula, previous gastroesophageal (GE) junction surgery,
or tortuous or dilated esophagus. Myotomy involves the division
of all layers of muscle down to the mucosa, with extension of at
least 1 cm onto the stomach. A postoperative esophagram
showing excellent initial esophageal clearance correlates well
with a very good clinical outcome after esophageal myotomy.
Thoracoscopic myotomy without fundoplication produces
excellent response in 85% to 90% of patients. Compared with
the open procedure, this approach results in shorter average
duration of surgery, less blood loss, less need for postoperative
narcotic analgesics, and quicker recovery to normal activity.
Median hospital stay is 3 days. Gastroesophageal reflux disease



(GERD) may develop in 60% of patients after thoracoscopic
myotomy. The most significant complication is postoperative
reflux, and dysphagia persists in approximately 10% of patients.

Laparoscopic myotomy is the procedure of choice for patients
with achalasia. It results in all the same benefits as thoracoscopy
with less dysphagia and less reflux. A partial fundoplication,
Toupet or Dor, should be performed to prevent reflux. Median
hospital stay is only 2 days.

The incidence of GE reflux in patients who underwent
esophageal myotomy alone was 64%, but 27% in those who had
myotomy and antireflux procedure. At 15 years after surgery,
11% of patients will develop esophagitis, and more than 40%
will have reflux with a partial fundoplication. Good to excellent
long-term results were seen in approximately 90% of patients
at 3-year follow-up and 75% to 85% after 15 years. Resting
pressures of the esophageal body and LES are lower after
surgery. Esophageal transit improves in postoperative patients
but is still slower than in healthy controls. Persistent postopera-
tive dysphagia may occur in up to 5% and may be treated with
dilatation or repeat surgery. Approximately 2% of patients
develop esophageal cancer after surgery.

COURSE AND PROGNOSIS

Achalasia can now be more specifically classified. Type II
patients are most likely to respond to all therapies, such as Botox
in 71%, pneumatic dilatation in 91%, and Heller myotomy in
100%, compared with only 56% overall response rate in type I
patients and 29% in type III patients. If left untreated, esopha-
gitis may develop from stasis of retained food; 30% of patients
may aspirate esophageal contents. Coughing attacks and pulmo-
nary infections may also occur. Carcinoma may develop in 2%
to 7% of patients. Currently, there is no recommended surveil-
lance program for malignancy.

Surgery for achalasia can fail in 10% to 15% of patients,
more frequently in those with previous endoscopic procedures,
longer duration of symptoms, severely dilated esophagus, and
very low LES pressure. Recurrent dysphagia after myotomy
should first be treated with pneumatic dilatation. If this fails,
laparoscopic reoperation for achalasia is safe and feasible and
the procedure of choice. It is performed in approximately 5%
of patients with recurrent or persistent dysphagia. Repeat
surgery improves symptoms in more than 85% of patients. The
surgeon’s experience and recognizing the cause for failure of the
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original surgery are the most important factors in predicting
outcome.

In primary treatment of achalasia, dilatation is superior to
botulinum type A treatment in the short term; clinical remission
rates at 4 months are approximately 90% (dilatation) versus
40% (Botox). Also, myotomy is more reliable in reducing LES
pressure than pneumatic dilatation. Good or excellent relief of
dysphagia is obtained in 90% of myotomy patients (85% after
thoracoscopic, 90% after laparoscopic). Mortality is rare. After
documentation that laparoscopic treatment outperforms balloon
dilatation and botulinum type A injection, the laparoscopic
Heller myotomy has created a shift in practice and has become
the preferred treatment for achalasia.

Over their lifetime, patients with achalasia develop many
complications that warrant therapy, but their life expectancy and
eventual cause of death are no different than in the average
population.
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Diverticula of the esophagus may be classified according to
cause (pulsion or traction), location (pharyngoesophageal,
midesophageal, or epiphrenic), or wall component (full thick-
ness [true diverticula] or mucosa/submucosa [pseudodivertic-

ula]) (Fig. 16-1).
CRICOPHARYNGEAL DIVERTICULA

Zenker, or pharyngoesophageal, diverticula occur 10 times
more often than other esophageal diverticula; 80% to 90% of
cases occur in men, and the average age is 50 years. Zenker
diverticula develop as the mucosa and submucosa of the hypo-
pharynx herniate between the inferior constrictor and the cri-
copharyngeus muscles in the posterior midline. The developing
sac becomes stretched over time as it protrudes to the left, pos-
terior to the esophagus, and anterior to the prevertebral fascia.
Evidence suggests that patients with Zenker diverticula have
more scar tissue, and that degenerated muscle fibers of the
cricopharyngeus have a smaller opening and increased hypopha-
ryngeal bolus pressure during swallowing. Changes in the mor-
phology of the unique fiber orientation of the cricopharyngeus
muscle may impair its dilatation and are thought to be caused
by progressive denervation of the muscle.

Clinical Picture

Initially, patients may have the sensation of a lump in the throat
and may accumulate copious amounts of mucus. Dysphagia to
liquids and eventually dysphagia of solids may occur. Patients
may regurgitate undigested food when coughing; some may
develop pneumonia. Patients may also report foul-tasting food,
halitosis, and nausea. As the disease progresses, obstruction may
result in significant weight loss and malnutrition.

Diagnosis

Examination may reveal fullness under the left sternocleidomas-
toid muscle, with resultant gurgling on compression. Barium
esophagraphy reveals the size, location, and degree of distention
of the diverticulum. Esophagoscopy reveals a wide mouth pouch
that ends blindly. The opening of the esophagus is pushed
anteriorly and kinked by the diverticulum. Endoscopy demon-
strates the presence of two lumens above the cricopharyngeus
muscle. Manometry may reveal dysmotility of the upper esopha-
geal sphincter (UES) and may differentiate dysphagia secondary
to a recent cerebrovascular accident (stroke).

Treatment and Management

Treatment is surgical through an endoscopic or external cervical
approach and should include a cricopharyngeal myotomy.
Surgery is indicated for patients with moderate to severe symp-
toms and especially for those with a history of aspiration pneu-
monia or lung abscess. Surgery has been associated with
significant morbidity because of the procedure itself and the
poor medical condition of most of these patients.

Course and Prognosis

Open surgery for Zenker diverticulum includes diverticulec-
tomy, invagination, diverticulopexy, and myotomy. Morbidity
ranges from 3% for myotomy to 23% for diverticulectomy with
myotomy. Significant improvement occurs in 92% of patients;
6% experience recurrence with diverticulectomy, and 21% have
recurrence with invagination. Open techniques result in better
symptomatic relief than endoscopic staple diverticulostomy
(ESD), especially in patients with small diverticula. Resection
without myotomy is initially effective but may result in recur-
rence or fistulae in the long term.

The ESD procedure is a minimally invasive or endoscopic
approach. It may be performed in up to 85% of patients with
Zenker diverticulum, although a large diverticulum with redun-
dant mucosa is a risk factor for recurrence. A linear stapler is
placed with one blade in the esophagus and the other in the
diverticulum as the stapler is fired across the cricopharyngeus
muscle. ESD is a safe, effective procedure with a high level of
patient satisfaction. It is performed with diathermy, lasers, or
staplers through a rigid esophagoscope or by diathermy through
a flexible endoscope. The morbidity rate is 2% to 13% with
staplers and 26% with lasers. Symptoms improve in 91% to
99% of patients after diathermy. The recurrence rate is 12%,
but it is as high as 64% in some studies. Generally, patients
recover and return to their normal diets quickly, and complica-
tion and mortality rates are lower than with open procedures.
When comparing ESD with other endoscopic procedures, dura-
tion of surgery and mortality rate are similar, but fewer compli-
cations and quicker convalescence occur with ESD. It is safer
than laser division.

Small diverticula may be treated by diverticulectomy, with
or without myotomy. Large diverticula may be treated by
all methods. Patients younger than 60 years old or those with
very large diverticula should undergo diverticulectomy. Elderly
patients with multiple comorbidities should be treated through
ESD.

PULSION DIVERTICULA

Epiphrenic or pulsion diverticula usually occur singly and are
located in the distal 10 cm of the esophagus. Multiple diver-
ticula are found in persons with scleroderma. They occur equally
on the left and right sides at an incidence of less than 1 in
100,000. They usually range in size from 3 to 10 cm.

There is a high prevalence (up to 100% of patients) of
primary motility disorders in patients with epiphrenic divertic-
ula. Diverticula may be associated with achalasia, diffuse esopha-
geal spasm (DES), nutcracker esophagus (NE), and other
nonspecific dysmotility disorders (see Chapter 14). They are
believed to occur secondary to dyscoordination of muscular
contractions that cause the inner mucosa to protrude through
the outer esophageal muscle and to a high resting lower esopha-
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geal sphincter (LES) pressure with resultant increased intralu-
minal pressure. Patients usually have associated hiatal hernia
with reflux that may result from poor esophageal clearance
caused by dysmotility. Distal esophageal diverticula also have
been associated with reflux strictures and other lesions. Earlier
literature has categorized diverticula according to location and
not by cause. Midesophageal diverticula are usually pulsion
diverticula that develop secondary to motility disorders.

Clinical Picture

Most diverticula are asymptomatic or cause only minimal dys-
phagia or regurgitation. Symptoms usually relate to the size of
the diverticula. Primary symptoms are dysphagia in approxi-
mately 25% of patients, dysphagia and regurgitation in 50%,
and pulmonary symptoms in 25%. The usual duration of the
primary symptoms before presentation is 10 years. In more than
one third of patients, these symptoms are severe, and lethal
aspiration is a risk. Halitosis may occur from the retention of
food contents in the lesion, and chest pain may result from an
associated motility disorder. If the contents of the pouch become
infected, the pouch can rupture, resulting in bronchopulmonary
complications such as bleeding or sepsis. Symptoms of mid-
esophageal diverticula are similar to those for epiphrenic diver-
ticula, except that reflux is usually not present.

Diagnosis

An esophageal diverticulum is easily visualized during barium
esophagraphy. Videoesophagraphy may add further benefit.
Endoscopy should be performed to evaluate any coexistent
abnormalities or to obtain a biopsy specimen. Manometry is
used to determine the esophageal body function and LES pres-
sure and usually indicates that diverticula are the result of motil-
ity disorders. An esophageal motor disorder is diagnosed
through motility testing in approximately 90% of patients.
When diagnosis is difficult, 24-hour ambulatory motility testing
may be used and may clarify the diagnosis in almost 100% of
patients. Underlying disorders are achalasia in 17% to 43%,
hypertensive LES in 14%, DES in 24%, NE in 10%, and non-
specific motor disorder in 10% to 66% of patients.

Treatment and Management

Treatment is limited to surgery and should be reserved for those
with severe symptoms and lesions measuring 5 cm or larger;
50% to 75% of patients with diverticula undergo surgery.
Treating the underlying motor disorder is the main therapeutic
goal, whereas diverticulectomy is performed for large divertic-
ula. Surgical approach is by thoracotomy, thoracoscopy, or lapa-
roscopy. Some centers now recommend concomitant use of
endoscopy. If a diverticulum is excised at its base, muscle is
closed over the area, and myotomy is performed on the opposite
side, at the same level.

Small diverticula are inverted and oversewn. Whether the
diverticulum should be surgically resected or suspended depends
on its size and proximity to the vertebral body. Usually, mid-
esophageal diverticula are adjacent to the spine and may be
suspended. In these cases, myotomy is performed from the neck
of the diverticulum to below the LES. Long myotomy is per-
formed for patients with motility disorders, and its length is
tailored according to manometry results. Myotomy of the LES

should be performed to prevent breakdown of the staple line
and rupture of the esophagus, caused by the same intraluminal
pressure that initially gave rise to the diverticulum. Partial or
total fundoplication is also performed to prevent reflux.

Midesophageal diverticula are treated with thoracotomy or
thoracoscopy. Patients with moderate to severe symptoms
undergo surgery. Diverticula are removed, and myotomy is per-
formed. Because the LES is not divided, fundoplication is not
performed.

Course and Prognosis

Results are good to excellentin 90% to 100% of surgical patients
followed long term after resection or imbrication of the diver-
ticula. The most common morbidity is caused by suture leakage.
Good results are indicated by resolution of symptoms, weight
gain, and no clinical recurrence. Approximately 50% of patients
who do not undergo myotomy have less favorable results.
Results for thoracoscopy and laparoscopy approach those for
open techniques, but with less morbidity. Approximately 66%
of patients who do not undergo surgery remain symptomatic or
become symptomatic.

TRACTION DIVERTICULA

Traction diverticula were first discovered in patients with tuber-
culosis and mediastinal lymph nodes. Currently, tuberculosis
and histoplasmosis infections are the usual cause, although other
etiologies, such as sarcoidosis, have been reported.

Traction diverticula result from inflammation of paratracheal
and subcarinal lymph nodes that adhere to and scar the esopha-
gus. Adhesion pulling results in a diverticulum, usually in the
midesophagus. Traction diverticula are an outpouching of all
the esophageal layers. Pulsion diverticula may also occur in the
midesophagus but are caused by dysmotility.

Clinical Picture

Most midesophageal diverticula are asymptomatic and are dis-
covered incidentally. Symptomatic patients report chest pain,
odynophagia, and regurgitation. Evaluation should be con-
ducted to determine the presence of an esophageal motility
disorder to distinguish it from pulsion diverticula. If dysmotility
is not present, a traction or congenital diverticulum should be
suspected. Rarely, a patient will have a bronchoesophageal
fistula with symptoms of coughing and aspiration of food.

Diagnosis

Traction diverticula of the midesophagus are usually incidental
findings on barium swallow or upper endoscopy. Barium esoph-
agraphy reveals poorly demarcated diverticula. Endoscopy may
also be helpful in the diagnosis.

Treatment and Management

Most patients with traction diverticula are not treated. If symp-
toms are severe, thoracotomy is performed, the diverticulum is
removed, and the opening is sewn. No myotomy is necessary.

Course and Prognosis

If left untreated, some lesions may erode or extend into the
adjacent lung or bronchial arteries and may result in clinical
symptoms such as pneumonia or gastrointestinal bleeding.
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ore than 100,000 cases of ingested foreign bodies occur in

the pediatric population each year. Although most are
accidental, intentional ingestion starts in adolescence. Children
are often exposed to random household objects, and they often
swallow coins, particularly those ages 2 to 5 years. Children also
swallow toy parts, jewels, batteries, sharp objects (needles, pins,
fish or chicken bones), metal objects, food, seeds, plastic mate-
rial, magnets, buttons, nuts, hard candy, and jewelry, which can
become lodged in the esophagus. Even a safety pin can become
impacted in the esophagus of an infant or a small child. Batteries
represent less than 2% of foreign bodies ingested by children.
Ingestion of multiple magnets can cause esophageal obstruction
and perforation.

Foreign bodies become entrapped as frequently in adults as
in children (Fig. 17-1). In adults, the foreign body most often
entrapped is food, usually meat (33%). Hasty eating may result
in people swallowing chicken or fish bones. A large proportion
(30%-38%) of these people has an underlying esophageal
disease, most often peptic stricture. Underlying strictures
obstruct such foods as seeds and peas, which usually pass unob-
structed into the stomach.

Tacks, pins, and nails held between the lips may be swallowed
and may attach to the esophageal wall or descend into the
stomach and beyond. Of the 40% to 60% that become lodged
in the esophagus, ingested objects are then found above the
cricopharyngeus in 57% to 89% of patients, at the level of the
thoracic esophagus in approximately 26% of patients, and at the
gastroesophageal junction in 17% of patients.

CLINICAL PICTURE

Symptoms caused by foreign bodies lodged in the esophagus
depend on the object’s size, shape, consistency, and location.
About 50% of patients have symptoms at the time of ingestion,
such as retrosternal pain, choking, gagging, or cyanosis. They
may drool, and dysphagia may occur in up to 70% and vomiting
in 24%. Patients also report odynophagia, chest pain, and inter-
scapular pain.

Infants are unable to express their discomfort or locate the
sensation of pain; they may have vague symptoms, making diag-
nosis difficult. Retching, difficulty swallowing, and localized
cervical tenderness may be the only ways to confirm
obstruction.

DIAGNOSIS

Radiopaque substances, such as metallic objects, chicken or fish
bones, or clumps of meat, can readily be recognized on x-ray
film. Nonradiopaque objects, such as cartilaginous and thin fish
bones, may be seen on computed tomography (CT) or during
esophagoscopy.

TREATMENT AND MANAGEMENT

Treatment of foreign bodies depends on the type of object, its
location, and the patient’s age and size. In general, esophageal

foreign bodies require early intervention because of the risk
of respiratory complications and esophageal erosion or
perforation.

Passage occurs naturally in 50% of all foreign body inges-
tions. Small, smooth objects and all objects that have passed the
duodenal sweep should be managed conservatively by radio-
graphic surveillance and stool inspection.

Spontaneous passage of coins in children occurs in 25% to
30% of cases without complications; therefore, these patients
should be observed for 8 to 16 hours, especially with distally
located coins. Spontaneous passage of coins is more likely in
older, male patients, especially when they become lodged in the
distal third of the esophagus. If coins do not pass, esophageal
bougienage or endoscopic removal may be required.

When considering most objects, esophageal bougienage
entails the lowest complication rate and the lowest cost. Esopha-
goscopy should almost always be performed because it is diag-
nostic and therapeutic. Emergency flexible endoscopy is the
most effective method for removing foreign bodies from the
esophagus. It is successful in 95% to 98% of patients and results
in minimal morbidity. Innovative methods such as loop basket,
suction retrieval, suture technique, double-snare technique, and
combined forceps/snare technique for long, large, and sharp
foreign bodies, along with newer equipment such as retrieval
nets and specialized forceps, may be necessary if removing the
object is difficult.

Management of sharp foreign bodies has a higher complica-
tion rate than for other foreign bodies, from less than 1% to
15% to 35%, except for straight pins, which usually do not cause
significant problems unless multiple pins are ingested. Ingested
batteries that lodge in the esophagus require urgent endoscopic
removal even in the asymptomatic patient because of the high
risk of burns and possible death. Batteries thatare 2 cm or larger
are especially likely to become lodged.

Patients must be anesthetized. Approximately 90% can toler-
ate conscious sedation; the rest require general anesthesia. The
pressure from a large mass in the esophagus against the trachea
may cause asphyxia, necessitating tracheotomy before the object
can be removed, especially in children.

Food often accumulates above an entrapped object and must
be removed by forceps. Maximal dilatation of the esophageal
wall allows visualization of the foreign body. Sharp or pointed
objects (e.g., nails, pins, bristles) may become embedded in the
esophageal wall, with only their tips visible, and must be
retrieved using endoscopic forceps.

On occasion, magnets are used to localize a metallic foreign
body and position it so that it can be removed. Magill forceps
enable quick, successful, and uncomplicated removal of coins in
children, especially coins lodged at or immediately below the
level of the cricopharyngeus muscle. Proximal dilatation using
an oral side balloon is safe and effective for removing sharp
foreign bodies from the esophagus, avoiding surgery and pos-
sible perforation; it is successful in 95% of patients.
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Figure 17-1 Foreign Bodies in the Esophagus.

Surgical treatment is unavoidable for the 1% of patients from
whom an object cannot be retrieved by endoscopy. These
objects usually are lodged in the cervical esophagus. If the
esophagus has been perforated, conservative treatment or
surgery is performed. Conservative treatment is successful in
patients with perforation but no abscess or significant contami-
nation. These patients are treated immediately with broad-
spectrum antibiotics and are not permitted food or liquids,
receiving either enteral feeding or total parenteral nutrition
until healing is documented by meglumine diatrizoate (Gastro-
grafin) swallow.

In the presence of a cervical abscess or mediastinitis, the
patient should undergo exploratory surgery, and the area should
be surgically drained. Surgical treatment of perforation includes
cervical mediastinotomy or thoracotomy and drainage. Esopha-
geal perforation may cause death. Successful therapy for perfo-
ration depends on the size of the injury, its location, the time
elapsed between rupture and diagnosis, the patient’s underlying
medical condition, and whether sepsis has developed.
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E ach year in the United States, 34,000 people ingest caustic ~ until 1960, when liquid oven cleaners superseded it. Liquid oven
substances (Fig. 18-1), leading to tissue destruction through ~ cleaners cause more distal esophageal burns. Severe injury

liquefaction or coagulation reactions. The severity of destruc-  almost always occurs after liquid oven cleaner ingestion, but
tion depends on the type, concentration, and amount of sub-  occurs in only 25% of patients after lye ingestion. In the acute
stance ingested, as well as the time and intent of ingestion. stage, perforation and necrosis may occur.

Ingesting caustic substances is the most common toxic exposure Chemical burns result from strong acid and alkali exposure,
in children and is almost always accidental. In 60% of all cases,  and their severity depends on the time of exposure to these
caustic substance ingestion is suicidal, and in 40% it is acciden-  radicals. At a pH greater than 11, alkali causes liquefaction

tal. Adults usually ingest substances in attempts at suicide. Solid ~ necrosis, whereas acid causes coagulation necrosis. Alkali inges-
crystal lye was the substance most often used for suicide attempts ~ tion leads to esophageal stricture formation more often than
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Figure 18-1 Caustic Injury.



acid exposure. The natural areas of esophageal approximation
(e.g., at cricopharyngeus, aortic arch, and lower esophageal
sphincter) are most frequently affected. Cell death is complete
by 4 days, and 80% of scars are formed within 60 days.

CLINICAL PICTURE

Symptoms of caustic substance ingestion include oropharyngeal
pain, chest pain, dysphagia, salivation, and drooling. Hoarseness
and stridor may indicate a need for intubation. The presence of
additional symptoms and signs suggests a more severe injury,
which warrants more aggressive management.

DIAGNOSIS

Before any diagnostic examination can be conducted, a detailed
history of the type and quantity of ingested material must be
taken. Plain radiographs of the abdomen will reveal a pneumo-
thorax, pneumomediastinum, perforated viscus, or pleural
effusion. Once the patient is stabilized, the clinician performs
laryngoscopy to examine the vocal cords and endoscopy to assess
the degree of esophageal and gastric damage, regardless of the
presence or absence of symptoms. Endoscopy should be per-
formed within the first 12 to 24 hours. Procedure-related per-
foration is rare.

TREATMENT AND MANAGEMENT

After staging is complete, oral intake should be restricted for
the patient with moderate to severe burns, and the patient
should receive intravenous fluids, antibiotics, and total paren-
teral nutrition. If oral intake is restricted for several weeks,
high-protein and hypercaloric feedings should be administered
through a jejunostomy tube. The patient should remain under
observation unless there are signs of perforation or transmural
necrosis that require immediate esophagectomy. Water or milk
should not be given, vomiting should be prevented, and no
nasogastric tube should be placed. In the patient with minor
burns, high-dose corticosteroids may improve the prognosis and
prevent the formation of esophageal strictures. Corticosteroids
have not shown benefit in the treatment of caustic injuries or in
the prevention of esophageal strictures, but rather increase the
risk for other complications.

Patients who survive beyond several weeks should undergo
esophagoscopy to reassess for esophageal strictures. Strictures,
a severe complication of caustic ingestion, develop in 5% to
47% of patients and are accompanied by severe esophagitis.
Strictures are most common in patients with second-degree and
third-degree burns. Severe endoscopic lesions, involvement of
the entire length of the esophagus, hematemesis, and increased
levels of serum lactate dehydrogenase (LDH) are risk factors for
fibrotic strictures.

Once stenosis occurs, the strictures are dilated. Earlier treat-
ment results in better outcomes. Initially, chronic strictures may
necessitate serial dilatation so that patency can be established.
Some patients require repeat dilatation to maintain adequate
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lumen diameter. For severe strictures, the lumen may be
restricted to 2 to 3 mm. Severe strictures may require esopha-
gectomy. If the patient’s condition deteriorates, surgery may be
indicated. Esophagectomy with colon interposition is usually
performed, although gastric tube pull-up and small-bowel inter-
position are alternative options.

COURSE AND PROGNOSIS

In the acute phase of caustic substance ingestion, approximately
90% of patients have esophagitis, and 75% experience progres-
sion to stenosis. Predictors of stricture formation are lesions
extending the entire length of the esophagus, hematemesis, and
elevated serum LDH levels. Strictures are mild in approximately
15% of patients, moderate in 60%, and severe in 25%. During
the acute phase, 1% of patients die. During the chronic phase,
1.4% die, and 5% of patients have perforation, 1% fistula, and
1% brain abscess.

Dilatation is successful in 60% to 80% of patients. Early
complications of surgery include graft ischemia (10%), anasto-
motic leak (6%-10%), proximal strictures (5%), small-bowel
obstruction (2%), and death (1%). Late complications include
stenosis requiring dilatation (50%), graft stenosis (1%), and bile
reflux requiring surgical diversion (2%). Swallowing function is
excellent in 24% of patients, good in 66%, and poor in 10%.
Surgical revision is required in 4%. Overall mortality is 4%,
predictors of which are increased age, strong acid ingestion, and
elevated white blood cell count.

Progression to cancer of the esophagus occurs in 2% of
patients. Esophageal carcinoma may develop 30 to 40 years after
injury. Although there is an increased incidence of esophageal
carcinoma in patients who ingested a caustic substance, regular
endoscopic screening has not been advocated in the past.
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Traumatic perforation represents 75% of esophageal in-
juries, with spontaneous rupture of the esophagus less
common; however, both are surgical emergencies (Fig. 19-1).

Mechanisms of perforationincludeiatrogenicinjuries, trauma,
malignancy, inflammation, and infection. Iatrogenic injuries can
occur from endoscopy with dilatation, ultrasound, ablation,
resection, and endoscopic antireflux procedures. Nasogastric
tubes, endotracheal or Sengstaken-Blakemore tubes, and bougies,
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perforation of cervical esophagus
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as well as neck or chest surgery, may also cause esophageal injury.
Trauma can result from penetration, blunt injury, foreign bodies
(e.g., coins, pins), and food (e.g., fish or chicken bones). Baro-
trauma can occur from seizure, weightlifting, or Boerhaave syn-
drome. Caustic alkaline or acid injury may also cause esophageal
damage. Perforation may result from malignancies or inflamma-
tory processes such as Crohn’s disease and gastroesophageal
reflux with ulcers. Infection is always a possibility as well.
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Figure 19-1 Rupture and Perforation of the Esophagus.



Approximately 70% of perforations occur on the left side of
the esophagus, 20% occur on the right side, and 10% are bilat-
eral. Most patients are 40 to 70 years of age, and 85% are men.

Esophageal perforation usually occurs at narrow areas of the
anatomy and at points weakened by benign or malignant disease.
Perforation of the cervical esophagus through endoscopy is
likely in areas of blind pouches, such as a Zenker diverticulum
or the pyriform sinus. It is common in elderly persons who have
kyphosis and are unable to open their mouths completely
because of muscle contracture. The endoscopist typically is
immediately aware of the perforation because bleeding occurs
and the anatomy is difficult to discern. Overall, the distal third
of the esophagus is the most common site of perforation because
it is also the most frequent location for tumors and inflamma-
tion. Patients with evidence of a malignancy at the time of
esophagogastroduodenoscopy may have as high as a 10% inci-
dence of perforation.

Boerhaave syndrome, or spontaneous rupture of the esopha-
gus, occurs from barotrauma with violent coughing, vomiting,
or weightlifting or from the Heimlich maneuver. A sudden pres-
sure transfer of 150 to 200 mm Hg across the gastroesophageal
junction causes damage. Spontaneous rupture occurs in the
distal or lower third of the esophagus on the posterolateral wall
and results in a 2- to 3-mm linear tear, frequently on the left
side of the chest and in alcoholic patients. Penetrating trauma
is more likely to cause rupture than blunt trauma. Tearing may
occur during misidentification of the retroesophageal space
during laparoscopy or with improper passage of a bougie.

With only a sparse connective tissue barrier and no adventi-
tia, the esophagus has limited defenses. Once it is ruptured,
infection migrates diffusely and rapidly. The mortality rate from
perforation is high because the anatomy of the esophagus
enables direct communication with the mediastinum, allowing
the entry of bacteria and digestive enzymes and leading to sepsis,
mediastinitis, empyema, and multiorgan failure.

CLINICAL PICTURE

Symptoms are determined by the location and size of the per-
foration and by the interval between injury and discovery. Diag-
nosis is difficult in most patients because 50% have atypical
histories. Often, however, patients with esophageal injury have
an acute attack or “ripping” chest, back, and epigastric pain.
Crepitus may be palpated, and hematemesis, fever, and leuko-
cytosis may develop. Patients with cervical injuries frequently
have dysphagia and odynophagia, which increases with neck
flexion. Thoracic perforations cause not only substernal chest
pain but also epigastric pain. Substernal pain, cervical crepitus,
and vomiting affect 60% of patients with spontaneous rupture
from barotrauma. Patients with abdominal perforations have
epigastric, shoulder, and back pain. Fever, dyspnea, cyanosis,
sepsis, shock, and eventually multiorgan failure may develop
with increasing contamination of the mediastinum and chest.

DIAGNOSIS

Chest radiographs are obtained first in patients with esophageal
injury but have limited sensitivity and specificity. An hour after
the incident, the chest radiograph may show air under the dia-
phragm or subcutaneous or mediastinal emphysema in 40% of
patients. Pneumothorax may be seen in 77% of patients, in
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which case the pleura must also have been injured. Pleural effu-
sion then develops.

Meglumine diatrizoate (Gastrografin) esophagraphy is per-
formed next because the material used is better tolerated
if leaked into the mediastinum. If no leak is found, a barium
study is performed because it has 90% sensitivity for finding a
small leak. Patients at risk for aspiration should have a barium
swallow, given that Gastrografin may cause pulmonary edema.
Studies are performed in the right lateral decubitus position.
Computed tomography can confirm the diagnosis by revealing
extraluminal air, periesophageal fluid, esophageal thickening, or
extraluminal contrast. Esophagoscopy may demonstrate small
bruises or tears and has not been shown to worsen the clinical
situation.

TREATMENT AND MANAGEMENT

Treatment goals are to prevent contamination, control infec-
tion, maintain nutrition, and restore continuity of the eso-
phagus. All treatment begins with intravenous fluids and
broad-spectrum antibiotics. Distal injury may be treated using
a nasogastric tube. Treatment depends on the location of the
injury and presence of any underlying disease. Cervical esopha-
geal injuries may be treated conservatively, but midthoracic and
distal injuries are usually treated surgically. Most patients seek
treatment in the first 24 hours and may undergo primary surgi-
cal closure, with or without cervical esophagotomy. Patients
with associated malignancy, long-segment Barrett esophagus, or
chronic strictures will require esophagectomy. Other patients,
with severe reflux, dysphagia, aspiration, or severely dilated
esophagus from achalasia, may be considered for esophagec-
tomy. Intraabdominal perforations may do well with repair and
Nissen fundoplication.

Surgery is not performed if patients seek treatment late, have
minimal symptoms, do not have sepsis, or are in a poor medical
condition. Patients who have intramural perforation after
balloon dilatation may also be treated conservatively. Best
results are achieved in patients who have normal white blood
cell counts, free communication of the injury with the esopha-
gus, no fever, and no sepsis. They may be treated with antibiot-
ics and total parental nutrition, and no food may be allowed by
mouth for 1 to 2 weeks. Another option is endoscopic clipping
of a mucosal defect, which can be performed with a double-
lumen endoscope. Percutaneous drainage or closure may be
performed to treat cervical rupture, if diagnosed early. If severe
soilage occurs, patients should undergo esophagectomy with
delayed reconstruction, because they will do better than with
drainage alone. The chest may be drained or thoracotomy
performed with T-tube placement. For patients with life-
threatening illness, excision of the esophagus is performed.

Covered metallic stents may be used to seal perforations in
patients with distal esophageal perforation. Large-diameter
stents are placed, thoracostomy tubes drain pleural cavities, and
antibiotics are administered. Complete sealing occurs in 80% of
patients; no further therapy is necessary except for eventual
removal of the stent.

Treatment is shifting toward the possibility of primary
esophageal repair of nonmalignant esophageal perforations that
present at any time.
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COURSE AND PROGNOSIS

Treatment outcome depends on comorbidities, the interval
between diagnosis and treatment, the cause and location of
injury, and the presence of esophageal disease. Survival rates are
92% for patients with thoracic perforations closed primarily
within 1 day of injury and 30% to 35% for patients with thoracic
perforations discovered after 24 hours. In the past, results
included 10% to 25% mortality if the perforations were treated
within the first 24 hours and 40% to 60% mortality if treated
after 48 hours. The mortality rate is highest, 67%, in patients
with spontaneous rupture of the esophagus. Recent studies indi-
cate lower overall mortality of 3.8% and morbidity of 38%.
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aricosities occur secondary to portal hypertension and are

defined as a dilatation of various alternative pathways when
cirrhosis obstructs the portal return of blood (Fig. 20-1). Vari-
cosities occur most often in the distal third but may occur
throughout the esophagus. Varices of the esophagus are a less
common cause of upper gastrointestinal hemorrhage, but the
consequences of bleeding are an ever-impending threat to life.
Acute variceal hemorrbage is the most lethal complication of
portal hypertension. The median age of these patients is 52
years, and 73% are men. The most common cause for portal
hypertension, affecting 94% of patients, is cirrhosis. The most
common causes of cirrhosis are alcoholism (57%), hepatitis C
virus (30%), and hepatitis B virus (10%).

Mortality rates from the initial episode of variceal hemor-
rhage range from 17% to 57%. Larger vessels bleed more fre-
quently. Hospitalizations for acute bleeding from esophageal
varices have been declining in recent years, believed to be a
result of more active primary and secondary prophylaxis. Bleed-
ing occurs when the tension in the venous wall leads to rupture,
and shock may occur. Occasionally, the bleeding may stop spon-
taneously, but more often the bleeding will recur. Thrombocy-
topenia and impaired hepatic synthesis of coagulation factors
both interfere with hemostasis.

CLINICAL PICTURE

Cardinal symptoms of esophageal varicosities are recurrent
hematemesis and melena. Patients with acute variceal bleeding
have hemodynamic instability (61%), tachycardia (22%), hypo-
tension (29%), and orthostatic hypotension (10%).

DIAGNOSIS

To prevent a first variceal hemorrhage, patients with cirrhosis
should undergo endoscopy so that the large varices that cause
hemorrhage can be detected and treated. Endoscopy should be
performed when the patient’s condition is stable. The risk of
initiating bleeding from the varices is negligible. Screening
should be performed for patients with low platelet counts, sple-
nomegaly, or advanced cirrhosis. Endoscopy should also be per-
formed for any patient who has hemorrhage of unexplained
cause. In 25% of patients with varices that bleed, the cause is
something other than varices. Esophageal varices are believed
to be the cause of bleeding if no other source of bleeding is
found. Other causes include gastric or duodenal ulcers, gastritis,
Mallory-Weiss tear, and gastric varices.

At endoscopy, the varices are blue, round, and surrounded
by congested mucosa as they protrude into the lumen of the
distal esophagus. They are soft and compressible, and an esoph-
agoscope can be passed easily beyond them. Erosion of the
superficial mucosa, with an adherent blood clot, signifies the site
of a recent hemorrhage. On establishing the presence of esopha-
geal varices, the clinician should also search for gastric varicosi-

ties, because surgical treatment may need to be modified if these
have developed.

Only 40% of varicosities can be seen on radiographs. A
typical finding is a “honeycomb” formation produced by a thin
layer of barium surrounding the venous protrusion that does not
constrict the lumen. Endoscopic color Doppler ultrasonography
is a useful modality for obtaining color flow images of esopha-
geal varices and their hemodynamics. Capsule endoscopy is now
being studied as a possible screening tool for esophageal varices;
it has a sensitivity and specificity of 84% and 88%, respectively.
Recently, 64-row multidetector computed tomography (CT)
portal venography reliably displayed the location, morphology,
origin, and collateral types of esophageal varices, showing
promise as a diagnostic tool. CT was found to have 90% sensi-
tivity and 50% specificity in finding esophageal varices. It also
has the benefit of detecting extraluminal pathology that cannot
be seen by endoscopy.

TREATMENT AND MANAGEMENT

Variceal management encompasses three phases: (1) prevention
of initial bleeding, (2) management of acute bleeding, and (3)
prevention of rebleeding. Treatment includes pharmacologic,
endoscopic, and radiologic shunting and surgery. Once large
varices are identified, patients should begin B-blocker therapy,
such as propranolol, which reduces portal pressure and variceal
blood flow and decreases risk of bleeding by 50%. Adding iso-
sorbide mononitrate further reduces recurrent bleeding. Hepatic
venous pressure measurements are used to monitor the success
of this combination pharmacologic therapy, shown to be supe-
rior to sclerotherapy and possibly superior to band ligation. A
recent meta-analysis showed that a combination of endoscopic
and pharmacologic therapy reduces overall and variceal rebleed-
ing in cirrhosis more than either therapy alone.

If B-blockers are not tolerated or are contraindicated, or if
patients are at high risk for bleeding, endoscopic band ligation
is preferred over sclerotherapy because of fewer complications
and lower cost. Surveillance of varices, with potential rebanding,
should be repeated every 6 months.

Bleeding requires simultaneous control, resuscitation, and
prevention/treatment of complications. Medical treatment of
bleeding with vasopressin, terlipressin, somatostatin, or octreo-
tide is started. These medications stop the bleeding in 65% to
75% of patients, but 50% will bleed again within a week. Vaso-
pressin is a posterior pituitary hormone that constricts splanch-
nic arterioles and reduces portal flow and pressure. Prophylactic
intravenous antibiotics should also be started. Endoscopy is
performed to diagnose and treat hemorrhage.

Definitive therapy is first performed with sclerotherapy or
band ligation, which is successful in 90% of patients. Varices
are injected with sclerosing solutions to stop acute bleeding.
Repeated injections will cause variceal obliteration and may
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prevent recurrent bleeding. However, recurrence is common
before complete obliteration, and esophageal strictures typically
develop.

Endoscopic band ligation results in fewer strictures and
ulcers than sclerotherapy and faster eradication. Rebleeding is
less frequent with ligation than with sclerotherapy (26% vs.
44%), but number of blood transfusions, duration of hospital
stay, and mortality risk are comparable.

When bleeding is under control, endoscopic ligation and
sclerotherapy are repeated every 1 to 2 weeks until the varices
are eradicated. This technique has the fewest complications and
the lowest incidence of recurrence. Surveillance is performed at
3- to 6-month intervals to detect and treat any recurrence.
Patients who have two or more rebleeding episodes should be
considered for surgery or transplantation.

Balloon tamponade is used as a bridge to definitive therapy
in 6% of patients when hemostasis is not achieved. Connected
balloons in the stomach and the esophagus compress the varices.
Bleeding stops in 80% to 90% of patients, but unfortunately,
60% of them have recurrences. Complications such as aspiration
and esophageal rupture may also occur. A new method involves
the use of a self-expanding stent to stop acute bleeding from
esophageal varices; initial studies reveal no method-related mor-
tality or complications.

If medical and endoscopic therapies fail, transjugular intra-
hepatic portosystemic shunt (TIPS) is the procedure of choice
for emergency bleeding. TIPS should be reserved for patients
who have poor liver function. It can be performed in 90% of
patients but is used in only 7%. The mortality rate with TIPS
is low. Bleeding may recur in 15% to 20% of patients over 2
years. Patients must be followed closely because the shunt may
occlude in up to 50% of cases within 18 months.

Shunt procedures are not the modality of choice because they
result in a high rate of complications compared with medical
therapy. Shunts are used now in less than 1% of patients. Emer-
gency bleeding may be controlled with a central portacaval
shunt or with combined esophageal transaction, gastric devas-
cularization, and splenectomy in patients hopeful for liver trans-
plantation. Emergency shunt surgery carries a 50% mortality
risk and is rarely undertaken.

Surgical shunts should be used to prevent rebleeding in
patients who do not tolerate, or who are noncompliant with,
medical therapy and who have relatively preserved liver func-
tion. Portal decompression procedures create a connection
between the high-pressure portal and the low-pressure systemic
venous systems. Nonselective shunts include portacaval anasto-
moses and TIPS, which decompress the entire portal system.
Selective shunts, such as the distal splenorenal shunt, only
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decompress esophageal varices. Shunt surgery does not improve
survival and may result in hepatic encephalopathy. Elective
shunt procedures are avoided in candidates for liver transplanta-
tion but may be performed in those with Child A and B cir-
rhosis. Liver transplantation is the best therapy for patients with
Child C cirrhosis and is performed in only 1% of patients.

COURSE AND PROGNOSIS

Acute variceal hemorrhage occurs more often in patients with
Child B and C cirrhosis. Endoscopic banding is the most
common single endoscopic intervention. Early rebleeding
occurs in 13% of patients within a week. Although medical
therapy, banding, and sclerotherapy are still used frequently for
rebleeding, balloon tamponade is necessary in 17%, TIPS in
15%, and surgical shunting in 3% of patients. Early complica-
tions after acute variceal bleeding include esophageal ulceration
(2%-3% of patients), aspiration (2%-3%), medication adverse
effects (0%-1%), dysphagia and odynophagia (0-2%), encepha-
lopathy (13%-17%), and hepatorenal syndrome (2%). The
prognosis for patients with bleeding esophageal varices depends
directly on liver function. Overall short-term mortality rates
after acute bleeding are 10% to 15%. However, in patients with
cirrhosis who have variceal bleeding, mortality risk is as high as
60% at 1 year.
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astroesophageal reflux disease (GERD) is a common, life-

long condition that requires long-term treatment. Account-
ing for 75% of diseases that occur in the esophagus, GERD
entails the reflux of gastric and duodenal contents through the
lower esophageal sphincter (LES) into the esophagus to cause
symptoms or injury to esophageal, oropharyngeal, or respiratory
tissues. GERD cannot be diagnosed by symptoms alone because
patients with similar presentation may have achalasia, diffuse
esophageal spasm, gastritis, cholecystitis, duodenal ulcer, esoph-
ageal cancer, or coronary artery disease. Patients may also have
atypical symptoms and may consult several physicians before the
correct diagnosis is established. Esophagogastroduodenoscopy
(EGD) may reveal esophagitis, but only 90% of esophagitis is
secondary to reflux. Many patients may have nonerosive reflux

Esophageal manometry recording

Hg Swallow

A
fama
30 ,/ \
20—

Ol

Seconds

30 A
A
——

SNV

0\_1‘

econds

i
o N
20 A
RO RO Y A BN

Seconds
40
30 II
20

0 ., PP V-

A

)

"

o
40 \W
10

e

Seconds

Esophageal pH probe

Seconds

Intraluminal esophageal pressures in
response to swallowing.

24-hour pH catheter

disease (NERD), which shows no sign of esophageal inflamma-
tion. The best way to determine the presence of GERD is to
use 24-hour pH testing (Fig. 21-1).

The pathophysiology of GERD is complex and not com-
pletely understood. The antireflux mechanism depends on
proper function of the esophageal muscle, LES, and stomach.
Reflux develops when LES pressure drops, as occurs with gastric
distention, which shortens the LES length. Over time, transient
lower esophageal sphincter relaxations (TLESRs) become more
common, and the valve becomes permanently damaged, result-
ing in manifestations of GERD. The esophageal muscle works
to clear the lumen of both acid and duodenal contents. Poor
luminal clearance increases the exposure time, allowing previ-
ously healthy epithelium to become damaged tissue. The com-

24-hour pH calculation of DeMeester score

S.MNson, 75

Figure 21-1 Esophageal Tests. Graph from Waters PF, DeMeester TR. Med Clin North Am 65:1238, 1981.



position of the reflux fluid and the susceptibility of the esophagus,
oropharynx, and respiratory structures to damage affect the
pathogenesis of the symptoms and possible lesions.

Although GERD is chronic and usually nonprogressive,
complications may include peptic esophageal erosion, ulcer-
ation, stricture, Barrett esophagus, and esophageal adenocarci-
noma. Progression from one complication to another is not
clearly established across the GERD continuum, although there
is a clear progression from Barrett esophagus to esophageal
adenocarcinoma. Evidence suggests that patients with NERD
may be less susceptible to complications. Recent studies reveal
that Helicobacter pylori eradication leads to more resilient GERD.
Duodenogastroesophageal reflux (DGER) involves not only acid
reflux but also the retrograde flow of duodenal contents into the
esophagus. The presence of bile, pepsin, and pancreatic enzymes
in addition to acid indicate a more destructive atmosphere and
therefore more severe disease. NERD is the most common type
of GERD. These patients have typical reflux symptoms but have
no visible mucosal changes. Only 50% of patients with NERD
have abnormal 24-hour pH monitoring. The histopathologic
feature found in the NERD patients is dilated intercellular
spaces within the squamous cell epithelium. This ultrastructural
abnormality is detected on transmission electron microscopy
and light microscopy.

CLINICAL PICTURE

Heartburn (pyrosis) is the main symptom of GERD. It is a
burning sensation in the chest or epigastrium caused by stomach
acid, which rises into the esophagus. Of American adults, 44%
experience heartburn monthly, 18% weekly, and 5% to 10%
daily. Typical symptoms of GERD also include reflux of acid,
regurgitation of food, epigastric abdominal pain, dysphagia,
odynophagia, nausea, bloating, and belching. Recent data
support that being overweight, or even moderate weight gain
among persons of normal weight, may cause or exacerbate
symptoms of reflux.

Atypical or extraesophageal symptoms include noncardiac
chest pain, choking, laryngitis, coughing, wheezing, difficulty
breathing, sore throat, hoarseness, asthma, and dental erosions.
GERD is present in the 50% of patients who have atypical chest
pain and negative results on coronary angiography. GERD is
linked to asthma and chronic cough, and it is found in 80% of
persons with asthma. Physiologic changes caused by asthma and
chronic cough cause airway inflammation and may promote acid
reflux. This involves nerve reflexes, cytokines, inflammatory and
neuroendocrine cells, and occasionally tracheal aspiration of
refluxed gastric contents.

Reflux symptoms are responsible for almost one third of
otolaryngeal disorders. Patients with extraesophageal reflux
(EER) have increased amounts of laryngeal reflux despite an
adequate esophageal clearance mechanism. TSLERs may be the
mechanism. The ciliated epithelium of otolaryngeal structures
is more susceptible to damage from refluxate, which can occur
from fewer and briefer episodes. The active pepsin in EER
disease contributes to laryngeal lesions and eustachian tube
dysfunction.

The severity of symptoms is not a reliable indicator of the
severity of erosive esophagitis. Chronic abnormal gastric reflux
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results in erosive esophagitis in 50% of patients, but GERD
patients may also be asymptomatic.

DIAGNOSIS

Administering the proper therapy requires determining the
presence of complications and the cause of GERD. Diagnostic
testing should be done for patients with persistent symptoms
who are already receiving therapy; those with recurrent symp-
toms, weight loss, dysphagia, or gastrointestinal bleeding; and
those at risk for complications of esophagitis, as indicated by
stricture formation, Barrett esophagus, and adenocarcinoma.
Diagnosis depends on a combination of radiologic, pathologic,
physiologic, and endoscopic findings. Tests are selected based
on the information needed and may include esophageal pH
monitoring, impedance testing, acid provocation tests, modified
barium swallow, and endoscopy.

Endoscopy is the preferred method to diagnose reflux or
hiatal hernia, to grade esophagitis, and to obtain a biopsy sample
of the esophagus to rule out Barrett esophagus or cancer. Among
the classification systems used to grade disease severity, the Los
Angeles Classification is the most widely accepted. Up to 50%
of patients with GERD have no endoscopic evidence of esopha-
gitis (NERD). Compared with patients who have erosive esoph-
agitis (75%) and Barrett esophagus (93 %), patients with NERD
(45%) were significantly less likely to have abnormal pH
findings.

In 24-hour pH testing for GERD, a probe is placed 5 cm
above the LES to obtain pH readings. The test measures real-
time acid exposure and the ability of acid to clear the esophagus,
correlating symptoms with acid exposure. Six determinants are
used to calculate a DeMeester score: total time of reflux, upright
time, supine time, number of episodes, number of episodes
longer than 5 minutes, and longest episode. Any patient with a
score greater than 14.72 is considered positive; the sensitivity
and specificity of the test is 96%. Although 24-hour pH moni-
toring is the most sensitive and specific test for GERD, 25% of
patients with GERD-compatible symptoms have a normal pH
test. This test must be performed before surgery if the patient
has no signs of GERD on EGD (i.e., patient has NERD). The
Bravo pH monitoring system (Medtronic, North Shoreview,
Minn) is an endoscopically placed device that measures 24-hour
pH without the need for a nasogastric tube. It is a more com-
fortable option for patients.

Multichannel intraluminal impedance (MII) is a new tech-
nique to assess the movement of substances in the esophagus
based on differences in their conductivity to an alternating
current. MII reacts to the electrical charges within the esopha-
geal mucosal, submucosal, and muscular layers and to any other
material within the esophagus that produces a change. Electrical
impedance is the converse of conductivity and decreases from
air to mucosal lining, to saliva, to swallowed material, and
finally to refluxed gastric contents (lowest impedance). Imped-
ance increases and decreases depending on the material
encountered. Using multiple impedance detection sites on a
single catheter reveals the direction of bolus movement. Com-
bining MII with esophageal manometry or 24-hour pH on the
same catheter expands the diagnostic tools for evaluation of
esophageal function. Combined MII-pH allows detection of
all types of gastroesophageal refluxate: acid, nonacid, liquid,



58 SECTION | = Esophagus

mixed, and air. In combined MII-pH, the pH sensor is used
simply to characterize whether the refluxate is acid or nonacid
based. The MII technology is not a replacement for current
manometry or pH techniques, but rather a complementary
procedure that expands the diagnostic potential of esophageal
function testing.

Recent studies reveal that 60% of reflux episodes are not
conventional and can be detected only by impedance changes,
not by 24-hour pH testing. More than 98% of reflux events
detected by a decrease in pH to less than 4 were detected by
impedance changes. Liquid-only reflux occurs in approximately
35% of patients, mixed liquid and gas reflux in 36%, and gas
reflux in 27%. Liquid is confined to the distal esophagus in
approximately 30% of patients, reaches the midesophagus in
60%, and reaches the proximal esophagus in 11%. Additional
information provided by impedance technology is likely to have
a major impact on the clinical management of patients with
GERD.

Manometry is used to determine LES pressure and motility
of the esophageal body. A catheter with lateral side holes is
connected to a transducer to measure LES pressure, esophageal
body pressure, and LES length. The data are useful before
surgery. Ambulatory manometry over a 24-hour period provides
100 times more data and is therefore more helpful in the diag-
nosis of esophageal body disorders. Conditions such as sclero-
derma must be ruled out. A complete absence of peristalsis and
a hypotensive LES are characteristic of scleroderma. A Toupet
(partial) fundoplication is required to avert postoperative
obstruction.

Videoradiography records the act of swallowing, which may
then be observed at several speeds. This technique is helpful
during the pharyngeal phase of swallowing by identifying struc-
tural abnormalities of the esophagus, such as ulcers, strictures,
paraesophageal hernia, masses, reflux, and obstruction. Simple
barium esophagraphy may also reveal esophageal disease, but it
is not as sensitive as cineradiography because it cannot detect
spontaneous reflux in 60% of patients. However, when reflux is
found on barium swallow, it is specific and is almost always
confirmed by 24-hour pH testing.

Use of 24-hour ambulatory bile monitoring is best for deter-
mining the presence of DGER. Not only can acid injure the
esophagus, but pepsin, bile, and pancreatic juices may also cause
damage. Bile serves as a marker for duodenal substances and can
be detected by its light wavelength using an indwelling spectro-
photometer probe. Monitoring is useful for identifying patients
atrisk for esophageal injury and therefore candidates for surgery.

The standard acid reflux test, formerly the Bernstein test, is
performed by placing a pH probe 5 cm above the LES and
injecting 300 mL of 0.1 N hydrochloride (HCI) into the stomach
with a manometry probe. Four maneuvers are performed in four
different positions, giving 16 recordings. More than two reflux
episodes is a positive finding. This test is helpful for patients
receiving long-term proton pump inhibitor (PPI) therapy whose
24-hour pH values may be inaccurate. In several studies, PPIs
were found 40 days after the dose was taken.

Gastric emptying, as measured with a radionucleotide-tagged
meal, is helpful in determining delayed emptying. Solids and
liquids may be measured simultaneously with different markers.
Pictures are taken at 5-minute intervals for 2 hours.

TREATMENT AND MANAGEMENT

Medical therapy cannot resolve abnormal LES function. There-
fore, the medical treatment of GERD centers on suppression of
intragastric acid secretion. Goals of treatment are to provide
effective symptomatic relief, prevent symptom relapse, achieve
healing of esophageal damage, and prevent complications of
esophagitis.

Lifestyle and dietary changes are the first steps for treatment
because of their low cost and simplicity; these include elevating
the head of the bed, modifying the size and composition of
meals, consuming low-fat foods, and avoiding coffee, wine,
tomato, chocolate, and peppermint. These changes should be
continued even if more potent therapies are added.

Medical treatment begins with a step-up approach as an
H,-receptor antagonist (H,RA) is prescribed for 8 weeks. If
symptoms do not improve, patients are changed to a PPI. Titra-
tion to the lowest effective medication type and dosage should
be performed in all patients. H,RA is taken on demand, whereas
PPIs are taken 30 to 60 minutes before the first meal of the day.
PPI therapy is the most successful medical treatment. Of the
PPI medications, esomeprazole at 40 mg once daily is more
effective than standard doses of lansoprazole, omeprazole, pan-
toprazole, or rabeprazole in patients with symptoms of GERD.
For patients with erosive esophagitis, esomeprazole has demon-
strated higher healing rates and more rapid, sustained resolution
of heartburn than omeprazole or lansoprazole after up to 8
weeks of once-daily treatment. Although healing of the esopha-
geal mucosa is achieved with a single dose of any PPI, symptoms
are difficult to control in more than 80% of patients.

An estimated 30% of GERD patients who require a PPI once
daily will fail treatment, most often patients with NERD.
Suggested mechanisms include weakly acidic reflux, duodenal
gastric reflux (DDGR), visceral hyperalgesia, delayed gastric
emptying, psychologic comorbidity, and functional bowel
disease. Available diagnostic modalities provide limited infor-
mation on the cause of failure. Current treatment relies on
increasing doses of PPIs. The pathophysiology of PPI failure
should provide alternative therapeutic options in the future.

If symptom control fails or symptoms return after medication
is discontinued, endoscopy establishes the diagnosis. For patients
who have erosive esophagitis, as identified on endoscopy, a PPI
is the initial treatment of choice. These patients should undergo
24-hour pH testing and bile probe testing in selected centers to
determine the severity of reflux. Patients who have supine reflux,
poor esophageal contractility, erosive esophagitis, Barrett
esophagus, or defective LES are predicted to do poorly with
medication and are at high risk for complications of GERD.
These patients should be offered the option of surgery.

The best medical treatment for DGER is PPI therapy, which
decreases the level of gastric acidity and the volume of gastric
fluid available for esophageal reflux. Adding y-aminobutyric acid
(GABA) receptor agonist baclofen may further reduce DGER
in patients not responding to PPIs. Prokinetic agents may also
alleviate symptoms by promoting increased gastric emptying. In
patients with refractory disease, a Roux-en-Y diversion or
duodenal-switch procedure may be helpful.

Antireflux surgery, including open and laparoscopic versions
of Nissen and Toupet fundoplication, are as effective as PPI



therapy and should be offered to patients with DGER as an
alternative to medication for chronic reflux with recalcitrant
symptoms. Surgery should be performed if symptoms fail to
resolve while the patient is taking medication or if symptoms
develop during drug therapy or recur after medication is stopped.
Similarly, surgery should be performed if the patient is noncom-
pliant, has lifelong PPI dependence, has experienced complica-
tions despite medication, or has recurrent strictures, pulmonary
symptoms, severe esophagitis, symptomatic Barrett’s esophagus,
or symptomatic paraesophageal hernia.

Best results from surgery occur in patients who are young,
have typical GERD symptoms, have abnormal pH study find-
ings, and show good response to PPI therapy, but these patients
are the best candidates for medical therapy, as well. Results after
10 years reveal at least a 90% success rate. Side effects include
bloating (20.5%), diarrhea (12.3%), regurgitation (6.4%), heart-
burn (5.8%), and chest pain (4.1%); 27.5% of patients reported
dysphagia, and 7% required dilatation. Although 14% of patients
continue receiving PPI therapy, 79% of these patients are
treated for vague abdominal or chest symptoms with unclear
indications. The surgical outcome for NERD patients is similar
to that for patients with erosive esophagitis; therefore, surgery
is effective regardless of the endoscopic appearance of the
esophageal mucosa.

Endoluminal transoral procedures offer an outpatient therapy
option that is less invasive than laparoscopic fundoplication.
The Stretta system uses radiofrequency energy to cauterize the
gastroesophageal junction and causes thickening of the muscle
and therefore reduced compliance of the sphincter. The Bard
Endocinch procedure involves an “overtube” placed over an
endoscope that allows tissue 0.5 to 2.5 cm below the squamo-
columnar junction to be “sucked” into the tube and sutured. A
total of four sutures are placed. The Full-Thickness Plicator
(NDO Medical, Mansfield, Mass) is composed of a gastroscope
and a suturing device that takes full-thickness, serosa-to-serosa
bites and deploys two prettied 2-0 polypropylene sutures, two
expanded polytetrafluoroethylene bolsters, and two titanium
retention bridges. Despite multiple studies with all these devices,
resolution of symptoms, improvement of GERD, and cessation
of PPIs have reached 50% at best. Many long-term studies have
not been promising. Although these procedures are less invasive
and induce fewer complications than antireflux surgery, their
success rates are significantly lower. The role of these proce-
dures in the treatment of reflux has yet to be determined and
may depend on advanced modifications and techniques with the
possibility of improved results.

COURSE AND PROGNOSIS

Antacids result in symptom relief in 20% of GERD patients but
have minimal effect on pH (acidity) and no effect on healing.
H,RA therapy results in symptom relief in 40% to 70% of
patients and healing in 20% to 50%. Remission is maintained
in only 25% to 40%. Higher and more frequent doses may
improve symptoms minimally. All H,RAs are similar in efficacy,
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and adverse effects are uncommon and mild. PPIs have the best
acid-blocking effect, alleviating symptoms in 90% of patients
and promoting healing in 80% to 90%. Once-daily omeprazole
(20 mg) has a greater acid-blocking effect than twice-daily ranit-
idine (150 mg). Even so, up to 70% of patients do not have
adequate nocturnal control of gastric acid secretion with
omeprazole (20 mg) twice daily. GERD is a chronic, relapsing
disease; long-term maintenance therapy is safe and necessary to
relieve symptoms, prevent complications, and prevent recur-
rence in 40% to 50% patients.

Despite its usefulness, pH testing cannot definitively estab-
lish a causative relationship between GERD and extraesopha-
geal symptoms. Therefore, effective treatment resulting in
significant improvement or remission of extraesophageal symp-
toms is the best evidence of GERD’s pathogenic role. Extrae-
sophageal symptoms usually require more prolonged and
aggressive antisecretory therapy than typical GERD.

Since its advent in 1991, laparoscopic Nissen fundoplication
has become the “gold standard” for the treatment of severe
GERD. Multiple trials comparing surgical fundoplication and
PPI therapy reveal similar effectiveness in controlling GERD
and its symptoms. Longer studies reveal an advantage of surgery
that is eliminated when PPI dosage is increased.
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Acute esophagitis may have numerous causes, of which gas-  must be kept above 4 for as long as possible. In the past, short-
troesophageal reflux disease (GERD) is the most common  term treatment with both PPIs and H, blockers was effective in
(Fig. 22-1). Chronic esophagitis occurs more frequently and  healing EE, but PPIs have proved to be better, and therefore
results from multiple episodes of acute inflammation. Of patients ~ H, blockers are no longer used as a primary treatment. Multiple
undergoing esophagogastroduodenoscopy (EGD), 14% have  prospective trials indicate that esomeprazole has a higher rate
esophagitis, and most are men. Hiatal hernia is present in 79%  of action, lower interpatient variability, and more prolonged
to 88% of patients with active reflux esophagitis. The incidence ~ action in achieving esophageal healing in the subset of patients
of reflux esophagitis is rapidly increasing; in one study, it had ~ with esophagitis. “On-demand” maintenance therapy is not
doubled over 10 years. In Belgium the incidence of erosive  effective in treating EE. Numerous PPI studies show no differ-
esophagitis (EE) rose dramatically and then stabilized with a
sixfold increase in the use of proton pump inhibitors (PPIs).

Esophagitis is believed to be caused not only by acid but also
by the reflux of bile, enzymes, pepsin, and pancreatic juices.
Acid-induced esophagitis may induce hyperresponsive longitu-
dinal smooth muscle contraction and impairment of circular
smooth muscle contractility, which may lead to chronic
complications.

Esophagitis may occur from pills that remain in the esopha-
gus for an extended period, causing irritation. Opportunistic
infections of the esophagus are a common cause of morbidity in
patients with human immunodeficiency virus (HIV) infection
and may reflect the severity of the underlying disease. Less
frequent causes of esophagitis include swallowing acid or basic
household materials, severe vomiting, irritation by feeding tubes
or suction catheters, and candidal or other infectious diseases.

CLINICAL PICTURE

Only 50% of patients with endoscopic evidence of esophagitis
have typical reflux symptoms of GERD. Heartburn, the most
common symptom in patients with esophagitis, is present in
only 28% of those with endoscopic evidence. Other symptoms
are dysphagia (19%), acid regurgitation (18%), odynophagia
(6%), nausea, vomiting, and belching. Older age, male gender,
severe symptoms, and presence of a hiatal hernia are indepen-
dent risk factors for severe esophagitis. Patients with HIV-
related diseases have symptoms associated with the specific

etiology. : Esophagoscopic view
A . \
DIAGNOSIS LR ¢ ; Diaphragm
Barium esophagraphy and EGD have low but comparable rates ) f e : Small hiatal
of accuracy for detecting reflux esophagitis, with sensitivities of Diaphragm hernia

35% and 39% and specificities of 79% and 71%, respectively.
Esophagoscopy reveals congestion, erythema, and edema of the
mucosa, as well as pinpoint hemorrhages. Endoscopic biopsy is
the best way to detect reflux esophagitis. Microscopy reveals
epithelial necrosis, erosions, small cell infiltration, and hyper-
trophy of muscle fibers. Esophagitis is usually located between
the gastroesophageal junction and 10 cm above. Manometry
may reveal ineffective esophageal motility, found to be indepen-
dently associated with EE.

TREATMENT AND MANAGEMENT

Goals of treatment for EE are to heal lesions, relieve symptoms,
and prevent relapse. Daytime and nighttime esophageal pH  Figure 22-1 Acute and Chronic Esophagitis.




ence in effectiveness with intravenous versus oral, or with intake
of pills versus oral granular suspension, in treatment of EE.

In maintenance therapy, only PPIs reduce symptoms, as well
as the incidence of and interval to relapse, making PPIs the
recommended medical therapy for the long-term management
of EE. Maintenance PPI therapy is also cost-effective.

If maintenance therapy is not initiated, most patients relapse
within 1 year. Relapse increases the severity of esophagitis and
the risk for complications such as Barrett esophagus and adeno-
carcinoma. Poor compliance is the main reason for failure and
relapse, followed by nonacid reflux, especially in patients with
regurgitation or cough that persists despite treatment.

Antireflux surgery is effective in relieving symptoms and
healing EE. It is performed after medical treatment has failed
or as an alternative to long-term maintenance. The effectiveness
of newer modalities of endoscopic treatment is not yet known.

“Pill esophagitis” is treated acutely with sucralfate, after
which patients are instructed in the proper timing and use of
water when swallowing pills.

COURSE AND PROGNOSIS

All PPIs resolve esophagitis in 89% to 93% of patients at 8
weeks, although resolution is faster and more common in
patients taking esomeprazole. Maintenance success at 6 to 12
months varies from 82% to 93% with most PPIs.
Laparoscopic antireflux surgery (LARS) resolves persistent
GERD symptoms and maintains resolution regardless of the
endoscopic appearance of the esophageal mucosa. Multiple
studies show at least similar effectiveness of long-term, continu-
ous medical therapy and surgery, although data at up to 7 years
suggest a benefit to surgery. Long-term surgical problems
include increased gas-bloat and use of PPIs. Patients may
become poorly compliant or may have nonacid reflux. Compli-
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cations of esophagitis include multiple small superficial ulcer-
ations, larger flat ulcerations, and fibrous tissue formation
leading to strictures.

Improved medical therapeutic response and remission may
depend on the development of new PPI isomers, potassium-
competitive acid blockers, and inhibitors of transient LES
relaxation.
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sophageal ulcers are mucosal defects that have distinct

margins (Fig. 23-1). They are found in1% of patients
undergoing esophagogastroduodenoscopy (EGD). In 66%
of patients, the cause is gastroesophageal reflux disease
(GERD), resulting from prolonged contact between squamous
epithelial cells and gastric refluxate containing acid, pepsin,
bile, and pancreatic juices. Drug-induced ulcers account for
23% of all esophageal ulcers and are usually caused by
nonsteroidal antiinflammatory drugs (NSAIDs) that have
prolonged direct contact with the esophageal mucosa.

Inflammation of
esophageal wall
Esophagitis and
ulceration

and lead to cicatrization and stricture formation

Barium study shows
peptic stricture

Peptic esophagitis

<JORN A.CRAIﬁ_/AD

Ulcers may also be a complication of medications such as
doxycycline.

Less prevalent, infectious causes of esophageal ulcer include
Candida, Mycobacterium tuberculosis, Actinomyces, herpes simplex
virus (HSV), and cytomegalovirus (CMV). Infections may
result from caustic injury, marginal ulceration, foreign bodies,
and variceal banding, as well as unknown etiologies. Patients
with human immunodeficiency virus (HIV) have a higher inci-
dence of infectious ulcers from CMV (45%), idiopathic causes
(40%), Candida esophagitis (27%), and HSV (5%).

Endoscopic views

Chronic inflammation may result in
esophageal stricture and shortening

Figure 23-1 Complications of Peptic Reflux (Esophagitis and Stricture).



Esophageal ulcers may be complicated by hemorrhage, per-
foration, and fistulization into the airway. Ulcers may lead to
fibrous tissue formation and collagen production (strictures).
Healing may occur with intestinal epithelium. This metaplastic
process results in Barrett’s esophagus; ulceration occurs in 46%
of patients with Barrett’s esophagus. Since the advent of proton
pump inhibitor (PPI) therapy, esophageal ulcers occur less
frequently.

CLINICAL PICTURE

Symptoms are rarely different from those in patients with
GERD. Most patients have substernal chest pain and may have
dysphagia; others may be asymptomatic. The most common
sign of esophageal ulcer is anemia; one third of patients may
present with acute gastrointestinal (GI) bleeding. In patients
with Barrett’s esophagus and ulcers, 24% present with active GI
bleeding. Melena occurs in 40% of patients, and melena and
hematemesis occur concomitantly in another 40%. Fifty percent
of patients have orthostatic hypotension, and 8 in 10 patients
require blood transfusion.

Bleeding ulcers are associated with NSAIDs in 50% of
patients, hiatal hernia in 60%, and esophagitis in 40%. Drug-
induced ulcers are usually located in the midesophagus, near the
aortic arch, at an area of natural esophageal tapering where pills
may become temporarily lodged. Only 13% of ulcers occur in
the distal esophagus. Midesophageal ulcers have a greater ten-
dency to hemorrhage than ulcers at the gastroesophageal junc-
tion; this may reflect the cause. Strictures occur in 12.5% and
esophageal perforation in 3.4% of patients.

DIAGNOSIS

Barium esophagraphy or endoscopy establishes the diagnosis of
esophageal ulcer. Both studies may show evidence of GERD,
such as overt reflux. Barium esophagraphy may reveal the posi-
tion of the ulcer, which may be posterior in 69% of patients,
lateral in 17%, and anterior in 14%. Nine of 10 ulcers are within
4 cm of the lower esophageal sphincter. Esophagraphy may also
reveal hiatal hernias, mucosal nodularity, and strictures, each in
40% of cases. Esophagraphy can make optimal determinations
at an average depth of 5 mm.

Endoscopy is the best study to establish a diagnosis. Loca-
tion, visual characteristics, and biopsy results at esophagoscopy
elucidate the cause of the ulcer. A chronic GERD ulcer may be
well demarcated, may have undetermined edges and a crater of
granulation tissue, and may be covered with a yellow-gray mem-
brane. Esophagitis is usually adjacent to the GERD ulcer and
has signs of inflammation, congestion, edema, and superficial
erosions. At the site of these changes is a narrowing secondary
to segmental spasms. NSAID ulcers have normal surrounding
mucosa. Drug-induced ulcers are larger and shallower than
GERD-induced ulcers, but both range from 2.75 to 3.0 cm.
Biopsy should be performed to exclude the presence of Barrett
esophagus and malignancy. Biopsy during EGD is integral to
the diagnosis of ulcers in patients with HIV.

TREATMENT AND MANAGEMENT

Ulcer healing is a repair process that involves inflammation,
cell proliferation, reepithelialization, formation of granulation
tissue, and angiogenesis, as well as cell communication and
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matrix and tissue remodeling that eventually develop into a scar.
These processes are under control of cytokines, growth factors,
and transcription factors stimulated by injury to the esophageal
lining.

In patients with GERD, uncomplicated, previously untreated
esophageal ulcers should be treated with PPI therapy. Cur-
rently, the most clinically effective medication for healing
erosive esophagitis and later maintenance therapy is esomepra-
zole. With a drug-induced esophageal ulcer, healing occurs if
the ulcer is recognized early. The medication should be discon-
tinued and the patient instructed to swallow pills in the upright
position in the future and to drink a glass of water each time.
Antacids and H, blockers are the fastest-acting therapy, and
PPIs allow optimal acid blockade. In patients with HIV, medical
therapy focuses on the specific cause of the ulcer. Infectious
causes are treated by eradication with the appropriate antimi-
crobial agent.

Although acute bleeding frequently necessitates blood trans-
fusion, most bleeding stops without endoscopic therapy. Endo-
scopic hemostasis for esophageal bleeding from ulcers may be
required as emergency therapy in 4% of patients. Emergency
surgery is reserved for esophageal stricture and perforation in
8% of patients. Elective laparoscopic fundoplication may be
necessary for patients whose ulcers fail to heal over the long
term.

Future treatments to improve ulcer healing may include the
use of stem cells and tissue engineering. Local gene therapy with
VEGF + Angl and/or SRF ¢cDNAs has shown the ability to
accelerate and improve the quality of esophageal ulcer healing.

COURSE AND PROGNOSIS

Nonsurgical therapy is successful in 92% of patients with
GERD- and drug-induced ulcers. Follow-up endoscopy indi-
cates that NSAID-induced ulcers heal in 3 to 4 weeks. The
healing rate in treated HIV patients is 98%. Strictures compli-
cate GERD-induced esophageal ulcers, but not drug-induced
esophageal ulcers. Esophageal dilatation is an effective treat-
ment for most strictures associated with esophageal ulcers.
Death from ulcers is rare, but 2% of patients die from acute
hemorrhage or perforation.
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osinophilic esophagitis (EOE) is a chronic inflammatory

disorder propagated by interleukin-5 (IL-5) and unrelated
to gastroesophageal reflux disease (GERD). Formerly a rare
disease initially described in children and young men, EOE has
been diagnosed more frequently in the past 10 years. According
to current estimates, EOE has an annual incidence of 10 per
100,000 in children and teenagers and 30 per 100,000 in the
adult population. EOE has a male/female ratio of 3:1. It leads
to structural esophageal alterations but does not impact the
nutritional state and has no malignant potential. EOE is distin-
guished by the presence of eosinophilic infiltration of the esoph-
ageal mucosa of at least 15 eosinophils per high-power field
(hpf) in a patient without a previously identified cause of
eosinophilia.

The pathogenesis of EOE is not completely understood, but
clinical evidence and basic science support that it is an immune-
mediated disease initiated by allergens that are inhaled or con-
sumed. Exposure to the allergens with resultant sensitization
may be a genetically acquired predisposition. Foods that are
most allergenic include corn, chicken, wheat, beef, soy, eggs,
and milk. The pathologic process may entail the activation of
eosinophils, mast cells, and lymphocytes with the resultant
release of molecules that trigger the onset of symptoms.

Eosinophils
(red dots)

M. detaFton

Endoscopic view demonstrates characteristic rings seen in
the esophagus with eosinophilic esophagitis

CLINICAL PICTURE

Eosinophilic esophagitis is suspected in adults with symptoms
of progressive and persistent dysphagia and food impaction.
EOE should also be suspected in children with feeding intoler-
ance and GERD symptoms. EOE may have signs and symptoms
similar to GERD, but EOE often continues despite prolonged
treatment with proton pump inhibitors (PPIs). Interestingly, a
history of extensive allergies has been found in more than 50%
of patients.

A recent analysis of 24 studies revealed the presence of
dysphagia in 93% of EOE patients, food impaction in 62%,
heartburn in 24%, and peripheral eosinophilia in 31%. Other
symptoms include chest pain, dyspepsia, nausea/vomiting,
odynophagia, abdominal pain, and weight loss.

DIAGNOSIS

Although normal in 7% of patients with EOE, endoscopy shows
a “feline” or corrugated esophagus in 55% of patients, proximal
strictures in 38%, linear furrows in 33 %, and diffusely narrowed
esophagus in 10% (Fig. 24-1). Other features include adherent
white plaques (16%) and friable mucosa that shreds easily. All
these characteristics, as well as dysphagia, odynophagia, heart-

Epithelium

£, ‘w.ﬁ «~==———Submucosa
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Cross sectional microscopic view of the esophagus
demonstrates the infiltration of all layers of the
esophagus with eosinophils. The infiltrate is
diagnosed most frequently by endoscopic biopsy so
it is seen in the biopsy specimen in the epithelium
and lamina propria.

Figure 24-1 Eosinophilic Esophagitis.



burn, and chest pain in the presence of a normal-appearing
esophagus, should warrant a biopsy on endoscopy.

Diagnosis is established by the finding of 15 or more eosino-
phils/hpf on microscopy of a mucosal biopsy. Also, 97% of these
patients have mucosal furrows. At least five biopsies should be
performed in the distal esophagus (5 cm above the gastroesoph-
ageal [GE] junction) and proximal esophagus (at least 15 cm
above the GE junction). At least four biopsies should have sen-
sitivity near 100%. The patient also must have normal gastric
and duodenal biopsies. Patients should undergo endoscopic
biopsy after 6 to 8 weeks of treatment with a twice-daily PPI
or a negative DeMeester score on 24-hour pH monitoring.
Esophageal manometry is not a diagnostic modality with EOE
but will reveal evidence of an esophageal motility disorder in
40% of patients.

TREATMENT AND MANAGEMENT

Patients with suspected EOE should first receive at least 4 to 8
weeks of PPI therapy, to exclude the presence of acid reflux.
The decision is then made whether to treat with pharmacologic
or dietary methods. Dilatation is reserved for patients with
severe dysphagia from strictures. It is a safe therapy that rarely
results in perforation, although superficial mucosal tears can
occur in one third of dilatations. Most patients will need two
dilatations to achieve symptomatic relief.

The administration of corticosteroids results in symptomatic
improvement in more than 95% of patients with EOE. Systemic
corticosteroids may be used in the acute setting, but symptoms
may recur when stopped. Corticosteroids such as oral predni-
sone, topical/swallowed fluticasone spray, and swallowed
budesonide mixed in a sucralose suspension have improved clini-
cal symptoms and histologic findings. These therapies are more
effective on a chronic basis to abate symptoms. Adverse effects
include growth retardation, bone abnormalities, and adrenal
suppression. Currently, steroids that are swallowed and directly
cover the squamous mucosa are the best treatment option for
EOE. Cromolyn sodium may offer some benefit. Anti-IL-5
antibodies have shown promise in reducing clinical symptoms
as well as blood and esophageal eosinophils and may lead to the
development of future therapies.

An elemental diet leads to complete healing and resolution
of symptoms in patients with EOE, but the reintroduction of
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foods leads to return of symptoms. Therefore, treatment must
be based on a balance between food exclusion and patient toler-
ance and compliance of diet. After skin and patch tests, three
options exist: removal of foods that react to the skin test, removal
of the foods most often responsible, or use of an elemental diet.
The patient follows the diet for 2 months, after which endos-
copy is repeated with biopsy. If the biopsy is normal, foods are
reintroduced. If abnormal, an elemental diet is implemented.
Reintroduction of food starts with the least allergenic foods,
then slow introduction of more allergenic foods. If foods are
associated with symptoms, they are stopped. This method
has resulted in a socially acceptable diet in almost 70% of
patients.

COURSE AND PROGNOSIS

Long-term treatment of EOE focuses on symptomatic control
and mucosal healing. Currently, topical steroids and dietary
restriction are the most successful options to achieve this goal.
Concomitant use of PPIs is believed to treat secondary acid
reflux. Future therapies such as anti-IL-5 antibodies show sig-
nificant promise.

Evidence-based guidelines for the management of EOE are
not currently available. In adults, no randomized trials have
demonstrated the efficacy of any particular treatment, and no
prospective studies have described the natural history of EOE
after treatment.
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S trictures occur more frequently in men and are most
common in elderly white patients. Esophageal strictures
develop in 10% to 15% of patients with gastroesophageal reflux
disease (GERD) (Fig. 25-1) and in 13% of patients with esoph-
ageal ulcers. GERD accounts for almost 70% of all esophageal
strictures. Less common causes of strictures include ingestion
of caustic substances, Barrett esophagus, mediastinal irradiation,
ingestion of drugs, malignancy, surgical resection line, congeni-
tal esophageal stenosis, skin diseases, and pseudodiverticulosis.

In reflux esophagitis, acid and pepsin secretions eventually
erode the mucosa of the esophagus, causing replacement with
fibrous tissue, which eventually contracts and results in a lumen
as narrow as 2 to 3 mm. Severe strictures form less frequently
since the advent of proton pump inhibitor (PPI) therapy. In
general, GERD strictures are associated with severe esophagitis
or Barrett’s esophagus. They occur at the squamocolumnar
junction. As intestinal metaplasia advances to the proximal
esophagus in Barrett, the stricture follows.

CLINICAL PICTURE

Patients report varying symptoms of dysphagia, odynophagia,
regurgitation, and chest pain. Dysphagia begins with solid foods
and advances to liquids as the stenosis becomes severe. Painful
swallowing (odynophagia) develops as food irritates the mucosa
overlying the strictured area. The patient’s inability to ingest
proper amounts of food results in weight loss and poor
nutrition.

DIAGNOSIS

Clinical history suggests the diagnosis, and a combination of
endoscopy and barium esophagraphy confirms stricture. Usually,
barium esophagraphy shows a variable segment of narrowed
esophagus. The margins are smoothly tapered, not jagged as
found in patients with malignancy. Esophagogastroduodenos-
copy allows direct visualization, and biopsy confirms a benign
stricture. The esophagus is rigid, and the endoscope may meet
resistance as it advances. In severe cases, a pediatric endoscope
may be used to pass through the lumen. In GERD, the active
reflux of acid may be observed above the level of the lesion.
Twenty-four—hour pH monitoring should be performed to
distinguish GERD-induced strictures from drug-induced
strictures in 45% of patients. Peptic strictures must also be dif-
ferentiated with a Schatzki ring, or weblike narrowing, thought
to be related to reflux and found at the squamocolumnar
junction (see Chapter 12).

TREATMENT AND MANAGEMENT

Repeated bougie dilatation with either rigid dilators or balloons
is the treatment of choice for strictures. Bougie dilatation of
GERD-related strictures results in resolution of symptoms in

75% of patients. Multiple topical postdilatation applications of
mitomycin C show promise in decreasing dilatations and
increasing their intervals, with overall improved results; however,
further trials are needed. The underlying cause of reflux must
be treated chronically with aggressive PPI therapy.

Surgery is indicated when recurring strictures require fre-
quent dilatations or when medical therapy fails or is impractical.
Surgical fundoplication should be performed within 2 years of
diagnosis to resolve the underlying cause of reflux. Laparoscopic
repair may be performed with good results and minimal com-
plications. A recent study of 200 medical patients and surgical
patients concluded that resecting peptic strictures is rarely
indicated.

COURSE AND PROGNOSIS

In 30% to 40% of patients with benign stricture, symptoms will
recur within 1 year. Patients with nonpeptic strictures and
narrow strictures have the highest rates of recurrence. In
GERD-related strictures, continued heartburn and hiatal hernia
are the strongest predictors for failure of PPI therapy. When
drug-induced strictures are resolved, heartburn does not need
to be treated. Drug-induced injury may occur in a patient with
an underlying GERD-induced stricture, causing pills to become
lodged and resulting in further injury. These strictures may not
respond to dilatation.

In a Mayo Clinic study, dilatations decreased from 5.3 per
patient 26 months before surgery to 1.8 per patient 25 months
after surgery. After laparoscopic fundoplication for dysphagia
and strictures, the overall satisfaction rate is 88% to 91%, with
a 10% recurrence rate for dysphagia. Laparoscopic surgery
results in a good clinical outcome with minimal complications
and a good quality of life.
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he distinction among sliding, true paraesophageal, and

mixed paraesophageal hernias has now been defined (Figs.
26-1 and 26-2). Also, although laparoscopy has replaced tho-
racotomy and laparotomy since 1991 as the standard treatment
approach, with new synthetic material now available, hernia
repair with mesh is challenging classic laparoscopic paraesopha-
geal hernia repair.

In North America, hiatal hernias develop in 10% to 50% of
the population. Average age for patients with a sliding hernia is
48 years and for a paraesophageal hernia, 61 years. There are
four types of hiatal hernias. Type 1 accounts for 85% of all
hernias. It develops when the gastroesophageal (GE) junction
slides above the diaphragm. Of the remaining hernias, 14% are
type 2, or pure paraesophageal, hernias. These develop when
the gastric fundus herniates into the chest, lateral to the esopha-
gus, but the GE junction remains fixed in the abdomen. Type
3, or mixed paraesophageal, hernia accounts for 86% of the
remaining hernias. They develop with movement of the lower
esophageal sphincter (LES) and the fundus into the chest. Type
4 hernia is a subset of type 3 and contains not only the entire
stomach, but also other viscera, such as the omentum, colon
(13%), spleen (6%), and small bowel. Patients with type 4
hernias may have bowel obstruction; 50% seek emergency treat-
ment, and 25% experience major complications. Parabiatal
hernia is movement of the stomach through a diaphragmatic
defect separate from the hiatus and accounts for less than 1%
of all hiatal hernias. Iatrogenic or postoperative paraesophageal
hernia may occur after a previous distal esophageal procedure
and accounts for 0.7% of paraesophageal hernias.

Hiatal hernia forms as the phrenicoesophageal membrane,
preaortic fascia, and median arcuate ligament become attenu-
ated over time. The pressure differential between the abdomen
and the chest creates a vacuum effect during inspiration that
pulls on the stomach. The degree of herniation into the poste-
rior mediastinum and the type of volvulus that occurs may
depend on the relative laxity of the gastrosplenic, gastrocolic,
and gastrohepatic ligaments. As the hiatal hernia becomes
larger, two types of volvulus may develop. Organoaxial volvulus
(longitudinal axis) occurs with movement of the greater curva-
ture of the stomach anterior to the lesser curvature. Mesenteric
axial volvulus is less common and occurs when the stomach
rotates along its transverse axis.

When the GE junction cannot be reduced below the dia-
phragm, it is considered to be shortened. This phenomenon is
believed to occur in patients with chronic gastroesophageal
reflux disease (GERD) with resultant transmural inflammation
and contraction of the esophageal tube.

CLINICAL PICTURE

Although small, type 1 hiatal hernias may be asymptomatic,
most patients complain of typical and atypical symptoms of

GERD. Heartburn is the main symptom of GERD, but patients
may also complain of acid reflux, regurgitation of food, epigas-
tric abdominal pain, dysphagia, odynophagia, nausea, bloating,
and belching. Atypical or extraesophageal symptoms include
noncardiac chest pain, choking, laryngitis, coughing, wheezing,
difficulty breathing, sore throat, hoarseness, asthma, and dental
erosions.

Symptoms of types 2 and 3 paraesophageal hernia differ from
GERD symptoms. Although paraesophageal symptoms vary,
most series describe dysphagia, chest pain, and regurgitation as
the most common. One series defined the symptoms as regur-
gitation (77%), heartburn (60%), dysphagia (60%), chest pain
(52%), pulmonary problems (44%), nausea or vomiting (35%),
hematemesis or hematochezia (17%), and early satiety (8%).
Asymptomatic patients may constitute 11% of the population,
and the hernia may be discovered on routine chest radiography
or endoscopy. Questioning may reveal the presence of symp-
toms in most patients.

Dysphagia may result from compression of the lower esopha-
gus by the adjacent stomach or from twisting of the esophagus
by a herniated stomach. Chest pain may be confused with
angina, resulting in emergency cardiac evaluation with negative
results. Dyspnea may be secondary to loss of intrathoracic
volume caused by a large hiatal hernia. Coughing may be a sign
of aspiration, which may develop into pneumonia or bronchitis.
Symptoms of asthma are severe enough to require bronchodila-
tor therapy in 35% of patients. In 14% of patients with mixed
hernia, a pulmonary condition ranging from dyspnea to severe
bronchoconstriction may be the only symptom.

Iron-deficiency anemia has been reported in as many as 38%
of patients with paraesophageal hernia. Most patients with iron
deficiency are unaware of the problem until they experience
symptoms such as pallor, palpitations, or dyspnea on exertion.
Usually there is no direct evidence of gastrointestinal (GI)
bleeding. Cameron ulcers or mucosal ulcerations of the stomach
are a cause of anemia. Ischemia and mucosal injury occur sec-
ondary to the friction of the stomach moving through the
esophageal hiatus during respiration and are diagnosed during
endoscopy in 5.2% of patients with paraesophageal hernias.
Larger hernias are associated with a higher incidence of ulcers,
and 66% of patients have multiple ulcers. Although rare, bleed-
ing is an indication for immediate repair. The patient’s condi-
tion can usually be stabilized, but transfusion may be necessary.
Elective surgery after stabilization is most prudent.

The progression of symptoms gives insight into the changes
that occur with hernias. Postprandial distress, defined as chest
pain, shortness of breath, nausea, and vomiting, occurs in 66%
of patients, but eventually most patients have these symptoms
as the hernia enlarges. Conversely, as a hernia enlarges, heart-
burn decreases. Heartburn is less common in type 3 than in type
1 hernia. Although 66% of patients initially have heartburn, the
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symptom progresses in only 59% of these patients. As a type 3
hernia enlarges, kinking is thought to occur at the GE
junction.

As many as 30% of patients undergo emergency surgery for
bleeding, acute strangulation, gastric volvulus, or total obstruc-
tion. Recent studies report that 2% to 17% of patients need
emergency surgery for acute obstruction or volvulus; the com-
plication rate is 40%. Surgery is performed to treat perforation
after strangulation with peritonitis, but mortality is 17%. If
gastric necrosis has developed, mortality may reach 50%. Pro-
ponents of elective surgery have stressed these data to support
early repair.

DIAGNOSIS

A sliding hiatal hernia is rarely seen on routine chest radio-
graphs unless it is large. Computed tomography (CT) may also
detect hiatal hernia. Most type 1 hiatal hernias are detected
either by barium esophagraphy or by upper endoscopy, the most
common method. Unless in an emergent situation, all patients
should undergo esophageal manometry to determine the pres-
ence of an associated motility disorder before any surgical inter-
vention. Specifically, achalasia should be ruled out (see Chapter
15). Evidence now indicates that patients with disorders such as
ineffective esophageal motility or scleroderma may benefit from
surgery but should undergo a partial fundoplication. Determi-
nation of the presence of acid or bile reflux can be performed
with classic 24-hour pH testing, impedance testing, or the Bravo
technique.

Chest radiography performed with the patient in the upright
position can establish the diagnosis of a paraesophageal hernia
by revealing air-fluid behind the heart in 95% of patients. Naso-
gastric tube placement in the intrathoracic stomach confirms the
diagnosis. Paraesophageal hernia can also be easily detected on
CT. An upper GI series can establish the diagnosis in almost all
patients because it defines the type of hiatal hernia. In a series
of 65 patients, 56 (86%) were found on barium swallow or
esophagogastroduodenoscopy (EGD) to have a type 3 paraeso-
phageal hernia. Nine (14%) had type 2 paraesophageal hernia.
In 21% of patients, more than half of the stomach was in the
chest.

A herniated stomach can be intubated using EGD, nasogas-
tric tube, or manometry in approximately 50% of patients.
When possible, manometry can assess esophageal body motility,
LES pressure, LES length, and total esophageal length. At least
50% of patients with paraesophageal hernias have hypotensive
LES. Incompetent LES was found in 56% to 67% of patients,
with an average pressure of less than 6 mm Hg. Short intra-
abdominal length of the LES combined with a sliding hernia
may also contribute to reflux.

The amplitude of peristaltic waves is reduced in 52% to 58%
of patients. Poor body motility can result in delayed clearance
of refluxed acid that requires partial fundoplication, although
some authors advocate floppy Nissen in this situation. A short
esophagus may be related to mixed, or type 3, paraesophageal
hernia and is believed to result from injury to the esophageal
wall secondary to stricturing and fibrosis from reflux. Whether
short esophagus is a result or the cause of paraesophageal her-
niation has yet to be determined.

Twenty-four—hour esophageal pH testing is not a diagnostic
test for a paraesophageal hernia but may be helpful in identify-
ing associated GE reflux in 50% to 65% of patients. Type 3
hernias are associated with reflux because of the migration of
the LES into the chest. Some patients with paraesophageal
hernias may have abnormal 24-hour pH test results but normal
LES pressure.

TREATMENT AND MANAGEMENT

Repair of small, type 1 sliding hiatal hernia entails reduction of
the hernia sac from the chest and performing either a partial
(Toupet) or total (Nissen) fundoplication. Most patients are not
treated surgically but with proton pump inhibitor (PPI) medica-
tion. Larger type 1 hiatal hernias can become more challenging
as more stomach protrudes into the chest. As the esophagus
contracts into the chest, so does the proximal cardia, then the
fundus. If the fundus moves alongside the esophagus, the hernia
is then classified as paraesophageal. The most difficult type 1
sliding hernias involve a shortened esophagus. When the GE
junction is unable to be reduced easily, 3 cm below the dia-
phragm, the technique of extensive mediastinal dissection must
be used. This involves dissecting all lateral, anterior, and poste-
rior attachments of the esophagus to the mediastinum, taking
care to avoid entering the pleura or disturbing major vessels.
Dissection may be necessary up to the level of the bronchial
bifurcation. GERD treatment or type 1 hiatal hernia repair
results in at least a 90% patient satisfaction rate.

Observation of paraesophageal hernias can result in emer-
gency complications such as incarceration, strangulation,
perforation, splenic vessel bleeding, and acute dilatation of the
herniated stomach in 20% of patients. A cohort study concluded
that watchful waiting is reasonable for the initial management
of patients with asymptomatic or minimally symptomatic para-
esophageal hernias. Asymptomatic patients at high risk for mor-
bidity after surgery may be observed. Nonsurgical management
resulted in 29% mortality, but this rate is now believed to be
lower. Asymptomatic patients have lower risk for complications.
Symptoms indicate the need for elective repair. Elective surgery
carries a zero to 3% mortality rate. In comparison, emergency
surgery results in up to a 40% complication rate and a 19% to
40% mortality rate.

Although there is no proof that laparoscopy has changed the
indications for paraesophageal hernia repair, patients with
comorbidities who undergo laparoscopy may experience the low
complication rate, short recovery, and long-term results seen
after open surgery. It may be argued that the low morbidity and
mortality rates achieved by experienced surgeons should encour-
age all patients with paraesophageal hernia to undergo laparo-
scopic hernia repair.

Paraesophageal hernia is a surgical disease and cannot be
adequately treated medically. Symptoms of reflux may be
reduced with H, blockers and PPIs. Before laparoscopy, para-
esophageal hernias were repaired by thoracotomy or laparot-
omy. Open paraesophageal hernia repair has average morbidity
of 14% and average mortality of 3%, and length of hospital stay
is 3 to 10 days. Major complications include bowel obstruction
and splenectomy. The recurrence rate after laparotomy is 11%.
Thoracotomy results in 19% morbidity and up to 25% mortal-
ity. Reoperation may be necessary in 5% of patients.
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Although the operative time is longer for laparoscopy than
for open surgery, the results are similar. In addition, laparoscopy
involves significantly lower rates of blood loss, intensive care
unit stay, ileus, hospital stay, and overall morbidity. The visibil-
ity of the hiatus is superior with the laparoscope. The only
disadvantage is that laparoscopy can cause decreases in systolic
blood pressure and cardiac index, which may be detrimental to
patients with poor cardiac function. Overall, laparoscopy is ben-
eficial in the elderly population.

Failing to perform concomitant antireflux surgery results in
postoperative reflux in 20% to 40% of patients. Antireflux
surgery may improve motility in 50% of patients. Concomitant
antireflux surgery produces several other benefits: (1) positive
findings on 24-hour pH test; (2) destruction of LES after surgi-
cal dissection of the hiatus; (3) incompetence of LES no longer
masked by paraesophageal hernia; (4) fundoplication securing
the stomach in the abdomen; (5) minimal morbidity added to
the procedure; and (6) emergency surgery necessitating a
concomitant antireflux procedure because testing cannot be
performed.

Short esophagus has an overall incidence of 1.5%. Among
patients with paraesophageal hernias, 15% to 20% have short
esophagus. The diagnosis of short esophagus is made at surgery
if the LES is 5 cm above the hiatus or if the esophagus is difficult
to mobilize from the mediastinum. Preoperative indicators of
short esophagus include paraesophageal hernias larger than
5 cm, severe esophagitis, strictures, Barrett esophagus, reopera-
tive antireflux surgery, and evidence of poor esophageal body
motility.

In the past, the Collis-Belsey procedure has been recom-
mended to treat short esophagus in patients with type 3 para-
esophageal hernias. Newer techniques rely on more aggressive
dissection. First, the hernia sac is reduced. Extensive dissection
enables the esophagus to be mobilized from the chest into the
abdomen. Patients with short esophagus who undergo laparo-
scopic transmediastinal dissection have a 90% success rate for
fundoplication, almost equal the rate for patients with normal
esophageal length (89%). The advent of laparoscopic transme-
diastinal dissection has rendered Collis gastroplasty less
favorable.

Gastrostomy and gastropexy should be considered for elderly
and debilitated patients who have many comorbidities and
cannot tolerate extensive surgery. Both procedures secure the
stomach, preventing future herniation. Disadvantages are the
discomfort and inconvenience of a gastrostomy tube.

If a primary crural closure is not possible, a tension-free mesh
repair may be indicated. Most recent reports promote a primary
suture closure of the muscle reinforced with an onlay of mesh
that has a keyhole opening stapled to the crura. A defect larger
than 5 cm is usually reported when mesh is used. Various pros-
thetic materials, including polyester (Mersilene), polytetrafluo-
roethylene (PTFE), and polypropylene, have been used for
mesh. PTFE may be the most preferable material because it
causes the least inflammatory reaction and fewest adhesions and
is typically used for ventral hernia repairs where the mesh is
exposed to bowel. Polypropylene is easier to staple but causes
more inflammatory reaction and therefore carries a higher
likelihood of erosion. Other types of materials are now being
investigated for repair. Small intestinal submucosa is developed

from small-bowel submucosa; it maintains strength while being
gradually resorbed and replaced by native host tissue. Human
acellular dermal matrix shows promise, as does the use of a
patient’s own ligamentum teres.

COURSE AND PROGNOSIS

Complications may be divided into intraoperative complications
and conversions, postoperative complications, late sequelae,
reoperations, and death. Intraoperative complications occur in
up to 17% of patients. Esophageal and gastric perforations,
tears, and lacerations occur in 11% of patients. Perforation of
the esophagus has been related to bougie usage. Excessive bleed-
ing may occur after dissection in the wrong anatomic plane,
tearing of the short gastric vessels, or retraction of the liver.
Vagal nerve injury is rare but may lead to gastric atony and
bezoar formation.

Pleural entry and pneumothorax may occur in 14% of
patients. Chest tube placement is rarely indicated because
increasing intrathoracic ventilatory pressure at the end of the
operation forces carbon dioxide into the abdomen. Rarely of
clinical significance is pneumomediastinum or crepitus, which
resolves with no sequelae. Acute intraoperative complications
may include respiratory acidosis secondary to carbon dioxide
exposure or, rarely, pulmonary embolus.

The 3% conversion rate frequently reflects the inability to
decrease mediastinal contents caused by mediastinal scarring of
a shortened esophagus. Traumatic vessel injury is a common
reason for conversion, but other causes may be adhesions and
difficulty with exposure. Exposure may be limited in patients
who are obese or who have hepatomegaly. Visualization has
improved with the advent of 30-degree, 45-degree, and flexible-
tip esophagoscopes.

Postoperative complications occur in 3% to 28% of patients.
The most serious postoperative complications are pulmonary
embolism, myocardial infarction (heart attack), cardiac dys-
rhythmias, cerebrovascular accident (stroke), and respiratory
failure. Other conditions that may develop are pneumonia or
pleural effusion, congestive heart failure, deep vein thrombosis,
urinary retention, and superficial wound infections. Dysphagia
is the most frequent postoperative problem but is considered
inherent to the surgery. Dilatation may be required in 6% of
patients. Over time, some fundoplications slip, become undone,
or migrate to the mediastinum. Postoperative pain is usually
limited to incisions, but patients may have left shoulder pain
caused by diaphragmatic irritation.

Reoperation rates range from zero to 9%. Early reoperation
may be necessary for hernia recurrence, fundoplication slippage,
esophageal or stomach perforation, or small-bowel obstruction.
Dilatation may be necessary for patients with dysphagia after
surgery.

Mortality rates range from zero to 5%. The population of
patients with paraesophageal hernias is older and has a higher
frequency of comorbidities than patients with type 1 hernias.
Late sequelae do occur but are well tolerated. Reflux may
develop in patients who have not undergone the antireflux pro-
cedure. Frequently, patients have gas-bloat syndrome, which
includes bloating, abdominal gas, increased flatus, uncontrolled
flatus, belching, and abdominal discomfort. Patients may also
experience early satiety, pain after meals, and weight loss.
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Operative time averages from 2 to 3 hours. Most patients stay
in the hospital for 1 to 5 days. On average, patients return to
normal activities within 3 weeks. Displacement of the parae-
sophageal hernia from the chest results in improved (15%-20%)
pulmonary function. On average follow-up at 1.5 years, 92% of
patients are satisfied with the surgical result.

Recurrence rates are based on the definition of “recurrence,”
which can be determined clinically or by barium esophagraphy.
Subjective evidence or barium esophagraphy is used to deter-
mine recurrence. Asymptomatic recurrence rates may be very
high, but they range from zero to 32% when barium esophag-
raphy is used. Clinically symptomatic recurrences are much
lower, as indicated by the zero to 9% reoperation rate. Most
patients with recurrences undergo surgery only if they have
symptoms, including regurgitation, heartburn, dysphagia, and
white saliva. Evaluation usually reveals a sliding herniation of
their wrap in about 80% of patients, although a recurrent
paraesophageal hernia may occur. Although recurrence is
common, reoperation is found to be rarely necessary at 10-year
follow-up.

Symptomatic patients may be candidates for paraesophageal
hernia repair after extensive evaluation. Laparotomy and thora-
cotomy are successful approaches but have higher morbidity and
longer recovery rates. Laparoscopy is the best approach, if per-
formed by experienced surgeons. An antireflux procedure should

be added to prevent reflux. Sac excision, transmediastinal mobi-
lization of the esophagus, primary crural repair, and antireflux
surgery may reduce the recurrence of hernia. Gastropexy and
mesh repair show promise in reducing recurrence, with results
of long-term studies pending.
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arrett’s esophagus is defined as metaplasia occurring in any

length of epithelium, at any location above the gastroesoph-
ageal (GE) junction, that is identified at endoscopy and con-
firmed by biopsy, and that does not include metaplasia of the
gastric cardia (Fig. 27-1). Squamous epithelium is replaced by
columnar epithelium with goblet cells. Barrett’s esophagus orig-
inally included gastric fundic type, junctional type, and intestinal
metaplasia (IM). Fundic-type epithelium has minimal malignant
potential and is no longer included in the definition of Barrett’s
esophagus. Endoscopy cannot accurately distinguish between
IM and gastric-type epithelium, so biopsy is necessary for
diagnosis.

Evidence supports a strong correlation between Barrett’s
esophagus and chronic gastroesophageal reflux disease (GERD).
Abnormal pH study findings are present in 93% of Barrett’s
esophagus patients compared with 45% to 75% of all other
GERD patients. Barrett’s esophagus is twice as prevalent in men
as in women. The men are usually white, have chronic heart-
burn, and are older than 50. Barrett’s esophagus is present in
10% to 20% of patients undergoing endoscopy for GERD. It
occurs in 3% of patients with weekly heartburn, 5% of patients
with daily heartburn, and 0.5% to 2% of asymptomatic adults
in the United States.

Barrett’s esophagus has the potential to progress to adenocar-
cinoma, the incidence of which has increased dramatically over
the past 20 to 30 years, making it the most rapidly increasing
cancer in the United States. Barrett’s esophagus develops in the
presence of persistent GERD, which is an independent risk
factor for adenocarcinoma. Patients with GERD have a risk for
esophageal adenocarcinoma that is 30 to 60 times greater, at an
incidence rate more than 100 times greater, than that of the
general population. The prevalence of Barrett’s esophagus and
adenocarcinoma increases with age and severity of symptoms. A
surgical series of esophageal resections shows that adenocarci-
noma predominates in older white men.

Carcinoma is the final step in the progression from squamous
cells, to IM, to low-grade dysplasia (LGD), to high-grade dysplasia
(HGD), and then to invasive disease. All stages may coexist.
Other risk factors for adenocarcinoma in patients with Barrett’s
esophagus include length of Barrett’s epithelium, LGD, and
HGD.

Intestinal metaplasia is the most important risk factor for the
development of dysplasia and cancer, and most adenocarcino-
mas of the esophagus and GE junction are accompanied by IM.
Short-segment Barrett’s esophagus carries a lower risk for dys-
plasia. Patients with long-segment Barrett’s esophagus have
greater pH exposure and lower esophageal sphincter (LES)
pressure than those with short-segment disease. Recently,
attempts were made to differentiate short-segment Barrett’s
esophagus from IM of the gastric cardia. The distinction
between short-segment and long-segment Barrett’s esophagus
was poorly defined.

Reflux of acid and duodenal contents may contribute to the
development of Barrett’s esophagus. Bile, in conjunction with

acid and pepsin, disrupts the mucosal barrier of the esophagus
and causes esophagitis. Acid exposure is associated with the
development of columnar mucosa, and bile exposure has been
deemed an independent predictor of Barrett’s esophagus. Severe
duodenogastroesophageal reflux (DGER) occurs after subtotal
esophagectomy and pyloroplasty and provides an environment
for development of Barrett’s metaplasia through a sequence that
begins with cardiac epithelium and eventually transforms into
IM. In this human model of severe DGER, 33% of patients have
esophagitis, 23% have Barrett’s esophagus, and another 18%
progress from cardiac mucosa to Barrett’s esophagus over time.
Clearly, acid is not the only cause.

CLINICAL PICTURE

No symptoms or signs distinguish patients with Barrett’s meta-
plasia from those without it. Signs and symptoms of GERD are
the same as those for Barrett’s esophagus.

DIAGNOSIS

Patients with an extensive history of GERD symptoms are more
likely to have Barrett’s esophagus and should undergo esopha-
gogastroduodenoscopy (EGD). Patients at higher risk may be
male and may have abnormal bile reflux, hiatal hernia larger
than 4 cm, defective LES, distal esophageal dysmotility, reflux
episodes longer than 5 minutes, and GERD symptoms for more
than 5 years.

The diagnosis of Barrett’s esophagus requires biopsy of
abnormal-appearing mucosa to determine the presence of IM
and dysplasia. Squamocolumnar (SC) and GE junctions should
be specified. When the SC junction is displaced cranial to the
GE junction, Barrett’s esophagus is suspected. Gastric folds
define the beginning of the stomach. It is difficult to distinguish
gastric mucosa and esophagitis from Barrett’s esophagus by
visualization, but Barrett is typically described as salmon
colored. Guidelines suggest that biopsies be taken in four quad-
rants, beginning 1 cm below the GE junction and extending
1 cm above the SC junction at 2-cm intervals. Endoscopic
staining with methylene blue may assist in locating cells with
IM in the esophagus.

TREATMENT AND MANAGEMENT

Management includes controlling reflux, healing esophagitis,
and detecting dysplasia early. The principles and treatment for
Barrett’s esophagus are the same as those for GERD, although
patients with Barrett’s esophagus have worse responses because
of more severe disease. How to prevent Barrett’s esophagus or
stop its progression has not been determined. Treatment
involves a combination of endoscopy, medical therapy, surgery,
and possibly ablative therapies.

Surveillance is based on the increasing risk for adenocarci-
noma, and dysplasia is the most sensitive indicator of the risk
for cancer. Surveillance endoscopy is recommended in all
patients with Barrett’s esophagus to detect dysplasia and to initi-
ate early intervention. These measures attempt to decrease the
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incidence of esophageal adenocarcinoma and improve patient
survival. The result has been detection of adenocarcinoma at an
earlier stage compared with cancer detected after symptoms
such as dysphagia, but these surveillance measures have not yet
affected survival.

Unfortunately, most patients with Barrett’s cancer were not
found to have a premalignant condition such as dysplasia and
were not under surveillance. Asymptomatic patients still account
for most patients with adenocarcinoma. Therefore, all patients
undergoing EGD should undergo careful examination of the
distal esophagus. The goal is to detect dysplasia, which occurs
on top of IM. Any level of dysplasia may be located adjacent to
frank carcinoma.

Unfortunately, evidence-based data to determine the timing
of surveillance endoscopy intervals for screening remain to be
defined. The interval at which endoscopy is performed depends
on the grade of dysplasia. Any nodule or ulcer on the epithelial
surface should undergo careful biopsy. Endoscopy for surveil-
lance may be performed every 3 years if there is no evidence of
dysplasia on two consecutive endoscopies.

If LGD is found at endoscopy, patients should be treated
intensively with high-dose proton pump inhibitor (PPI) therapy
for 3 to 12 weeks, after which repeat biopsy should be per-
formed. Esophagitis will resolve, but dysplasia will not, elimi-
nating confusion regarding the diagnosis at repeat biopsy. If
LGD is found after repeat biopsy, repeat endoscopy should be
performed at 6-month intervals for 1 year. If LGD has not
progressed, annual endoscopy should be performed. The pres-
ence of HGD should be confirmed by a second pathologist and
warrants aggressive treatment.

In patients with Barrett’s esophagus, medical and surgical
therapies are effective in controlling reflux symptoms. However,
more than 60% of patients continue to have pathologic GERD
and abnormally low esophageal pH, despite doses of esomepra-
zole that control reflux symptoms. Higher doses of PPIs
must be used to prevent the development of esophageal
adenocarcinoma. Treatment success can be measured only by
repeat pH monitoring. Although aggressive PPI therapy is the
first-line treatment, no significant clinical evidence supports
that acid suppression prevents adenocarcinoma or progression
of IM to dysplasia. PPI treatment entails titration of medication
dosage to a level that controls symptoms and heals
esophagitis.

Heartburn is alleviated in 96% and resolves in 70% of
patients with Barrett’s esophagus after laparoscopic antireflux
surgery (LARS). No differences occur in medication use or
symptom control after LARS, but the failure rate is higher in
patients with Barrett’s esophagus (12%) than in those without
it (5%). In 89% of patients with Barrett’s esophagus, LARS
provides excellent control of esophageal acid exposure.

Antireflux surgery is superior to medical therapy for prevent-
ing the development of, and inhibiting the progression to,

Barrett’s carcinoma. A meta-analysis reports that the risk for
adenocarcinoma in patients with Barrett’s esophagus is low and
decreases by 1.5 cancers per 1000 patient-years, more after
antireflux surgery than after medical treatment; however, these
findings are not significant. Regression of Barrett’s esophagus
depends on the length of the columnar-lined esophagus and the
time of follow-up after antireflux surgery. Endoscopy and
pathology findings reveal complete regression of IM in 33% to
55% of patients with short-segment Barrett’s esophagus after
LARS. In patients with segments of Barrett’s esophagus longer
than 3 cm, 20% have disease regression, but 20% have disease
progression from IM to dysplasia.

If HGD is found at endoscopy, there are three options for
treatment: esophagectomy, intense surveillance, and ablation
therapy. Intense surveillance for up to 46 months results in the
development of adenocarcinoma in approximately 25% of
patients, regression in 25% of patients, and stability in the
remaining 50% of patients. The chance for concomitant esoph-
ageal cancer is 47% in all patients.

Esophagectomy is the most conservative approach but has
high morbidity and mortality rates (3%-10%). Endoscopic
therapy may be performed with multiple techniques, including
thermal, chemical, and mechanical methods. The goal is to
remove all dysplastic epithelium to allow the regrowth of squa-
mous epithelium. Argon beam, laser, electrocautery, and pho-
todynamic therapy have been used. Photodynamic therapy
results in a downgrading of dysplasia in 90% of patients, but
residual Barrett’s esophagus may be found in 58% of patients.
Complications of chest pain, nausea, and esophageal strictures
may develop.
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B enign tumors of the esophagus are more common than
previously thought, occurring in 0.5% to 8% of the popula-
tion, as indicated by autopsy studies. Esophageal carcinoma is
50 times more prevalent. Since the advent of computed tomog-
raphy (CT), tumors have been discovered more frequently (Fig.
28-1). Most are asymptomatic and nonepithelial. Categories
include mucosal or intraluminal tumors, submucosal tumors,
and muscle wall tumors. Mucosal tumors include leiomyoma,
gastrointestinal (GI) stromal tumor, squamous papilloma, fibro-
vascular polyps, retention cysts, and granular cell tumors. Sub-
mucosal tumors include lipoma, fibroma, neurofibroma, granular
cell tumor, hemangioma, and salivary gland tumors. Fibromas
or fibrovascular polyps are located in the upper esophagus, may
reach lengths of 7 to 10 cm, and may become freely suspended
in the lumen. Periesophageal tissue includes foregut cysts.

Intraluminal leiomyomas are the most common benign tumor
of the esophagus, accounting for two thirds of all benign esoph-
ageal tumors. The male/female ratio is 2:1; 33% occur in the
middle and 56% in the lower third of the esophagus; 80% are
intramural. Leiomyomas may extend into the stomach as well.
Half the tumors are smaller than 5 cm. They are usually firm,
encapsulated, rubbery, and elastic and typically not peduncu-
lated because they are muscular in origin and are covered by the
mucosa. In 13% of patients, intraluminal leiomyomas are
annular, or completely encircle the esophagus. They usually are
isolated but may appear in multiples.

CLINICAL PICTURE

In 15% to 50% of benign esophageal neoplasms, patients are
usually asymptomatic. The most common presenting symptoms
for leiomyomas are dysphagia (~50%), pain (~50%), weight loss
(15%), and nausea or vomiting (12%). Other symptoms include
odynophagia, reflux, regurgitation, respiratory symptoms,
shoulder pain, atypical chest pain, hiccups, and anorexia. There
is little correlation between size and symptoms. However, larger
pedunculated tumors may occlude the esophageal lumen,
causing dysphagia, or may be aspirated into the trachea. Bleed-
ing into the lumen may occur from ulceration of lesions such as
angiomas.

DIAGNOSIS

Large endoluminal tumors may be visualized on barium esopha-
graphy as a concave mass with smooth borders. CT is 91%
sensitive and excellent for smaller lesions. If obstruction has
occurred, proximal dilatation of the esophagus may be detected.
Endoscopy is most sensitive and may determine the presence,
location, and integrity of the mucosa. Normal mucosa over a
leiomyoma frequently rules out malignancy. In patients with
leiomyoma, biopsy is contraindicated because it may cause
infection, bleeding, or perforation. It also increases the risk for
mucosal tear at surgical excision. If an ulcer is identified on
endoscopy, biopsy should be performed.

The best method of classification is endoscopic ultrasound,
which is capable of delineating five layers of the esophageal wall.
These layers are detected by alternating hyperechoic and
hypoechoic transmissions. The superficial, or inner, layer is
hyperechoic and the remaining layers alternate as described,;
deep mucosa (second layer), submucosa (third layer), and mus-
cularis propria (fourth layer). Periesophageal tissue is seen as the
fifth layer. Ultrasound is limited in determining the nature of
the tumor and whether it is malignant.

TREATMENT AND MANAGEMENT

Most patients without symptoms could be managed by observa-
tion because of the benign nature of the lesions, but this is
controversial. Advocates for nonsurgical management argue
that the risk for malignant transformation is extremely rare, that
slow-growing tumors may be observed, and that the risk for
surgery may be more harmful than observation alone. When
symptoms develop, the lesion should be removed. It should also
be removed if the tumor becomes larger or if mucosal ulceration
develops, and it especially should be removed to obtain a defini-
tive diagnosis.

Transthoracic excision by thoracotomy is the most common
approach, but lesions may be removed by thoracoscopy, lapa-
roscopy, or hand-assisted laparoscopy. Endoscopic methods
may be used to snare and cauterize esophageal polyps. Other
endoscopic methods are being developed, but concomitant
endoscopy already has a role to ensure adequate esophageal
luminal patency after resection. Enucleation of the mass with
primary closure is the preferred technique. Benign tumors
larger than 8 cm may require esophagectomy with gastric pull-
up, using thoracotomy, thoracoscopy, or laparoscopy.

COURSE AND PROGNOSIS

Results of leiomyoma enucleation are excellent, and recurrence
is rarely reported. Symptoms resolve with tumor excision.
Overall, prognosis is excellent because the lesions are benign.
Minimally invasive techniques result in minimal morbidity and
rare mortality, and patients generally require hospital stays of 1
to 3 days.
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F our of five carcinomas in the gastrointestinal (GI) tract
occur in men, but carcinomas of the upper third of the
esophagus are more common in women (Fig. 29-1). In the
esophagus, the upper third is the lesst common site for car-
cinomas to occur. A correlation exists between esophageal
carcinoma and chronic hypopharyngitis. Patients with Plum-
mer-Vinson syndrome have an increased incidence of malig-
nancy. Tumors are usually squamous cell carcinoma and may be

anaplastic. (See also Chapter 30.)

CLINICAL PICTURE

Patients frequently have symptoms of hoarseness, dysphagia,
and aspiration. Hoarseness usually results from recurrent laryn-
geal nerve involvement by the tumor. Dysphagia may be the
first symptom, and its presence should initiate a thorough
evaluation.

DIAGNOSIS

Evaluation should include laryngoscopy and esophagoscopy to
evaluate the upper respiratory and GI tracts and to determine
the location of the lesion. If a lesion is encountered, biopsy
should be performed. Computed tomography (CT) or magnetic
resonance imaging (MRI) may show the soft tissue lesion more
accurately. Determination of the need for resection or radiation
therapy may be made on the basis of this test. Lesions, if any,
are ulcerated and fungating.

TREATMENT AND MANAGEMENT

Immediate esophageal reconstruction improves results. Surgical
treatment involves laryngoesphagectomy with reconstruction,
using a skin graft. The posterior half of the larynx and the

cricoid cartilage are often involved and must be removed.
Radical dissection is performed to remove lymph nodes in the
neck and superior mediastinum.

Aggressive surgical resection yields better results than radia-
tion therapy. Positive margins, invasion, and vocal cord paralysis
indicate a worse prognosis. Patients who undergo esophagec-
tomy with gastric pull-up have better palliative responses than
those treated with chemotherapy and radiation. Lesions that are
not fixed to surrounding tissues should be resected. If nodes are
present or if the lesion is in close contact with the cricopharyn-
geus muscle, preoperative chemotherapy should be adminis-
tered, followed by surgical resection.

COURSE AND PROGNOSIS

Treatment with surgical excision has produced results that are
as poor as for lower esophageal malignancies. Radiotherapy had
been reserved for these lesions but has resulted in a high rate of
local recurrence with vascular and tracheal erosion, causing dys-
phagia, bleeding, and aspiration. Patients who undergo com-
plete resection usually die of metastatic disease. Unfortunately,
80% of patients fail after radiation, and 20% require palliation
to control local disease.

ADDITIONAL RESOURCES
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M alignancy of the esophagus accounts for 5% of all gastro-
intestinal (GI) cancers (Fig. 30-1). Squamous cell carcinoma
is the most common esophageal malignancy worldwide. Adeno-
carcinoma is the most common malignancy in Western countries
and has continued its 20-year increase in incidence, especially
in white men in the sixth decade of life. The black/white male
ratio is 3:10 for adenocarcinoma; the reverse is true for squa-
mous cell cancer. The increase in esophageal cancer has mir-
rored the increase in adenocarcinoma in patients with Barrett
esophagus and has raised concern for risk in these patients. It is
not surprising that 85% of cancers occur in the mid-to-distal
esophagus. Recommendations of routine surveillance and
aggressive surgical treatment for patients with high-grade dys-
plasia (HGD) have been instituted to discover and treat esopha-
geal cancer early.

Patients with achalasia, caustic strictures, Barrett esophagus,
or gastroesophageal reflux disease (GERD) are predisposed to
adenocarcinoma; those who drink alcohol, smoke, or have
tylosis or Plummer-Vinson syndrome are predisposed to squa-
mous cell cancer. Unfortunately, despite best attempts, only 5%
of patients seek treatment while they have local disease. Five-
year survival ranges from 16% to 32% of patients.

Adenocarcinoma and squamous cell cancer are the most
common malignancies of the esophagus. Adenocarcinoma is
thought to develop from metaplastic columnar mucosa or
Barrett esophagus, which occurs in the distal esophagus in
patients with GERD. Distal esophageal and proximal gastric
malignancies are similar. Bile, pancreatic juice, pepsin, and
gastric acid may cause a transformation of squamous cells to
columnar cells. In time, metaplastic cells may be transformed
from dysplastic to malignant. Barrett mucosa is almost always
present in those with adenocarcinoma. Helicobacter pylori infec-
tion may be protective for adenocarcinoma but can cause gas-
tritis, ulcers, and lymphoid tumors. Adenocarcinomas and
squamous cell cancers invade the mucosa and the submucosa,
spreading quickly up the length of the esophagus.

Other, uncommon lower-end esophageal malignancies
include adenosquamous carcinoma, small cell cancer, and

lymphoma.

CLINICAL PICTURE

Most patients with tumors have initial symptoms of dysphagia,
odynophagia, and weight loss. Presentation with luminal
obstruction indicates poor prognosis. As a tumor invades, there
may be pain, hoarseness from recurrent laryngeal nerve involve-
ment, superior vena cava syndrome, malignant pleural effusions,
hematemesis, or bronchotracheoesophageal fistulae.

DIAGNOSIS

Diagnosis is not limited to determining the presence of malig-
nancy and must include determination of extent. History and

physical examination suggest the disease. Confirmation may be
made using endoscopy and biopsy; barium esophagraphy to
determine mucosal extent; endoscopic ultrasound (US) with or
without fine-needle aspiration to determine depth of invasion;
computed tomography (CT) or magnetic resonance imaging
(MRI) to determine local invasion and lymph node involvement;
bronchoscopy to determine invasion of the airway; and positron
emission tomography (PET) to detect distant metastases. Diag-
nostic mediastinoscopy, laparoscopy, or thoracoscopy may
determine metastasis to the lymph nodes.

Staging of tumors is the best predictor of survival and is
performed by the rtumor-node-metastasis (TNM) classification
(Tables 30-1 and 30-2). Endoscopic US is superior to CT for
determining depth of tumor wall invasion, lymph node involve-
ment, and characteristics of adjacent structures. US has the
added benefit of facilitating endoscopic-guided fine-needle

Table 30-1 TNM Staging for Esophageal Cancer

Stage Description

Primary Tumor (T)

TX Primary tumor cannot be assessed.

TO No evidence of primary tumor.

Tis Carcinoma in situ (into mucosa only).

TI Tumor invades lamina propria or submucosa.

T2 Tumor invades muscularis propria.

T3 Tumor invades adventitia.

T4 Tumor invades (or is adherent to) adjacent
structures.

Regional Lymph Nodes (N)

NX Regional lymph nodes cannot be assessed.

NO No regional lymph node metastases.

N1 Regional lymph node metastases.

Distant Metastases (M)

MX Distant metastases cannot be assessed.

MO No distant metastases.

M1 Distant metastases.

From Kelly KA, Sarr MG, Hinder RA: Mayo Clinic gastrointestinal
surgery, Philadelphia, 2004, Saunders, p 49.

Table 30-2 Stage Groupings for Esophageal Cancer
Stage T N M
0 Tis NO MO
I TI NO MO
1A T2-T3 NO MO
1B T1-T2 N1 MO
1] T3 N1 MO
T4 N1 MO
\% Any T Any N M1

From Kelly KA, Sarr MG, Hinder RA: Mayo Clinic gastrointestinal
surgery, Philadelphia, 2004, Saunders, p 49.
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aspiration of lymph nodes and mediastinal lesions. US is
capable of delineating four layers of the esophageal wall and has
90% and 85% accuracy, respectively, for measuring tumor and
lymph node status. Laparoscopy and laparoscopic US may be
superior to CT and esophageal US and can avoid noncurative
laparotomies in 11% to 48% of patients.

TREATMENT AND MANAGEMENT

Esophageal cancer spreads early and rapidly; two thirds of
patients will have lymph node metastases at presentation.
Aggressive multimodal therapy is necessary to achieve control
and attempt cure. If cure is not possible, palliation with attempts
at maintaining nourishment and quality of life are paramount.
The TNM classification aids in determining the feasibility of
surgical resection and treatment options.

Total esophagectomy to obtain free margins and to clear all
mediastinal lymph nodes is the first line of therapy and is the
only modality necessary for those with T1-2 NO MO disease.
The mortality rate associated with surgery is 3%. Techniques
include Ivor Lewis esophagogastrectomy and transhiatal esoph-
agectomy, which is recommended for stage I tumors. T1b and
T2 tumors are removed through thoracotomy.

Chemoradiation alone is reserved for those in poor medical
condition. In patients with T1-2 N1 M0, T3 NO MO, and T3
N1 MO, chemoradiation is preferably given before surgery but
may be given after it. Cisplatin and 5-fluorouracil are the medi-
cations of choice at the Mayo Clinic. T4 NO-1 MO disease is
treated with preoperative chemoradiation, which may achieve
adequate palliation in itself. Afterward, patients may be restaged.
Patients without hematogenous spread or peritoneal implants
are candidates for surgical resection and intraoperative
radiation.

Palliation of metastatic disease is reserved for those with any
T, any N, M1 disease. Chemotherapy is the treatment of choice,
but radiation may be added. Endoscopic metal stents, photody-
namic tumor ablation with laser, metalloporphyrin, and brachy-

therapy may be used for palliation of obstruction. Radical
surgery to bypass obstruction is rarely performed.

Other tumors of the esophagus are usually treated by surgery.
Most patients with small cell carcinoma have metastatic disease
at presentation and rarely survive a year. Therapy is palliative,
but surgery and chemoradiation may result in a rare cure. Mela-
nomas of the esophagus have a worse prognosis than cutaneous
disease because they are discovered late. Surgery is performed
but rarely helpful. Results after surgical excision of salivary
tumors are worse than after excision of head and neck tumors.
Lymphomas develop after direct spread from other organs.
Primary lymphomas usually develop in patients with immune
disorders. Sarcomas may develop, but not from degeneration of
benign tumors, and are removed by surgery. Metastatic lesions
of the breast and lung and melanomas are most common and
are treated by palliation.

COURSE AND PROGNOSIS

Patient survival depends directly on disease stage. Five-year
survival rates for esophageal cancer are 78.9% for stage I, 37.9%
for stage IIA, 27.3% for stage 1IB, 13.7% for stage 111, and 0%
for stage IV.
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he stomach is a J-shaped reservoir of the digestive tract in

which ingested food is soaked in gastric juice containing
enzymes and hydrochloric acid and then is released spasmodi-
cally into the duodenum by gastric peristalsis. The form and size
of the stomach vary considerably, depending on the position of
the body and the degree of filling. Special functional configura-
tions of the stomach are of interest to the clinician and radiolo-
gist (Fig. 31-1).

The stomach has a ventral surface and a dorsal surface that
may be vaulted or flattened and that almost make contact when
the organ is empty. The stomach also has two borders, the
concave Jesser curvature above on the right and the convex greater
curvature below on the left. The two join at the cardia, where
the esophagus enters. The poorly defined cardia is the point of
demarcation between both curvatures, whereas on the right the
esophagus continues smoothly into the lesser curvature. On the
left there is a definite indentation, the incisura cardialis (cardial
or cardiac incisure, or notch), that becomes most obvious when
the uppermost, hoodlike portion of the stomach (fundus, or
fornix) is full and bulges upward. The major portion of the
stomach (body, or corpus) blends imperceptibly into the pyloric
portion, except along the lesser curvature, where a notch, the
incisura angularis (angular incisure) marks the boundary between
the corpus and the pyloric portion. The pylorus consists of the
pyloric antrum, or vestibule, which narrows into the pyloric
canal and terminates at the pyloric valve. External landmarks of
the pylorus form a circular ridge of sphincter muscle and the
subserosal pyloric vein.

During esophagogastroduodenoscopy, selective views can
evaluate almost all these areas. For example, retroflexion of
the endoscope permits visualization of the scope entering the
stomach. The endoscopist can see the normal mucosa of the
gastroesophageal junction as it hugs the scope, forming a fold
or flap at the cardiac incisure. The pyloric channel is usually
closed, and waves of contractions move aborally from the
pylorus and end at the angular incisure of the pyloric antrum.

The stomach is entirely covered with peritoneum. A double
layer of peritoneum, deriving from the embryonal ventral meso-

gastrium, extends on the lesser curvature beyond the stomach
known as the lesser omentum. It passes over to the porta hepatis
and may be divided into a larger, thinner, proximal portion
(hepatogastric ligament) and a smaller, thicker, distal portion
(hepatoduodenal ligament), which attaches to the pyloric region
and to the upper horizontal portion of the duodenum. The free
edge of the hepatoduodenal ligament, through which run the
portal vein, hepatic artery, and common bile duct (see Chapter
32), forms the ventral margin of the epiploic foramen of
Winslow, which gives access to the lesser peritoneal sac (bursa
omentalis). The greater omentum, a derivative of the embryonal
dorsal mesogastrium, passes caudally from the greater curvature
and contains, between its two frontal and two dorsal sheets, the
inferior recess of the bursa omentalis.

The anterior surface of the stomach abuts the anterior
abdominal wall, against the inferior surface of the left lobe of
the liver and, to some extent in the pyloric region, against the
quadrate lobe of the liver and the gallbladder. Its posterior
surface is in apposition with retroperitoneal structures (pan-
creas, splenic vessels, left kidney, and adrenal gland) from which,
however, it is separated by the bursa omentalis. The fundus
bulges against the left diaphragmatic dome. On the left, adjacent
to the fundus, is the spleen, which is connected to the stomach
by the gastrosplenic ligament (also derived from the dorsal
mesogastrium).

The four recognized principal functional types of stomach
are known as orthotonic, hypertonic, hypotonic, and atonic. In the
hypotonic and atonic types, the axis of the stomach is more
longitudinal, whereas in the orthotonic and particularly the
hypertonic types, it is more transverse.

ADDITIONAL RESOURCES

Russo MA, Redel CA: Anatomy, histology, and developmental anomalies
of the stomach and duodenum. In Feldman M, Friedman LS, Brandt
LJ, editors: Guastrointestinal and liver disease, ed 8, Philadelphia, 2006,
Saunders-Elsevier.
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he duodenum, the first part of the small intestine, has a

total length of approximately 25 to 30 cm (10-12 inches).
It is horseshoe shaped, with the open end facing left, and is
divided into four parts (Fig. 32-1).

The first part of the duodenum, or the pars superior; lies at
the level of the first lumbar vertebra (LL1) and extends almost
horizontally from the pylorus to the first flexure. As a result of
its intraperitoneal position, this first duodenal portion is freely
movable and can adapt its course according to the filling condi-
tion of the stomach. The anterior and superior surfaces of the
first half of this duodenal segment are in close relation to the
inferior surface of the liver (lobus quadratus) and the gallblad-
der. The radiographic designation duodenal bulb refers to the
most proximal end of the pars superior duodeni, which is slightly
dilated when the organ is filled and then is more sharply sepa-
rated from the stomach because of pyloric contraction.

The two layers of peritoneum, which cover the anterosupe-
rior and the posteroinferior surfaces, join together on the upper
border of the superior portion of the duodenum and move as
the hepatoduodenal ligament cranially toward the liver, forming
the right, free edge of the lesser omentum (see Chapter 31).
This ligament contains the important triad of the portal vein,
hepatic artery, and common bile duct.

The second part of the duodenum, the descending portion,
extends vertically from the first to the second duodenal flexure,
the latter lying approximately at the level of the third lumbar
vertebra (L3). The upper area of this portion rests laterally on
the structures of the hilus of the right kidney; medially, its whole
length is attached by connective tissue to the duodenal margin
of the caput pancreatis (head of pancreas). Approximately
halfway its length, the descending portion is crossed anteriorly
by the parietal line of attachment of the transverse mesocolon.
The common bile duct, together with the portal vein, occupies
the start of the hepatoduodenal ligament, a position dorsal to
the superior duodenal portion, and continues its course between

the descending portion and the pancreatic head to its opening
at the major duodenal papilla (Vater).

The third part of the duodenum, the inferior portion, begins
at the second flexure. It begins almost horizontally (horizontal
part) or sometimes in a slightly ascending direction, until it
reaches the region of the left border of the aorta, where it
changes direction and curves cranially to pass into the terminal
duodenal segment (ascending part). Although the caudal part of
the second portion and the second flexure lie over the psoas
major of the right side of the body, the third duodenal portion,
with its horizontal segment, passes over the vena cava and the
abdominal aorta. The superior mesenteric vessels, before enter-
ing the root of the mesentery, cross over the horizontal part of
the third portion near its transition to the ascending part.
During its course, the third portion is increasingly covered by
the peritoneum, and a complete intraperitoneal configuration is
attained at the duodenojejunal flexure, which is located caudal
to the mesocolon transversum at the level of the second lumbar
vertebra (L2) or of the disk between L1 and L2.

As the third part of the duodenum courses up to the left of
the aorta to reach the border of the pancreas, it is frequently
referred to as the fourth part of the duodenum. This fourth part
joins the jejunum and is fixed posteriorly by the ligament of
Treitz, a suspensory muscle of the duodenum. The fourth part
of the duodenum then leaves the retroperitoneal area to join the
intraperitoneal jejunum. On radiographs, the duodenum usually
takes the form of a C, although it may show individual variations,
such as a redundant second part or a reversal of curve (see Fig.
32-1).

ADDITIONAL RESOURCES

Russo MA, Redel CA: Anatomy, histology, and developmental anomalies
of the stomach and duodenum. In Feldman M, Friedman LS, Brandt
LJ, editors: Guastrointestinal and liver disease, ed 8, Philadelphia, 2006,
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he reddish gray mucous membrane of the stomach, com-

posed of a single surface layer of epithelial cells (tunica
propria) and the submucosa, begins at the cardia along an irreg-
ular or zigzag line, often referred to as the Z line (Fig. 33-1).
The mucosa appears as a more or less marked relief of folds, or
rugae, which flatten considerably when the stomach is distended.
In the region of the lesser curvature, where the mucosa is more
strongly fixed to the muscular layer, the folds take a longitudinal
course, forming what has been called the magenstrasse (“stomach
street,” canalis gastricus). The rugae are generally smaller in the
fundus and become larger as they approach the antrum, where
they tend to run diagonally across the stomach toward the
greater curvature. In addition to these broad folds, the gastric
mucosa is further characterized by numerous shallow invagina-
tions, which divide the mucosal surface into a mosaic of elevated
areas varying in shape. When viewed under magnification with
a lens, these areae gastricae reveal several delicate ledges and
depressions, the latter known as gastric pits, or foveolae gastricae.
The glands of the stomach open into the depth of these pits,
which have varying widths and lengths.

The gastric epithelium, a single layer of columnar cells at
the gastroesophageal junction, is sharply demarcated from the
stratified and thicker esophageal mucosa. The epithelial cells
are mucoid type and contain mucigen granules in their outer
portions and an ovoid nucleus at their base.

The glands of the stomach are tubular; three types can be
differentiated. The cardiac glands are confined to a narrow 0.5-
to 4-cm zone in width around the cardiac orifice. They are
coiled and are lined by mucus-producing cells. The gastric,
oxyntic, or fundic glands are located in the fundus and over the
greater part of the body of the stomach. They are fairly straight,
simply branched tubules, with a narrow lumen reaching down
almost to the muscularis mucosae. They are lined largely by
three types of cells. Mucoid cells are present in the neck and differ
from the cells of the surface epithelium in that their mucigen
granules have slightly different staining qualities and their nuclei
tend to be flattened or concave at the cell base. Chief cells, or
zymogenic cells, line the lower half of glandular tubules. They
have spheric nuclei and contain strongly light-refracting gran-
ules and a Golgi apparatus, the size and form of which vary with
the state of secretory activity. Chief cells produce pepsinogen,
the precursor of pepsin (see Chapter 40). Parietal cells are larger
than chief cells and are usually crowded away from the lumen,

to which they connect by extracellular capillaries stemming
from intracellular canaliculi. Their intraplasmatic granules are
strongly eosinophilic and less light refracting than those of the
chief cells. Parietal cells produce hydrochloric acid. Histochem-
ical and electron microscope studies have shown the elaborate
molecular mechanisms by which hydrogen chloride forms and
is secreted as hydrochloric acid within parietal cells and reacts
to hormonal, chemical, and neurologic stimuli.

Pyloric glands, the third type of stomach gland, are located
in the pyloric region but also spread to a transitional zone,
where gastric and pyloric glands are found and which extends
diagonally and distally from the lesser to the greater curvature.
Tubes of the pyloric glands are shorter, more tortuous, and less
densely packed and their ends more branched than in fundic
glands. Pits are much deeper in the region of the pyloric glands.
These glands are lined by a single type of cell, which resembles,
or may be identical to, the mucoid neck cells of the fundic
glands.

Specialized endocrine-secreting cells have been identified
and are scattered through gastric glands, in the antrum, and in
the pylorus. They are fewer in number than chief or parietal
cells but are significant in their endocrine and physiologic func-
tions. They secrete into the lumen to affect other endocrine
cells or into the circulation for a distal endocrine effect. The D
(delta) cells secrete somatostatin, which may have a paraendo-
crine or an endocrine effect. Enterochromaffin-like (ECL) cells,
or argentaffin cells that stain with silver, secrete histamine. Other
argentaffin cells that stain with potassium dichromate are called
enterochromaffin (EC) cells, and these contain serotonin. The
pylorus also contains a small but significant number of gastrin-
secreting cells, called C cells. The role of gastrin is discussed in
Chapters 38 and 41. Ghrelin is secreted by endocrine cells of the
pylorus and has a significant effect on appetite and eating
behavior.
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he mucosa of the widened first portion of the duodenum,

also known as the bulbus duodeni (duodenal bulb; see
Chapter 32), is flat and smooth, in contrast to the more distal
duodenal part, which displays the mucosal Kerckring folds, as
does the entire small intestine (Fig. 34-1). These circular folds
(plicae), which augment the absorption surface of the intestine,
begin in the region of the first flexure and increase in number
and elevation in the more distal parts of the duodenum. Kerck-
ring folds do not always form complete circles along the entire
intestinal wall; some are semicircular, and others branch out to
connect with adjacent folds. Both the mucosa and the submu-
cosa participate in the structure of these plicae, whereas all the
other layers of the small intestine, including its two muscular
coats, are flat and smooth.

Approximately halfway down the posteromedial aspect of the
descending portion of the duodenum, at a distance of 8.5 to
10 cm from the pylorus, is the papilla of Vater. The papilla and
its relationship to the local anatomy and the anatomic variations
are essential to the investigating endoscopist for interpretation
of endoscopic retrograde cholangiopancreatography (ERCP)
and endoscopic ultrasound of the area. Here the common bile
duct (ductus choledochus) and the major pancreatic duct, or
duct of Wirsung, open into the duodenum. The common bile
duct approaches the duodenum within the enfolding hepato-
duodenal ligament of the lesser omentum (see Chapter 31) and
continues caudally in the groove between the descending portion
of the duodenum and the pancreas (see Section VII). In the
posteromedial duodenal wall, the terminal part of the ductus
choledochus produces a slight but perceptible longitudinal
impression known as the plica longitudinalis duodeni. This fold
usually ends at the papilla but occasionally may continue for a
short distance beyond the papilla in the form of the so-called
frenulum. Small, hoodlike folds at the top of the papilla protect
the mouth of the combined bile duct and pancreatic duct.

Numerous variations occur in the types of union of the bile
and pancreatic ducts, as illustrated and discussed in Section VII.
A small, wartlike, and generally less distinct second papilla, the
papilla duodeni minor, is situated approximately 2.5 cm above,
and slightly farther medially from, the major papilla. It serves
as an opening for the minor pancreatic duct, or duct of San-
torini, which is almost always present, despite great variations
in development (see also Section VIII).

Except for the first portion of the duodenum, the mucosal
surface, which is red in living patients, is lined with villi (see
Section IV); these account for its typical velvetlike appearance.

The high magnification of videoendoscopes enables endosco-
pists to determine when villi are flattened. A biopsy specimen is
still needed to be certain of villous atrophy.

The duodenal bulb, varying in form, size, position, and ori-
entation, appears in the anteroposterior radiographic projection
as a triangle, with its base at the pylorus and its tip pointing
toward the superior flexure or the transitional region of the first
and second parts of the duodenum. As with the wall of the whole
intestinal tract, the wall of the duodenum comprises one
mucosal, one submucosal, and two muscular layers and an
adventitia, or a subserosa and a serosa, wherever the duodenum
is covered by peritoneum. Embryologically, morphologically,
and functionally, the duodenum is an especially differentiated
part of the small intestine. The epithelium of the duodenal
mucosa consists of a single layer of high columnar cells with a
marked cuticular border. In the fundus of the crypts, there are
cells filled with eosinophilic granules (cells of Paneth) and some
cells filled with yellow granules, which have a strong affinity
to chromates. The tunica or lamina propria of the mucosa con-
sists of loose connective tissue. Between the mucosa and the
submucosa lies a double layer of smooth muscle cells, the fibers
of which enter the tunica propria and continue to the tips of
villi, enabling the villi to perform a sucking and pumping
function.

The submucosa, lying between the mucosal and the muscular
layers, allows these two layers to shift in relation to each other.
It is made up of collagenous connective tissue, the fibers of
which are arranged in the form of a mesh. In this network are
embedded the duodenal glands of Brunner, characteristic of the
duodenum. These are tortuous, acinotubular glands with mul-
tiple branches at their ends; breaking through the muscularis
mucosae, they open into the crypts. Brunner glands are more
numerous and denser in the proximal parts of the duodenum,
diminishing in size and density as the duodenum approaches the
duodenojejunal junction, although their extension and density
vary greatly among individuals.
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onventional textbook descriptions of the blood supply of anastomose along the greater curvature of the stomach. The
the stomach and duodenum and associated organs (e.g., arc gives off ascending gastric and descending epiploic
spleen, pancreas) present the misleading concept that the vas- (omental) arteries.

cular pattern of these organs is relatively simple and uniform.
On the contrary, these vascular patterns are always unpredict-
able and vary in almost all cases. Clinicians should remember
this when interpreting angiography and imaging. It is important
for the student of gastroenterology to understand the rich col-
lateral circulation in this area of the body. The following are
classic descriptions.

Typically, the entire blood supply of the liver, gallbladder,
stomach, duodenum, pancreas, and spleen is derived from the
celiac artery; a small, supplementary portion is supplied by the
superior mesenteric artery, inferior pancreoduodenal branch.
The celiac varies from 8 to 40 mm in width. When typical and
complete, it gives off three branches—hepatic, splenic, and left
gastric—constituting a complete trunk, frequently in the form
of a tripod.

This conventional description of the celiac artery, with its
three branches, occurs in only 55% of the population. In the
other 45%, numerous variations occur; the interested reader is
referred to classic anatomy texts. Observing a bleeding vessel
through endoscopy, surgery, or angiography can be frustrating

o Arcus arteriosus ventriculi superior. This supragastric pathway,
with branches to both surfaces of the stomach, is made by the
right and left gastrics anastomosing along the lesser curva-
ture. Branches of the right gastric may unite with branches
from the gastroduodenal, supraduodenal, retroduodenal
superior pancreaticoduodenal, or right gastroepiploic.
Branches of the left gastric may anastomose with the short
gastrics from the splenic terminals or the left gastroepiploic
or with branches from the recurrent cardioesophageal branch
of the left inferior phrenic or with those of an accessory left
hepatic, derived from the left gastric.

* Arcus epiploicus magnus. This epiploic (omental pathway) is
situated in the posterior layer of the great omentum below
the transverse colon. Its right limb is made by the right epi-
ploic from the right gastroepiploic; its left limb is made by
the left epiploic from the left gastroepiploic. Arteries involved
in this collateral route include hepatic, gastroduodenal, right
gastroepiploic, right epiploic, left epiploic, left gastroepiploic,
and interior terminal of the splenic.

but requires an open mind and an understanding of the varia-  ® Circulus transpancreaticus longus. 'This important collateral
tions in the vascular anatomy. pathway is affected by the inferior transverse pancreatic artery

No other region in the body presents more diversified col- coursing along the inferior surface of the pancreas. By way of
lateral pathways of blood supply than the supracolonic organs the superior or the dorsal pancreatic, of which it is the main
(stomach, duodenum, pancreas, spleen, liver, and gallbladder). left branch, it may communicate with the first part of the
Michels identified at least 26 possible collateral routes to the splenic, hepatic, celiac, or superior mesenteric, depending on
liver alone (Fig. 35-1). Because of its many blood vessels and which artery gives rise to the dorsal pancreatic. At the tail end
loose arrangement of its extensive connective tissue network, of the pancreas, it communicates with the splenic terminals
the great omentum is exceptionally well adapted as an area of through the large pancreatic and the caudal pancreatic and at
compensatory circulation, especially for the liver and the spleen, the head of the pancreas with the gastroduodenal, superior
when either the hepatic or the splenic artery is occluded. pancreaticoduodenal, or right gastroepiploic.

Through interlocking arteries, the stomach may receive its
blood supply from six primary and six secondary sources: the
pancreas from the hepatic, splenic, and superior mesenteric

arteries; and the liver from three primary sources—celiac, supe- the upper half may give rise to an accessory left gastric, the

rior mesenteric, and left gastric arteries—and, secondarily, from lower half to a so-called accessory left hepatic from the left
communications with at least 23 other arterial pathways. In view gastric (25%).

of the relational anatomy of the splenic artery, it is obvious that
most of the collateral pathways to the upper abdominal organs
can be initiated through this vessel and its branches and can be
completed through communications established by the gastro-
duodenal and superior mesenteric arteries.

The most important collateral pathways in the upper abdom-

Circulus hepatogastricus. This is a derivative of the primitive,
embryonic, arched anastomosis between the left gastric and
the left hepatic. In the adult, the arc may persist in its entirety;

* Circulus bepatolienalis. An aberrant right hepatic or the entire
hepatic, arising from the superior mesenteric, may commu-
nicate with the splenic through a branch of the dorsal pan-
creatic or gastroduodenal or through the transverse pancreatic
and caudal pancreatic.

inal organs are as follows: o Circulus celiacomesentericus. Through the inferior pancreatico-
duodenal, blood may be routed through the anterior and
* Arcus arteriosus ventriculi inferior. This infragastric omental posterior pancreaticoduodenal arcades to enter the gastro-

pathway is made by the right and left gastroepiploics as they duodenal, from which, through the right and left gastroepi-
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ploics, it reaches the splenic, or, through the common hepatic,
it reaches the celiac.

Circulus gastrolienophrenicus. This pathway may be affected by
a communication between the short gastrics from the splenic
terminals and the recurrent cardioesophageal branches of the
left inferior phrenic or by a communication between the latter
and the cardioesophageal branches given off by the left
gastric, its aberrant left hepatic branch, or an accessory left
gastric from the left hepatic.

For venous drainage, see Section IX.
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ymph from the gastric wall collects in lymphatic vessels,

which form a dense subperitoneal plexus on the anterior and
posterior surfaces of the stomach (Fig. 36-1). The lymph flows
in the direction of the greater and lesser curvatures, where the
first regional lymph nodes are situated.

On the upper half of the lesser curvature (i.e., portion near
cardia) are situated the lower left gastric (LLG) nodes (lymphon-
odi gastrici superiores), which are connected with the paracardial
nodes surrounding the cardia. Above the pylorus is a small group
of suprapyloric nodes (not labeled). On the greater curvature,
following the trunk of the right gastroepiploic artery and dis-
tributed in a chainlike fashion within the gastrocolic ligament,
are the right gastroepiploic (RGE) nodes (lymphonodi gastrici infe-
riores). From these nodes the lymph flows to the right toward
the subpyloric (S'pyl) nodes, which are situated in front of the head
of the pancreas, below the pylorus and the first part of the duo-
denum. There are a few smaller left gastroepiploic (LGE) nodes in
the part of the greater curvature nearest the spleen.

For purposes of simplification, a distinction can be made
among four different draining areas into which the gastric
lymph flows, although, in fact, these areas cannot be so clearly
separated. The lymph from the upper left anterior and posterior
walls of the stomach (region I in the diagram) drains through
the lower left gastric and paracardial nodes. From here, the
lymphatics follow the left gastric artery and the coronary vein
toward the vascular bed of the celiac artery. Included in this
system are the upper left gastric (ULG) nodes, which lie on the
left crus of the diaphragm. The LLG nodes, paracardial nodes,
and ULG nodes are known collectively as the left gastric nodes.

The pyloric segment of the stomach, in the region of the
lesser curvature (region II), discharges its lymph into the right
suprapancreatic (RS'p) nodes, directly and indirectly, through the
small suprapyloric nodes. The lymph from the region of the

fundus facing the greater curvature (i.e., adjacent to spleen)
flows along lymphatic vessels running within the gastrosplenic
ligament. Some of these lymphatics lead directly to the /left
suprapancreatic (LS’p; pancreaticolienal) nodes, and others lead
indirectly through the small left gastroepiploic (LGE) nodes and
through the splenic nodes lying within the hilus of the spleen.

Lymph from the distal portion of the corpus facing the
greater curvature and from the pyloric region (region IV) col-
lects in the RGE nodes. From here, the lymph flows to the
subpyloric nodes, which lie in front of the head of the pancreas.
From the ULG nodes (region 1), RSp nodes (regions 2 and 4),
and LS’p (pancreaticolienal) nodes (region III), the lymph
stream leads to the celiac (middle suprapancreatic [MS’p])
nodes, which are situated above the pancreas and around the
celiac artery and its branches. From the celiac lymph nodes, the
lymph flows through the gastrointestinal (GI) lymphatic trunk
to the thoracic duct, in the initial segment of which (i.e., where
it arises from various trunks) there is generally a more or less
pronounced expansion in the form of the cisterna chyli.

In the region where the thorax borders on the neck, the
thoracic duct—before opening into the angle formed by the left
subclavian and left jugular veins—receives, among other things,
the left subclavian lymphatic trunk. In cases of gastric tumor,
palpable metastases may develop in the left supraclavicular
nodes (also known as Virchow or Troisier nodes). The lymphat-
ics of the duodenum drain into the nodes that also serve the
pancreas.
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his description of the innervation of the stomach and duo-
denum, although complex and detailed, is important to
those who want to understand the common motility disorders
of the stomach, such as gastroparesis and dyspepsia.
Sympathetic and parasympathetic nerves that contain effer-
ent and afferent fibers innervate the stomach and the duodenum
(Fig. 37-1). The sympathetic supply emerges in the anterior
spinal nerve roots as preganglionic fibers, which are axons of

Plexus on gastro-epiploic arteries
Stomach turned up and to right
Anterior hepatic plexus
Right gastric plexus

Right (thoracic) splanchnic nerves
(greater, lesser, least)

i :
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Aorticorenal ganglia

Superior mesenteric
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lateral cornual cells located at about the sixth to the ninth or
tenth thoracic segments. These fibers are carried from the spinal
nerves in rami communicantes, which pass to the adjacent parts
of the sympathetic ganglionated trunks, then into the thoracic
splanchnic nerves to the celiac plexus and ganglia. Some fibers
form synapses in the sympathetic trunk ganglia, but most form
synapses with cells in the celiac and superior mesenteric ganglia.
The axons of these cells, the postganglionic fibers, are conveyed
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Figure 37-1 Innervation of the Stomach and Duodenum.



to the stomach and duodenum in the nerve plexuses alongside
the various branches of the celiac and superior mesenteric
arteries. These arterial plexuses are composed mainly of sympa-
thetic fibers but also contain some parasympathetic fibers, which
reach the celiac plexus through the celiac branches of the vagal
trunks.

Afferent impulses are carried in fibers that pursue the reverse
route of that just described. However, afferent impulses do not
form synapses in the sympathetic trunks; their cytons (perikary-
ons) are located in the posterior spinal root ganglia and enter
the cord through the posterior spinal nerve roots.

"The celiac plexus is the largest of the autonomic plexuses and
surrounds the celiac arterial trunk and the root of the superior
mesenteric artery. It consists of right and left halves, each con-
taining one larger celiac ganglion, a smaller aorticorenal gan-
glion, and a superior mesenteric ganglion, which is often
unpaired. These and other, even smaller ganglia are united by
numerous nervous interconnections to form the celiac plexus.
It receives sympathetic contributions through the greater (supe-
rior), lesser (middle), and least (inferior) thoracic splanchnic
nerves and through filaments from the first lumbar ganglia of
the sympathetic trunks. Its parasympathetic roots are derived
from the celiac division of the posterior vagal trunk and from
smaller celiac branches of the anterior vagal trunk.

The celiac plexus sends direct filaments to some adjacent
viscera, but most of its branches accompany the arteries from
the upper part of the abdominal aorta. Numerous filaments
from the celiac plexus unite to form open-meshed nerve plex-
uses around the celiac trunk and the left gastric, hepatic, and
splenic arteries. Subsidiary plexuses from the hepatic arterial
plexus are continued along the right gastric and gastroduodenal
arteries and from the latter along the right gastroepiploic and
anterior and posterior superior pancreaticoduodenal arteries.
The splenic arterial plexus sends offshoots along the short
gastric and left gastroepiploic arteries.

The superior mesenteric plexus is the largest derivative of the
celiac plexus and contains the superior mesenteric ganglion or
ganglia. The main superior mesenteric plexus divides into sec-
ondary plexuses, which surround and accompany the inferior
pancreaticoduodenal, jejunal, and other branches of the artery.

‘The left gastric plexus consists of one to four nervelets con-
nected by oblique filaments that accompany the artery and
supply “twigs” to the cardiac end of the stomach, communicat-
ing with offshoots from the left phrenic plexus. Other filaments
follow the artery along the lesser curvature between the layers
of the lesser omentum to supply adjacent parts of the stomach.
They communicate with the right gastric plexus and with gastric
branches of the vagus.

The hepatic plexus also contains sympathetic and parasympa-
thetic efferent and afferent fibers and gives off subsidiary plex-
uses along all its branches. Following the right gastric artery,
these branches supply the pyloric region, and the gastroduode-
nal plexus accompanies the artery between the first part of the
duodenum and the head of the pancreas, supplying fibers to
both structures and to the adjacent parts of the common bile
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duct. When the artery divides into its anterosuperior pancreati-
coduodenal and right gastroepiploic branches, the nerves also
subdivide and are distributed to the second part of the duode-
num, terminations of the common bile and pancreatic ducts,
head of the pancreas, and parts of the stomach. The part of the
hepatic plexus lying in the free margin of the lesser omentum
gives off one or more hepatogastric branches, which pass to the
left between the layers of the lesser omentum, to the cardiac end
and lesser curvature of the stomach; they unite with and rein-
force the left gastric plexus.

The splenic plexus gives off subsidiary nerve plexuses around
its pancreatic, short gastric, and left gastroepiploic branches,
which supply the structures indicated by their names. A filament
may curve upward to supply the fundus of the stomach.

The phrenic plexuses assist in supplying the cardiac end of the
stomach. A filament from the right phrenic plexus sometimes
turns to the left, posteroinferior to the vena caval hiatus in the
diaphragm, and passes to the region of the cardiac orifice. The
left phrenic plexus supplies a constant twig to the cardiac orifice.
A delicate branch from the left phrenic nerve (not illustrated)
supplies the cardia.

The parasympathetic supply for the stomach and duodenum
arises in the dorsal vagal nucleus in the floor of the fourth ven-
tricle. The afferent fibers also end in the dorsal vagal nucleus,
which is a mixture of visceral efferent and afferent cells. The
fibers are conveyed to and from the abdomen through the vagus
nerves, esophageal plexus, and vagal trunks. The vagal trunks
give off gastric, pyloric, hepatic, and celiac branches.

The anterior vagal trunk gives off gastric branches that run
downward along the lesser curvature, supplying the anterior
surface of the stomach almost as far as the pylorus. The pyloric
branches (not illustrated) arise from the anterior vagal trunk or
from the greater anterior gastric nerve and run to the right
between the layers of the lesser omentum, before turning down-
ward through or close to the hepatic plexus to reach the pyloric
antrum, pylorus, and proximal part of the duodenum. Small
celiac branches run alongside the left gastric artery to the celiac
plexus, often uniting with corresponding branches of the poste-
rior vagal trunk.

"The posterior vagal trunk gives off gastric branches that radiate
to the posterior surface of the stomach, supplying it from the
fundus to the pyloric antrum. One branch, the greater posterior
gastric nerve, is usually larger than the others. As on the anterior
aspect, these branches communicate with adjacent gastric
nerves, although no true posterior gastric plexus exists. The
celiac branch is large and reaches the celiac plexus alongside the
left gastric artery. Vagal fibers from this celiac branch are dis-
tributed to the pylorus, duodenum, pancreas, and so on, through
the vascular plexuses derived from the celiac plexus.
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he stomach produces endocrine and exocrine secretions.

The endocrine secretions are somatostatin, histamine,
gastrin, neuropeptides (gastrin-releasing peptide), calcitonin,
pituitary adenylate cyclase—activating polypeptide, and ghrelin.
The exocrine secretions are water, electrolytes (hydrogen, potas-
sium, sodium, chlorate, bicarbonate), pepsinogen, lipase, intrin-
sic factor, and mucins. Small amounts of zinc, iron, calcium, and
magnesium are also secreted. (Pepsinogen and lipase are acti-
vated in acid media to assist in digestion.)

The anatomy and the cells involved in gastric secretion are
described in Chapter 33, the influences on secretion in Chapter
39, and the role in digestion in Chapter 40. Gastric secretion
varies greatly during the day, from resting periods to active
periods while eating (Fig. 38-1). Actual secretion is integrated
and includes many stimulatory and inhibitory factors. Basal
secretion does have a circadian variation. Observations on
gastric secretion clearly identify an interdigestive period and a
digestive period. The interdigestive phase includes the basic
secretion and is influenced heavily by emotional factors.
Although most experiments have been on animals, human
experiments have shown that anger, resentment, hostility, and
fear can influence the volume and content of secretion. Secre-
tions clearly are influenced by vagus and neurohumoral stimuli.

The digestive period can be divided into three phases: cephalic,
gastric, and intestinal. The cephalic phase includes the secretory
response to all stimuli acting in the region of the brain. These
may be unconditional (unlearned) reflexes, such as the secretion
to sham feeding in a decorticate animal or the conditioned
(learned) reflexes exemplified by the secretory effect of the
thought, odor, sight, or taste of food. Conditioned or psychic
secretion (Pavlov) is the principal component of the cephalic
phase; the copious flow of gastric juice that occurs when appetiz-
ing food is masticated amounts to almost half the volume output
of the gastric glands. Its presence contributes to the effective
initiation and the subsequent efficiency of gastric digestion. The
cephalic phase is mediated primarily through the vagus nerve
and hormonal stimuli as gastrin release from the antrum.

The gastric (second) phase is so named because effective
stimuli are within the stomach and are of two types: mechanical,
from distension of the stomach as a result of the meal, and
chemical, from secretagogues in foods or hormones that are

released in the process of digestion. Hormonal stimulation of
the secretion occurs by humoral and paraendocrine methods
through receptors and intracellular signal transduction. The
most potent stimulators are gastrin, acetylcholine, neuro-
transmitters such as gastrin-releasing peptide (GRP), and
histamine.

The intestinal phase begins when chyme enters the duode-
num and humoral effects occur. By the time a significant amount
of the gastric content has been delivered to the intestine, regula-
tory mechanisms are already in operation to terminate the
digestive period of gastric secretion. When the stomach is filled
and absorption begins, satiety sets in, eating ceases, and psychic
stimuli are withdrawn. Acidity of pH 1.5 or less acts on the
antral mucosa to inhibit the release of gastrin. The production
of secretoinhibitory hormones from the antrum results in the
withdrawal of humoral and mechanical stimuli of the gastric
phase. The main inhibitors of secretion are somatostatin, secre-
tin, and a host of peptides that include corticotropin-releasing
factor, B-endorphin, bombesin, neurotensin, calcitonin, calcito-
nin gene-related peptide, and interleukin-1 (IL-1). Other poly-
peptides, such as tropin-releasing hormone, peptide-y, and
peptide-yy, have action, but their roles are unclear.

The relationship between secretions and food is discussed in
Chapter 40. Importantly, a viscous layer of mucus is secreted.
The mucous layer, consisting of a glycoprotein, coats the
stomach and measures approximately 0.2 to 0.6 mm. Transport
occurs across this mucous barrier of hydrogen ions (H), which
is constantly being digested by pepsin and then replaced as it
acts as an interface between the passage of H" and the neutral-
ization by bicarbonate. This mucous barrier presumably pre-
vents autodigestion of the stomach.

The role of prostaglandins has some importance in gastric
physiology, but their exact effect is not clear. Similarly, the role
of ghrelin in secretion has not been fully explained.
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general rule that liquids are weak stimulants of gastric secre-
tion are (1) the broth of meat or fish, because of their high
secretagogue content, and (2) coffee, which derives its
secretory potency from its content of caffeine and of the
secretagogues formed in the roasting process.

S tomach activity is modified by the factors that stimulate and
inhibit gastric secretion (Fig. 39-1). Emptying of the
stomach is affected by many factors; the types of food eaten and
the environment in which they are eaten play major roles
through direct nerve and hormonal influences. Factors that

n'lodify motor and secretory activities O,f th‘? stomach, usually 5. Mixed meals. In a mixed meal, liquids empty first and solids

;Iﬁsi:i?e?mly and in the same direction, include the empty in two phases. An initial lag phase is followed by
& linear emptying.

6. Hunger: A meal eaten at a time of intense hunger tends to

1. Tonus of the stomach. The hypertonic, or “steerhorn,”

stomach is hypermotile and empties relatively rapidly com-
pared with the hypotonic, or “fishhook,” type. In addition,
the hypertonic stomach secretes more hydrochloric acid
(HCI) and, as a corollary, experiences accelerated secretion
and diminished intragastric stasis. Barium residue in the
stomach 4 or 5 hours after upper gastrointestinal (GI)
x-ray examination must be interpreted with consideration
that the stomach’s inherent tonicity is a factor in its empty-
ing rate.

. Character of the food. A meal sufficiently high in fat to yield
an intragastric fat content in excess of approximately 10%
empties more slowly and stimulates considerably less acid
secretion than does a meal consisting predominantly of
protein. The inhibitory effect of fat on gastric secretion is
not local but is a primarily a result of enterogastric neural
reflexes and hormones, primarily cholecystokinin, after fat
has entered the upper intestine.

. Starch and protein. A meal consisting exclusively or mainly
of starch tends to empty more rapidly, although stimulating
less secretion, than does a protein meal. Thus, other factors
being equal, a person may expect to be hungry sooner after
a breakfast of fruit juice, cereal, toast, and tea than after
bacon, eggs, and milk. The amount of total secretion and
of acid content is highest with the ingestion of proteins.
However, the relationship of quantity and rate of secretion
to its acid or pepsin concentration varies greatly among
individuals and in a single person under different condi-
tions. Numerous GI hormones and neural mechanisms are
involved in feedback to the stomach. The so-called ileal
break occurs when fat enters the ileum.

. Consistency of the food. Liquids, whether ingested separately
or with solid food, leave the stomach more rapidly than do
semisolids or solids. This does not apply to liquids such as
milk, from which solid material is precipitated on contact
with gastric juice. With any foods requiring mastication, the
consistency of the material reaching the stomach should
normally be semisolid, thereby facilitating gastric secretion,
digestion, and evacuation. Important exceptions to the

10.

be evacuated more rapidly than normal, apparently in con-
sequence of the heightened gastric tonus. Because hunger
results from the depletion of body nutrient stores (see
Section X)), it is understandable on teleologic grounds that
in the hunger state, the body should have some mechanism
for hastening the delivery of ingested nutrients into the
intestine.

. Exercise. Mild exercise, particularly just after eating, short-

ens the emptying time of the meal. With strenuous exercise,
gastric contractions are temporarily inhibited, then aug-
mented, so that final emptying is not significantly delayed.
Secretory activity does not appear to be materially influ-
enced by exercise.

. Position. In some persons, gastric emptying is facilitated

when the position of the body is such that the pylorus and
the duodenum are in a dependent position, that is, with the
person lying on the right side. In the supine position, par-
ticularly in infants and adults with cascade stomach, the
gastric content pools in the dependent fundic portion, and
emptying is delayed. No evidence suggests that secretion is
affected by position.

. Emotion. The impairing effect of emotional states on gastric

motility and secretion has been well documented by clinical
and experimental observations. Evidence indicates that the
influence of emotions on gastric activity may be augmenta-
tive or inhibitory, depending on whether the emotional
experience is of an aggressive (hostility, resentment) or a
depressive (sorrow, fear) type, respectively. One point of
view holds that it is not the manifest or conscious emotion
that determines whether the stomach is stimulated or inhib-
ited, but rather the unconscious or symbolic content of the
emotional state, and further, that certain emotions may be
accompanied by dissociation in the response among the
various components of the gastric secretions.

Pain. Severe or sustained pain in any part of the body (e.g.,
kidney stones or gallstones, migraine, sciatica, neuritis)
inhibits gastric motility and evacuation by nervous reflex
pathways.
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Figure 39-1 Factors Influencing Gastric Activity.
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he stomach plays an important role in nutrition; maintain-

ing adequate weight and nutrient intake would be difficult
without a stomach. When adequately chewed, food arrives in
the stomach, where the motility enables churning and the initial
digestive processes (see Chapters 39 and 46). Regulating
cephalic, gastric, and intestinal phases of gastric secretion is
complicated (see Chapter 38).

Normal gastric secretion is essential for the normal digestion
of foods (Fig. 40-1). Hydrochloric acid (HCI) is secreted from
the parietal cell in a concentration of 0.16 N, but this maximal
concentration is quickly diluted by the metabolic activity in the
mucus layer and with food. In addition to the normal physio-
logic regulator mechanisms of gastric secretion, a number of
systemic and local effects are unique to HCI secretion. The
stimulating effect of the oral administration of sodium bicarbon-
ate (NaHCO;), popularly called “acid rebound,” probably
results from a combination of factors, including a direct stimu-
lating action on the gastric mucosa, annulment of the antral
acid-inhibitory influence, and acceleration of gastric emptying.
The “alkaline tide,” or decrease in urinary acidity that may
occur after a meal, is generally attributed to increased alkalinity
of the blood resulting from the secretion of HCI. An alkaline
tide is not predictable and is influenced by (1) relative rate of
HCI formation and alkaline digestive secretions, mainly pancre-
atic, with the high NaHCOj content in the pancreas; (2) rate of
absorption of HCI from the gut; (3) neutralizing capacity of the
food; (4) respiratory adjustments after the meal; and (5) diuretic
effect of the meal.

Pepsin, the principal enzyme of gastric juice, is preformed and
is stored in the chief cells as pepsinogen. At pH less than 6, pep-
sinogen is converted to pepsin, a reaction that then proceeds
autocatalytically. Pepsin exerts its proteolytic activity by attack-
ing peptid linkages containing the amino groups of the aromatic
amino acids, with the liberation principally of intermediate
protein moieties and a few polypeptides and amino acids. An
accessory digestive function of pepsin is the clotting of milk,
which serves to improve its use by preventing too rapid passage,
rendering it more susceptible to enzymatic hydrolysis. Anything
that mobilizes vagal impulses for the stomach serves as a power-
ful stimulus for pepsin secretion. Thus, a gastric juice rich in
pepsin content is evoked by sham feeding; by hypoglycemia,
which stimulates the vagal centers; and by direct electrical stim-
ulation of the vagus nerves.

The mucoid component of gastric juice consists of at least
two distinct mucoproteins. The “visible mucus” has a gelatinous
consistency and, in the presence of HCI, forms a white coagu-
lum; evidence indicates that it is secreted by the surface epithe-
lium. The “soluble mucus” or “dissolved mucus” appears to be

a product of the neck’s chief cells and the mucoid cells of the
pyloric and cardiac glands. The secretion of soluble mucus is
activated primarily by vagal impulses, whereas the secretion of
visible mucus occurs principally in response to direct chemical
and mechanical irritation of the surface epithelium. Because of
its adherent and metabolic properties and its resistance to pen-
etration by pepsin, mucus secretion protects the mucosa of the
stomach against damage by various irritating agents, including
its own acid, pepsin.

A normal constituent of the gastric juice, but characteristi-
cally deficient or absent in patients with pernicious anemia, is
intrinsic factor. It interacts with vitamin By, to prepare it for
absorption in the intestine. An R factor from saliva mixes and
binds with vitamin B;,. The R factor is cleaved by pancreatic
enzyme action when the combined B;,—R factor enters the duo-
denum, and the intrinsic factor from the stomach binds to By,
to enable absorption by receptors in the proximal intestine.
Large amounts of intrinsic factor usually are secreted to enable
adequate amounts to bind with the By, in the intestine.

Salivary amylases may mix with the starch in foods and may
have an initial digestive effect, but major carbohydrate digestion
occurs in the intestine from the action of pancreatic enzymes.
The degree of salivary enzyme activity in the stomach depends
on how long the food is masticated and how fast it is swallowed,
because salivary amylases are inactivated rapidly in the stomach
by peptic action.

Guastric lipases may begin the process of fat digestion and
may account for as much as 25% of intraluminal fat dige-
stion. Again, however, this depends on how fast the stomach
empties, as well as other factors that affect emptying. Because
of the pH and molar-sensitive receptors in the duodenum, a
delay in gastric emptying results when the chyme is too acid
or hypertonic at the beginning of the intestinal phase of
digestion.

In summary, the major digestive activity in the stomach is
proteolytic and prepares chyme to pass into the duodenum for
orderly digestion and absorption.
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astric analysis is now rarely used; it was a major test before

the development of significant medical therapy for duode-
nal and gastric ulcer. Qualitative gastric analysis is used only in
the differential diagnosis of pernicious anemia and gastric
atrophy. However, quantitative gastric analysis (the classic
method is illustrated in Fig. 41-1) is still important in the diag-
nosis and monitoring of Zollinger-Ellison syndrome (ZES) and
the multiple endocrine neoplasm syndrome.

The technique seeks to determine, by 1-hour monitoring of
basal secretion, the amount of hydrochloric acid (HCI) secreted
by the stomach. After an overnight fast, the patient is intubated
with a radiopaque tube, and the position is checked by fluoros-
copy. The tip of the tube should be in the gastric antrum.
Studies have revealed that no more than 5% to 10% of acid
secretion is lost by aspirating continually when the tube is posi-
tioned correctly. After the tube is placed, the residuum in the
stomach is emptied, and then collections are made in separate
tubes every 15 minutes. The amount in each tube is measured.
Topfer reagent is used to check quickly for acid. Any device that
maintains negative pressure can be used to aspirate all the secre-
tions. The patency of the tube should be checked with air every
5 minutes to make sure it is not plugged. The amount of HCI
in each tube is calculated using one of two methods: titration
with sodium hydroxide or by pH electrode, which measures
hydrogen activity. The hydrogen chloride secreted is then cal-
culated and reported as milliequivalents per liter (mEq/L). The
total quantity of acid (volume X concentration) can then be
reported as milliequivalents per hour. Basal acid output may be
zero in approximately one of three people, but the upper
limit of normal for the basal acid output is approximately
10 mmol/hr in men and 5 mmol/hr in women. It varies from
hour to hour and certainly varies greatly during various phases
of gastric activity.

“Maximal acid output” and “peak acid output” are no longer
used. They represented the amount of acid after either penta-
gastrin or histamine stimulation. Neither drug is available in the
United States.

Functionally, gastrin is the most potent stimulant of acid
secretion. The stimulation of acid secretion and the role of
gastrin are complex (see Chapters 33, 38, and 40). Specialized
G cells of the stomach, along with pyloric and duodenal glands,
produce gastrin. It is secreted as preprogastrin, and then by
enzymatic action, all the active forms are produced. The two

main gastrins are Gy; and Gs4 (chain lengths of 17 and 34 amino
acids). Gastrin stimulates enterochromaffin-like (ECL) cells to
release histamine. Histamine stimulates acid secretion by pari-
etal cells and release of other neurotransmitters, such as acetyl-
choline and gastrin-releasing peptide. Major inhibitors of
parietal cell secretion are somatostatin and cholecystokinin.
Secretin and other peptides also enter in the inhibitory process,
but their roles are less well understood.

Fasting serum gastrin levels may vary greatly. The normal
range is 0 to 200 pg/mL. However, medications and other sup-
pressants and stimulants can widen the normal range to as high
as 400 pg/mL. A level greater than 1000 pg/mL is usually con-
sidered diagnostic of ZES. In some cases, there may still be
uncertainty because of chronic severe gastritis. Prolonged use
of proton pump inhibitors may also create uncertainty because
PPIs increase serum gastrin levels. A combination of a very high
fasting serum gastrin level and high levels of gastric acid secre-
tion usually confirm the diagnosis of ZES. However, renal
failure can also result in high serum gastrin levels because of
poor clearance of the serum gastrin. Therefore, the secretin
provocative test was designed to confirm the diagnosis of ZES; it
is used when the serum gastrin level is less than 1000 pg/mL,
or whenever the diagnosis is uncertain. A fasting serum gastrin
level is obtained; secretin (2 U/kg) is rapidly injected; and serum
gastrin blood levels are obtained at 2, 5, and 10 minutes after
injection. In ZES, serum gastrin levels usually rise rapidly after
5 minutes. A 200-pg/mL or greater elevation in gastrin level
confirms the diagnosis. The secretin provocative test has a sen-
sitivity of 90% for ZES.
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Many of the pharmacologic agents widely used in medical
therapy adversely affect the upper gastrointestinal (GI)
tract (Fig. 42-1). Therefore, every patient with symptoms
referable to the esophagus, stomach, or duodenum should
be questioned carefully regarding the recent use of drugs.
Drugs may also adversely affect the liver (see Section IX),
pancreas (see Section VII), and other organs. This chapter dis-
cusses specific agents and drug categories often implicated in
gastric disorders.

SALICYLATES

The primary offenders are salicylates, alone or in combination
with other analgesics, antacids, opiates, or steroids. The inflam-
matory action of salicylates in the stomach of susceptible persons
can result in mild dyspepsia to massive hemorrhage. Aspirin is
widely used to prevent cardiac disease and polyp formation in
the GI tract. The potential for bleeding is dose related, but in
some persons, even small doses (81 mg) may lead to bleeding
tendencies.

CAFFEINE

Although it is a common component of headache remedies and
is responsible for the widespread use of coffee and tea, caffeine
is a gastric irritant and a stimulant of gastric secretion and
gastric motility. Beverages containing caffeine, which also
include most sodas containing cola, have the same effect as the
pure xanthine preparation. A cup of coffee contains 100 to
150 mg of caffeine. Teas have even larger amounts. The amount
of caffeine in the beverage varies with the brewing process and
amount ingested.

Theophylline and its water-soluble salt aminophylline are
closely related to caffeine and have similar effects, but are used
effectively in bronchospasm.

NONSTEROIDAL ANTIINFLAMMATORY
DRUGS

Nonsteroidal antiinflammatory drugs (NSAIDs) are prescribed
more frequently worldwide than any other group of medicines.
Approximately 25 different NSAIDs are available in the United
States. They cause significant rates of morbidity and mortality
because of the adverse effects on the GI tract. The most serious
complications are bleeding and perforation, which account for
almost all associated deaths. The major damage occurs in the
stomach and duodenum, but NSAIDs may also affect the small
and large intestines. Significant endoscopic evidence indicates
that NSAIDs and aspirin directly injure the GI mucosa.
However, damage has been observed even when medications are

administered intravenously and in enteric-coated preparations,
questioning whether the effect is topical or systemic.

The benefit of NSAIDs is decreased cyclooxygenase (COX-1
and COX-2) activity, which in turn decreases the cascade of
cytokine formation in inflammation, although NSAIDs also
decrease the prostaglandin protection of the GI mucosa. COX-2
appears to cause less, but still significant, GI damage. Common
COX-1 inhibitors are diclofenac, ibuprofen, indomethacin,
naproxen, and sulindac. Common COX-2 inhibitors are cele-
coxib and rofecoxib and are used to decrease the side effects of
COX-1 agents.

ISONICOTINIC ACID HYDRAZIDE

Isonicotinic acid hydrazide (isonicotinylhydrazine) is used in to
treat tuberculosis. When administered in large doses, isonico-
tine hydrazine and the related drug isoniazid INH) are gastric
secretory stimulants associated with gastric irritation and liver
disease.

ANTIBIOTICS

Antibiotics may cause local irritant effects (tetracyclines) or
greatly increased motility (erythromycin and clarithromycin).
The tetracycline drugs often cause esophageal ulceration. Care
must be taken in administration and make sure they are swal-
lowed with adequate amounts of fluid.

CARDIOVASCULAR DRUGS

Digitalis and antihypertensive medications may cause gastric
hyperemia. Some may have a central nervous system effect and
may cause significant nausea. Alpha and beta blockers may be
associated with GI disturbances.

ANTICOAGULANTS AND VASODILATORS

Anticoagulants and vasodilators frequently are used to prevent
thromboembolism in cardiac and neurologic disease. However,
they may dilate blood vessels in the stomach and the upper GI
tract, and they may decrease clotting and result in significant GI
hemorrhage. An occult ulcer or tumor of the GI tract may start
to bleed when anticoagulation is administered. Once bleeding
occurs in a patient taking anticoagulants, the clinician must
search for a previously hidden lesion.

ANTICHOLINERGICS

Anticholinergic drugs, both the naturally occurring and the
synthetic forms, are used primarily for effects on the GI tract
to reduce motility and secretion. Evidence indicates that large
doses are needed to decrease gastric secretion, but therapeutic
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doses can decrease motility and consequently help in some
hyperactive states.
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ndoscopic visualization of the esophagus, stomach, or proxi-
mal duodenum is an essential procedure in the diagnosis and
treatment of diseases of the esophagus, stomach, and duodenum
(Fig. 43-1). Examining the esophagus and stomach has evolved
from using rigid and semirigid instruments to using flexible
instruments, first fiberoptic and now videoendoscopic. During

the past decade, all endoscopic laboratories converted to video-
endoscopy and are adding endoscopic ultrasound (EUS) to evaluate
the full thickness of the esophagus, stomach, or duodenum and
adjacent structures, as well as for direct visualization and histol-
ogy of the mucosal surface. Further advances in technology now
include confocal imaging of the mucosa and staining of mucosa
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Figure 43-1 Esophagogastroduodenoscopy and Endoscopic Ultrasound.
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to identify neoplasia. This chapter describes techniques and
normal findings; abnormal findings are described in the specific
disease chapters.

Although many variations exist, most videoendoscopes now
use a color chip that gathers the image at the tip of the endo-
scope and transmits it through a videoprocessor into a monitor.
The image can be preserved and then transmitted to computer-
ized recording systems. Images can be stored easily for reports
or archival records.

Most endoscopes include a portal for a biopsy channel. Very
thin instruments can be passed transnasally but may not have
biopsy capability. Instruments usually are 8 to 10 mm wide, but
transnasal instruments may be only 2 to 3 mm wide.

The EUS instruments are wider than other endoscopes but
are still easily passable, and they allow direct imaging, biopsy,
and ultrasound (US) imaging. There are two types of EUS
instruments, and each has a US device built into the tip. The
more common type has a US device and an imaging endoscope,
but a thin US device can be passed through a large endoscope
channel. EUS is a complicated procedure, but it enables better
submucosal and full-wall thickness images. It is especially useful
for evaluating large folds, submucosal nodules, tumor extensions
through the wall, lymph nodes, and associated structures (e.g.,
pancreas).

Upper endoscopy is used for numerous indications, including
dysphasia, gastroesophageal reflux disease (GERD), esophageal
(Barrett) or gastric metaplasia, dyspepsia, gastric ulcers, duode-
nal ulcers, upper gastrointestinal tract bleeding, infection in the
esophagus, removal of foreign bodies, caustic injuries, drug-
induced injuries; evaluation for esophageal cancer and for all
possible premalignant lesions, including mass lesions, esopha-
geal metaplasia (Barrett), achalasia, atrophic gastritis, pernicious
anemia; and follow-up after surgery for all malignant lesions.

Although useful for many of these indications, EUS is more
complicated, with fewer trained ultrasonographers, than the
major screening and diagnostic procedure, video esophagogastro-
duodenoscopy (EGD). After an appropriate indication is identified
and the procedure scheduled, EGD usually begins with a local
anesthetic throat spray or gargle, followed by injection for seda-
tion. Although drugs used for sedation vary widely worldwide,
most protocols include a drug to reduce pain and a drug to
induce sedation and produce an amnesic effect. Common drugs
include meperidine (50-100 mg) or hydromorphone (2-4 mg)
in combination with diazepam or midazolam (titrated at
1-10 mg). Endoscopists may choose to use fentanyl citrate (Sub-
limaze; 75-100 mg) alone or in combination with midazolam.

Once the patient is appropriately sedated, the endoscope can
be passed in several ways through the pharynx. Some endosco-
pists prefer passing it blindly over the base of the tongue into
the upper esophagus. Others insist on passage by direct visual-
ization. Direct visualization permits an examination of the epi-
glottis and a “peek” at the vocal cords. Once the pharynx is
passed, the endoscopist evaluates the esophagus. The upper

esophagus, midesophagus, and distal esophagus can be visual-
ized with an injection of air, as in a tubular structure. Contrac-
tions are often starlike. Ringlike contractions indicate a motility
disturbance. Fixed rings, strictures, polypoid masses, and varices
are all described under the particular pathologic condition in
other chapters.

After passing through the gastroesophageal (GE) junction
(see Section I), the endoscope enters the stomach, and the clini-
cian notes whether any food or significant bilious secretions are
retained from duodenal reflux. An injection of air permits evalu-
ation of the fundus, body, and antrum. Normal contractions are
seen radiating from the pylorus into the antrum and back in the
opposite direction. By retroflexing the instrument along the
lesser curvature, the endoscopist can fully evaluate the fundus
and the GE junction from below. Hiatal hernias and gastric
lesions of this area can be identified.

Staining of the mucosa to differentiate neoplasia is used in
some centers but has not gained wide acceptance. Obtaining
biopsy specimens from the visualized lesions remains the pro-
cedure of choice.

The endoscopist then observes the pyloric channel and, with
mild pressure, passes the instrument into the duodenal bulb and
then into the second and as far into the third part of the duo-
denum as needed. The ampulla of Vater can be seen with direct-
viewing instruments but is best examined with a lateral-viewing
instrument. Masses, abnormal mucosa, and bleeding sites,
however, can be thoroughly evaluated with a direct-viewing
instrument.

Biopsy specimens can be obtained from any location in the
esophagus, stomach, or duodenum. Specimens are usually pro-
cessed in a fixative medium to be sent for evaluation.

Endoscopic ultrasound has rapidly developed into an impor-
tant technique in the differential diagnosis of benign and malig-
nant disease. Upper endoscopes are now made for several types
of US probes at the end of the scope that provide clear endo-
scopic and US images. The US image delineates normal layers
of the wall of the mucosa, enlarged nodes outside the wall, and
extent and type of tumor. Therapeutic and diagnostic EUS has
evolved to allow both biopsy of nodes and lesions and drainage
of cysts through US guidance.
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he tongue is kept clean and normally colored by the cleans-

ing action of saliva, the mechanical action of mastication,
the customary oral flora, and adequate nutrition. Consequently,
when salivary secretion is insufficient, when the dietary regimen
eliminates chewing, when the bacterial flora is altered, or when
certain vitamins necessary for the preservation of the normal
epithelium are deficient, the normal appearance of the tongue
may change. It may become coated with food particles, sloughed
epithelial cells, and inflammatory exudates (Fig. 44-1). Fungal
growths may be deposited on its surface.

Patients at risk for abnormal conditions of the tongue are
those whose saliva is diminished by mouth breathing, dehydra-
tion, or anticholinergic drugs; those who are comatose and are
unable to eat, drink, or rinse the mouth; and those with impaired
mobility of the tongue caused by cranial nerve XII paralysis.
An exudative oral or pharyngeal inflammatory process or
antibiotic therapy that destroys the normal flora may result
in an overgrowth of fungi. Hypertrophy of the papillae may
give the appearance of a black or hairy tongue, especially in
smokers.

Geographic tongue (benign migratory glossitis) is a migratory
lesion of unknown cause. It may occur intermittently. Lesions
are often irregular and appear as denuded, grayish patches. If
lesions persist or any uncertainty exists in the diagnosis, an
otolaryngologist should evaluate and biopsy the lesions if neces-
sary. Other tongue lesions of uncertain identity should also
prompt a full evaluation.

Fissured tongue is a benign lesion with longitudinal grooves
usually considered congenital lingual defects. Again, if the diag-
nosis is uncertain, otolaryngologic evaluation is indicated.

In patients with pernicious anemia, a varicolored appearance
caused by patchy loss of papillae may evolve into geographic
tongue, but this does not denote a diagnosis of pernicious
anemia. In allergic reactions in the mouth, usually a manifesta-
tion of sensitivity to an ingested food, the tongue may swell, and
epithelial elements may desquamate and coat the surface.

Unpleasant breath, sometimes imagined, is reported by
people who conclude that their sensations of unpleasant taste
must be a reflection of, or must be reflected in, breath odor.
Halitosis is often present, however, brought to a patient’s atten-
tion by a spouse or other family member. Common causes
include infection or neoplasm in the oronasopharyngeal struc-
tures, poor oral hygiene, bronchiectasis or lung abscess, cirrho-
sis with hepatic fetor, gastric stasis inducing aerophagia and
eructation, gastroesophageal reflux, and diabetes. Halitosis may
also result from absorption of intestinal products and their
excretion through the lungs.

The odor of garlic remains on the breath for many hours
because garlic is absorbed into the portal circulation and passes

through the liver into the general circulation. Volatile oils
applied to denuded or even intact skin surfaces are also recog-
nizable on the breath. Enzymatic processes in the intestine
in some persons liberate absorbable gases of offensive odor.
When introduced rectally, material not normally found in the
upper gastrointestinal tract may be recovered from the stomach,
which supports the possibility that retrograde passage of
odoriferous substances reaches the mouth through the intestine.
In a patient with pyloric obstruction, the breath is typically
offensive only at eructation. It has also been postulated that
substances such as fats, fatty acids, and some end products of
fat digestion may cause halitosis, for which a low-fat diet is
indicated.

Often, the diligent search for the cause of halitosis uncovers
no clues, and recourse must be made to frequent mouth rinsing
with antiseptic solutions that contain pleasant-smelling ingredi-
ents. Diet manipulation may be helpful in select patients but
necessitates individual trials. Manipulation of the enteric flora
and use of probiotics may be attempted as well.

Thrush may develop after the use of antibiotics. White or red
fibrous lesions appear on the tongue. Thrush is also referred to
as mucocutaneous candidiasis because of its association with
Candida species, primarily Candida albicans. 'This organism is
part of the normal flora of the tongue but can be disrupted and
become infectious after antibiotic therapy or after long-term
glucocorticoid therapy. Thrush occurs more frequently in
elderly persons, in patients with metabolic disturbances, and in
those with autoimmune suppression. Treatment with nystatin,
in liquid form or as tablets in 100,000-U doses, is usually effec-
tive. Holding the liquid in the mouth or slowly dissolving the
tablets three or four times daily for 1 to 2 weeks usually resolves
the immediate infection.
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erophagia is characterized by excessive swallowing of air

that results in repeated belching. Air may be swallowed
unconsciously by the patient; when it results in repeated eructa-
tion, it becomes a clinical problem (Fig. 45-1).

Patients with aerophagia report frequent, uncontrollable
belching, or eructation, which often is loud and disturbs family
or co-workers. The condition may be acute in onset, but careful
history usually reveals it is slow in developing but increases in
severity until the patient seeks medical attention. It has been
noted in children and may occur at any age. To fulfill the criteria
of a functional gastrointestinal (GI) disorder, the condition
should have been noted for at least 12 weeks in the year preced-
ing the onset of troublesome, repetitive belching.

PATHOPHYSIOLOGY AND DIAGNOSIS

Eructation is normal during or after a meal, occurring two to
six times without significance. Early in life, infants are made to
burp with a change of position and then are able to resume a
meal interrupted because of stomach distention caused by air
swallowed during feeding. Frequent eructation by adults may
become a habit.

In the act of belching, the glottis is closed, and the diaphragm
and thoracic muscles contract. When the increased intraab-
dominal pressure transmitted to the stomach is sufficient to
overcome the resistance of the lower esophageal sphincter, the
swallowed air is eructated.

No diagnostic tests demonstrate normal or abnormal belch-
ing. However, in a patient with any symptom associated with
belching, the history might indicate that the esophagus or
stomach should be evaluated. Patients who are uncomfortable
from mild upper abdominal distress may swallow a great amount
of air and may have frequent eructation. Upper endoscopy to
evaluate for organic disease is important with this symptom
complex. The diagnosis is established by observing either the
air swallowing or the frequent belching.

DIFFERENTIAL DIAGNOSIS

Aerophagia is now classified as a functional GI disorder. Once
the diagnosis is established, the differential is minimal. However,
the clinician must be certain that aerophagia is not secondary
to upper abdominal discomfort from disease. Esophageal reflux
with significant esophagitis, peptic ulcer of the stomach or duo-
denum, or discomfort from pancreatic or biliary disease in rare
cases may cause mild aerophagia. However, other symptoms are
apparent, and disease of upper GI organs can easily be evaluated.
Often, the classic picture of aerophagia and loud belching con-
firms the diagnosis.

Persons who consume bicarbonate and patients with aero-
phagia are basically similar, unless the bicarbonate was taken to
relieve the gas pains of peptic ulcer, in which case the carbon

dioxide (CO,) generated in the stomach is belched. The patient
obtains relief from the antacid that is not obtained by belching
the swallowed air. The relief that follows the ingestion of soda
is explained not by deflation of the distended stomach with
belching, but rather by neutralization of the acid. Also, some
patients buy large amounts of soda or sodium bicarbonate to
help them belch not because of aerophagia, but because they are
chronic belchers.

Instead of swallowing air, some people are able to suck it in
through a relaxed superior esophageal sphincter. This may
occur in a patient with emphysema who is “pulling for air,” or
it may occur deliberately in an accomplished belcher. The same
principle of using swallowed air is put to practical use in the
development of so-called esophageal speech in patients who
have undergone laryngectomy.

TREATMENT AND MANAGEMENT

The rational management of aerophagia and loud belching
depends on correction of the underlying disturbance, whether
organic or psychologic. Aerophagia is a functional disorder,
and its management includes reassurance of the patient, educa-
tion into the process of air swallowing and eructation, and
treatment of any psychiatric component, such as anxiety or
depression. Patients with aerophagia are always in some distress,
and the physician must reassure them that they have no organic
disease, then use pharmacologic therapy or recommend psycho-
logic assistance. The family is frequently upset, so the social
situation must be carefully assessed, and family or partners must
be involved in the therapeutic regimen of reassurance and
therapy.

Although no specific pharmacologic therapy exists, some
clinicians have used tranquilizers, whereas others have used
antidepressants. Simethicone and activated charcoal are usually
ineffective. Again, reassurance, psychotherapy, and behavioral
modification may be needed.

ADDITIONAL RESOURCES

Bredenoord AJ, Smout AJ: Physiologic and pathologic belching, Clin Gas-
troenterol Hepatol 5:772-775, 2007.

Bredenoord AJ, Weusten BL, Timmer R, Smout AJ: Psychological factors
affect the frequency of belching in patients with aerophagia, Am 7 Gastro-
enterol 101:2777-2781, 2006.

Castell DO, Richter JE: The esophagus, ed 4, Philadelphia, 2004, Lippincott—
Williams & Wilkins.

Drossman DA: The functional gastrointestinal disorders, ed 2, Lawrence, Kan,
2000, Allan Press, pp 328-330, 556-557.

Hasler WL: Nausea, gastroparesis and aerophagia, 7 Clin Gastroenterol
39:8223-5229, 2005.

Tack J, Talley NJ, Camilleri M, et al: Functional gastroduodenal disorders,
Gastroenterology 130:1666-1679, 2006.



CHAPTER 45 = Aerophagia and Eructation 117

Effect of sodium bicarbonate

1. Irritation ||
or spasm,
giving rise
to sensation
of //gas//

- e ¢
Interpreted as dlstentlon and
eed to get rid of “gas"—>

Vagus afferents

.\\\

.
2. Swallowed air
provides “gas”
for eructation

CO, released by interaction of

; bicarbonate and gastric HCI
Swallowed air Air swallowed 8

Irritation and resultant
spasm relieved by
neutralization of acid

3. Act of
eructation

Relief of spasm

Glottis closed ; .
persists after eructation

Diaphragm,

abdominal J

and thoracic 014 .
muscles { % [\T}q‘ﬂ;
contract :

Cardia relaxed &' ‘
by air swallow {
Spasm persists <‘f'
(basic disturbance not
relieved by eructation)

Figure 45-1 Aerophagia and Eructation.



Martin H. Floch

Peristalsis usually commences minutes after food reaches the
stomach through vagal and splanchnic nerve stimuli. It is
first noted in the pyloric portion because of the greater thickness
of its musculature, which gives it the strongest triturating
(grinding) power (Fig. 46-1).

The contractions originate in shallow indentations in the
region of the incisura angularis and deepen as they move toward
the pylorus. After 5 to 10 minutes, the contractions increase in
strength and become progressively more vigorous. The pylorus
opens incompletely and intermittently as the waves advance
toward it. Most of the material reaching the pyloric portion is
forced back into the fundus.

This process continues until some of the content has been
reduced to a fluid or semifluid consistency suitable for passing
into the small intestine. Evacuation is regulated by the influence
of the gastrointestinal (GI) hormones secreted by the stomach
and duodenum. Adverse mechanical or physiochemical proper-
ties of the chyme (e.g., hypertonicity) or large particles of food
give rise to intrinsic or extrinsic nervous and hormonal influ-
ences that modify the tone of the pyloric sphincter and the
motor activity of the pylorus. Large volumes of food, increased
acidity, hypertonicity, large amounts of fat, and concentrated
nutrients all slow motility and emptying. Reflexes slow because
of fat in the ileum, the so-called ileal brake, and distention of
the rectum and colon. The pylorus provides constant resistance
to the passage of chyme and blocks the exit of solid particles.
By maintaining a narrow orifice, the pylorus filters the gastric
contents and helps prevent duodenal reflux.

Antral and duodenal contractions are well synchronized by
nerve and hormone influences. Electrophysiologic patterns of
gastric motor activity are based on a constant slow-wave pattern.
They occur in the stomach at approximately three cycles per
minute but do not cause contractions. It is believed that slow
waves originate on the greater curvature approximately in the
middle of its body. This area is now referred to as the “gastric
pacemaker.” Electrical signals do not pass the pylorus. Slow
waves in the duodenum occur at about 11 to 12 cycles per
minute. Electrical impulses of the stomach and the duodenum
are clearly separated.

Interstitial cells of Cajal and muscle cells form a sophisticated
network that initiate action potentials and begin the process of
muscle contraction and peristaltic activity. Muscle activity of the
fundus is separate from muscle activity of the antrum and the
pylorus. The churning of the chyme occurs during these con-
tractions and relaxations.

The fasting stomach has a basic migrating motor complex
that tends to begin and end simultaneously at all sides, whereas
in the duodenum and the small bowel, the motor complexes
become progressive and migrate aborally. When food swallow-
ing begins, the vagus nerve induces relaxation of the stomach,
changing the balance of excitatory and inhibitory tone. Once
food enters the stomach, the migrating motor complex pattern
is replaced by the fed pattern, which may last 2 to 8 hours. The
entire feeding process is under the influence of the vagus nerve
and parasympathetic pathways, as well as corticotropin-releas-
ing peptide, cholecystokinin, and other hormonal substances
(e.g., vasoactive intestinal peptide, gastrin, somatostatin, dopa-
mine, glucagon, bombesin).

Liquids are disbursed rapidly and have a slower lag period
than solids. Solids empty in two phases. First, there is a lag
period with slow emptying. Second, as the churning continues,
emptying of the mixed chyme that has been exposed to acid and
enzymes becomes more rapid. The lag phase for solids lasts
approximately 60 minutes.

The pylorus and the coordinated antral pyloric and duodenal
activity regulate emptying of the stomach. Once emptying is
complete, electrophysiologic activity of the stomach returns
to the basic migrating motor complex, awaiting the next
feeding.
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astroparesis is defined as delayed emptying of the stomach.

The most common causes of this motility disturbance of
the stomach encountered in clinical practice are the association
with diabetes mellitus and idiopathic forms (Fig. 47-1 and Box
47-1). Gastroparesis affects persons of almost any age, with no
gender predilection.

CLINICAL PICTURE

The presenting symptom of gastroparesis may be bloating,
abdominal pain or distention, nausea, or vomiting. The patient
may report a history of continued postprandial fullness. Nausea
can be persistent and unexplained as the initial symptom. Vom-
iting may or may not accompany the nausea. The patient may
vomit undigested fluid or may experience mild regurgitation of

Box 47-1 Causes of Gastroparesis

Metabolic
Diabetes mellitus

Hypothyroidism

Pregnancy

Uremia

Associated gastric/esophageal disease
Gastroesophageal reflux
Gastritis

Atrophic gastritis

Peptic ulcer disease of stomach
Acute gastroenteritis
Associated diseases
Muscular dystrophy

Parkinson disease
Scleroderma

Amyloidosis

Chronic liver disease
Idiopathic pseudoobstruction
Anorexia nervosa

Postsurgical and other trauma
Vagotomy

Roux-en-Y surgery

Head injuries

Spinal cord injuries
Medications

Idiopathic causes

undigested fluid. Anorexia and weight loss may occur when the
symptom complex persists over time. There are no hallmark
physical findings other than the weight loss if the symptom has
persisted.

Acute infectious diseases cause poor gastric emptying but
resolve; the diagnosis of gastroparesis is based on chronicity. If
gastroparesis symptoms are associated with postsurgical or other
trauma or with neurologic disease, the findings of the primary
disorder are significant. Patients with diabetes may be unable to
control glycemia because of many factors, but irregular gastric
emptying may play a role, as well as insulin secretion. In addi-
tion, associated findings in diabetes, such as neuropathy or
enteropathy, may be present.

DIAGNOSIS

Of the many ways to document gastric emptying, the most
common currently used is scintigraphy. Radioactive tracers are
added to liquid and solid foods. Indium-111-diethylenetriamine
pentaacetic acid (DTPA)-labeled water or technetium-99m-
labeled egg or egg salad is most frequently used for liquid and
solid phases. Many institutions use both; others have success
using only the labeled solid food.

Breath tests with carbon 13 (*C)-octanoic acid or “C-acetic
acid are used in some institutions, but these require more time
than the 1- or 2-hour testing with scintigraphy. Tests vary
greatly from institution to institution and require the availability
of an accredited nuclear medicine laboratory. Ultrasonography
has also been used but requires specialized operator expertise.

Regardless of the method used to diagnose delayed empty-
ing, the finding then must be correlated with a list of associated
diseases or deemed “idiopathic” (unknown cause or spontaneous
condition). Therefore, it is essential to document any related
diseases before treatment. Again, the most common associations
are diabetes and idiopathic causes. Diabetes may be subtle and
must be discerned; gastroparesis may be the first presentation.
The patient who does not have diabetes must be carefully evalu-
ated to rule out associated neurologic disorders before the con-
dition is called idiopathic.

TREATMENT AND MANAGEMENT

Controlling diabetes, if present, is essential. Careful history
taking is done to uncover any medication-related cause. Sub-
stances that can delay gastric emptying include alcohol, alumi-
num hydroxide antacids, atropine, B-adrenergic antagonists,
calcitonin, calcium channel blockers, dexfenfluramine, diphe-
nylhydromine, glucagon, H,-receptor antagonists, interleukin-1
(IL-1), t-dopa, lithium, octreotide, opiates, phenothiazine,
progesterone, propantheline bromide, sucralfate, synthetic
estrogens, tetrahydrocannabinol, tobacco, and tricyclic antide-
pressants. For patients with idiopathic causes and associated
diseases, several medications can be prescribed. However, when
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the diagnosis points to an idiopathic condition, the clinician
must keep in mind that it may become a functional disorder, and
that all forms of therapy used in functional disorders (e.g., reas-
surance, antianxiety/antidepressant drugs) may be needed.

With recent progress in drug therapy and research into pro-
kinetic agents, the following four categories of drugs are now
used in patients with gastroparesis:

1. Dopamine antagonists. Domperidone (10-30 mg four times
daily) and metoclopramide (5-20 mg four times daily) are
dopamine antagonists. Unfortunately, domperidone is only
available in the United States in special situations, and meto-
clopramide, although used frequently, can cause neurologic
symptoms with long-term use.

2. Substituted benzamides. Cisapride (5-20 mg twice daily) is
effective but is unavailable in the United States.

3. Macrolides. Erythromycin (50-200 mg four times daily) often
may cause pain in women.

4. Cholinergic agonists. The use of bethanechol (5-25 mg four
times daily) is controversial, but the drug may be helpful in
some patients.

Gbhrelin, the gastrointestinal hormone that stimulates eating,
also has a positive effect on gastric emptying. Although only a
few studies have used ghrelin in subjects with gastroparesis,
results are promising, and there are research advocates for its
use in these patients.

COURSE AND PROGNOSIS

It is important to monitor the patient with gastroparesis and to
repeat the gastric-emptying study while the patient is taking
medication to determine if the drug is effective. Often, the clini-
cian can correlate the decrease in symptoms with increased
gastric emptying. Gastroparesis is chronic but may vary in sever-
ity; thus, therapy can be modulated depending on the symptom
phase.

Mild cases of gastroparesis may be controlled by prokinetic
medication, but patients with severe gastroparesis may require
nutrition support and possibly jejunostomy feeding. Weight
must be monitored, and when the patient is losing weight and
cannot eat sufficiently, nutrition support must be started. Sup-

plemental feedings may control weight loss, but enteral feeding
may be necessary in some patients.

Recent experimental therapeutic methods include electronic
devices that are wired to the gastric mucosa, with gastric electri-
cal pacing. These techniques have been instituted only in
research centers but hold promise for patients who require long-
term therapy.

OTHER DISORDERS

Other gastric motility disorders are rare and mainly involve
disturbances that can be identified in gastric muscle activity. To
identify these abnormalities, sophisticated electrogastrography
is necessary. Although available only at a few large university
centers, this procedure can identify disturbances in gastric
motility and gastric pacing that can cause nausea, vomiting,
abdominal pain, anorexia, and weight loss. Gastric pacing dis-
turbances are now experimentally treated with gastric electrical
pacing.
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Pyloric obstruction occurs when the outlet of the stomach
narrows to the point of serious interference with gastric
emptying (Fig. 48-1). In Western countries, tumors are the
most common cause of pyloric obstruction in adults. Duodenal
ulcer was once a common cause but is now rarely encountered
because of the high cure rate of Helicobacter pylori and the use of

Pyloric obstruction primary stage:
(compensated) hyperperistalsis
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H,-antagonist and proton pump inhibitor (PPI) therapy for
peptic ulcer. It is important to understand the effect of pyloric
obstruction, which is vomiting.

Infantile hypertrophic pyloric stenosis is the most common
cause of abdominal surgery in the first 6 months of life. The
incidence in the United States is approximately 3 in 1000 births.
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Figure 48-1 Pyloric Obstruction and the Effects of Vomiting.
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Although rare in adults, hypertrophic pyloric stenosis does
occur when missed early in life or when symptoms were not
severe in childhood and progressed to diagnosis later in life (see
Chapter 50).

CLINICAL PICTURE

When the outlet of the stomach becomes narrowed to the point
of interference with gastric emptying, the gastric musculature
responds at first with increased peristalsis in an effort to build
up sufficient pressure to overcome the resistance at its pyloric
end. At this stage, the patient may experience a sensation, or
burning, in the epigastrium or left hypochondrium. With per-
sisting obstruction and further stagnation of ingested food and
gastric secretion, the stomach begins to dilate; the musculature
becomes atonic, and peristaltic activity is minimal. At this stage,
the patient reports fullness, vomiting of undigested food con-
sumed many hours earlier, and foul-smelling eructation. If the
obstruction is unrelieved, vomiting becomes more frequent and
more copious. With so little gastric content now passing into
the intestine because of the profound gastric atony, the patient
is powerless to keep up with the fluid and electrolytes lost in the
vomitus. Dehydration, hypochloremia, hypokalemia, and alka-
losis supervene, which in turn affect renal function, with devel-
opment of oliguria, azotemia, and retention of other electrolytes.
Clinically, the patient is weak, anorexic, and drowsy. Unless
measures are instituted to correct the metabolic disorder and to
relieve the obstruction, the condition progresses to irreversible
tissue damage and death.

Pyloric obstruction is not the only cause of vomiting (see
Chapter 49), but the diagnosis may be suspected because of the
history just described, the pattern of the emesis, and the appear-
ance of the vomitus. In duodenal ulcer, which is the most
common cause of pyloric obstruction, the patient usually gives
a history of ulcer symptoms. The vomiting is at first intermit-
tent, perhaps 2 or 3 days apart, and the vomitus often contains
recognizable particles of food eaten the previous day.

As with excessive vomiting from any cause, the patient has
appreciable losses of fluids and hydrogen (H"), chloride (CI"),
and potassium (K*) ions. Because the gastric juice is poor in
sodium (Na*), usually no sodium deficiency occurs, and although
Na* remains in the blood, bicarbonate (HCOj5") substitutes for
CI". Loss of K* occurs because parietal cells secrete significant
amounts of this ion.

Vomiting does not usually occur in uncomplicated ulcer
disease, except when the ulcer is located in the pyloric canal.
However, many patients with ulcers empty the stomach through
vomiting to obtain pain relief.

DIAGNOSIS

Barium contrast imaging or computed tomography can provide
a diagnosis of pyloric obstruction, and endoscopic visualization
of the pylorus and mucosal biopsy can clarify the cause. The
differential diagnosis, as previously indicated, includes benign
or malignant tumor and scarring resulting from chronic peptic
disease. Rare causes, such as polyp intussusception, usually are
more acute in presentation than a chronic obstructive process.

TREATMENT AND MANAGEMENT

Managing the consequences of repeated or excessive vomiting
consists of fluid and electrolyte replacement, evacuation of the
stomach with adequate drainage, and continuous gastric aspira-
tion with a nasogastric tube for 48 to 72 hours. If the obstruction
itself is not relieved, surgery is necessary to reestablish gastro-
intestinal passage, but only after fluid and electrolyte balance
has been restored. The cause of the obstruction is treated after
the effects of vomiting are managed. Treatment of tumor
obstruction is discussed in Chapter 64, and treatment of peptic
disease is discussed in Chapters 55, 56, and 58. Medical treat-
ments depend on the cause, but surgical relief of the obstruction
is invariable. In incurable malignant obstruction, stents may be
placed to gain temporary relief.

A clinical and physiologic disturbance similar to pyloric
obstruction, known as milk-alkali (Burnett) syndrome, may result
from excessive ingestion of a soluble alkali and a rich source of
calcium.

COURSE AND PROGNOSIS

Immediate treatment of the vomiting and its metabolic distur-
bance are usually successful. The long-term course and progno-
sis for pyloric obstruction and vomiting depend on the cause. If
the vomiting was caused by a benign tumor or by scarring from
chronic ulcer, the prognosis is usually excellent. If cancer was
the cause, the prognosis depends on its type and extent and on
the effectiveness of other treatments. However, if cancer causes
pyloric obstruction, the prognosis is usually poor.

ADDITIONAL RESOURCES

Malagelada JR, Malagelada C: Nausea and vomiting. In Feldman M,
Friedman LS, Brandt L], editors: Gustrointestinal and liver disease, ed 8,
Philadelphia, 2006, Saunders-Elsevier, pp 143-158.

Russo MA, Redel CA: Anatomy, histology, embryology, and developmental
anomalies of the stomach and duodenum. In Feldman M, Friedman LS,
BrandtJS, editors: Gastrointestinal and liver disease, ed 8, Philadelphia, 2006,
Saunders-Elsevier, pp 981-998.
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N ausea and vomiting are nonspecific but clinically important
symptoms associated with numerous causes. Nausea is
variously described as a sick feeling, a tightness in the throat, a
sinking sensation, or a feeling of imminent vomiting. It gener-
ally precedes vomiting and may be associated with retching
when the stomach is empty. Although associated with any
disease, acute nausea and vomiting are most often associated
with infectious disease, pregnancy, medications (including che-
motherapy), postoperative status, and motion sickness. Other
common causes include radiation sickness, gastrointestinal (GI)
obstruction, hepatitis, metabolic disturbances (e.g., diabetes
mellitus, thyroid disease), systemic diseases (e.g., myocardial
infarction, renal failure, asthma), Addison disease, and central
nervous system (CNS) causes (e.g., brain tumors, stroke, hemor-
rhage, meningitis). This wide list of associated diseases and
causes makes it necessary to understand the nausea/vomiting
process and its treatment.

Furthermore, many patients have nausea and vomiting asso-
ciated with gastric motility disorders or with anorexia nervosa
or psychogenic causes, in which the inciting disease or cause is
not apparent or diagnosable. Some of these may be considered
functional disorders.

CLINICAL PICTURE AND PHYSIOLOGY

Salivation, pallor, tachycardia, faintness, weakness, and dizziness
frequently occur concomitantly. Nausea and vomiting may
result from disturbances throughout the body and may be pre-
cipitated by the following:

* Emotional disturbances
e Intracranial vasomotor and pressure changes
¢ Unpleasant olfactory, visceral, or gustatory stimuli

e TFunctional or anatomic alterations in the thoracic and abdom-
inal viscera, including the urogenital tract

* Intense pain in somatic parts

* Exogenous or endogenous toxins

* Drugs (notably opiates)

¢ Stimulation of the vestibular apparatus (usually by motion)

Impulses from all these sources reach the CNS through the
corresponding sensory nerves (Fig. 49-1).

The CNS control of vomiting is based in two areas: (1) the
vomiting center, located in the lateral reticular formation of the
medulla, among cell groups governing such related activities as
salivation and respiration, and (2) the chemoreceptor trigger zone,
in a narrow strip along the floor of the fourth ventricle, close to
the vomiting center. Functions of these two areas are distinct,
although not independent. The vomiting center is activated by
impulses from the GI tract and other peripheral structures. The

chemoreceptor trigger zone is stimulated by circulating toxic
agents and by impulses from the cerebellum; this zone’s influ-
ence on the vomiting center results in the emetic action.

After irritation in any somatic or visceral area or in any sense
organ, impulses travel through their respective sensory nerves
to reach the medulla, where they activate the vomiting center.
Toxic agents, whether introduced into the body or accumulated
endogenously, act on the chemoreceptor trigger zone, through
which impulses reach and activate the nearby vomiting center.
Before the vomiting threshold is exceeded, impulses passing to
the cortex lead to the sensation of nausea. The vomiting center
coordinates the discharge of impulses from adjacent neural com-
ponents to the various structures that participate in the act of
vomiting. Salivation, which almost invariably precedes the
actual ejection of the vomitus, is stimulated by impulses from
the salivary nuclei. Contraction of the intercostal muscles and
the diaphragm produces a sharp inspiratory movement and
increased intraabdominal pressure, facilitated by contraction of
the abdominal muscles. Closure of the glottis forestalls aspira-
tion into the respiratory passages. The pyloric portion of the
stomach contracts; the body of the stomach, cardia, esophagus,
and cricopharyngeus muscle relax, and the gastric contents are
forced out through the mouth and, in vigorous emesis, through
the nose as well.

Nausea and vomiting brought on by motion do not require
a vertical component; some persons develop the symptoms
merely from being rotated. Attempts to resolve the visual dis-
orientation through eye and head movements may result in
stimulation of the labyrinth, either directly or by decreased
gastric tonus. Visual stimuli are not essential for the develop-
ment of motion sickness; even blind persons may be
susceptible.

Rapid downward motion that comes to a sudden stop, or that
is followed by upward motion, causes the abdominal viscera to
sag and pull on their attachments. This is the origin of the
sinking feeling experienced at the end of a rapid descent in an
elevator, or a sudden steep decline in a plane. The sensation
does not occur if the subject stands on his head in the elevator,
and it is reduced if the subject assumes a horizontal position
when the plane is bouncing up and down, because the viscera
cannot be displaced as far in the anteroposterior direction as in
the craniocaudal direction. Nausea and retching may be induced
in a patient under spinal anesthesia by downward traction on
the exposed stomach.

Nausea may be difficult to relieve and becomes a serious
clinical problem if sufficiently prolonged to interfere with nutri-
tion. Primary nausea, or nausea occurring in the postabsorptive
state, occasionally accompanies eye strain, myocardial infarc-
tion, azotemia, or visceral neoplastic disease, but it is usually of
psychologic origin. Protracted vomiting is detrimental not only
because of nutrition concerns but also because of electrolyte

depletion (see Chapter 48).
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If vomiting does not respond to antiemetic drugs, nasogastric
suction should be instituted. Correction of a gastric hypotonus
may be the factor that brings the condition under control.

DIAGNOSIS

Thorough evaluation must include all possible causes of nausea
and vomiting. In the pregnant patient, the pregnancy may be
the paramount cause, but GI conditions during pregnancy, such
as cholecystitis and appendicitis, must be explored. The large
number of causes must therefore be considered in the workup.
Once established, the specific cause must be evaluated to deter-
mine correct therapy and prognosis. When no cause is found,
and the nausea and vomiting fall into the category of “psycho-
genic” or cyclic vomiting, therapy must include not only phar-
macologic but also psychiatric modalities.

Cyclic vomiting syndrome (CVS) is much more common than
previously believed. CVS is most often seen in children but now
is recognized in adolescents, as well as young and older adults.
The classic presentation involves sudden attacks of severe vom-
iting and retching that subside with acute treatment, often in
the emergency room. Migraine headache and abdominal
migraine are often associated with CVS. In addition, prodromal
symptoms may be identified. The cause and frequency of attacks
vary. There are no good evidence-based treatment protocols,
and many drugs are used. Specific treatment for CVS, as well
as those listed next, in the acute phase includes preventing shock
and dehydration and electrolyte loss. Ondansetrone is tried,
hydromorphone for pain and, if needed, sedative agents.
Removal to a dark area may be helpful and removal of any
stimulating actions that are known to precipitate an attack.
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Prevention of attacks has been tried with cyproheptadine,
propranolol, tricyclic antidepressants, and 5-HT', agonists
such as sumatriptan and eletriptan if the patient has migraine
symptoms. Management requires an aggressive approach to
prevention, and most patients can be helped to live with the
disorder.

TREATMENT AND MANAGEMENT

Severe acute vomiting and protracted vomiting may cause sig-
nificant metabolic and electrolyte disturbances, usually neces-
sitating intravenous treatment for replacement of potassium,
sodium, and other electrolytes. Prolonged nausea and vomiting
also cause nutritional deficiencies, which must be treated accord-
ing to duration of the illness (see Section X).

Many drugs are available for pharmacologic therapy (Table
49-1). Dosage and frequency of administration depend on the
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Table 49-1 Drugs for Therapy of Nausea and

Vomiting

Drug Class Medications

Antihistamine Meclizine
Promethazine
Dimenhydrinate

Anticholinergic Scopolamine
Hyoscyamine

Antidopaminergic Prochlorperazine
Chlorpromazine

Prokinetic Metoclopramide
Cisapride

Erythromycin
Domperidone
Bethanechol
Octreotide
Trimethobenzamide
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disease process (e.g., motion sickness vs. illness caused by acute
disease vs. chemotherapy).

Chemotherapy can cause intensive nausea and recurrent
vomiting. Often, oncologists use a combination of drugs, such
as the selective 5-HT; receptor antagonists ondansetron and
granisetron, although these are expensive, or tetrahydrocan-
nabinol, the active ingredient of marijuana. Treating nausea and
vomiting during chemotherapy is challenging because it includes
nutrition support and symptom relief.

If vomiting is persistent and does not respond to the admin-
istration of antiemetic drugs, nasogastric suction should be insti-
tuted. Again, correcting gastric hypotonia may be the factor that
brings the condition under control.

COURSE AND PROGNOSIS

Course and prognosis depend on the cause of the nausea and
vomiting. If the cause is idiopathic, the symptoms can be frus-
trating and challenging to the patient and physician. However,
if the cause is benign and idiopathic, the course is usually benign.

Progress may be intermittent, however, and both patient and
physician can become frustrated. Psychotherapeutic drugs may
be helpful, as well as psychiatric treatment, if necessary.

ADDITIONAL RESOURCES

Alhashimi D, Alhashimi H, Fedorowicz Z: Antiemetics for reducing vomit-
ing related to acute gastroenteritis in children and adolescents, Cochrane
Database Syst Rev 4:CD005506, 2006.

Malagelada JR, Malagelada C: Nausea and vomiting. In Feldman M,
Friedman LS, Brandt JS, editors: Gastrointestinal and liver disease, ed 8,
Philadelphia, 2006, Saunders-Elsevier, pp 143-158.

Pareek N, Fleisher DR, Abell T: Cyclic vomiting syndrome: what a gastro-
enterologist needs to know, Am 7 Gastroenterol 102:2832-2840, 2007.

Ramsook C, Sahagun-Carreon I, Kozinetz CA, Moro-Sutherland D: A
randomized trial comparing oral ondansetron with placebo in children with
vomiting from acute gastroenteritis, Ann Emerg Med 39:397-403, 2002.

Wood GJ, Shega JW, Lynch B, Von Roenn JH: Management of intractable
nausea and vomiting in patients at the end of life, 74MA 298:1196-1207,
2007.
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ypertrophic pyloric stenosis is an obstruction in the pylorus
caused by hyperplasia of the circular muscle surrounding
the pyloric outlet channel (Fig. 50-1). It is more common in
infants than adults and actually is rare in adults. The incidence
is approximately 3 in 1000 live births; boys are affected more
often than girls by a ratio of 4:1 to 5:1. The disorder is more
common among white persons of northern European descent
than among persons of African or Asian descent.
The cause of hypertrophic pyloric stenosis is unknown, but
a deficiency of nitric oxide synthetase is suspected. In addition,
interstitial cells of Cajal are not seen throughout the pylorus.
Fifty percent of identical twins are affected, but the disorder
does not follow Mendelian inheritance patterns. Both genetic
and environmental factors are thought to be important.

CLINICAL PICTURE

The clinical presentation of hypertrophic pyloric stenosis is dif-
ferent in infants than in adults. The classic infant presentation
is vomiting that occurs in the second to sixth weeks of life.
Vomiting increases in frequency and severity and is character-
ized early as occurring suddenly with great force (projectile
vomiting). The infant cries, indicating hunger. Because less food
is able to pass the pylorus, the infant becomes dehydrated and
loses weight. At this stage, metabolic acidosis may become a
serious problem. On examination of the infant, the classic
“olive” might be felt in the area of the pylorus, and strong peri-
staltic movements in the stomach may be observed on inspec-
tion of the abdomen.

In adults, nausea, vomiting, satiety, and epigastric pain after
eating are major symptoms. Physical examination is not helpful
because the condition is chronic and the pyloric mass is not easy
to palpate. Patients may lose weight if symptoms persist.

DIAGNOSIS

Hypertrophic pyloric stenosis is diagnosed in children based on
timing of the presentation and physical examination findings.
X-ray examination is important before surgery. The large,

dilated stomach is evident; if further evidence is needed, careful
barium study can be performed to visualize the narrowed
pylorus. Ultrasonography is important because the classic 3-mm
sonolucent “doughnut” can be seen in children.

In adults, the clinician first must consider the possibility of
stenosis. Ultrasonography is then helpful, but barium contrast
reveals the classic narrowed segment. Upper endoscopy is rec-
ommended to rule out chronic peptic or malignant disease.

TREATMENT AND MANAGEMENT

In the past, some clinicians preferred a trial of medical treatment
with anticholinergic therapy and very soft food for patients with
hypertrophic pyloric stenosis. However, the medical therapy
had a high failure rate. Pyloromyotomy is the treatment of
choice. Ramstedt pyloromyotomy includes a longitudinal inci-
sion through the hyperplastic pyloric muscle. Some surgeons
prefer resection of the adult pylorus, to rule out malignancy.
Although endoscopy can dilate the pylorus, these procedures
have failed in as many as 80% of patients within the first 6
months of therapy.

PROGNOSIS

The prognosis is excellent, and once the correct therapy has
been applied for hypertrophic pyloric stenosis, patients go on
to lead normal lives.

ADDITIONAL RESOURCES

Graadt Van Roggen JE, Van Krieken JH: Adult hypertrophic pyloric
stenosis: case report and review, 7 Clin Pathol 51:479-480, 1998.

Safford SD, Pietrobon R, Safford KM, et al: A study of 11,003 patients with
hypertrophic pyloric stenosis and the association between surgeon and
hospital volume and outcomes, 7 Pediatr Surg 40:967-972, 2005.

Vandiwinden JM, Liu H, de Laet MH, et al: Study of interstitial cells of
Cajal in infantile pyloric stenosis, Gastroenterology 111:279-288, 1996.

Yamataka A, Tsukada K, Yokoyama-Laws Y, et al: Pyloromyotomy vs.
atropine sulfate for infantile hypotrophy pyloric stenosis, 7 Pediatr Surg
35:338-341 (discussion 342), 2000.
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C astric diverticula are rare and are found in 0.02% of autopsy
specimens. Almost all are located on the posterior wall of
the cardia and to the left of the esophagus (Fig. 51-1). They are
thought to be congenital but occur at the structural weakness of
the longitudinal muscles on the posterior surface. Usually, the
diverticula contain all layers of the muscle wall and are 2 to 3 cm
long and 1.2 cm in diameter. Openings are wide, permit free
communication with gastric contents, and may be seen endo-
scopically. Gastric diverticula are best visualized on a retroflex-
ion view. On barium radiography, they can be missed when the
stomach is distended but often are seen on the lesser curvature,
and they fill and empty regularly.

CLINICAL PICTURE

Diverticula of the stomach are asymptomatic. However, ompli-
cations have been reported and resulted in resection. Laparo-
scopic techniques are used effectively to resect the diverticula.

TREATMENT AND PROGNOSIS

No treatment is needed for diverticula unless the infrequent
complication occurs. When bleeding, perforation from the
manipulation, or the rare associated malignancy occurs, resec-
tion is performed laparoscopically.

Small and most other diverticula are asymptomatic, and
prognosis is excellent.

GASTRODUODENAL PROLAPSE

Prolapse of the gastric mucosa into the duodenum probably
results from extreme mobility of the antral mucosa and sub-

mucosa. The mucosa of the antrum, which normally is thicker
than the mucosa of other parts of the stomach and sometimes
assumes a cushionlike quality, is pushed through the pyloric ring
to lie like a turned-back cuff of a sleeve within the duodenum
(see Fig. 51-1). Although a fully developed prolapse is rare,
partial prolapse is common but of little or no clinical
significance.

Gastroduodenal prolapse is most often a radiologic curiosity,
and the duodenal bulb can appear to be filled with a tuberous
mass with irregular contours. Diagnosis is easy to make. Occa-
sionally, however, it is difficult to differentiate a prolapse from
a polyp or an acute ulcer from marked mucosal edema of the
surrounding area. Endoscopists rarely report gastroduodenal
prolapse.

The literature contains a report of a rare episode of
strangulation of the mucosa with subsequent signs of pyloric
obstruction or gastrointestinal bleeding that required surgical
correction.

ADDITIONAL RESOURCES

Dickenson RJ, Freeman AH: Gastric diverticula: radiologic and endoscopic
features in six patients, Gut 27:954-957, 1986.

Fine A: Laparoscopic resection of a large proximal gastric diverticulum,
Gastrointest Endosc 48:93-95, 1998.

Fork FT, Toth E, Lindstrom C: Early gastric cancer in a fundic diver-
ticulum, Endoscopy 30:S2, 1998.

Kim SH, Lee SW, Choi W], et al: Laparoscopic resection of gastric
diverticulum, 7 Laparoendosc Surg Tech 9:87-91, 1999.
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saccular “true” diverticulum can originate from any part of

the duodenum (Fig. 52-1). It is rare in the first part and
usually develops in the second part in the region of the ampulla
of Vater. Diverticula have been reported in approximately 6%
of barium studies but in as many as 27% of endoscopy studies
and in 23% of autopsy evaluations. They have been noted close
to the ampulla, and in some cases, the ampulla enters the
diverticulum.

EXTRALUMINAL DIVERTICULA

Extraluminal duodenal diverticula are common with an interest-
ing etiology, but debate is ongoing concerning congenital weak-
ness in the duodenal wall and increased internal pressure. In rare
cases, diverticula may be multiple. They usually develop on the
inner or concave border of the duodenal curve and rarely on the
outer border.

Clinical Picture

Approximately 10% of patients with extraluminal diverticula
have symptoms. Abdominal discomfort may result when the
diverticulum becomes inflamed, particularly from prolonged
retention of duodenal content. The resultant diverticulitis can
cause pain that radiates the epigastrium or back. Pancreatitis
may occur when the ampulla is involved. Diverticula on the
lateral wall have been reported to perforate (see Section VII).

Although there is a high incidence of extraluminal divertic-
ula, most patients are asymptomatic. When diverticula are mul-
tiple, they can be associated with a malabsorption or bacterial
overgrowth syndrome (see Section IV).

Diagnosis

Diagnosis of extraluminal duodenal diverticulum is easily made
on barium study or endoscopy. Computed tomography may also
make the diagnosis. A simple x-ray film of the abdomen may
reveal an air-fluid level in the area of the duodenal sweep that
is explained by a diverticulum. When the diverticulum is associ-
ated with pancreatic disease, endoscopic retrograde cholangio-
pancreatography (ERCP) is necessary for full evaluation (see
Section VII).

Treatment and Management

Bleeding from the extraluminal diverticulum may be treated
endoscopically, but in rare situations, surgical intervention

may be necessary. In associated pancreatitis, the ampulla
must be evaluated using ERCP, followed by appropriate inter-
vention. Surgery is difficult; pancreatic or biliary surgical inter-
vention may be needed. Therefore, medical and endoscopic
treatment is preferred for these patients. Surgery should be
performed only in emergencies and only under controlled
conditions.

Prognosis

Complications rarely occur, and duodenal surgery is rarely nec-
essary. The prognosis for extraluminal duodenal diverticula is
usually excellent unless a severe complication necessitates

surgery.

INTRALUMINAL DUODENAL
DIVERTICULA

Unlike the prevalent extraluminal type, intraluminal duodenal
diverticula are rare. They are congenital abnormalities in which
the diverticulum develops within the duodenal wall; occasion-
ally, clinical problems surface in adulthood. They may cause
obstruction in the duodenum, with loculation of food particles,
and are reportedly associated with pancreatitis.

When patients with intraluminal diverticula present with
clinical syndromes, intervention is usually required. Surgical
and endoscopic techniques have been successful in opening the
intraluminal wall so that there is free passage through the
duodenum.

ADDITIONAL RESOURCES
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diverticula, Surg Laparosc Endosc 9:74-77, 1999.
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86:981-985, 1991.

Lobo DN, Balfour TW, Iftikhar SY, et al: Periampullary diverticula and
pancreaticobiliary disease, Br 7 Surg 86:588-597, 1999.

Lotveit T, Skar V, Osnes M: Juxtapapillary duodenal diverticula, Endoscopy
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yspepsia is pain or discomfort centered in the upper

abdomen. Associated disease may cause the symptom. As
a functional disorder, the term dyspepsia is used when the discom-
fort or pain is chronic, lasts at least 12 weeks during the preced-
ing 12 months, and is accompanied by no evidence of
biochemical, metabolic, or organic disease.

Dyspepsia is common. Approximately 25% of adults experi-
ence such discomfort, but only 5% seek medical attention.
Fewer than half the patients with this type of centered epigastric
discomfort have any associated organic disease. Dyspepsia of no
organic cause is called functional dyspepsia. Therefore, the cause
of dyspepsia may be true organic disease, which, when treated,
cures the dyspepsia. Without some identifiable pathophysiol-
ogy, it becomes functional dyspepsia. Patients with associated
abnormality usually are also classified as having functional dys-
pepsia when the abnormality is considered irrelevant.

CLINICAL PICTURE

Patients of all ages have epigastric discomfort. Medical attention
is usually sought after the discomfort becomes chronic. Often,
the patient has some initial therapy and evaluation, but the
treatment is unsuccessful, and it becomes apparent that the
discomfort will persist. There may be associated early satiety
and loss of appetite, a feeling of fullness, bloating in the upper
abdomen, mild nausea, and sometimes even retching without
vomiting of food. The degree of associated symptoms varies
greatly.

DIAGNOSIS

Because of the discomfort and chronicity of dyspepsia, a workup
must ensue. Screening for gastric lesions is essential. Upper
endoscopy esophagogastroduodenoscopy (EGD) is preferred,
and during the procedure the patient should be evaluated for
Helicobacter pylori. Because interpretation at endoscopy can vary,
it is wise to perform mucosal biopsies of the esophagus and the
stomach. Other pertinent evaluation includes a study for gastric
emptying, especially if any food is retained in the stomach. If
the EGD and biopsy results are negative, ultrasonography
should be performed to rule out gallbladder, liver, and pancre-
atic disease. Depending on the findings, computed tomography
may be necessary to rule out gross lesions in the pancreas. Full
serum screening should be performed to rule out liver or meta-
bolic disease.

As indicated, 50% of patients will have definite disease, and
thus their dyspepsia is caused by disease and is #nor functional.
Patients with an identified physiologic abnormality should be
treated and the abnormality evaluated. Unfortunately, many of
these symptoms persist, and it becomes clear that the abnormal-
ity is not the cause. These patients then fall into the category
of functional dyspepsia.

Because H. pylori is ubiquitous in most societies and because
it can cause peptic disease, the recommendation is to treat it
before making a diagnosis of functional dyspepsia. Data and
studies clearly reveal that as many as 50% of patients may be
cured of symptoms after the H. pylori infection is treated.
However, symptoms persist in many patients, who then fall into
the category of functional dyspepsia.

The accompanying algorithm (Fig. 53-1) outlines the diag-
nosis and management of functional dyspepsia.

TREATMENT AND MANAGEMENT

If the cause of the dyspepsia is found and treated, the treatment
of that particular entity solves the problem. However, if the
diagnosis is functional dyspepsia, the treatment becomes chal-
lenging and includes the following:

Chronic Dyspepsia
Stool Antigen
H. pylori Testing

e

Positive

Serology
Breath Test
Negative H. pylori

/

Treat and Retest Luminal Disease — Upper Endoscopy

YN\

Cured  Chronic Dyspepsia

Rule Out
Evaluation Medication Cause
Pancreas or Biliary — Ultrasound
-CT
Systemic Diseases, i.e., diabetes, etc.

Gastroparesis — Scintigraphy

/
— Negative

Positive — Treat Disease

Therapy Treat concomitant GERD
Treat concomitant IBS

1. Reassurance

2. Diet Trials

3. Decreased Acid Rx
e H, Inhibitors
¢ Proton Pump Inhibitors
* Anticholinergics

4. Antidepressants
Psychotherapy
5. Promotility Agents

Figure 53-1 Diagnosis and Treatment of Functional Dyspepsia.



136 SECTION Il = Stomach and Duodenum

® Strong reassurance. Make sure the patient with dyspepsia
understands that he or she has a functional disorder, probably
with visceral hypersensitivity. Carefully continue to evaluate
dietary stress factors that may aggravate the symptoms, such
as caffeine, coffee, alcohol, and spices. Drug therapy may
include trials of antisecretory, promotility, and antidepressant
agents.

* Antisecretory agents. Some patients report some relief using
H,-receptor antagonists or proton pump inhibitors (PPIs).

* Promotility agents. Domperidone is available only in some
parts of the world. Metoclopramide is more readily available,
but long-term use is generally discouraged. These drugs can
be effective intermittently in some patients.

o Antidepressant therapy. Many dyspeptic patients experience
symptom relief once an appropriate antidepressant is used in
adequate dosage.

Treating functional dyspepsia is challenging. It requires reas-
surance and working closely with patients to maintain their
confidence.

COURSE AND PROGNOSIS

Patients with dyspepsia have an excellent prognosis, but the
disease course varies with periods of increasing and decreasing
symptoms. Frequently, patients are satisfied with one or the

other forms of therapy: H, inhibitor, PPI, or antidepressant.
Many require more intensive work and even psychotherapy to
manage severe symptoms.

Concomitant disease often includes gastroesophageal reflux
disease (GERD), as confirmed on upper endoscopy and other
studies. Treating GERD is often helpful. Similarly, some dys-
peptic patients have irritable bowel syndrome (IBS) accompa-
nied by recurrent diarrhea or constipation, and treatment for
those symptoms often helps their epigastric distress. It is essen-
tial that concomitant disease, such as GERD or IBS, be treated
simultaneously. This often helps in dyspeptic patients’ long-
term management.
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Helicobﬂcter pylori is a gram-negative, spiral, flagellated bac-
terium that inhabits the mucous layer of the stomach.
Warren and Marshall first described H. pylori as a pathogen in
humans and clearly documented and correlated the organism’s
association with gastritis and peptic ulceration.

The prevalence of H. pylori varies greatly. Approximately
40% of persons in developed countries are affected, and as many
as 85% are affected in underdeveloped countries. In all areas,
prevalence is associated with low socioeconomic status and
advanced age. Most people remain infected for life unless they
are treated. Marriage does not appear to be a strong risk factor
for acquiring the infection.

Data on how the organism is acquired are controversial,
although crowded living conditions and poor hygiene are associ-
ated with higher infection rates. Transmission does appear to
be based on person-to-person spread (Fig. 54-1). However, the
exact mode of transmission remains unclear. Helicobacter heilma-
nii colonizes both animals and humans. Although it may be
pathogenic, H. heilmanii has not been shown to be as prevalent
a pathogen as H. pylori.

CLINICAL PICTURE

It is now clear that H. pylori is a major risk factor for gastritis,
peptic ulcer, gastric adenocarcinoma, and gastric lymphoma.
Consequently, patients may have epigastric pain and ulceration,
bleeding from gastritis or ulceration, or pain, nausea, vomiting,
and weight loss from malignancy. It is not clear why H. pylori
rarely causes diarrhea. Anemia from chronic blood loss may be
the only symptom in those who feel little pain. The picture of
chronic dyspepsia may unfold over the years.

Helicobacter pylori has been known to cause acute gastritis. In
these patients, it may actually cause severe acute achlorhydria,
which appears to be self-limiting. Not only can prolonged
disease cause ulceration, but it also has been known to cause
gastric atrophy and, in association with any metaplasia, appears
to result in a high risk for adenocarcinoma.

DIAGNOSIS

The diagnosis of H. pylori infection can be made using histo-
logic, serologic, breath, or stool testing.

Histology

Histologic examination is made through endoscopy with biopsy
material of the gastric mucosa and appropriate histologic and
staining evaluation. Because it is difficult to grow H. pylori in
culture, cultures are no longer used for the diagnosis of gastric
aspirants or gastric tissue. Instead, the rapid urease test (CLO
test) can be used by placing gastric biopsy material into a urease
medium that changes color when urease from the bacteria
metabolizes the urea.

Serology

Serologic tests are sensitive and as specific as histologic biopsy
evaluation. Many have been adopted for whole-blood, rapid use
in the office. However, only immunoglobulin G (IgG) antibody
is reliable. IgA and IgM antibodies are unreliable. Serologic tests
are useful because they establish that the patient has had H.
pylori infection. However, controversy surrounds the rapidity
with which the antibody disappears after treatment, and conse-
quently, serology is not a good test to determine whether treat-
ment is effective.

Breath Test

The urea breath test with either carbon 13 or 14 (C,; or C,y) is
accurate. The subject ingests the carbon label, and the test
determines whether the carbon is freed by urease activity from
the bacteria in the stomach and absorbed, then measures it in
expired breath.

Stool Test

The stool antigen test is the latest noninvasive method for
diagnosing H. pylori infection. Evaluations are as accurate
as histologic methods. The stool test can be used easily for
monitoring the effectiveness of therapy.

TREATMENT AND MANAGEMENT

Once a diagnosis of a H. pylori infection is made, treatment must
follow. Many treatment regimens use combinations of bismuth
sulfate and numerous antibiotics, including metronidazole,
tetracycline, amoxicillin, and clarithromycin. The course varies
from 7 to 14 days. The literature attests to the effectiveness of
the different regimens, which can be categorized into three
types of therapy; double, triple, and quadruple.

Most often used and recommended is #riple therapy, which
includes a proton pump inhibitor (PPI) twice daily, plus amoxi-
cillin (1000 mg) twice daily, plus clarithromycin (500 mg) or
metronidazole (500 mg) twice daily. Triple or quadruple therapy
using bismuth is equally effective. Triple therapy administers
two bismuth tablets four times daily plus tetracycline (500 mg)
four times daily and metronidazole (250 mg) three times daily;
quadruple therapy uses bismuth and includes a PPI twice daily
in addition to the two antibiotics. In trials, clinicians have used
variations of these antibiotics with reported success. If a patient
develops an allergy or intolerance to one of the drugs, other
options are available.

With resistant cases always present and unsuccessful therapy
reported in the 20% range, new regimens are constantly being
tested. Sequential therapy is new, but initial analysis reveals it
may be effective and possibly better than previous therapies.
The initial effective regimen consisted of 5 days of amoxicillin
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Figure 54-1 Etiology and Pathogenesis of Helicobacter pylori Infection.



Table 54-1 Treatment and Retreatment Options/

Preferences for Helicobacter pylori Infection

Option Treatment

1 P-A-C

2 P-M-C

3 0-B-M-T

4 O-B-F-T

5 P-A-R

6 P3-A3

7 P3-A3-CF

Clinical Program* Treatment Preference

Svz 123

LL 6->5->7

DG 354

AA 12->53-56

BM 1257

Treatment Code Drug/Dose

A Amoxicillin, 1 g bid

A3 Amoxicillin, 1 g tid

M Metronidazole, 500 mg tid

C Clarithromycin, 500 mg bid

PorO Any PPl (omeprazole, 20 mg bid, or
equivalent)

P3 Triple-dose PPl (omeprazole, 40 mg
tid, or equivalent)

R Rifabutin, 300 mg bid

F Furazolidone, 100 mg qid

CF Ciprofloxacin, 500 mg bid

B Bismuth citrate, 120 mg qid (De Nol)

or
Bismuth subsalicylate, 250 mg qid

(2 Pepto-Bismol tablets gid)

T Tetracycline, 500 mg qid

Modified from Megraud F, Marshall B): Gastroenterol Clin North Am
29:759-773, 2000.

*Clinical programs at five academic centers.

PPI, Proton pump inhibitor; bid, twice daily; tid, three times daily;
qgid, four times daily.

(1 g) plus a PPI twice daily, followed by 5 days of triple therapy
with a PPI, clarithromycin (500 mg), and tinidazole (500 mg),
all twice daily. These sequential therapies are now in meta-
analysis and appear to be more effective than 14 days of triple
therapy.

If a patient has carcinoma, treatment of the malignancy
is paramount. However, when a lymphoma or mucosa-
associated lymphoid tissue (MALT) lesion develops, remission
of the lymphoma has been reported if H. pylori has been eradi-
cated. Those lesions must be treated in a specific manner (see
Chapter 63).

Some organisms are resistant, and failure occurs. It must be
emphasized that H. pylori requires acid for reproduction; thus,
most microbiologists and clinicians believe acid suppression
should be part of therapy. Failed therapy occurs in 5% to 10%
of treated patients. Failure may result from resistant strains or
may be associated with smoking or dense colonization with the
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cag-negative strain. Repeat therapy is often successful, but resis-
tant strains do grow.

Table 54-1 demonstrates the many options for treating H.
pylori. Option 1 is the most recommended as a beginning, but
the other options vary worldwide, with options 3, 6, and 7 often
used in repeat therapies. These are the older regimens but are
still widely used; newer antibiotics such as levoquin and rifabu-
tin are also used. Most agree that at least 7 days of therapy is
required, although some are using shorter courses and others
require 14 days.

COURSE AND PROGNOSIS

Effective therapy for H. pylori infection is rewarding when
patients with chronic gastritis or peptic ulceration are cured of
their symptoms and disease. Initial therapy is effective in 70%
to 95% of patients, depending on the patient and the regimen.
When a strain is resistant, treatment of the associated disease
must be continued until rescue therapy can be implemented to
eradicate the organism. Attempts to eradicate H. pylori should
continue, even if it takes years with different antibiotics and
extended treatment; to do otherwise is now considered a risk
factor for adenocarcinoma.

If a patient has an associated malignancy, course and prog-
nosis depend on the extent of the cancer. H. pylori definitely
causes MALT) lesions, which may respond to, and may be cured
by, H. pylori eradication (see Chapter 63).
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C astritis is inflammation of the gastric mucosa, submucosa,
or muscularis (Fig. 55-1). A gastritis classification pro-
posed in 1991 by an international convention in Sydney, Aus-
tralia, has not gained support in the past two decades, reflecting
the clinical confusion in this area. However, the basic pathologic
entity of “inflammation in the mucosa” is considered gastritis.
It may be acute or chronic, or it may result in atrophy. Each
condition is associated with a clear endoscopic clinical picture.

Gastritis may be chronic, may be associated with disease (e.g.,
Helicobacter pylori, autoimmune), or may be a progressive atro-
phic form. It may be associated with all forms of infectious
disease (viral, bacterial, parasitic, fungal), or it may be granulo-
matous and associated with chronic disease (e.g., Crohn, tumors).
Gastritis may be erosive (often referred to as reactive) because
of foreign agents such as aspirin, nonsteroidal antiinflammatory
drugs (NSAIDs), bile reflux, alcohol, and caffeine. It may be
classified as rare entities such as collagenous, lymphocytic, and
eosinophilic gastritis (referred to as distinctive). A hypertrophic
form is known as Ménétrier disease, and a post—gastric surgery
form is known as gastritis cystica profunda. A form now appearing
in patients who have had grafts or transplants is known as grafi-
versus-host disease, in which the stomach and other parts of the
gastrointestinal (GI) tract are involved.

Recent attempts to classify gastritis according to topography,
morphology, and etiology have not changed clinical practice. In
the most recent consensus, gastritis was categorized into non-
atrophic, atrophic, and special forms. H. pylori gastritis is classified
as nonatrophic.

CLINICAL PICTURE

The clinical picture of gastritis can be specific in that patients
have abdominal pain, nausea, and anorexia. Patients may report
bloating or a burning discomfort in the epigastrium. In severe
acute gastritis, patients may vomit and have food intolerance. In
chronic gastritis, patients may have anorexia with weight loss.
Many academicians believe that gastritis can exist without symp-
toms; therefore, symptoms often will not be attributed to the
mucosal inflammation. Nevertheless, if a cause such as H. pylori
or an associated disease can be identified and treated, symptoms
can be resolved. Gastritis is often part of another disease
process.

DIAGNOSIS

The history of onset of symptoms is important. When symp-
toms are acute and the gastritis is associated with infection,
symptoms usually subside within days, and evaluation is unnec-
essary. The use of NSAIDs must be evaluated. However, when
symptoms persist longer than 7 to 14 days, an investigation is
necessary. The standard evaluation includes upper GI endos-
copy with biopsy to determine the disease process.

When atrophy is present, a test for parietal cell antibodies is
indicated. Serum gastrin levels may be elevated if atrophy is
diffuse. Evaluation for vitamin B, is necessary.

The most common cause of gastritis is H. pylori (see Chapter
54). Finding the organism through endoscopy and biopsy con-
firms the diagnosis. When present, other organisms can be
identified on biopsy, but careful histologic staining must be
done to identify chronic infections, such as tuberculosis and
fungi. Anisakiasis can be diagnosed on endoscopy; with the
increased ingestion of raw fish, Anisakis infection should be
considered in patients with an appropriate history. Other para-
sites also may be identified in the stomach.

TREATMENT AND MANAGEMENT

When an infectious agent is identified, such as H. pylori or any
parasite, treatment for that infectious agent cures the gastritis.
Autoimmune diseases and nonspecific gastric diseases are treated
symptomatically.

When another disease involving the gastric mucosa is identi-
fied, such as Crohn disease or sarcoid, it must be treated. Erosive
gastritis is treated by removing its cause, whether alcohol, drugs,
or other agents.

During the healing phase of gastritis therapy, acidic and
spice-containing foods could further irritate the mucosa and
must be removed from the patient’s diet. Neutralizing acid is
also recommended because the mucosa has many breaks in its
barrier and can be invaded by acid. Therefore, it is advisable
to use acid suppression therapy (H, inhibitors, proton pump
inhibitors [PPIs], antacids) as tolerated.

COURSE AND PROGNOSIS

The course of gastritis depends on the cause. It can be chronic,
troublesome, and difficult to treat. Most acute forms resolve
rapidly. An association with NSAID use must be considered and
may be treated by changing the NSAID or adding a PPI to
alleviate symptoms if the NSAID is essential therapy. Chronic
forms are related to the natural history of an associated disease
and must be treated by diet restrictions and antacid therapy.
A true atrophic gastritis may be associated with vitamin B,
deficiency, which should be evaluated.
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E rosive gastritis consists of small, acute gastric ulcers that
occur in the body or antrum of the stomach (Fig. 56-1).
The cause may be an infectious organism (e.g., Helicobacter
pylori, streptococci) or damage to the mucosa from numerous
possible agents (e.g., nonsteroidal antiinflammatory drugs
[NSAIDs]). Aspirin is a noted culprit. The ulcers may range in
size from a few millimeters to a centimeter. They often appear
as multiple lesions.

CLINICAL PICTURE

Clinical findings in patients with acute gastric ulcers vary greatly.
If associated with a simple streptococcal infection, the ulcer may
last for a few days and cause nausea, vomiting, and mild abdomi-
nal pain. The ulcer also may be asymptomatic or may cause
severe bleeding and hematemesis. If the symptoms are short
term, endoscopy is not necessary; if bleeding occurs or symp-
toms persist, endoscopy confirms the diagnosis.

DIAGNOSIS

Erosive ulcers are small. H. pylori must be ruled out as a cause
(see Chapter 54). If serologic, breath test, stool antigen, or
histologic findings are negative, the cause must be determined
by history. Microscopically, the erosions reveal acute and
perhaps mild chronic inflammation in the superficial mucosa,
which can extend down to the muscularis. Endoscopy may
reveal very small ulcers. A brown or a black spot indicates recent
bleeding. The ulcers rarely may be chronic. The greatest danger
from these ulcers is massive bleeding.

It is surprising that these small ulcers can cause great pain or
bleed excessively. If they are duodenal and caused by H. pylori,
therapy for the infection relieves the symptoms. If they result
from NSAID therapy, the ulcers can become chronic in patients

who continue using NSAIDs to relieve osteoarthritic pain (see
Chapters 42 and 55).

TREATMENT AND MANAGEMENT

For effective long-term management of erosive gastritis, it is
best to determine the cause of the ulcers. Any patient in the
acute state should receive a proton pump inhibitor (PPI). If the
ulcer is bleeding, the PPI can be administered intravenously. If
the erosions are caused by a drug or by an infectious agent, or
if they are of peptic origin, they invariably heal. Follow-up
endoscopy is usually not needed, but if symptoms persist or
there is any sign of continued disease, such as prolonged nausea,
occasional vomiting, or mild pain, repeat endoscopy is essential
to rule out an underlying malignancy. If a drug is the cause,
eliminating the drug is the only therapy required. If an infection
is the cause, eliminating the infection will cure the small ulcers.
If the cause is unknown, the patient may require long-term
antacid therapy.

COURSE AND PROGNOSIS

The course of erosive gastritis is usually short, with an excellent
prognosis. Bleeding stops with treatment, and symptoms
subside. Rarely, the bleeding may be massive, and the diagnosis
is usually associated with another gastropathy or ischemia;
emergency surgery is needed.

ADDITIONAL RESOURCES
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Figure 56-1 Erosive Gastritis with Acute Gastric Ulcers.
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Peptic ulcer disease is a term used to refer to ulceration of the
gastric or duodenal mucosa aggravated by penetration of
the mucosal barrier by acid and pepsin (Fig. 57-1). The natural
history of peptic ulcer disease was dramatically revised with the
discovery of H, inhibition of acid secretion and then proton
pump acid inhibition. The discovery that Helicobacter pylori is a
major factor in all ulcer disease led to its treatment and to the
cure of peptic ulcer when associated with H. pylori infection.
The identification of iatrogenic causes (e.g., nonsteroidal anti-
inflammatory drugs [NSAIDs]) further defined the nature and
causes of peptic ulceration.

Before the advent of these findings, peptic ulcer had been
considered an acute and chronic disease that required long-term
diet, psychotherapy, and surgical therapy. These approaches
have changed greatly, however, as have descriptions of the
causes, ulcerations, and complications. Surgical removal has
become a rarity, and the diagnosis of peptic ulcer disease is most

often made endoscopically. Therefore, referring to “superficial”
ulcers that do not penetrate is not clinically practical. Acute and
chronic ulcers are currently difficult to define and no longer fit
their historical definitions.

PATHOPHYSIOLOGY

The gastric and duodenal epithelium is protected by a
mucous coat, which in turn is usually covered by an unstirred,
bicarbonate-rich layer of water. Mucus and bicarbonate are
secreted by gastric epithelial cells, as well as duodenal Brunner
glands. Whenever acid and pepsin break these layers, cells may
be injured. Minor injuries from irritants are usually rapidly
healed. However, when the injury is prolonged by any of the
causes elaborated here, ulceration may occur. Acid and pepsin
overrun the defensive and regenerative processes to break down
the mucosa.

Subacute ulcer with chronic changes

Subacute ulcer

Serosal aspect

Chronic gastric ulcer

Figure 57-1 Subacute and Chronic Gastric Ulcers.
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CAUSES AND ASSOCIATIONS

Causes and associations of peptic ulceration can be classified in
four categories: infectious (H. pylori), drug related (INSAIDs),
hypersecretory, and miscellaneous.

Infectious Causes

Helicobacter pylori is probably the most common cause of peptic
ulceration, depending on the prevalence in a particular area. As
discussed in Chapter 54, H. pylori infection penetrates the
mucous layer. It requires acid for its survival but can protect
itself from acid destruction by an alkaline material that it
secretes.

Because H. pylori affects approximately half the world’s popu-
lation, people with the bacterium are susceptible to peptic ulcer-
ation. Once the bacterium is present, its effects range from mild
degrees of inflammation to ulceration. In the gastric mucosa, H.
pylori causes inflammation, and in the duodenal mucosa, it
causes metaplasia to gastric epithelium and then the resultant
damage. Approximately 60% of patients with gastric ulcer and
80% of those with duodenal ulcer have chronic H. pylori infec-
tion. It is estimated that only 20% of those infected ever acquire
peptic ulcer. Whether ulceration develops depends on several
factors, including the strain of H. pylori and other risk factors in
the host. Regardless, treating the H. pylori infection dramatically
decreases the occurrence of ulcer.

Drug-Related Causes

Worldwide use of NSAIDs for the relief of pain and neurologic
disorders has made these drugs the first or second most common
cause of peptic ulceration, depending on the extent of their use.
NSAIDs injure the gastrointestinal (GI) mucosa topically and
systemically. Again, when the mucosal barrier is broken in the
stomach or the duodenum, peptic ulceration develops. Attempts
to decrease the harmful topical effects of NSAIDs have included
applying enteric coating, but the systemic effects persist, result-
ing in simple, superficial petechiae becoming deep ulcerations.
Careful endoscopic studies have revealed that mucosal petechiae
or small erosions develop in 15% to 30% of patients who use
NSAIDs. However, serious pain or bleeding is still relatively
rare and is estimated to affect less than 1% of patients. Certain
risk factors, including smoking, old age, and concomitant H.
pylori infection, increase the chances of peptic ulceration or
bleeding. It also appears that selective cyclooxygenase-2
(COX-2) inhibitors produce less damage than the standard
COX-1 NSAIDs. Given all these facts, the physician still must
consider NSAIDs as one of the most common causes of peptic
ulceration.

Two other ulcerogenic drugs, alendronate and risedronate,
are frequently used to treat osteoporosis. As newer and more
potent drugs become available, clinicians must be aware that
they are potential ulcerogenic agents.

Hypersecretory Causes

With regard to the third category, hypersecretory states, it is
well known that patients with duodenal ulcer appear to produce
higher amounts of gastric acid, but this fact is less important
now that H. pylori is known to be a major cause of ulcer. H. pylori
itself may stimulate acid production and may increase gastrin

levels. Studies in acid production since the contribution of H.
pylori became known are not readily available.

In Zollinger-Ellison syndrome (ZES), the gastrinoma secretes
gastrin, and there is an associated proliferation of entero-
chromaffin-like (ECL) cells in the stomach, stimulating hyper-
secretion of acid (see Chapters 41 and 199). With this high
level of acid secretion, the mucosal barrier becomes over-
whelmed, and breaks occur in the gastric and duodenal mucosa
to cause ulceration. Treating gastrinomas may simply require
proton pump inhibitors (PPIs) in high doses, to combat hyper-
secretion, or chemotherapy, embolization, or surgical resection,
depending on the patient and the extent of the lesion (see
Section VII).

Another cause of acid hypersecretion is systemic mastocytosis,
in which proliferating numbers of mast cells produce large
amounts of histamine that affect gastric secretion and have sys-
temic effects on the skin, liver, and bone marrow. In patents
with systemic mastocytosis, treatment with H;-receptor and
H,-receptor antagonists, anticholinergics, oral disodium chro-
moglycate, and even corticosteroids, with or without cyclophos-
phamide, may be helpful.

Massive resection of the small bowel in patients with short-
bowel syndrome is often associated with hypergastrinemia and
hypersecretion. These patients require selective therapy because
of absorption problems. Also, antral G-cell hyperfunction syn-
drome may be confused with ZES and is usually treated
medically.

Miscellaneous Causes

All clinicians encounter patients whose ulcers do not fit any of
the categories just described. Since the discovery of H. pylori’s
role, there is always suspicion that other infectious agents may
cause chronic ulceration. Stress is no longer considered a major
factor. However, results from Pavlov’s experiments on stress
ulceration still hold true. There is no question that psychologic
stress can stimulate hormonal release, and peptic ulceration
certainly may be caused by severe environmental or psychologic
stress. However, the stress must be severe to be a factor in
ulceration. Similarly, as indicated, cigarette smoking, alcohol,
and consumption of hot spices or high amounts of caffeine
(coffee, tea, colas) may be factors in the production of peptic
ulceration.
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Peptic ulcer occurs when the duodenal bulb or the first or
second part of the duodenum becomes ulcerated because of
severe focal inflammation. The inflammation may be in areas of
the bulb or proximal duodenum, referred to as duodenitis (Fig.
58-1). As discussed in Chapters 55 and 56, frequently the causes
of this phenomenon are Helicobacter pylori infection or nonste-
roidal andinflammatory drugs (NSAIDs). This discussion is
limited to duodenitis and disease of the bulb and the first and
second parts of the duodenum. Duodenitis from other origins
and affecting the entire duodenum is discussed in Section IV.

Multiple ulcers
("kissing” ulcers)

Ulcer in second portion
~ of duodenum

CLINICAL PICTURE

The most common symptom of duodenal ulcer or duodenitis
is epigastric pain. However, nausea, recurrent vomiting, and
occult or gross bleeding may be the presenting symptoms and
the reason patients seek treatment. It is surprising how often
(almost 50% of patients) duodenal ulcers and duodenitis mani-
fest as bleeding. The bleeding may be in the form of chronic
anemia or massive upper gastrointestinal (GI) hemorrhage
(see Chapter 60).

Duodenitis with
erosions

Prestenotic pseudodiverticula

Figure 58-1 Duodenal Ulcers.
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DIAGNOSIS

The most common cause of duodenal ulcer and duodenitis is H.
pylori infection. Therefore, some clinicians diagnose H. pylori
infection noninvasively and treat the patient. Symptoms may
completely resolve without endoscopic evaluation. However, if
the patient has anemia or acute bleeding, endoscopy is essential
even with a noninvasive diagnosis of H. pylori infection.

During endoscopy, the duodenal bulb is often swollen and
difficult to distend. Consequently, the endoscopist will observe
the duodenitis but may miss the ulcer bed.

More common, and clinically important, is chronic duodenal
ulcer. With few exceptions, this lesion is seated within the duo-
denal bulb. It develops with essentially the same frequency on
the anterior or posterior wall. The average size of a duodenal
ulcer is 0.5 cm, but ulcers on the posterior wall are usually larger
than those on the anterior wall, primarily because the posterior
wall ulcers, separated by the pancreas lying below the ulcer, can
enlarge without free perforation.

Duodenal peptic ulcer is usually round and has a punched-
out appearance. When small, the ulcer may be slitlike, crescent
shaped, or triangular. Unlike acute ulcers, which stop at the
submucosa, chronic ulcers involve all layers, penetrating to the
muscular coat and beyond. An ulcer on the anterior wall may
show a moderate amount of proliferation, but an ulcer on the
posterior wall shows evidence of considerable edema and fibro-
sis. Healing may proceed as with a gastric ulcer—with the disap-
pearance of the crater and bridging of the gap through the
formation of fibrous tissue covered by new mucous membrane—
but healing becomes more difficult once the destruction of the
muscular layer has gone too far.

Symptoms of chronic ulcer are typical and are characterized
by periodic episodes of gnawing pain, usually located in the
epigastrium. The pain occurs 1 to 2 hours after meals and may
be relieved by food.

Peptic ulcers in a region distal to the duodenal bulb occur
infrequently (<5% of all duodenal ulcers), decreasing in fre-
quency with their distance from the pylorus. Ulcers in the
second portion of the duodenum cause the same symptoms and
complications as ulcers of the duodenal bulb. The clinical
picture and later the clinical significance of acute ulcers, however,
may be much more complex because of the functional and ana-
tomic implications for the adjoining structures. Because of the
edema of their margins and surroundings and because of pen-
etration or shrinkage, acute ulcers may cause obstruction and
eventually stenosis of the papilla of Vater or the lower part of
the common bile duct, along with one or both of the pancreatic
ducts, so that chronic pancreatitis or biliary obstruction with
jaundice, or even both, may result. Deep penetration may give
rise to choledochoduodenal fistula.

Multiple chronic ulcers of the duodenum are common,
occurring in 11% to 45% of autopsy cases. Rarely have more
than two been found. Ulcers developing on both the anterior
and the posterior wall are referred to as kissing ulcers.

Only a small percentage of patients with active duodenal
ulcer also have active gastric ulcer. One of the most typical
duodenal deformities occurring with the ulcerative process is
the prestenotic pseudodiverticulum. Seen from the lumen, it repre-
sents a relatively flat, sinuslike indentation, usually between the
pylorus and the site of the ulcer or proximal to a duodenal
stricture resulting from a cicatricial remnant of an ulcer.
Although all layers of the duodenal wall participate in the for-
mation of such a pouch, this differs from a true duodenal diver-
ticulum (see Chapter 52) in that the mucosa has not evaginated
through a small muscular gap.

TREATMENT AND PROGNOSIS

Treatment for duodenitis and duodenal ulcer is similar to (or
the same as) treatment for acute gastric ulcers (see Chapter 56)
and depends on the cause. Once again, if infectious (H. pylori),
eradication of the organism is curative. If the cause is an irritat-
ing agent or a metabolic disease, treatment varies and is dis-
cussed according to conditions in Chapter 57, for which the
cause must be identified and then the appropriate therapy used.
In the acute phase, H, or proton pump inhibitors will usually
relieve pain until specific therapy is available, and certainly until
the ulcer heals, which may take 2 to 4 weeks. Antacids and
sucralfate can also be helpful.
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N umerous complications can occur from acute or chronic
ulceration of the stomach or duodenum. These include
perforation, bleeding, scarring stenosis and obstruction, and
various forms of malabsorption (Fig. 59-1).

ACUTE PERFORATION

Clinical Picture and Pathophysiology

Perforation of an ulcer may be free and may extend into the
peritoneal cavity or into an adjacent organ. Free perforation is
an acute, life-threatening complication. It appears to be more
common in smokers and elderly persons.

The duration of an ulcer (stomach or duodenum) does not
seem to affect how quickly the ulcerative and inflammatory
processes penetrate the muscular and serous layers. Acute peptic
ulcer may penetrate the gastric or intestinal wall so rapidly that
10% to 25% of patients may have no history of previous symp-
toms. Chronic ulcers, on the other hand, may exist for years
without progressing so deep as to implicate the serosa, although
chronic ulcers that cause severe, persistent symptoms and recur-
rent or calloused ulcers can always cause perforation. The rapid-
ity with which the digestive effect of the strongly acid gastric
juice destroys the wall layers and approaches the serosa cannot
be anticipated.

Once perforation has taken place, the location of the ulcer
plays a dominant role in subsequent events. Ulcers of the ante-
rior wall of the stomach and the duodenum have a greater access
to the so-called free peritoneal cavity than those on the posterior
wall. Ulcers of the posterior wall may penetrate the underlying
organs, such as the left lobe of the liver, the pancreas, or the
gastrohepatic ligament. These may block the ulcer and prevent
the entry of gastric or duodenal contents into the peritoneal
cavity. This blocked perforation, in which a new floor for the
ulcer has been organized outside the visceral wall, is called
chronic perforation or penetration, whereas the term subacute per-
foration is reserved for certain tiny ruptures in the serosa that
occur only with the relatively slowly advancing penetration of a
chronic gastric ulcer. In such cases, fibrous adhesions to con-
tiguous parenchymal organs or peritoneal attachments result
from periinflammatory tissue reactions, long before the ulcer
has permeated the serosal layer. Adhesions intercept the small
amount of gastric content that might escape through the usually
tiny apertures, thus enveloping the fluid, which may lead to the
development of localized abscesses.

Free perforation occurs most frequently with ulcers of the
anterior wall of the duodenal bulb. The hole resulting from an
acute perforation is usually round, varying in diameter from
2 to 4 mm. One of the characteristic features of these holes is
their sharp edge, which makes them appear to have been

punched out. Surrounding tissue may fail to show any signs of
chronic induration, edema, or inflammation.

Acute and free perforations, whether in the stomach or
duodenum, are dramatic episodes. Perforation causes sudden,
excruciating, explosive pain throughout the abdomen that may
radiate to the chest and shoulder. The patient becomes pale and
often breaks into a cold sweat. To reduce the abdominal pain,
the patient may flex the thighs toward the abdomen, which is
extremely rigid and tender. This early phase may last 10 minutes
to a few hours, and depending in part on the amount and type
of gastrointestinal content released into the peritoneal cavity,
the patient’s body temperature becomes subnormal, but the
pulse rate and blood pressure remain within normal ranges
(pulse rate may even be rather slow). Breathing may become
superficial and panting. Within a short time, sometimes intro-
duced by a period of apparent subjective improvement, all the
typical signs (nausea, vomiting, dry tongue, rapid pulse, fever,
leukocytosis) of severe, acute, diffuse peritonitis appear. The
tenderness, in the early phase confined mostly to the upper part
of the abdomen, has spread over the total abdominal area. It
may be excessive in the lower-right quadrant if, with a perfo-
rated duodenal ulcer, the intestinal material dissipates into the
right lumbar gutter along the ascending colon.

Diagnosis

The differential diagnosis between a perforated gastric or duo-
denal ulcer and pancreatitis or mesenteric thrombosis may be
difficult, but these signs are seldom encountered with a ruptured
appendix. Other conditions, such as ectopic pregnancy, rup-
tured diverticulum, renal colic, acute episodes of biliary tract
disease, acute intestinal obstruction or volvulus, and sometimes
coronary thrombosis, must be considered.

The most helpful sign to confirm a suspected diagnosis of
ulcer perforation is the presence of free air in the peritoneal
cavity, particularly in the subphrenic space, demonstrable by
upright x-ray examination. If the patient can sit or stand, the air
will accumulate under the diaphragm. Escaped air is rarely
present only under the left diaphragm and may be detected
under both diaphragmatic leaves, but usually, air is found only
under the right diaphragm. Computed tomography (CT) assists
in making the correct diagnosis when there is clinical uncer-
tainly or no free air is present.

Treatment and Prognosis

If escaped air is found, emergency surgery is indicated. The
prognosis for the patient with a perforated gastric or duodenal
ulcer is better when surgery is performed early. At present, the
procedure of choice is closure of the perforation. If the facilities
are suboptimal and the patient is in poor general condition,
efforts to treat conservatively with suction through an indwell-
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Figure 59-1 Complications of Gastric and Duodenal Ulcers.
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ing catheter in the stomach, massive antibiotics, and supportive
therapy entail greater risk and are less successful than surgery.
Closing the perforation, irrigating the peritoneum, and admin-
istering antibiotics currently represent the usual treatment. In
some patients, more definitive ulcer surgery, such as vagotomy
with or without resection, may be considered.

CHRONIC PERFORATION

Clinical Picture and Pathophysiology

Erosion of the serosal layer by a chronic peptic ulcer on the
posterior walls of the stomach and duodenum and its penetra-
tion into a contiguous organ is a slow process; the patient
may not even feel the actual perforation. Typical ulcer pains,
associated with and relieved by eating, gradually become con-
tinuous, gnawing, boring pain that no longer responds to the
ingestion of food. The pain may radiate to the back, shoulder,
clavicular areas, or umbilicus or down to the lumbar vertebrae
and the pubic or inguinal regions. A classic example of chronic
perforation is the ulcer of the posterior wall of the duodenal
bulb, penetrating into and walled off by the pancreas. During
surgery for this condition, while attempting to remove the
entire ulcer with its floor in the pancreatic tissue, the surgeon
risks producing a pancreatic lesion that may open accessory
pancreatic ducts. Therefore, it may be advisable to leave the
ulcer floor untouched after careful dissection of the ulcer from
the duodenal wall.

Ulcers located in the upper parts of the posterior duodenal
wall tend to penetrate the hepatoduodenal ligament. This
process is usually accompanied by the development of extensive,
fibrous, and thickened adhesions, to which the greater omentum
may contribute. The supraduodenal and retroduodenal portions
of the common bile duct, coursing within the leaves of the liga-
ment, may become compromised in these adhesions. As a result
of a constriction or distortion of the common duct, mild obstruc-
tive icterus may confuse the clinical picture. Fortunately, perfo-
ration into the duct with subsequent cholangitis is rare. Acute,
perforated ulcers of the posterior gastric wall seldom release
chyme into the bursa omentalis, only producing signs of local-
ized peritonitis without free air in the abdominal cavity.

Diagnosis

Endoscopy is invariably performed when the symptoms are
chronic. The presence or absence of Helicobacter pylori is estab-
lished and the degree of damage assessed. CT is essential to
further determine the damage caused by scarring and to assess
whether surgery is needed. If bile or pancreatic ducts are
involved, magnetic resonance imaging (MRI) or endoscopic ret-
rograde cholangiopancreatography (ERCP) may be needed.

Treatment and Prognosis

Each patient must be evaluated carefully to decide whether
medical treatment with eradication of any infection and proton
pump inhibitor (PPI) therapy will enable healing, or whether

surgical intervention is necessary. The location of the perforated
area will influence the choice of surgical approach. Again, the
course will depend on these factors. If the pancreas or bile ducts
require revision, the course will be prolonged, and morbidity
and mortality will be higher.

OBSTRUCTION

Clinical Picture and Pathophysiology

Another typical complication of chronic relapsing duodenal or
juxtapyloric ulcer is stenosis of the pylorus, which develops as the
result of the gradual thickening of the duodenal wall and the
progressive fibrotic narrowing of the lumen. The incidence of
complete pyloric stenosis as a sequela to ulcer has decreased in
recent decades because of improved medical management of this
type of ulcer and prompt recognition of its initial phases. When
the pyloric lumen begins to narrow, the stomach tries to over-
come the impediment by increased peristalsis, and its muscular
wall becomes hypertrophic. This stage is called compensated
pyloric stenosis because, with these adaptation phenomena, the
stomach succeeds in expelling its contents with only mild
degrees of gastric retention. Later, when the lumen is apprecia-
bly narrowed, the expulsive efforts of the stomach fail, and the
clinical picture is dominated by incessant vomiting and distress
resulting from progressive dilation of the stomach, which at
times may be massive (see Chapter 48).

Treatment

Decompensated pyloric stenosis, resulting in the retention of
ingested material and the products of gastric secretion, is
irreversible and is an unequivocal indication for surgical
intervention.

HEMORRHAGE

Minor bleeding occurs in most patients with acute or chronic
peptic ulcer. Occult blood can be found in the stools or gastric
juice of most ulcer patients, the result of the oozing character-
istic of ulcerative lesions. Along with perforation, massive
hemorrhage is the most dangerous ulcer complication, but
fortunately, it occurs much less often than minor bleeding. It
has been estimated that of all massive hemorrhages of the gas-
trointestinal tract, 50% stem from peptic ulcer.

The diagnosis, course, and treatment of acute and chronic
bleeding are discussed in Chapter 60.
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astrointestinal (GI) bleeding may indicate acute or chronic

loss of blood from the GI tract. It may originate in the
upper or the lower part of the tract. Acute bleeding may be life
threatening; chronic bleeding is slow or even occult (Fig. 60-1).
The GI tract can lose as much as 50 mL of blood per day, which
is replaced, without anemia, but it is a signal of a GI lesion. This
chapter discusses upper GI bleeding; Chapter 132 describes
lower intestinal bleeding.

The incidence of bleeding from the upper GI tract is approx-
imately 100 cases per 100,000 population. The most common
cause of upper GI hemorrhage is peptic ulceration of the
stomach or duodenum, with or without aspirin or nonsteroidal
antiinflammatory drug (NSAID) use. Approximately 50% of
duodenal ulcers are silent. The next most common cause is
variceal bleeding, then Mallory-Weiss syndrome with lacera-
tions from excessive vomiting with trauma, and then simple
erosive disease of the stomach or duodenum. Less common
causes are vascular ectasia, Dieulafoy vascular malformation,
upper GI neoplasm, severe esophagitis, and rare causes of severe
bleeding such fistula, hemobilia, and esophageal ulceration or
lesion. Age appears to be a major factor; elderly persons are at
increased risk and make up 30% to 45% of the population with
upper GI bleeding. Portal hypotension and esophagogastric
variceal bleeding are discussed in Section IX.

CLINICAL PICTURE

Patients with massive upper GI bleeding may also have hema-
tochezia (blood in feces), causing them to quickly seek treat-
ment. Other patients bleed slowly and seek treatment after
significant anemia and paleness have developed. Often, patients
with slow bleeding report weakness, but the paleness is apparent
on first examination. In patients with acute bleeding, the massive
loss of blood may manifest as sudden syncope or, in emergency
situations, as hypovolemia with significant hypotension and
occasionally shock.

The patient with slow GI bleeding may seek treatment
for anemia, with findings of paleness and weakness. In other
patients, the bleeding may truly be occult, and stool samples will
be positive for occult blood at routine examination.

Syncope, hematochezia, melena, and hypotension are emer-
gencies requiring hospitalization and circulatory stabilization.

If the bleeding is occult and the presentation is iron-
deficiency anemia, the presentation may merely be of a patient
seeking a cause for the iron loss. The workup and differential
diagnosis may follow on an outpatient basis.

DIAGNOSIS

It is rare that a patient bleeds so heavily that he or she is brought
to the operating room without a diagnostic evaluation; endos-
copy is readily available in most emergency situations. Endos-
copy is performed with or without prior cleansing lavage of
the stomach, depending on the patient’s condition and the
endoscopist’s preference. Identifying gastric or duodenal peptic

disease may be simple but is often obscured by blood coating or
clots in the stomach. Varices usually are easily identified, as are
vascular lesions, which can include vascular ectasia, arteriove-
nous malformation, hereditary hemorrhagic telangiectasia, and
angioma. Vascular lesions are difficult to identify and may not
become apparent until the bleeding slows and the stomach is
emptied. Upper endoscopy is the best procedure for diagnosing
GI bleeding. Occasionally, however, it is difficult to establish
the exact source, and angiography may be helpful. When direct
endoscopy is nondiagnostic, wireless capsule endoscopy should
be performed as soon as possible to identify the bleeding site or
lesion.

For patients with occult bleeding, or when it is unclear from
endoscopy whether a small lesion is causing the bleeding, the
diagnostic tools available are angiography and capsule endos-
copy. Enteroscopy with a longer upper endoscope may be
helpful, but full-length, small-bowel enteroscopy of the ileum
is difficult to perform and is used less often than wireless capsule
endoscopy, which is simple and has become the procedure of
choice when the diagnosis is uncertain. Double-balloon enter-
oscopy to visualize the small bowel is another choice when a
lesion is suspected on capsule evaluation, but it is a difficult
technique and is not used in many institutions. Whenever a
patient has occult bleeding, the small bowel must be considered;
thus, capsule endoscopy, enteroscopy, or computed enterogra-
phy is used. Vascular malformations account for almost 70% to
80% of bleeding in the small bowel and can be diagnosed using
capsule endoscopy. Tumors of the small bowel are visualized
with capsule endoscopy or other imaging techniques (see

Section IV).

TREATMENT AND MANAGEMENT

Approximately 85% of massive upper GI bleeding is controlled
by transfusion and by proton pump inhibitor (PPI) or significant
antacid therapy. When the endoscopist identifies a bleeding
vessel, endoscopic therapy has proved extremely successful. Epi-
nephrine injections, cauterization, and heater-probe cautery
have been successful in controlling most lesions. Nevertheless,
approximately 10% to 15% of patients with severe bleeding
require surgical intervention. The criterion is usually lack of
control of the bleeding, as evidenced by the need for a transfu-
sion of more than 4 to 6 units of blood. When surgery is
required, the options (simple sewing vs. resection) depend on
the patient’s age, anatomy, and clinical status.

In patients with occult bleeding and rare lesions, the final
therapy usually involves surgical intervention. However, ectasias
are a major problem. When ectasias are numerous or cannot be
cauterized, therapy is frustrating; if localized, surgical resection
is possible; if diffuse, various modalities are attempted. Estrogen
therapy has been used in different trials but has not been uni-
versally successful. For the 5% to 10% of patients with unidenti-
fied GI bleeding, therapy becomes supportive, with intermittent
blood replacement and continuing diagnostic efforts.
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Figure 60-1 Gastrointestinal Hemorrhage.



COURSE AND PROGNOSIS

Most GI bleeding is successfully controlled by medical therapy,
and the difficult cases are controlled by surgery. The prognosis
in these patients is excellent. However, mortality from acute GI
bleeding ranges from 5% to 12%. When the bleeding is stopped,
the prognosis for the patient is good. Inability to stop the bleed-
ing leads to a failed outcome. It is estimated that more than
20,000 deaths occur annually in the United States because of GI
bleeding. Even during surgery, it may be difficult to identify the
bleeding site. Intraoperative endoscopy has been helpful, but if
the cause of the bleeding cannot be found, the prognosis is
guarded, especially for the elderly patient.

If the cause of occult bleeding cannot be determined, patient
and physician are similarly frustrated. Slow bleeds are easily
handled with transfusion and iron replacement, but prognoses
vary. Prognoses for specific lesions are discussed under the
appropriate disease chapters (e.g., neoplasms, varices, lower GI

bleeding).
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isualization of the proximal gastrointestinal (GI) tract

began in 1868 with Adolfe Kussmaul, who was able to
visualize the stomach using a rigid tube. Later, Rudolf Schindler
used lenses to make the lower half of the “gastroscope” flexible.
By 1960, Basel Hirskowitz helped develop and popularize the
use of fiberoptics with a flexible “fiberscope” that permitted
intubation of the duodenum. Videoendoscopes were introduced
in 1983, using a chip, a charge-coupled device, of a photosensi-
tive silicon grid to produce current by means of photoactivation.
Many revisions and technologic advances followed, and video-
scopes are now standard equipment for all endoscopists. Addi-
tional developments enabled use of therapeutic techniques in
the esophagus, stomach, and duodenum. Attaching an ultra-
sound receiver to the tip of the scope has further developed

endoscopy as a diagnostic tool by combining endoscopy with
ultrasound (EUS).

STANDARD PROCEDURE

Upper endoscopy, or esophagogastroduodenoscopy (EGD), is
now performed as an ambulatory procedure. After appropriate
consent is obtained, the patient is sedated. The type of sedation
used varies greatly across countries and institutions. Some still
use simple topical anesthesia, whereas others choose sedation or
general anesthesia. The most common sedation is often referred
to as “conscious” sedation and consists of pain relief and some
form of sleep induction that may have an amnesic effect. Meper-
idine or fentanyl plus diazepam or midazolam is frequently used.

Standard endoscopy is used for diagnostic purposes and has
channels that permit biopsy specimens to be obtained for histo-
logic evaluation. The development of flexible videoscopes with
larger channels and various angulations created a revolution in
instrumentation and enhanced the development of therapeutic
procedures (Fig. 61-1).

THERAPEUTIC PROCEDURES

In pnewmatic dilatation for achalasia, guidewires are placed
through an endoscope into the stomach. A pneumatic, dilating
hydrostatic balloon is passed over the guidewire and positioned
across the lower esophageal sphincter (LES). The balloon is
then inflated, and the increased hydrostatic pressure tears the
sphincter. Although most gastroenterologists recommend pneu-
matic dilatation, many prefer surgical splitting of the sphincter.
Clostridium botulinum toxin (botulinum toxin A, Botox) admin-
istration is usually reserved for patients unable to undergo
surgery or vigorous pneumatic dilatation.

Monopolar and bipolar electrocoagulation and hbeater probe are
used to coagulate mucosa. They are especially helpful in treating
bleeding ulcers. The tip of the probe is placed directly on the
bleeding side or on the four quadrants surrounding it. Coagula-
tion occurs, and the bleeding usually stops.

In laser treatment, the flexible quartz probe is passed through
the endoscopic channel and can conduct either an argon or an
Nd:YAG laser so that the light beam “hits” tissue. This may be
used to coagulate or ablate bleeding sites, ectasias, or tumors. It
has been a useful procedure but has not gained wide acceptance.
Laser treatment for esophageal cancer is a palliative procedure,
but the principle is the same as that used for bleeding.

Injection therapy to control bleeding requires a thin flexible
catheter with a retractable needle at the tip. An agent is injected
into the mucosa to occlude vessels around a bleeding site,
including ethanol, diluted epinephrine, and other sclerosing
agents. This is often used to stop bleeding vessels. Saline injec-
tion is also used to raise a small lesion from the wall so that it
can be more easily snared. (This technique is used in the colon
to remove flat polyps.)

The use of injection and banding for sclerosis of esophageal
varices is described in Section IX. Both techniques are impor-
tant and have been successful in controlling and treating variceal
bleeding.

Once a stricture is identified in the esophagus, it is customary
to dilate. Esophageal dilatation techniques include (1) “blind”
passage with weighted catheters; (2) savory dilatation, in which a
guidewire is passed into the stomach and successively larger
catheters are passed over the guidewire through the stricture;
and (3) balloon dilatation, in which a collapsed balloon is passed
through the endoscope and, once placed at the stricture site, is
inflated to stretch or tear the stricture. Metal dilators (Eder-
Puestow) are available. Savory dilators are hard plastic, and
hydrostatic balloon dilators consist of plastic polymers.
Weighted bougies can be passed with no sedation or local seda-
tion, whereas savory dilators and hydrostatic balloons require
endoscopy.

Plastic or metal stents are passed through a large port channel
of an endoscope and used to bridge malignant lesions in the
esophagus. The stents are temporary but provide effective
palliation for short periods.

With polypectomy, polyps in the esophagus, stomach, and
colon can be removed by passing a snare through the endoscope.
The endoscopist loops the snare around the base of the polyp,
then applies cautery to cut the base. The polyp is removed
through suction or, if too large, is retrieved by removing the
scope with the polyp held by the snare’s loop or by suction. The
same technique can be used in any of the hollow organs. At
times, the snare is flat. When the base can be lifted by saline
injection, the mucosa can be snared and the tissue retrieved.

Endoscopic retrograde cholangiopancreatography is described in
detail in Section VIIL. Using a lateral-viewing scope, the endos-
copist can cut the sphincter in the ampulla with electric cautery,
permitting removal of stones, passage of stents to dilate stric-
tures in the common duct, and passage of special scopes to
visualize the common duct or pancreatic ducts.
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Esophageal and gastric foreign bodies (boluses) can be
removed through an endoscope using loops, snares, and baskets.
If the bolus is soft, it can be broken up and pushed into the
stomach. If the bolus is firm or hard, it can be snared for
retrieval. The technique used varies with the size and type of
bolus and the patient’s condition. Some endoscopists use an
overtube to remove parts of the obstructing bolus with the scope
and then pass the scope again to continue to remove the bolus.
Boluses in the stomach can be large, and surgery may be needed
if they cannot be broken up or removed. After a bolus is removed
from the esophagus, follow-up endoscopy is usually performed

when the traumatized area has healed, to ensure that the patient
does not have a chronic disease and to establish the cause of the
obstructing event.
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B enign tumors of the stomach are relatively rare. Numerous
autopsy studies reveal that gastric polyps are present in
approximately 0.1% of gastric specimens. However, with the
advent of endoscopy, small tumors have been more readily iden-
tified (Fig. 62-1). These tumors can be classified as epithelial,
submucosal, and ectopic.

Benign tumors of epithelial origin include hyperplastic,
fundic gland, and adenomatous polyps. Submucosal lesions
include leiomyomas, lipomas, fibromas, hamartomas, hemangi-
omas, neurofibromas, gastrointestinal stromal tumors (GISTs),
eosinophilic granulomas, and inflammatory polyps. Ectopic
tissue, such as pancreatic rests or Brunner gland hyperplasia,
may result in apparently benign tumors.

CLINICAL PICTURE

In general, benign tumors are asymptomatic and are identified
on radiography or endoscopy. Although benign, these tumors
may be associated with bleeding or obstructive phenomena.
Severe, acute bleeding may occur with a lipoma that has surface
erosion and an active bleeding vessel on the surface. Chronic
bleeding and anemia may develop from an intermittent or slow
leak from the polyp. A rare presentation is gastric outlet obstruc-
tion caused by prolapse of a large polyp into the duodenum.

DIAGNOSIS

If the lesion is identified using radiography, barium contrast, or
computed tomography (CT), endoscopy is required for biopsy
and further evaluation. Endoscopic ultrasound (EUS) is helpful
to evaluate the depth of the lesion, and characteristic findings
of various benign lesions confirm diagnosis. Initial endoscopy
with biopsy is often preferred. It may be possible to remove
the entire lesion endoscopically; therefore, the procedure is
therapeutic.

TREATMENT AND COURSE

Small lesions may be hyperplastic polyps, fundic gland polyps,
or adenomas. All are benign and of epithelial origin. Once his-
tologic diagnosis is made, these require no further therapy.
Dilated, distorted fundic glands are usually very small polyps,
smaller than 1 cm, but they may develop in large numbers.
Fundic gland polyps are usually asymptomatic and are not associ-
ated with bleeding. Frequently, the polyps are hyperplastic and
consist of a proliferation of epithelial elements without atypia.
Hyperplastic polyps also are very small and are not premalignant
or associated with bleeding. Adenomatous polyps (adenomas) may
be larger than fundic gland or hyperplastic polyps. Adenomas
have the potential for malignancy and may be associated with
adenocarcinoma. The risk for carcinoma, once adenomatous

polyps are identified, may be as high at 10%. Once the lesion is
larger than 2 cm, it is associated with malignancy. These polyps
should be removed, and patients with adenomas should be
enrolled in a surveillance program once the adenomatous
histology is identified.

Guastrointestinal stromal tumors, also referred to as mesenchymal
stromal tumors, are derived from smooth muscle. GISTs make
up to 70% of all GI mesenchymal tumors. They tend to be slow
growing and often are not diagnosed until the fifth or sixth
decade of life. However, they may be associated with bleeding
and upper GI distress. Unfortunately, a certain percentage is
malignant and does metastasize. When GISTs are identified
at endoscopy but are too deep for histologic examination, EUS
can help define the depth and identify possible lymph node
involvement. The tumors must be surgically removed. At
surgery, the specimen can be graded, depending on the number
of mitoses. If the mitotic rate is greater than 2 per 10 high-
power fields, the lesions are more likely to metastasize and
spread (see Chapter 64).

Very small lesions (<1 cm), identified as stromal on EUS,
may be monitored. However, if they become larger than 2 to
3 cm, they should be removed so that the histology and aggres-
siveness of the tumor can be determined and metastasis can be
prevented.

Gastric tumors may develop as part of hereditary gastrointes-
tinal polyposis syndromes. Gastric lesions are seen in conjunction
with familial adenomatous polyposis. Although they are invari-
ably benign, severe dysplasia has been reported in some patients.
Given that these patients often undergo colectomy, their stom-
achs and their duodenums have to be monitored carefully.

Patients with Peutz-Feghers syndrome have formation of ham-
artomatous polyps (hamartomas) in the small intestine and may
have stomach hamartomas (24% in one series). These polyps
are invariably benign, but malignancy has been reported; there-
fore, these patients must have their stomachs and their small
bowels monitored. Patients with juvenile polyposis also have mul-
tiple hamartomas. Although the syndrome can occur rarely in
the stomach, it is more often associated with colonic lesions. As
in Peutz-Jeghers syndrome, potential malignancy is a concern;
therefore, patients with juvenile polyposis should also be
monitored.

PROGNOSIS

Simple polyps of the stomach that reveal no other risk factors
or familial syndromes usually imply a benign prognosis.
However, if a GIST is suspected, or if the polyps are associated
with familial syndromes, patients should be monitored carefully
for potential malignancy (see Chapter 64).
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Figure 62-1 Benign Gastric Tumors.
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ymphomas of the stomach are of two types, both of B-

lymphocyte origin: marginal-zone B-cell lymphoma of the
mucosa-associated lymphoid tissue (MALT) type and diffuse,
large B-cell lymphoma (Fig. 63-1).

MUCOSA-ASSOCIATED LYMPHOID
TISSUE TUMOR

The stomach is the most common site of lymphoma in Western
societies. The MALT type arises from malignant transforma-
tion of B cells that exist normally in the gut but that proliferate
in the inflammatory process. Gastric tissue acquires MALT in
the pathologic response to Helicobacter pylori infection. The
MALT type represents 40% of gastric lymphomas.

Because MALT tumor is related to H. pylori infection, the
incidence is higher where there is a greater incidence of chronic
infection. Evidence has established that H. pylori has a key role
in the development of MALT lymphoma. It is believed that the
disease starts with H. pylori infection, which causes gastritis and
initiates the immune response of T and B cells. In this tissue,
MALT is formed. H. pylori-reactive T cells drive B-cell prolif-
eration, which eventually leads to genetic abnormalities that
result in aggressive tumor activity.

Tumors are often located in the antrum, but they can be
multifocal in as many as 33% of patients. MALT lymphomas
may appear as erosions, erythema, or ulcers. Histologically,
there is invasion and partial destruction of gastric glands by
tumor cells. Cells are usually small and infiltrate the lamina
propria. Often, it is difficult to make the diagnosis of lymphoma
when the lesions are small. However, invasion and distortion of
the tissue clarify the diagnosis. MALT lymphomas are usually

staged as follows:

¢ Stage I: tumors are confined to the mucosa.
e Stage II: tumors extend into the abdomen.

o Stage III (IL): tumors penetrate the serosa to involve adjacent
organs.

* Stage IV: tumors are disseminated to nodal tissue and beyond,
or they are supradiaphragmatic.

Clinical Picture

Patients with MALT tumors usually have epigastric pain or
dyspepsia. However, some may present with nausea, bleeding,
or weight loss.

Diagnosis

Diagnosis of MALT tumors is made by endoscopic visualization
and tissue biopsy. Thorough evaluation must include computed

tomography (CT) of the abdomen, pelvis, and chest, evaluation
of bone marrow, and measurement of serum lactate dehydroge-
nase (LDH) concentration, which is usually normal in MALT
and elevated in other lymphomas. Endoscopic ultrasound (EUS)
is important to assess the extent through the wall and to assess
nodal involvement. After the histologic diagnosis, staging is
essential.

Treatment, Course, and Prognosis

During stage I, MALT is treated with antibiotic eradication of
H. pylori; the recommended regimens are listed in Chapter 54.
Monitoring and follow-up are essential. At 1 to 2 months, eradi-
cation must be established, with tumor regression recorded at
endoscopy. When the tumor is eradicated, follow-up endoscopy
must be performed at 6-month intervals for 2 years. Complete
remission is reported in 70% of patients. Remissions occur
rapidly but may take as long as 18 months.

Reinfection and relapse have been reported; incomplete
remission or removal is always a concern. Controversy sur-
rounds the use of surgery, which some believe is indicated for
all MALT tumors.

In stage II or II; (III), antibiotic eradication of H. pylori has
been attempted, with reports of complete remission. However,
most oncologists agree that chemotherapy should be added for
these patients, and some recommend surgery with or without
radiation. This vigorous regimen has resulted in an 82 % survival
rate.

Stage IV disease requires chemotherapy and evaluation for
local radiation with or without surgery; prognosis is guarded.

DIFFUSE LARGE B-CELL LYMPHOMA

Diffuse, large B-cell lymphoma tumors make up 45% to 50%
of gastric lymphomas, but their cause is not clear. Although
associated, H. pylori infection has not been implicated as causing
large B-cell lymphoma of the stomach. Therefore, eradicating
H. pylori is not considered adequate therapy when diffuse, large
B-cell lymphoma is identified. Lesions occur in the body and in
the antrum of the stomach and tend to be multifocal. They
typically invade the tunica muscularis, and histology reveals
clusters or sheets of large cells. As many as 40% of these patients
show evidence of MALT association, but once it evolves, a large
B-cell mass is the primary diagnosis and concern.

Clinical Picture

These lesions are ulcerating and therefore may present with
bleeding. Some lesions are large enough to cause symptoms of
obstruction. Patients may have pain and associated nausea or
anorexia. An elevated LDH concentration sometimes occurs.
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Diagnosis

Evaluation must include upper endoscopy and CT evaluation of
the chest, abdomen, and pelvis. EUS is helpful for assessing the
full depth of the lesion in the wall of the stomach and the

surrounding nodes.

Treatment, Course, and Prognosis

Approximately 70% of patients with stage I disease have no
recurrence for 5 years with surgical therapy. However, some
investigators believe that with adequate endoscopic diagnosis,
patients can be treated with multiple chemotherapy regimens
and radiation without surgery, providing there is thorough EUS
evaluation. Large B-cell lymphoma appears to be responsive to
radiation and to chemotherapy. Therefore, controversy sur-
rounds the role of surgery and the relative roles of chemo-
therapy and radiation. Many oncologists think that radiation
results in relapses, and that chemotherapy thus should be com-
bined with radiation, which has become the standard of care
when nodes are involved. Surgery should be considered in all
these patients in combination with radiation and chemotherapy.
One series reported survival at 40%.

When H. pylori infection is identified and treated, diffuse
large B-cell lymphoma has responded to antibiotic therapy in
rare cases, but such unimodal treatment is not recommended.
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C ancer involving the stomach is the second most common
cancer in the world. Although it is decreasing in North
America, stomach cancer continues to increase throughout the
rest of the world. The incidence of adenocarcinoma has increased
only in lesions at the cardioesophageal junction (Fig. 64-1).

The etiology of stomach cancer remains complex, and mul-
tiple factors are involved. Tobacco, alcohol, dietary nitrates,
nitrites, and nitrosamines have all been implicated. High intake
of salt has also been implicated in certain parts of the world,
whereas increased refrigeration has been associated with a
decrease in cancer. Epidemiologic studies show that Helicobacter
pylori plays a role in gastric carcinogenesis. Chronic inflamma-
tion associated with H. pylori gastritis is the presumed mecha-
nism. Atrophy of the gastric mucosa (as in pernicious anemia)
and intestinal metaplasia are predisposing factors (see Chapter
55).

Most stomach cancers conform to one or two types: the
intestinal form, which contains glandlike tubular structures, and
the diffuse form, which contains poorly differentiated cells. The
intestinal form is thought to involve steplike development, with
the predisposing atrophic gastritis and intestinal metaplasia pro-
gressing to dysplasia and finally to cancer.

Genetic changes include loss of heterogenicity and loss of the
effectiveness of P53G suppression and, in some patients, muta-
tion of the APC/B-catenin pathway; expression of P16 and P27
is also decreased. Decreased expression of the epithelial cad-
herin gene in patients with diffuse gastric cancer may account
for the morphologic differences between intestinal and diffuse
gastric lesions. Families with hereditary diffuse gastric cancer
have mutations in epithelial cadherin. Geneticists are beginning
to understand the effect of environmental factors on the devel-
opment of stomach cancer.

CLINICAL PICTURE

The clinical picture of stomach cancer varies greatly, depending
on the site of the cancer. Lesions at the cardioesophageal junc-
tion, which are increasing in incidence in North America, tend
to manifest early; they cause dysphagia or early dyspepsia and
are diagnosed at endoscopy in the workup. Larger lesions in the
fundus and body or ulcerating lesions may cause dyspeptic
symptoms, anemia, or frank bleeding. Many are associated with
anorexia and weight loss and manifest at a later stage. Of par-
ticular interest is /Jinitis plastica, which diffusely involves the
stomach with a fibrotic-type histology that results in anorexia
and weight loss.

DIAGNOSIS

As endoscopy becomes more effective, the diagnosis of stomach
cancer is frequently made on visualization and biopsy of the
lesion. Radiographic studies, still used in many parts of the
world, show the classic lesions, from a bottleneck linitis plastica
to an ulceration that requires endoscopic evaluation and biopsy.

It is still difficult to differentiate between a benign and a malig-
nant ulcer. Differentiating gastric ulcer requires biopsy, as well
as healing. Reevaluation is done in 3 to 6 weeks to ensure the
ulcer has healed; if not, vigorous repeat biopsy evaluation is
necessary.

Once the lesion has been identified on histologic evaluation,
endoscopic ultrasound (EUS) can be helpful in determining the
extent of the lesion through the stomach wall and whether
lymph nodes are involved. Small nodes can still contain malig-
nant cells and therefore can be diagnosed only during surgical
exploration. Computed tomography (CT) can assist in identify-
ing nodes missed on EUS and should be used for full evaluation.
Endoscopy, EUS, and CT enable classification and staging of
the disease.

TREATMENT AND MANAGEMENT

The only curative treatment for stomach cancer is surgery to
remove the lesion. Surgery also provides important palliation
for patients with large or obstructing lesions. Surgery is not used
when there is extensive linitis plastica, or when the lesions have
metastasized and carcinomatosis is present and resection or
palliation would be useless.

The extent of surgery and lymph node resection varies, as
decided by the patient and surgeon. Use of adjuvant chemo-
therapy or chemotherapy plus radiation is becoming more
common. Depending on the center and experience of the staff,
adjuvant therapy may be used before or after surgical resection.
The benefits of vigorous chemotherapy and radiation after sur-
gical resection also depend on the patient’s clinical status.

Endoscopic mucosal resection of very small lesions is used in
Japan. Endoscopic resection has been reserved for the intestinal
histology in which EUS has demonstrated no lymph node
involvement. The maximum size of the tumors has been less
than 2 cm.

COURSE AND PROGNOSIS

Five-year survival rates of patients with stomach cancer range
from 18% to 25% in the United States to as high as 50% in
Japan. Survival may be higher in patients with very small lesions
that are identified early. The intensive screening programs in
Japan seem to be effective. Survival rates vary with the extent of
the surgery and with the extent of the disease. Naturally, carci-
noma in situ has the best prognosis. T'1 lesions that involve the
mucosa or submucosa have a better prognosis than T2 lesions
that invade the tunica muscularis, T3 lesions that go beyond the
serosa, or T4 lesions that invade adjacent organs. The stratifica-
tion of lesions is further delineated by nodal involvement, which
has a poor prognosis, as does any sign of metastasis.

Early gastric carcinoma, which involves T'1 lesions, has up to
an 85% to 90% cure rate. Because of early detection techniques,
more lesions of early gastric cancer are discovered, and the
prognosis has improved. Recent advances in chemotherapy have
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improved outcomes. Oral fluoropyrimidine S-1 has improved
3-year survival from 70% to 80% in East Asian patients who
had a D2 dissection for locally advanced lesions.

GASTROINTESTINAL STROMAL TUMORS

Gastrointestinal stromal tumors (GISTS), also called leiomyomas
or leionyosarcomas, are rare (see also Chapter 62). Approximately
70% occur in the stomach, but they may occur in other parts of
the GI tract as well. Their phenotypic feature is that of tumors
originating from smooth muscle, neural elements, or both.
GISTs appear to be relatively benign lesions, but when the
pathologist can count more than five mitoses per 50 high-
power fields, they are considered aggressive and can be of higher
risk.

Clinically, GISTs often present with bleeding or as endo-
scopic findings on evaluation for dyspepsia. Endoscopically,
GISTs may appear thimble shaped, and on EUS, they clearly
arise from the stromal cell element. When larger than 4 cm,
they are considered malignant.

Treatment is surgical removal. However, if the tumors are
malignant and have metastasized, GISTs may respond to the
tyrosine kinase inhibitor imatinib mesylate (Gleevec), used
widely as adjuvant therapy. There are imatinib-resistant GISTs,
and newer agents are being developed that appear effective.
Therefore, an aggressive diagnostic and therapeutic approach is
indicated to provide the appropriate therapy.

CARCINOID TUMORS

Approximately 2% to 3% of all carcinoid tumors arise in the
stomach. They may be poorly differentiated or well differenti-
ated, but carcinoids are thought to arise from neuroendocrine
cells. They rarely have metabolic activity, unlike small-bowel
carcinoids (see Chapter 121).
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Carcinoid tumors are usually small and produce incidental
findings when they originate in the stomach. However, there
are rare reports of malignancy and spread, and these patients
can have all the symptoms described for adenocarcinoma of the
stomach. If the tumors are metabolically active, patients will
present with the clinical picture of the small-bowel variety.

During endoscopy, carcinoid tumors may be seen as small
ulcers, polyps, or tumors. They develop more frequently in
patients with atrophic gastritis. The treatment of choice is
removal of the lesion, but true carcinoid syndrome often metasta-
sizes, and then the treatment is chemotherapy. Somatostatin
has been used to control symptoms, although rarely in gastric
carcinoid and primarily in the active, small-bowel lesions.
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umors of the duodenum are rare. The benign neoplasms

that may be encountered are Brunner gland hyperplasia,
polypoid adenomas, lipomas, leiomyomas, neurofibromas, hem-
angiomas, and aberrant pancreatic tissue. All benign tumors are
rare, and often only slightly elevated. A polyp may be on a
pedicle and then appear mobile, shifting back and forth by
peristaltic motion, and occasionally prolapsing into the pylorus
(Fig. 65-1).

Carcinoma of the duodenum is also rare, but it is the most
common site of primary small-bowel adenocarcinoma. The
incidence of 0.35%, based on autopsy studies, is postulated to
be a result of the rapid transit of material through the duode-
num, lower bacterial load, neutralizing pH, and benzopyrene
hydrolase, which is present in much higher concentrations and
appears to detoxify benzopyrene, a carcinogen found in various
foods. High-risk situations for adenocarcinoma are celiac sprue
and familial adenomatous polyposis. Adenomas occur infre-
quently in patients with duodenal tumors, and the transition to
malignancy does occur (see Chapter 120). Tumors of the
ampulla are described in Chapter 207.

CLINICAL PICTURE

In sporadic reports, obstruction symptoms have occurred when
a large polyp on a pedicle prolapsed into the pylorus, acting as
a ball valve. However, the usual presentation of duodenal tumors
is bleeding, anemia, or jaundice. Unfortunately, by the time of
diagnosis, the lesions have frequently spread: In one series, as
many as 70% were beyond the local site at presentation.

DIAGNOSIS

Endoscopy is the main tool for diagnosing duodenal tumors.
Computed tomography may be helpful, and endoscopic ultra-
sound can assist in staging the disease. In some cases, barium
contrast studies can help determine the extent of the lesion and
evaluate the anatomy at surgery.

TREATMENT, COURSE, AND PROGNOSIS

Treatment is primarily surgical resection and removal of
regional lymph nodes. Radical resection, including pancreatico-
duodenectomy, may be of little help once node metastasis
occurs. Chemotherapy is usually adjunctive or palliative.

Five-year survival rate for adenocarcinoma ranges from 10%
to 20%. The presence of positive nodes reduces 5-year survival
of 55% to 12%.
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W ith the advent of H, inhibitors and proton pump inhibi-
tors (PPIs) and treatment of Helicobacter pylori, gastric
surgery has declined significantly. Previously, the primary indi-
cation for gastric surgery was control of peptic ulcer disease, but
the success of medical therapy greatly decreased the need for
gastric surgery.

Indications for gastric surgery have not changed: uncontrol-
lable gastrointestinal (GI) bleeding, perforation, or obstruction.
A recent indication for gastric surgery is control of morbid
obesity (see Chapters 67 and 68).

PEPTIC ULCER SURGERY
AND VAGOTOMY

The procedure of choice for the surgical treatment of gastro-
duodenal ulcer is subtotal gastrectomy (Fig. 66-1). Two thirds to
three quarters of the distal portion of the stomach is removed,
to reduce the acid-secreting mucosa to such a degree that the
gastric juice becomes anacidic (achlorhydric), or at least hypo-
acidic. Complete removal of the entire antrum is necessary.
Several procedures have been developed, but only a few have
stood the test of time.

The Viennese surgeon Billroth was the first to perform
partial gastrectomy, which included the pylorus and connected
the distal end of the remaining stomach with the open end of
the duodenum (Billroth I). In some cases, however, because of
technical difficulties, a sufficiently wide duodenal cuff is not
available, or fibrosis in the area or anatomic restrictions may
make the procedure difficult. Therefore, Billroth developed
another type of gastrectomy (Billroth II), in which the duodenal
stump is closed, and the stump of the stomach is connected to
a loop of jejunum. Such a gastrojejunostomy can be constructed
in front of the transverse colon or in retrocolic fashion. In the
antecolic procedure, surgeons are careful to ensure that the
afferent loop is free from the colon, and a side-to-side anasto-
mosis of the afferent and efferent loops is created.

Vagotomies were performed before the development of PPIs
and the excellent drugs that reduce acid secretion. Although

now rarely used, vagotomy may be performed during a proce-
dure for bleeding or may be necessary during radical surgery for
cancer.

Surgery for peptic ulcer disease is rarely performed. Occa-
sionally, however, it is performed after intractable bleeding or
when a patient has difficulty using medications. For these
patients, truncal vagotomy with drainage, highly selective
vagotomy, or truncal vagotomy and antrectomy may be
selected, depending on the surgical experience and the patient.
Truncal vagotomy requires identification and destruction of
the anterior and posterior vagi at the level of the distal esopha-
gus. Highly selective vagotomy attempts to preserve other func-
tions of the vagus but eliminates vagal innervation to the
acid-producing stomach by dissecting the vagal distribution
along the stomach. This procedure is difficult, and risk of ulcer
recurrence depends on the surgical experience. When vagotomy
is performed, complementary surgery—either gastrojejunos-
tomy, to increase drainage through the pylorus, or antrec-
tomy—is also usually performed to ensure the stomach can

empty.
ROUX-EN-Y GASTROJEJUNOSTOMY

Previously reserved for complications of gastric surgery or
as part of pancreatic resection for carcinoma, Roux-en-Y
gastrojejunostomy is now used for obesity surgery (see
Chapter 68).

TOTAL GASTRECTOMY

Total gastrectomy is usually performed with a resultant esoph-
agojejunostomy or colon segment interposition to preserve food
transit. These radical procedures are reserved for carcinoma of
the upper part of the stomach or for unusual trauma to the upper
abdomen.

ADDITIONAL RESOURCES

Kelly KA, Sarr MG, Hinder RA: Mayo Clinic gastroenterology surgery,
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ver the past 20 years, obesity has increased dramatically in

the United States; currently, the total percentage of the
U.S. population who are overweight is 64%. In 2006, 72 million
U.S. adults were obese, or 33.3% of men and 35.3% of women.
Adults age 40 to 59 had the highest obesity rates. Blacks and
Mexican-American women had obesity rates of 53% and 51%,
respectively, significantly higher than the Caucasian rate of
39%. Severely obese individuals now exceed 14 million, or 6.9%
of U.S. women (10 million) and 2.8% of U.S. men (4 million).
These patients are in the greatest need of assistance.

Obesity is responsible for at least 30 other diseases. Type 2
diabetes (T2DM) is associated with severe obesity in 20% of
patients. Hypertension, hyperlipidemia, obstructive sleep apnea
(OSA), hypoventilation, asthma, gastroesophageal reflux disease
(GERD), coronary artery disease (CAD), chronic heart failure
(CHF), cerebrovascular accident (CVA, stroke), nonalcoholic
steatohepatitis (NASH), low back pain, degenerative joint
disease (DJD), pseudomotor cerebri, urinary stress inconti-
nence, and polycystic ovary syndrome (PCOS) are all associated
with obesity. These patients have an increased risk of developing
cancers of the esophagus, uterus, breast, prostate, liver, and
kidney. Patients are also prone to ventral and incisional hernias.
Severely obese people are at risk for mental disorders, including
depression and anxiety, as well as eating disorders.

The result of increased morbidity in the obese population is
a life span that shortens as body mass index (BMI) increases.
Severely obese women are twice as likely to die as those of
normal weight. The increase in prevalence of obesity worldwide
and its growing effect on related medical diseases and mortality
have empowered both medical and surgical efforts to combat
this growing epidemic.

INDICATIONS

There are many behavioral, medical, and surgical options for
treating obesity (Fig. 67-1). Nonsurgical options are open to
all patients. Surgical therapy focuses on those with a BMI of
35 kg/m’ or greater, although evidence now indicates that obese
individuals with BMI lower than 35 may benefit from surgery
as well, especially if they have T2DM.

Body mass index is the most practical and widely used measure
of an individual’s size. It is calculated by dividing the patient’s
weight in kilograms by the height in meters squared (kg/m?). In
adults, BMI is categorized as follows:

<18.5 kg/m’
18.5-24.9 kg/m’
25-29.9 kg/m’
30-34.9 kg/m’
35-39.9 kg/m’

Underweight
Normal weight
Overweight
Class I obesity
Class II obesity

Class I obesity 40-49.9 kg/m? (severely, extremely, or mor-
bidly obese)

Class IV obesity >50 kg/m* (“superobese”)

Bariatric surgery should be considered for patients who have
failed medical management, such as dieting, exercise, and drug
therapy. In 2004, the American Society for Metabolic and Bar-
iatric Surgery (ASMBS) updated the 1991 National Institutes of
Health (NIH) guidelines on obesity. Currently, candidates for
surgery should have a BMI greater than 40 or BMI greater than
35 and major comorbidity, such as T2DM, OSA, obesity-related
cardiomyopathy, or DJD. Although evidence indicates that
patients with lower BMI, especially those with T2DM, would
benefit from surgical intervention, this indication is not yet
approved. Patients must have tried to lose weight by medical
methods, must be motivated, and must be informed about the
procedure and potential consequences. They must also be an
acceptable surgical risk.

Patients who may not be considered for surgery include those
with unstable CAD, severe pulmonary disease, portal hyperten-
sion, or active substance abuse, as well as those unable to carry
out the necessary postsurgical lifestyle changes. Contraindica-
tions also include untreated major depression or psychosis,
active binge eating, or severe coagulopathy. Bariatric surgery is
controversial in those older than 65 or younger than 18, but
these limits are now being relaxed as long-term positive outcome
data in both populations are reported.

PREPARATION

Before surgical intervention, patients must attend an educa-
tional seminar and interact with former surgical patients. They
receive an Internet tutorial on the procedure, are evaluated by
a psychiatric therapist, and meet with a nutritionist. Many
patients will need to have sleep apnea ruled out for if they have
high BMI or severe symptoms. Cardiac and pulmonary evalua-
tions are performed to assess the risk of anesthesia. Patients
undergoing gastric bypass are evaluated by upper endoscopy,
because after the gastric pouch is created and the stomach is
divided, access to the stomach is extremely difficult. Patients
also undergo blood testing for thyroid disease, liver disease, and
T2DM. Postoperatively, patients are encouraged to follow up
with nutrition and psychiatric support groups.

MANAGEMENT AND TREATMENT

The six strategies to obtain significant weight loss and maintain
a healthy weight are (1) dieting, (2) physical activity, (3) behavior
modification, (4) combination of three previous strategies, (5)
pharmacotherapy, and (6) weight loss surgery. Evidence indi-
cates that a low-calorie diet (LCD), when followed, will help
reduce weight in overweight and obese individuals. When fol-
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lowed for 6 months, a diet of 800 to 1500 kcal/day will achieve
an 8% weight loss. Fat reduction without caloric reduction
does not work. A very-low-calorie diet (VLCD) of 400 to
500 kcal/day reduces weight more rapidly than an LCD of 1000
to 1500 kcal/day, but there is no difference in long-term weight
loss between these two types of diets.

Physical activity can result in a caloric deficit and reduce BMI
by 2% to 3%. It may also decrease abdominal fat and increase
cardiovascular fitness. Physical activity is extremely important
in preventing weight gain. Behavior modification to achieve
dieting and physical activity is helpful; however, combining all
these therapies has been found to be most successful.

Only two medications, orlistat and sibutramine, are approved
by the U.S. Food and Drug Administration (FDA) for long-
term weight loss. The side effects are fat malabsorption with
orlistat and increased heart rate and blood pressure with
sibutramine.

TYPES OF BARIATRIC PROCEDURES

Bariatric surgical procedures are classified according to their
mechanism of action: malabsorptive or restrictive. The restric-
tive procedures limit caloric intake by creating a small stomach
pouch, ranging from virtual in the Lap-Band, to a larger pouch
in the vertical banded gastroplasty, to a long gastric tube in the
gastric sleeve. Weight loss depends on a decrease in caloric
intake and therefore is more gradual.

The primary mechanism of mualabsorptive procedures is to
create diverting pathways for food and digestive substances so
that they meet distally within the small-bowel lumen, and there-
fore have a smaller length of absorptive surface area in which to
interact. The biliopancreatic diversion and duodenal switch are
examples of malabsorptive procedures. The Roux-en-Y gastric
bypass combines features of both restriction and malabsorption
with the creation of a small stomach pouch and a 25% to 30%
functional small-bowel bypass.

The trend now is toward minimally invasive approaches to
bariatric surgery; studies show better cost-effectiveness and
safety than with open procedures.

RESTRICTIVE SURGERY

‘The vertical banded gastroplasty (VBG) is a purely restrictive
procedure in which the upper cardia of the stomach is separated
by a vertical staple line from the remainder of the stomach. The
outlet is then wrapped with a piece of mesh or a band. The
outlet aperture is not adjustable. When the stomach pouch is
full, patients are satiated. Further eating may result in vomiting
if the pouch is not allowed to empty. Weight loss occurs because
of decreased caloric intake of solid food. Excess weight loss (EWL)
is as much as 66% at 2 years and 55% at 9 years. The ability to
consume high-calorie liquid meals and sweets and gradually
increased pouch capacity caused by overeating are major disad-
vantages. The VBG has become antiquated because it combines
the disadvantages of a higher complication rate and the inability
to adjust the band. The rate of revision ranges from 20% to
56% and mainly results from staple line disruption, stomal
stenosis, band erosion, band disruption, pouch dilatation,
vomiting, and GERD.

Laparoscopic adjustable gastric banding (LAGB) is a purely
restrictive procedure that separates a micropouch from the

remainder of the stomach. American surgeon Lubomyr Kuzmak
developed the open adjustable band. In 1991, Inamed Corp.
developed the LAGB with Belgian surgeons M. Belachew and
M. Legrand. The first human LAGB was placed in 1993 in
Belgium. Starting in 1994, LAGB placement was performed
extensively in Europe and Australia. The FDA approved its use
in the United States in 2001. Since then, more than 400,000
Lap-Bands (Allergan) have been placed worldwide. Currently,
a second band, Realize (Ethicon), has been introduced in the
United States. Both bands are composed of (1) a silicone band
with a balloon inner tube that wraps around the stomach, (2) a
portacath (Port-A-Cath) that lies under the skin on the rectus
muscle for access, and (3) tubing to connect the two. The band
is accessed 4 to 6 weeks after surgery by inserting a needle and
syringe into the port and injecting or withdrawing fluid. In this
manner, the balloon increases in diameter, and the aperture
between the two stomach compartments becomes smaller as the
patient undergoes more restriction.

The LAGB is now widely used because of easy placement,
quick recovery and same-day discharge or 1-day hospital stay,
and lower complication rate. The adjustable band has almost
replaced VBG as the main purely restrictive procedure. Advan-
tages of the LAGB include no stapling of bowel, zero to 0.5%
mortality with adjustability, and minimal nutritional complica-
tions. The band is reversible because it can be completely
removed. Initial reports from Europe and Australia report EWL
of 15% to 20% at 3 months, 40% to 53% at 12 months, and
45% to 58% at 24 months. The first American experience had
poor results, but after improved treatment protocols, subse-
quent data showed similar experiences to worldwide data of
EWL of 45% to 75% at 24 months. Weight loss after LAGB
occurs gradually compared with malabsorptive procedures. Suc-
cessful weight loss is more likely when patients are committed
to close follow-up. LAGB is associated with improvement and
resolution of comorbidities, such as diabetes, asthma, sleep
apnea, and hypertension that depends on weight loss. Quality
of life also greatly improves.

The sleeve gastrectomy (SG) is the first part of the biliopan-
creatic diversion (BPD) procedure, and in recent years, the
procedure has been separated into two stages to lower the mor-
tality rates seen in higher-BMI patients undergoing BPD. Since
then, SG has gained support as a purely restrictive, stand-alone
procedure. It entails the creation of a stomach tube from cardia
to antrum that involves removal of the fundus and body of
the stomach along the greater curvature. The antrum is left
intact. Weight loss occurs from a smaller stomach from which
the ghrelin-producing cells have been removed. Patients experi-
ence approximately 33% EWL in 1 year. Patients who reach a
plateau or who regain weight may opt for completion to a lapa-
roscopic Roux-en-Y gastric bypass (RYGB) or BPD.

The intragastric balloon (Allergan) is an endoscopically placed
temporary solution for weight loss in obese patients. The soft
balloon is inserted in the stomach and inflated with saline. The
distended device fills the stomach and induces satiety while
causing restriction. It is currently in trials in the United States,
Europe, and Brazil. EWL is 38% and 48% for 500-mL and
600-mL balloons, respectively. Although appealing to individu-
als who desire to lose a moderate amount of weight, its greatest
benefit may be as an initial procedure in superobese, high-risk



patients to help them lose enough weight to be considered
lower-risk candidates for definitive laparoscopic procedures.
Intragastric balloon placement has the disadvantages of nausea,
vomiting, abdominal pain, ulceration, and balloon migration, as
well as its temporary effect.

MALABSORPTIVE SURGERY

Biliopancreatic diversion was developed because of poor results
with jejunoileal bypass; many patients developed kidney prob-
lems and liver failure. The BPD involves a partial gastrectomy
that is anastomosed distally to the ileum. There is a long segment
of Roux limb and a short common channel where the food and
biliopancreatic juices meet to allow for absorption. The process
results in significant malabsorption and 72% EWL at up to 18
years postoperatively. The procedure is now performed laparo-
scopically with similar results. Disadvantages of BPD include
mortality of 1% and high incidence of protein malnutrition,
anemia, diarrhea, and stomal ulceration.

The BPD with duodenal switch (BPD/DS) is a BPD that
differs by creating a partial SG with preservation of the pylorus.
A Roux limb with a short common channel is also created. The
BPD/DS has been recommended for patients with supermorbid
obesity (BMI >50). Unfortunately, the high mortality rate has
led to the development of a staged procedure, with the gastric
sleeve done first, then BPD later if more weight loss is necessary.
BPD/DS results in less stomal ulceration and diarrhea than
BPD and can be performed laparoscopically. It is not performed
routinely because of high morbidity and mortality.

MIXED PROCEDURES

The Roux-en-Y gastric bypass is the most common surgical pro-
cedure for weight loss in the United States. Developed in 1967
by Mason and Ito, it included a partial gastrectomy and loop
gastrojejunostomy. It was originally performed after the obser-
vation that patients lost weight after ulcer surgery. The proce-
dure was modified by Griffin in 1977 to include a Roux-en-Y.
The first laparoscopic bypass was performed by Wittgrove in
1994. Laparoscopy has a lower incidence of incisional hernia
and wound infection, a faster recovery, and more rapid return
to work than open surgery. It is safely performed by well-trained
and experienced surgeons.

Weight loss after gastric bypass is mostly attributed to
restriction, but also to malabsorption. It has better weight loss
averages than the purely restrictive procedures. The bypass is
composed of a 30-mL gastric pouch separated from the gastric
remnant and restricting food intake and emptying. The pouch
is connected by a stoma to the small bowel, creating a Roux-en-Y
segment. The remnant stomach and duodenum empty gastric
acid, pancreatic enzymes, and bile through a 30-cm to 50-cm
biliopancreatic limb, which is connected to the “food” or Roux-
en-Y limb at 75 to 150 cm distally. At this location, significant
digestion begins. A short Roux limb will not add the benefit of
malabsorption, although limbs longer than 200 cm in long-limb
bypass may lead to decreased absorption of vitamins and nutri-
ents and complications of malnutrition.

The gastrojejunostomy may cause “dumping,” which results
in rapid emptying of concentrated contents into the small bowel
and symptoms of lightheadedness, nausea, diaphoresis, abdomi-
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nal pain, and diarrhea. Some patients develop a negative condi-
tioning response when eating concentrated foods to prevent this
response. Ghrelin is a peptide hormone secreted in the stomach
and duodenum that stimulates people to eat. Its response to
eating is inhibited by the gastric bypass and the SG. Recent
evidence suggests that an exaggerated response of peptide-yy
may also contribute to loss of appetite.

Early weight loss is rapid but reaches a plateau after 18
months, after which patients tend to gain weight if behavior
modification is not instituted. Long-term studies include open
techniques with a larger gastric pouch and range from 50% to
60% EWL for up to 16 years postoperatively. Most recent
EWL is now 70% to 80% with the laparoscopic technique and
a 30-mL gastric pouch. After bypass, overall comorbidity is
reduced as much as 96%. T2DM is resolved or improved in
83% to 98%, hypertension in 52% to 92%, GERD in 88% to
98%, OSA in 86% to 93%, dyslipidemia in 70% to 96%, and
osteoarthritis in 93% of patients.

COURSE AND PROGNOSIS

Surgery is the last option after medical failure in attempting to
reverse the effects of comorbidities and improve quality of life
and extend life expectancy. Evidence shows that bariatric surgery
is effective in improving and resolving medical problems. Addi-
tional benefits include reduced medication costs and fewer lost
workdays. However, bariatric surgery is also associated with
significant perioperative complications and mortality.

Itis now believed that bariatric surgery may be the best treat-
ment for T2DM. Recently, the previously named “American
Society for Bariatric Surgery” included the word “Metabolic” in
its title (now ASMBS) to account for the emerging field of
metabolic surgery, which includes treatment of diabetes, hyper-
tension, and hyperlipidemia. Evidence suggests that T2DM
improvement and resolution may occur in restrictive procedures
directly related to the amount of EWL. A recent study compar-
ing 30 obese T2DM patients who underwent 2 years of dieting
and lifestyle modification and 30 who underwent adjustable
LAGB reported diabetes remission in 73 % of the surgical group
versus 13% in the lifestyle modification group. Malabsorptive
procedures may involve another mechanism that changes the
body’s response to gastrointestinal hormones, such as incretins,
glucagon-like peptide, and glucose-dependent insulinotrophic
polypeptide.

"Two meta-analyses reported that mean overall percent of
EWL was 61% to 64%, which varied according to procedure.
Mortality at 30 days was 0.1% for purely restrictive procedures,
0.5% for gastric bypass, and 1.1% for BPD or DS. Diabetes
completely resolved in 77% and resolved or improved in 86%
of patients. Hyperlipidemia improved in 70% or more of
patients. Hypertension resolved in 62% and resolved or
improved in 79% of patients. OSA resolved in 86% and resolved
or improved in 84% of patients. Greater weight loss occurred
with gastric bypass compared with gastroplasty. Laparoscopic
surgery resulted in less wound complications than open surgery.

"Two recent studies report a 29% reduction in mortality after
bariatric surgery and a 40% reduction in mortality from all
causes. Deaths from diabetes decreased by 92%, from CAD by
56%, and from cancer by 60%. However, accidental death and
suicide increased in incidence. A population study reported that
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obese surgical patients had a lower overall mortality rate of
0.7% versus 6.2% in the nonsurgical group.

Centers of Excellence (COE) have been established for bar-
iatric facilities. Guidelines for the two current accreditation
programs (ASMBS-affiliated Surgical Review Corporation
and American College of Surgeons) include integrated
preoperative/postoperative care with nutritional, behavioral,
and medical programs and a commitment to follow up with
75% of postsurgical patients for 5 years.

The obesity epidemic must be reversed with a global effort
to alter eating behavior and promote exercise. Until then,
surgery will remain the most viable option to treat morbid
obesity and related comorbidities.
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Bariatric surgery is an elective procedure for the high-risk
obese population. Despite great improvements in surgical
technique and postoperative care, the morbidity is still about
30% with bariatric surgery. These patients have an increased
inflammatory response, making them prone to overwhelming
shock in the presence of complications. Patient monitoring is
essential in the first postoperative days because small changes in
vital signs can be the earliest indication of complications. Often,
when the patient develops clear signs of sepsis, the complication
has already developed.

Another clear sign that must be monitored in the postopera-
tive patient is persistent fachycardia. A heart rate greater than
120 beats per minute in the bariatric patient is a concern, even
if the patient otherwise appears stable. Tachycardia is the most
sensitive sign of an anastomotic leak, present in up to 72% of
patients with complications, and is often the first sign to appear.
Tachycardia is not specific for leaks, however, and other causes
of tachycardia (e.g., hypoxia, hypertension, hemorrhage, pain)
must be excluded. All patients with postoperative tachycardia
should be monitored until the cause is elucidated and resolved.

Roux-en-Y gastric bypass (RYGB) is the most common bariat-
ric procedure performed in the United States and has the highest
complication rate because of its complexity. Laparoscopic adjust-
able gastric banding (LAGB) and laparoscopic sleeve gastrectomy
(LSG) are increasingly used.

This chapter discusses complications of bariatric surgery
that include those specific to RYGB as well as LAGB and LSG.
Early complications include bleeding, anastomotic leak, deep
venous thrombosis (DVT), and pulmonary embolism (PE). Late
complications include anastomotic stricture, marginal ulcer,
gastrogastric fistula, bowel obstruction, metabolic disorders
(Fig. 68-1).

EARLY COMPLICATIONS

Bleeding

Bleeding is a complication inherent to any surgical procedure;
its incidence may be slightly increased in the bariatric popula-
tion because of the rigorous DV'T prophylactic regimen. In our
experience, postoperative hemorrhage is seen in 4% of patients.
The bleeding is intraluminal in 60% of bleeding cases and
intraperitoneal in 40%. Postoperative bleeding can be diag-
nosed by clinical signs of tachycardia, hypotension, increased
drain output, and decreased hemoglobin level or collection on
computed tomography (CT) scan. The most common site of
intraluminal bleeding is at the anastomotic level. Bleeding can
be successfully managed with observation supported by blood
transfusion in 75% of patients; 25% of our bleeding patients
required reexploration.

Anastomotic Leak

Anastomotic leak is the second leading cause of death (after PE)
following gastric bypass (bariatric) surgery. Leak occurs in 2%

of patients regardless of the technique used to create the anas-
tomosis, with most leaks occurring on day 3. As with bleeding,
the most common site of leak is at the anastomotic level, with
a higher prevalence at the gastrojejunostomy, followed by the
jejunojejunostomy, the gastric pouch, and finally the gastric
remnant.

Early detection of anastomotic leaks is vital to successful
management. The most sensitive sign of leak is persistent tachy-
cardia (72% of patients); left shoulder pain, abdominal pain, and
fever are not as sensitive. Gastrointestinal (GI) studies and CT
scan can detect leaks in only 30% and 56% of cases, respectively.
Because of the lack of specificity in clinical presentation and
imaging studies, surgical exploration should be part of the diag-
nostic algorithm. About 60% of patients will require surgical
intervention. Patients who achieve good drainage through the
original drains placed and show no signs of sepsis may be treated
conservatively with strict nothing-by-mouth (ni/ per os, NPO)
status, total parenteral nutrition, and intravenous (IV) antibiot-
ics. Patients with signs of sepsis should undergo diagnostic lapa-
roscopy, abdominal washout, and drain placement. Any attempt
to redo the anastomosis is strongly discouraged because of the
increased risk of anastomotic breakdown in the presence of
inflammation.

Leaks are also a potential complication after LSG, seen in
0.8% of cases. In our experience, most leaks are located at the
most proximal part of the staple line by the gastroesophageal
(GE) junction. Patients presenting with anastomotic leak will
ultimately need surgical management.

Pulmonary Embolism and Deep
Venous Thrombosis

Pulmonary embolism is the leading cause of death after bariatric
surgery. The incidence of PE after RYGB is 0.41%. Risk factors
for PE and DVT development are older than 50 years of age,
postoperative anastomotic leak, smoking, and previous DVT/
PE. All patients undergoing RYGB should receive subcutaneous
heparin before and after surgery, as well as compression stock-
ings and early ambulation. Low-molecular-weight heparin
should be avoided the first 48 hours postoperatively because of
an increased incidence of bleeding. Patients with a previous
history of PE/DV'T, pulmonary hypertension or lymphedema
or with severely impaired ambulation, should be considered for
prophylactic placement of an inferior vena cava (IVC) filter.

LATE COMPLICATIONS

Anastomotic Stricture

Anastomotic stricture, mainly at the level of the gastrojejunos-
tomy, is a relatively common complication, seen in 1.6% to 20%
of bariatric patients. Symptoms usually start 3 weeks after
surgery. Patients present with nausea, vomiting, and inability to
progress to solid foods. Diagnostic studies should include upper
GI series and upper endoscopy.
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Management of stricture consists of serial endoscopic balloon
dilatations (usually up to three), separated by 2-week intervals.
Initial dilatations should not exceed 8 mm because of the risk
of perforation (2.2%); subsequent dilatations can be increased
up to 18 mm. The patient with perforation will complain of
abdominal pain and distention, and a plain abdominal film will
reveal free air under the diaphragm. These perforations can be
treated conservatively with IV antibiotics and NPO status if the
patient is asymptomatic. Alternatively, if the patient shows any
sign of sepsis, or if a large extravasation of contrast is seen on
radiographic studies, diagnostic laparoscopy and drain place-
ment are essential. Failed weight loss after dilatation is not seen
in patients on long-term follow-up.

The incidence of stricture is much lower after LSG
(0.7%), but it is still a potential complication. Patients will
present with excessive nausea, vomiting, and dehydration.
An upper GI study is diagnostic. Most strictures will resolve
after endoscopic balloon dilatation, but conversion to RYGB
may be necessary with a long stricture not amenable to
dilatation.

Marginal Ulcer

Marginal ulceration after gastric bypass is diagnosed in 1% to
16% of patients. Predisposing factors are active smoking and
preoperative Helicobacter pylori infection. Patients usually present
with midepigastric pain and/or upper GI bleeding. Upper
endoscopy is diagnostic. In most cases, ulceration is seen at the
jejunal mucosa of the gastrojejunostomy and mucosal erythema
of the gastric pouch. Most bleeding ulcers respond to endo-
scopic therapy. Patients should take proton pump inhibitors
(PPIs) and sucralfate for 2 months. Smoking cessation is
mandatory.

Gastrogastric Fistula

Gastrogastric fistula (GGF) is a challenging late complication,
with an incidence of approximately 1%. The vast majority of
GGFs are symptomatic at diagnosis. Symptoms consist of
moderate to severe epigastric pain, nausea, and vomiting, with
GI bleeding in fewer cases. CT may show oral contrast in the
gastric remnant, but this finding is of low specificity because
contrast may reflux from the biliopancreatic limb. The most
sensitive test is a barium swallow with position changes
(erect, supine, left lateral, and right lateral decubitus); esopha-
gogastroduodenoscopy (EGD) may be diagnostic in some
cases.

The GGF may resolve after medical treatment, so the pres-
ence of GGF is not an indication for prompt surgery. The surgi-
cal management of symptomatic GGF after medical failure
consists of laparoscopic partial remnant gastrectomy with or
without trimming of the gastric pouch, fistulous tract, or both,
while leaving the gastrojejunostomy intact. Because remnant
gastrectomy may be associated with a high complication rate,
surgical treatment should be offered to patients with intrac-
table disabling symptoms, evidence of anastomotic leak, or
peritonitis.

Bowel Obstruction

Severe bowel obstruction (SBO) after laparoscopic RYGB has
many causes, usually iatrogenic etiologies resulting from narrow
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anastomoses, tight closure of mesenteric defects, mesenteric or
intramural hematomas, anastomotic leaks, incarcerated ventral
hernias, internal hernias, and adhesions. Patients may develop
symptoms in the immediate postoperative period up to years
after surgery. The incidence of SBO varies from 0.4% to 7.45%.
With the adoption of the laparoscopic approach, postoperative
SBO secondary to adhesions and incisional hernias has been
reduced. However, a higher incidence of SBO caused by inter-
nal hernias is seen, compared with the open procedure, if the
retrocolic retrogastric route is chosen to advance the alimentary
limb. Internal herniation can occur at the jejunojejunostomy,
Petersen’s space, or the transverse mesocolonic defect after a
retrocolic approach.

If internal herniation is suspected, the patient must be taken
to the operating room as soon as possible to reduce the hernia-
tion and prevent intestinal necrosis. Most SBO cases can be
approached laparoscopically, but the conversion rate is higher
due to loss of working space because of distended bowel. Pro-
cedures include lysis of adhesions, closure of mesenteric defects,
and reconstruction of the jejunojejunostomy.

Metabolic Complications

Nutritional deficiencies are rare in purely restrictive procedures
such as LAGB or LSG, unless the patient has significant changes
in eating habits or complications. Macronutrient deficiency or
protein-calorie malnutrition can be found in up to 5% of gastric
bypass patients, and its prevalence is directly proportional to the
length of the alimentary limb. Most of these patients can be
managed by nutritional consult and guidance. Micronutrient
deficiencies include vitamins, minerals, trace metals, and elec-
trolytes, all of which are absorbed at specific sites in the small
intestine. The bypassing of these sites and the reduction in the
small intestine’s absorptive capacity can lead to deficiencies. The
most common deficiencies associated with RYGB are iron,
vitamin By,, calcium, and vitamin D. Complications of these
deficiencies range from anemia to irreversible encephalopathy.
All patients undergoing gastric bypass should be instructed to
take nutritional supplements for the rest of their lives. Follow-
up with annual testing of vitamin levels is mandatory.

When nutritional consult and vitamin supplements do not
correct the patient’s nutritional deficiencies, parenteral nutri-
tion should be started, with consideration of revision or reversal
of the bypass.

COMPLICATIONS WITH ADJUSTABLE
GASTRIC BAND

Regarded as the least invasive of all bariatric procedures, LAGB
has a much lower complication rate (13%) than gastric bypass
(31%). However, LAGB has complications not seen with other
bariatric procedures, including megaesophagus (2.6%), band
prolapse (1.3%), and band erosion (1.3%). These complications
are believed to be caused by overinflation and poor fixation at
band placement.

Regardless of the LAGB complication, most patients will
present with GERD-like symptoms and intolerance to food.
The first test is a barium swallow, usually performed by the
surgeon, and the band may be adjusted simultaneously. If any
abnormality is seen on the swallow study, the band is deflated
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completely and the patient scheduled for endoscopy. In mega-
esophagus or band prolapse, a trial of 8 weeks with an empty
band is offered to the patient, followed by a repeat barium study.
If there is no improvement, the patient is scheduled for surgical
removal or repositioning of the band. With band erosion, the
device should be removed in all cases.
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omplications in the postgastrectomy period occur with

both open and laparoscopic surgical techniques and may
occur after complete healing. These include recurrent ulcer-
ation, gastroparesis (delayed gastric emptying), afferent loop
syndrome, dumping syndrome and postvagotomy diarrhea, bile
reflux gastritis, and gastric adenocarcinoma. Symptoms vary
depending on the complication and are briefly described here.

RECURRENT ULCERATION

Marginal ulcers, or jejunal ulcers, are rare and may occur in less
than 1% of postgastrectomy patients. These ulcers usually are
caused by inadequate acid suppression, which is highly unlikely
since the advent of proton pump inhibitors (PPIs), and Zollinger-
Ellison syndrome is always suspected. Taking nonsteroidal
antiinflammatory drugs (NSAIDs) can cause ulceration. The
presenting symptom is most frequently pain, although occult
bleeding and anemia have been reported. Endoscopic evaluation
provides the diagnosis. Endoscopy and biopsy are essential to
rule out early malignant carcinoma. These lesions can be con-
trolled by removal of irritating drugs and PPI acid suppression.
Although rarely required as treatment, if carcinoma is present,
surgical resection is paramount.

GASTROPARESIS (DELAYED
GASTRIC EMPTYING)

Gastroparesis is most often associated with truncal vagotomy or
basic motility disturbance, as occurs in diabetes. The symptom
usually is nausea or inability to eat and occasionally, vomiting
of feedings. Attempts at medical treatment with prokinetic
agents, such as metoclopramide or erythromycin, may be of
help. Some patients have gastroparesis before their surgery, and
treatment is complicated (see Chapter 47).

AFFERENT LOOP SYNDROME

Afferent loop syndrome occurs only in patients who have under-
gone gastrojejunostomy. The loop from the duodenum running
to the gastrojejunostomy may become obstructed. The obstruc-
tion is partial and intermittent. It often creates the symptom of
epigastric fullness or upper abdominal pain, which is relieved
only by vomiting. The vomitus is most often bile colored to
relieve the obstruction. The obstruction can be caused by scar-
ring or adhesions or by a twisting of the intestinal loop. Diag-
nosis is made when the dilated loop is demonstrated on
radiographic study. Endoscopy may or may not be helpful but
is needed to evaluate for the presence of strictures or malig-
nancy. However, demonstration of the dilated loop is essential,
often achieved through imaging. The treatment for afferent
loop syndrome is invariably surgery, with conversion of the
gastrojejunostomy to either a Billroth I or a Roux-en-Y configu-

ration. At times, the surgeon is able to reconform the
gastrojejunostomy.

DUMPING SYNDROME AND
POSTVAGOTOMY DIARRHEA

Dumping syndrome and postvagotomy diarrhea may be the
most common complications of gastrojejunostomy, occurring in
as many as 5% to 10% of procedures. Symptoms occur imme-
diately after eating, and even during eating in some patients.
Symptoms vary from epigastric discomfort and a vague feeling
of oppression to sudden episodes of profuse sweating, tachycar-
dia, tremor, and a tendency to syncope. Often, patients may
deny their symptoms, but they feel relieved by eating or lying
in a supine position. Some patients can adjust to the symptoms,
but others cannot overcome the lightheadedness and tachycar-
dia that may occur immediately on eating to 30 minutes after
meals.

Dumping is usually triggered by jejunal distention as hyper-
tonic gastric contents rapidly enter the small bowel (Fig. 69-1).
Symptoms are usually caused by the shift in volume of fluid into
the jejunum. Symptoms occurring later may be caused by hyper-
glycemia, which can occur 1 to 2 hours after meals. Intestinal
and vasomotor symptoms develop after rapid passage of a hyper-
osmolar meal from the stomach pouch to the intestine. A con-
comitant drop in plasma volume occurs with symptoms, although
this can also be demonstrated in healthy persons. The type of
gastric resection is not related to the syndrome. Large quantities
of hypertonic solution produce the syndrome in all patients after
gastrectomy.

In the typical sequence of events, a susceptible patient eats a
meal of hyperosmolar food (usually concentrated, simple carbo-
hydrates), which rapidly enters the jejunum, where it causes a
sudden shift in fluid so that a measurable fall occurs in plasma
volume. Bloating, diarrhea, and varying degrees of weakness,
dizziness, sweating, pallor, and tachycardia may develop. At this
stage, the patient is usually hyperglycemic, but rebound hypo-
glycemia and hypokalemia have been recorded. Hypoglycemia
is often referred to as the “late aspect” of the dumping syndrome
and results from a rapid increase in blood sugar, followed by a
rapid decrease that may cause symptoms.

Treatment is careful dietary management, which includes the
elimination of simple-carbohydrate foods and fluid. It is usually
successful in 80% of patients. Consuming high-fiber foods may
also be helpful. It has been shown that guar (10 g) can prevent
the syndrome. Five-gram sachets of pectin twice daily are usually
effective. If all measures fail, surgical correction is needed, but
this is rare.

After gastrectomy, all patients are advised to consume smaller
meals, ideally six small feedings daily, and to restrict their intake
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(anastomositis)

Stenosis of anastomotic
orifice (gastroscopic
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Figure 69-1 Postgastrectomy Dumping Syndrome.
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of simple carbohydrates. It is best to increase the protein and
fat content of the food. Most patients will learn to accommo-
date. Less than 1% acquire debilitating symptoms and may
require conversion to a Roux-en-Y procedure. Before conver-
sion surgery, a trial of somatostatin may be helpful now that
daily injections can be decreased by depot injections. Somatosta-
tin slows emptying and delays the onset of glucose and insulin
release. However, if long-term somatostatin treatment if needed,
conversion to Roux-en-Y may be preferred.

Because vagotomy is rarely performed, the complication rate
is low. However, many patients experience diarrhea after vagot-
omy. Often, patients adjust, and treatment with antidiarrheal
agents, such as codeine or loperamide, helps them during the
period of adjustment. Again, somatostatin may be tried if symp-
toms are severe.

BILE REFLUX GASTRITIS

When bile easily refluxes from the gastrojejunostomy into the
gastric stump, it can cause significant inflammation of the
remaining gastric lining. Patients may become symptomatic and
experience pain or occasional vomiting. Although an infrequent
complication, bile reflux gastritis may rarely require revision of
the procedure to a Roux-en-Y. Trials of therapy with coating
agents, such as sucralfate, may be helpful in selected patients.
"Trials to increase gastric emptying that may be delayed by the

use of prokinetic agents are also suggested. To make this diag-
nosis, gastritis must be demonstrated by endoscopy, and it must
be clearly demonstrated that the bile is causing the gastritis.
This is difficult to prove; thus, trials of therapy and finally surgi-
cal recorrection may be needed.

GASTRIC ADENOCARCINOMA

Patients who have undergone subtotal gastrectomy have been
reported to have a twofold increase in cancer risk after 15 years.
However, these epidemiologic data are controversial, and it is
unclear how subtotal gastrectomy is related to Helicobacter pylori
infection or reflux of duodenal content. Nevertheless, many
clinicians believe that after gastrectomy patients should be sur-
veyed by endoscopy every 2 to 3 years. Again, this is controver-
sial. At this point, the surveillance recommendations are not
clearly defined and depend on physician and patient in each case
(see Chapter 68).
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otal gastrectomy almost always results in nutritional prob-

lems (Fig. 70-1). Usually performed to attempt a curative
procedure for carcinoma, total gastrectomy also may be done to
treat trauma.

CLINICAL PICTURE

After total gastrectomy, patients have great difficulty gaining
weight, and most never regain their preoperative weight. Others
may develop selected deficiencies. The clinical picture is a
patient having difficulty gaining weight after surgery who may
report postprandial fullness, anorexia, and nausea (rarely vomit-
ing, with or without diarrhea).

DIAGNOSIS

The diagnosis is clear from the patient’s history, but when the
presentation is of a selected deficiency, a more detailed workup
is necessary. After barium study to demonstrate the anatomy, a
full biochemical workup establishes immunologic status, elec-
trolyte findings, and mineral levels.

Loss of the reservoir function of the stomach deprives the
patient of the capacity to hold a normal meal, which necessitates
the ingestion of frequent, small feedings and careful deglutition
and chewing. The triturating (grinding) action of the stomach
is lost; therefore, mastication is essential. Intestinal transit is
frequently accelerated. Resultant problems include dumping
syndrome and weight loss.

Selected deficiencies are caused by absorptive defects such as
steatorrhea, protein malnutrition, osteoporosis and osteomala-
cia, anemia secondary to vitamin B, deficiency or iron defi-
ciency, hypoglycemia, and vitamin A deficiency.

Postoperative complications such as anastomotic ulcers,
afferent loop syndrome, and intussusception may occur. Loss of
the bacteriostatic function of the stomach results in altered
microecology or bacterial overgrowth in the small intestine.

A diagnostic workup may also include a study of transit time
to help in the therapeutic management. Selective absorptive
studies may also be helpful to determine the function of the
small bowel, such as a xylose absorption test for carbohydrates,
quantitative stool studies to determine the degree of steatorrhea,
and vitamin blood levels.

TREATMENT AND MANAGEMENT

Treatment is clear. Any complication such as the dumping syn-
drome must be treated, and the patient must have adequate
caloric and nutrient intake. Weight should be monitored care-
fully. Patients must be encouraged to eat a high-protein, high-

fat diet and to avoid simple carbohydrates. Usually, frequent
feedings with snacks between meals and at bedtime can help
maintain the body weight at a stable level. Patients should be
reassured that they are not going to gain large amounts of
weight and that maintaining a normal but low body mass index
is adequate. In patients with steatorrhea, consuming too much
fat compounds the problem; more readily absorbed fats, such as
medium-chain triglycerides, may be helpful.

These patients need vitamin B, injections for life to maintain
adequate B, stores. With any suggestion of osteoporosis,
adequate calcium and vitamin D are essential for maintaining
bone health. In one study, 50% of patients developed iron defi-
ciency after subtotal gastrectomy; therefore, supplements are
frequently needed. Vitamin A stores may become depleted
after total gastrectomy and are absorbed poorly after subtotal
gastrectomy. These patients frequently require vitamin A
supplementation.

Nutrition supplementation may be necessary with liquid for-
mulas when patients cannot tolerate or consume enough food.
However, tube feeding through a jejunostomy or total paren-
teral nutrition should not be required and is rarely indicated.

COURSE AND PROGNOSIS

If gastrectomy is performed to remove a malignant tumor, the
prognosis depends on the status of the cancer. If the cancer is
curable, or if the gastrectomy was performed for trauma, patients
can do fairly well and maintain normal life status. Weight will
always be a problem, and patients will require frequent feedings
with nutrition supplements, as previously described. All post-
gastrectomy patients should take at least one vitamin tablet daily
and select nutrition replacement as indicated.
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Figure 70-1 Effects of Total Gastrectomy.



Anterolateral Abdominal Wall

David Podkameni and Raul J. Rosenthal

efore describing the abdominal parietes (walls, or limits), the

different ways in which the word abdomen is used should be
discussed. For some, abdomen is synonymous with abdominopel-
vic cavity. For others, abdomen literally means the area of the
body between the diaphragm and the pelvis minor (true pelvis).
“Abdomen” is also used loosely to refer to a general area of the
body.

For the purpose of a specific description, it is appropriate
to label the portion of the body below the diaphragm as the
abdominopelvic cavity and then to divide this into the abdominal
cavity proper and the pelvic cavity, or pelvis minor, which is sepa-
rated by the plane of the pelvic inlet (plane traversing sacral
promontory and pubic crests). Of note, however, certain struc-
tures normally referred to as “abdominal” structures, such as
loops of small bowel, are usually suspended into the pelvic
cavity. Inferior and posteroinferior (dorsocaudal) support of the
abdominal viscera is provided by the parietes of the pelvic cavity,
not the theoretical plane at the pelvic inlet. It is practical to
divide the parietes of the abdominopelvic cavity into four general
parts: anterolateral abdominal wall; posterior wall of the abdom-
inal cavity; diaphragm (superior wall or roof of abdominal and
abdominopelvic cavities); and parietes of the pelvic cavity, which
can be loosely termed the “floor” of the abdominopelvic cavity.
However, the limits of these parietal sections are not all sharply
defined because of the curved contours involved; therefore,
certain arbitrary limits must be defined for descriptive
purposes.

The anterolateral abdominal wall (or simply abdominal wall)
fills in the bony cartilaginous frame between the costal margin
above and the hipbones below (Fig. 71-1). “Anterolateral” is
used here to mean that this part of the wall is anterior and lateral
and follows the curve of the wall for a distance onto the poste-
rior aspect. In this description, the quadratus lumborum muscle
and the structures medial to it are included with the posterior
wall of the abdominal cavity.

The anterolateral abdominal wall can contract and relax,
which helps accommodate the size of the abdominopelvic cavity
to any changes in the volume of contained viscera, and which
controls the intraabdominal pressure. A surgical approach to the
abdominopelvic cavity is usually made through this wall.

General layers of the anterolateral abdominal wall from the
outside in are skin, subcutaneous tissue, superficial fascia (or
membranous portion of subcutaneous layer), fascia, muscles
with their related fascia, transversalis fascia, extraperitoneal
fascia, and parietal peritoneum. The layers of the abdominal
wall can be depicted on computed tomography and magnetic
resonance imaging.

The abdominal skin is of average thickness, thicker dorsally
than ventrally and laterally, and loosely attached to the underly-
ing layers except in the umbilical area. The superficial fascia (tela
subcutanea) is soft and mobile and contains a variable amount
and distribution of fat, depending on the patient’s nutritional
status. The thickness of this layer can be estimated as the thick-
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ness of a fold, minus double the thickness of the skin, which
would be approximately twice the thickness of this layer. At the
area inferior to the level of the umbilicus, the superficial fascia
is classically described as having a superficial fatty layer (Camper
fascia) and a deep membranous layer (Scarpa fascia). This
description is simplified because the layering is not always as
clearly delineated as indicated here, but this adequately serves a
descriptive purpose. Camper fascia is continuous with the fatty
layer of surrounding areas, as seen in the fatty layer of the thigh.
Scarpa fascia merges with the fascia lata in a parallel line to and
just below the inguinal ligament. Medial to the public tubercle,
both layers continue into the urogenital region, which is signifi-
cant in relation to the path that extravasated urine takes, such
as after rupture of the bladder neck. When entering the proper
layer of the urogenital region, the urine may escape upward into
the anterolateral abdominal wall. In males, the two layers merge
into the scrotum and blend into a single smooth muscle—
containing layer; at this point, the fat is abruptly lost as the
layers begin to form the scrotum. Cephalad to the symphysis
pubis, additional closely set strong bands of Scarpa fascia form
the fundiform ligament of the penis, extending down into the
dorsum and the sides of the penis.

The outer investing layer of the deep fascia, which is not
readily distinguishable from the muscular fascia on the external
surface of the external abdominal oblique muscle and its apo-
neurosis, is easily demonstrated over the fleshy portion of the
muscle. Separating this from the aponeurotic portion of the
muscle, however, is difficult. This layer is attached to the ingui-
nal ligament and merges with the fascia emerging from the liga-
ment to form the fascia lota. In addition, it joins the fascia on
the inner surface of the external oblique at the subcutaneous
inguinal ring to form the external spermatic fascia. External to
the lower end of the linea alba, the outer investing layer thickens
into the suspensory ligament of the penis, anchoring the penis
to the symphysis and the arcuate ligament of the pubis. It is also
continuous with the deep fascia investing the penis.

The nerve supply of the external abdominal oblique muscle
is derived from the anterior primary division of the sixth to
twelfth thoracic (T6-T12) spinal nerves. T7 to T11 are inter-
costal nerves that continue from the intercostal spaces into the
anterolateral abdominal wall, to lie in the plane between the
internal oblique and transversus muscles. T'12 is the subcostal
nerve and follows a similar course. The iliohypogastric nerve,
from T'12 and first lumbar (L1), also contributes to the nerve
supply. The nerves probably have a segmental distribution
corresponding to the primitive segmental condition of the
muscle, with T10 extending toward the umbilicus and T12
toward a point halfway between the umbilicus and symphysis
pubis.

The cremaster muscle, which is variably well developed only
in males, represents an extension of the lower border of the
internal oblique, and possibly the transversus, over the testis
and the spermatic cord. Laterally, the cremaster is thicker and
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Figure 71-1 Anterior Abdominal Wall: Intermediate Dissection.

fleshier and attaches to the middle of the turned-under edge of =~ genitofemoral nerve and, generally, a branch from the ileo-
the external oblique aponeurosis and to the inferior edge of the  inguinal nerve. The action of the cremaster muscle is to lift the
internal oblique. From here, the scattered fibers, interspersed  testis toward the subcutaneous inguinal ring.

with connective tissue (cremasteric fascia), spread in loops over The rectus abdominis muscle generally acts in conjunction
the spermatic cord and testis to end at the pubic tubercle and  with the external oblique, internal oblique, and transversus
the anterior layer of the rectus sheath. The cremaster’s nerve  abdominis muscles, but it is specifically involved in producing
supply is from the genital (external spermatic) branch of the  forced expiration and flexion of the vertebral column.



Peritoneum
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he peritoneum is the extensive serous membrane that, in

general, lines the parietes (walls) of the abdominopelvic
cavity and reflects from these parietes to cover, to a differing
extent, the various viscera within the abdominopelvic cavity
(Figs. 72-1 and 72-2). The serous membrane lining the parietes
is continuous with that on the surface of the viscera contained
in the portions of the body cavity involved, referred to as the
parietal and “virtual” space between the respective serous mem-
branes. Only a film of fluid forming a virtual space separates the
respective organs and parietes. These cavities are closed in males
but are open in females, where the lumen of each uterine tube
is continuous with the peritoneal cavity.

The peritoneum is more complex in its arrangement than the
pericardium or the pleura, essentially because the organs or
viscera that developed during the embryonic phase rotate
between two distinct cavities, the pleuroperitoneal channels, and
have an anterior and posterior fixation, or 7zesons. One example
is the stomach, which develops between the pleuroperitoneal
cavities with an anterior and posterior mesogastrium. After rota-
tion of the stomach during fetal development, the right side
becomes the posterior aspect of the stomach, and the left side
becomes the anterior portion. Concomitantly, the liver and
spleen develop in the anterior and the posterior meson, respec-
tively. Because of the rotation, these organs are situated on the
right and left sides of the abdominal cavity, allowing the forma-
tion of a small cavity behind the stomach, called the /lesser sac.
This communicates with the abdominal cavity through an
opening or foramen (Winslow), limited anteriorly by the hepatic
pedicle, posteriorly by the portal vein, inferiorly by the duode-
num (second portion), and superiorly by the caudate lobe of the
liver.

The most accurate way to conceptualize the arrangement of
the peritoneum is to trace it in three planes: a midsagittal plane
and two horizontal planes. This is done at the levels of the
epiploic foramen and the umbilicus, preferably in a fresh speci-
men at autopsy. Lacking this opportunity, the use of these three
planes remains one of the most informative approaches for
studying the peritoneal continuity and its relationship to the
abdominopelvic viscera. Currently, it has become almost man-
datory to evaluate the anatomy from another standpoint, in
which computed tomography and magnetic resonance imaging
are the cornerstones of technology in the field of anatomic
study.

The degree to which the abdominal viscera are covered by
peritoneum (visceral peritoneum) varies, depending on whether
the peritoneum covers only part of one surface of the viscus or
covers the viscus entirely, except for the area of attachment of
a suspending double-layered fold of peritoneum. Several terms
are used to designate degrees of peritoneal covering. Given that
most of these terms do not have a generally accepted connota-
tion, however, a more specific description of the peritoneal
covering of a certain viscus is to state which parts of which surfaces

of the viscus are covered by peritoneum. Retroperitoneal is a
common descriptive term that means “behind the peritoneum.”
Referring to certain organs as retroperitoneal is not a universally
accepted designation.

‘The greater omentum (gastrocolic omentum, or ligament) is
the largest peritoneal fold. It may drape like a large apron from
the greater curvature of the stomach in front of the other viscera
as far as the brim of the pelvis, or even into the pelvis or perhaps
into an inguinal hernia, frequently on the left side. It may be
shorter, just a fringe on the greater curvature of the stomach,
or longer and folded between loops of small intestine, tucked
into the left hypochondriac area or turned upward, in front of
the stomach. The upper end of the left border is continuous
with the gastrolienal ligament, and the upper end of the right
border extends as far as the beginning of the duodenum. The
greater omentum is usually thin, has a delicate layer of fibro-
elastic tissue as its framework, and is cribriform in appearance,
although it usually contains some adipose tissue and may accu-
mulate a large amount of fat in an obese person.

The lesser sac peritoneum on the posteroinferior surface of
the stomach and the greater sac peritoneum on the anterosupe-
rior surface meet at the greater curvature of the stomach and
course inferiorly to the free border of the greater omentum,
where they turn superiorly to the transverse colon. Early in
development, these two layers (which are the elongated dorsal
mesogastrium) course superiorly in front of the transverse colon
and transverse mesocolon to the anterior surface of the pan-
creas. Because they fuse to each other and to the peritoneum on
the transverse colon and anterior surface of the primitive trans-
verse mesocolon, these two layers of peritoneum, running supe-
riorly as the posterior layer of the greater omentum, apparently
separate from each other to surround the quite-mobile greater
omentum. These layers can shift to fill otherwise temporary
gaps between viscera or build a barrier against bacterial invasion
of the peritoneal cavity by adhering at potential danger spots.

The lesser omentum (gastrohepatic omentum, or ligament),
hepatogastric ligaments, and hepatoduodenal ligaments extend
from the posteroinferior surface of the liver to the lesser curva-
ture of the stomach and the beginning of the duodenum. The
lesser omentum is extremely thin, particularly the portion to the
left, which is sometimes fenestrated. The portion to the right is
thicker and ends in a free, rounded margin that contains the
common bile duct to the right, the hepatic artery to the left, and
the portal vein posterior to these; it then forms the anterior
border of the epiploic foramen. In addition to these structures,
the lesser omentum contains the right and left gastric arteries
close to the lesser curvature of the stomach and the accompany-
ing veins, lymphatics, and autonomic nerve plexuses. The
peritoneum forming the anterior layer of this omentum and
continuing onto the anterosuperior surface of the stomach is the
greater sac peritoneum, and that forming the posterior layer and
continuing onto the posteroinferior surface of the stomach is
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Figure 72-1 Abdominal Wall and Viscera: Median (Sagittal) Section.
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the Jesser sac peritoneum. The lesser omentum reaches the liver
at the porta, and to the left of the porta, it extends to the bottom
of the fossa for the ligamentum venosum.

"The parietal peritoneum is supplied by the nerves to the adja-
cent body wall and is thus sensitive to pain. The visceral perito-

newm is insensitive to ordinary pain stimuli. The roots of the
mesenteries contain receptors that give rise to pain in response
to stretching of the mesentery. When moist surfaces of perito-
neum are in contact and become irritated, adhesions tend to
form and often become permanent.



Pelvic Fascia and
Perineopelvic Spaces

David Podkameni and Raul J. Rosenthal

S teadily changing pressure and filling conditions in the
pelvis require a unique adaptability of those structures that
essentially support the viscera within the funnel-like frame of
the pelvis. Part of such support derives from the anorectal mus-
culature and the levator ani. However, because these muscles
are greatly involved in the sphincteric and emptying functions
of the anorectal canal, their supporting tasks must be assisted
by connective tissue structures with adequate tensile strength,
such as from the pelvic fascia. Thus, the pelvic fascia is removed
from the traditionally passive role of an “undifferentiated sub-
serous tissue.” Such oversimplified descriptions mask the true
physiologic and surgical significance of the pelvic fascia.
Although its anatomic relation is complex, it is generally recog-
nized that the pelvic fascia is best divided into a visceral and a
parietal portion. The visceral part lies entirely above the pelvic
diaphragm and forms the fascial investments of the pelvic
viscera, the perivascular sheaths, and the intervisceral and pel-
vovisceral ligaments.

The perineal fascia consists of a superficial subcutaneous layer
and a deep membranous layer (Fig. 73-1). The superficial layer
is unnamed but is considered to correspond to Camper fascia of
the abdominal wall. The deep layer is Colles fascia, correspond-
ing to Scarpa fascia of the abdomen. The superficial layer varies
considerably throughout the perineum. Over the anal triangle,
it forms the fatty layer of the perianal space, whereas laterally
over the ischial tuberosities, it consists of fibrous fascicles that
connect to the underlying bone and form, directly over the
ischial tuberosities, fibrous bursal sacs. The main part of the
deep layer of Colles fascia has a firm attachment to the pubic
rami and to the posterior margin of the urogenital diaphragm.
It spreads medially across the urogenital triangle, constituting
the floor of the superficial perineal compartment, which lies
between it and the interior layer of the urogenital diaphragm
and contains the superficial perineal musculature.

Presacral wings extend medially from the hypogastric sheath
in front of the sacrum and the presacral fascia, lying in an almost
vertical plane, in contrast to the superior and interior wings,
which unfold in an almost horizontal plane. On reaching the
sides of the rectum, the presacral wing splits into two leaves
that encircle the rectum as the rectal (visceral) fascia. This wing
contains the superior and middle hemorrhoidal (rectal) vessels,
the inferior hypogastric or pelvic nerve plexus, and many
lymphatics.

The origin, course, and insertion of the pelvic musculature
and the configuration of the anorectal musculature, along with
the supralevator and infralevator fasciae, give rise to several
perineopelvic spaces. These are important for understanding
the pathogenesis of infectious and malignant processes of the
pelvis and perineum. As with the fasciae, these spaces are sepa-
rated into supralevator and infralevator groups.

At the supralevator level in males, four main spaces can be
identified: prevesical space (space of Retzius), rectovesical space,
bilateral pararectal spaces, and retrorectal space. In males and
females, the prevesical space is a potentially large cavity surround-
ing the front and lateral walls of the bladder. The main cavity
in front of the bladder comprises two superimposed anterome-
dial recesses and two lateral compartments. The upper recess lies
behind the anterior abdominal wall and is roofed by the perito-
neal reflection from the dome of the bladder, supported by the
umbilicovesical fascia (urachus) and the umbilical prevesical
fascia. Its lateral borders are demarcated by the obliterated
umbilical arteries (lateral umbilical ligaments). The lower recess,
continuous with the upper recess, lies behind the symphysis and
pubic bones and in front of the bladder. Its floor is formed by
the pubovesical (pubourethral) ligaments in females and the
puboprostatic ligaments in males (true ligaments of bladder).
The lateral compartments of the prevesical space are bound by a
lateral wall formed by the obturator and the supra-anal fasciae
and a medial wall formed by the bladder and the inferior hypo-
gastric fascial sheath. The lateral recesses contain the ureter and
the main neurovascular supply to the bladder and, in males, to
the prostate. The floor of the lateral recess is the supra-anal
fascia, which affords attachment to the true lateral ligaments of
the bladder. Dorsally, the lateral recess of the prevesical space
extends as far as the root of the hypogastric sheath in the region
of the ischial spine. The root is formed by the superior hypo-
gastric fascial wing covered by the peritoneum, where these
tissues are reflected from the lateral pelvic wall.

The retrovesical space (compartment) in males, divisible into
three subspaces, lies between the bladder and the prostate,
covered by the vesical and prostatic fasciae anteriorly, and the
rectum, covered by the rectal fascia posteriorly. Its roof is
formed by the rectovesical recess, or pouch of the peritoneum,
which is formed by the continuity of the peritoneal reflection
from the rectum to the bladder. Its floor is the posterior part of
the urogenital diaphragm. Denonvillier fascia (rectogenital
septum), originating from the undersurface of the rectovesical
peritoneal pouch and extending caudally in a coronal plane,
divides into two areas; an anterior leaf blends with the prostatic
fascia or capsule, and a posterior leaf attaches below to the
urogenital diaphragm medially and to the inferior hypogastric
wing laterally. Thus, the rectovesical compartment becomes
partitioned into the rectovesical and retroprostatic spaces ante-
riorly and the prerectal space posteriorly. The inferior wing of
the hypogastric fascial sheath, with its contents, marks the
lateral boundary of the two anterior spaces and is also the sepa-
ration from the lateral recess of the space of Retzius. Caudally,
the prerectal space terminates where the rectourethralis muscle,
covered by a fibrous extension of the rectal fascia, attaches itself
to the urogenital diaphragm or its superior fascia. The retropros-
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Figure 73-1 Pelvic Fascia and Perineopelvic Spaces.
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tatic space (Proust space) terminates caudally in the same region
but varies, depending on the variable caudal limits of the recto-
prostatic fascia (Denonvillier fascia) and its attachments to the
prostatic capsule.

In females, as with males, the area between the bladder and
the rectum is divided into three spaces. The dominant dividing
structure is 7ot the rectogenital septum (Denonvillier fascia), but
rather the more bulky vagina and cervix uteri. Anterior to these
structures, two spaces are formed, the vesicocervical space above
and the vesicovaginal space below. They are separated by a
fascial septum, the supravaginal septum or vesicocervical liga-
ment that forms the floor of the vesicocervical space, and the
roof of the vesicovaginal space. The vesicocervical space is roofed
by the uterovesical fold of the peritoneum and extends caudally
to the point where the urethra and vagina are in apposition
above the superior layer of the urogenital diaphragm. In the
floor of this space, the medial and lateral pubourethral ligaments
surround the urethra, which lies in a fused musculofascial sheath.
Laterally, the vesicovaginal space is limited by the strong fascial
connections between the bladder and the cervix, the uterovesical
ligaments, or pillars of the bladder. In females, the posterior
component of the rectovesical space is farther from the anterior
compartments than in males, because the substantial mass of the
cervix uteri and the vagina provide more separation. Separation
into two spaces occurs through the rectovaginal septum (cor-
responding to Denonvillier septum in males), the existence of
which, in females, remains unproved. Of more practical impor-
tance is that the rectovaginal space is roofed by the peritoneal fold,
which forms the rectouterine pouch of Douglas. The boundar-
ies of this space are the vaginal fascia anteriorly and the rectal
fascia posteriorly. Laterally, the space extends to the fusion of
the vaginal and rectal fascial collars, which in this region form
the wings of the vagina. The space terminates caudally at the
line of fusion between the posterior vaginal wall and the anal
canal. In this region, numerous fascial and muscular elements
apparently fuse, prompting the term perineal body, or central
point of the perineum.

The pararectal space extends on each side from the recto-
genital septum in males and the cardinal ligament in females
to the presacral fascial wing. It lies on the supra-anal fascia
covering the superior surface of the pubococcygeal muscle,
along the inferolateral parts of the rectum or its fascial enclo-
sure. In both males and females, its roof is composed of the
peritoneum reflected from the lateral aspects of the rectum to
the pelvic parietes, forming the floor of the pararectal peritoneal
fossa.

The presacral space, similar in both genders, constitutes the
interval between the parietal pelvic fascia, covering the sacrum
and the piriformis, coccygeus, and pubococcygeus muscles, and
the presacral fascial wing of the hypogastric sheath, which envel-

ops the rectum as the rectal fascia. Where the posterior rectal
wall lies almost horizontally, the rectal fascial collar produces
the ventral lining of the presacral space. Cranially, the space
becomes continuous with the prevertebral-retroperitoneal
areolar tissue. A strong lateral barrier for this space is provided
by the attachment of the hypogastric sheath to the parietal
fascia, which explains why retrorectal abscesses are more apt to
rupture into the rectum than to penetrate into the other supra-
levator spaces.

The largest and most important of the infralevator spaces are
the paired ischiorectal spaces, averaging 6 cm anteroposteriorly, 2
to 4 cm wide, and 6 to 8 cm deep. Each ischiorectal space is
shaped like an irregular wedge, with the apex at the pubic angle
and the base at the gluteus maximus muscle. Circumanal and
infra-anal fasciae covering the superficial and deep portions of
the external sphincter and the superimposed puborectalis and
pubococcygeus portions of the levator ani muscle form the wall.
Attachments of this muscle and the infra-anal fascia to the uro-
genital diaphragm mark the medial wall of the anterior exten-
sion (Waldeyer fascia), which extends above the urogenital
diaphragm. At the most cranial point of the ischiorectal fossa,
the inner wall joins its outer lunate fasciae, overlying the obtura-
tor internus muscle and farther down the ischial tuberosity. The
infra-anal fascia covering the iliococcygeus muscle roofs the
ischiorectal space. The coccyx and the sacrospinous and sacro-
tuberal ligaments, overlapped by the gluteus maximus muscle,
constitute the base or posterior wall of the fossa. These struc-
tures thus confine the posterior extension of the ischiorectal
space, which has, posteriorly to the anal canal, no medial walls.
The fossae of each side communicate with each other by what
is known as the deep postanal space, which lies above the anococ-
cygeal ligament or posterior extension of the external anal
sphincter and below the levator plate. This deep postanal space
is also known as the posterior communicating space because the
right and left ischiorectal spaces communicate through it. The
deep postanal space is thus the usual pathway for purulent infec-
tions to spread from one ischiorectal space to the other, result-
ing in the semicircular or “horseshoe” posterior anal fistula. The
floor of the ischiorectal space behind the urogenital diaphragm
is the transverse septum of the ischiorectal fossa. In the anterior
recess, the urogenital diaphragm forms the floor. Large fat glob-
ules lying in a matrix of thin collagenous fibrils fill the ischio-
rectal space. Interior hemorrhoidal (rectal) vessels and nerves
cross each space obliquely from its posterior-lateral angle en
route from the pudendal vessels and nerves in Alcock (pudendal)
canal to the anal canal. Superficial and deep compartments of
the urogenital diaphragm occupy the space within the pubic
arch and contain the urogenital musculature, which is in close
functional relationship to the pelvic diaphragm and the anorec-
tal sphincters.



Inguinal Canal

Colleen Kennedy and Raul J. Rosenthal

he inguinal canal is an oblique tunnel, 3 to 5 cm long,

through the muscular and deep fascial layers of the anterior
abdominal wall, parallel to and superior to the inguinal ligament
(Fig. 74-1). The canal extends between the internal inguinal
ring, located in the transversalis fascia approximately halfway
between the anterior superior spine of the ilium and the pubic
symphysis, and the external inguinal ring, located in the apo-
neurosis of the external abdominal oblique muscle just superior
and lateral to the pubic tubercle. In the male, the canal conveys
the spermatic cord, comprising the vas deferens and the vessels
and nerves of the testes (Fig. 74-2). The anatomy of the ingui-
nal canal is similar in the female but is somewhat less well
developed. The canal in the female contains the round ligament
of the uterus as it travels toward its termination in the labia
majora.

‘The internal inguinal ring, a funnel-shaped opening in the
transversalis fascia, is the site at which the transversalis fascia
becomes the innermost covering of the spermatic cord, the
internal spermatic fascia. Inferior epigastric vessels are just
medial to the internal inguinal ring, and the most lateral point
of the inferior border of the transverses muscle is just lateral to
this ring. The external inguinal ring is formed by a division
of the fibers of the external abdominal oblique aponeurosis
with fibers that pass superomedial to the ring attaching to the
pubic symphysis. This portion of the external oblique aponeu-
rosis is called the superior crus of the external (superficial) ring.
Fibers of the external oblique aponeurosis that pass inferolateral
to the superficial inguinal ring are called the inferior crura of the
ring.

The lower border of the external oblique aponeurosis is folded
under itself, with the edge of the fold forming the inguinal liga-
ment. The fascia lata on the anterior aspect of the thigh is
closely blended to the full length of the ligament, and its lateral
half is fused with the iliac fascia as the iliacus muscle passes into
the thigh. Fibers of the aponeurosis form the medial half of the
inguinal ligament, rolling under in such a way that the fibers
forming the inferolateral margin of the external inguinal ring
become the most inferior fibers at the attachment to the pubic
bone, thus attaching most interiorly on the pubic tubercle,
whereas fibers originally more inferior attach higher up on the
tubercle, in sequence along the medial part of the pecten pubis
for varying distances. The lowest fibers in the aponeurosis
attach the farthest laterally on the pecten. The portion of the
aponeurosis that runs posteriorly and superiorly from the folded
edge of the ligament to the pecten pubis is called the pectineal
part of the inguinal ligament, or the lacunar ligament.

The inguinal canal and associated structures can be viewed
as a tubular tunnel having a roof, a floor, and anterior and pos-
terior walls. The two openings are the deep inguinal ring in the
transversalis fascia at the internal (lateral) end of the canal and
the superficial inguinal ring in the aponeurosis of the external
oblique muscle at the external (medial) end of the canal. The
external oblique aponeurosis, strengthened by the intercrural

fibers, is present in the entire length of the anterior wall of the
canal. For approximately the lateral one fourth to one third of
the canal, fibers of the internal oblique muscle, which arise from
the inguinal ligament and the related iliac fascia, form the ante-
rior wall of the canal deep to the external oblique aponeurosis.
The floor of the canal is formed in its medial two thirds to three
fourths by the rolled-under portion of the external oblique apo-
neurosis, together with the lacunar ligament, forming a shelf on
which the spermatic cord rests.

The transversalis fascia is present for the entire length of the
posterior wall of the inguinal canal. Toward the medial end of
the canal, reinforcing the part of this wall posterior to the super-
ficial inguinal ring, is the reflected inguinal ligament. The
tendon of the rectus abdominis muscle fuses with the posterior
aspect of the conjoined tendon. All the reinforcing structures
are anterior to the transversalis fascia. The subserous fascia and
the peritoneum are posterior or deep to the transversalis fascia
and continue behind the deep inguinal ring. At the lateral end
of the canal, the inferior epigastric artery and vein are posterior
to the canal in the subperitoneal fascia. Overlying these vessels,
thickening in the transversalis fascia may appear, called the
interfoveolar ligament. A slight depression in the parietal peri-
toneum, as seen from within, may be present at the site of the
deep inguinal ring. The roof of the inguinal canal is formed by
the most inferior fasciculi of the internal oblique muscle as they
gradually pass in a slightly arched fashion, from a position at
their origin anterior to the canal to a position at their insertion
posterior to the canal. At the lateral end of the canal, the lower
fasciculi of the transversus abdominis arch similarly cover the
canal.

The weakest area in the anterolateral wall in relation to the
inguinal canal is the area of the superficial inguinal ring, which
is reinforced by the reflected inguinal ligament, the conjoined
tendon, and the expansion laterally and inferiorly from the
tendon of the rectus muscle to the pecten pubis. This generally
weakened area, through which direct inguinal hernias pass, is
often described as a triangle bounded superolaterally by the
inferior epigastric vessels, superomedially by the lateral margin
of the rectus, and inferiorly by the inguinal ligament, known as
the inguinal (Hesselbach) triangle.

Preperitoneal hernia repair has allowed a new view of
the anatomy of the inguinal canal. The preperitoneal space is
bordered posteriorly by the peritoneum and anteriorly by the
transversalis fascia. This space contains connective tissue along
with vascular structures and nerves. Vascular structures of the
preperitoneal space include the iliac vessels. External iliac vessels
run on the medial aspect of the psoas muscle before passing
under the iliopubic tract and the inguinal ligament and becom-
ing the femoral vessels. Five major nerves in the preperitoneal
space are responsible for innervation of the lower abdominal
wall, inguinal, and genital regions: the iliohypogastric, hypogas-
tric, ilioinguinal, genitofemoral, and lateral femoral cutaneous
nerves.
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Figure 74-1 Inguinal Region: Dissections.
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Figure 74-2 Inguinal Canal and Spermatic Cord.
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Abdominal Regions and

Flavia Soto and Raul J. Rosenthal

he abdomen is divided into what are called areas or regions

(Fig. 75-1). A simple view shows two imaginary planes
passing through the umbilicus, one vertically and the other
horizontally. The abdomen is thus divided into four quadrants:
a right and a left upper quadrant and a right and a left lower
quadrant.

A division of the abdomen for descriptive purposes uses two
vertical and two horizontal planes that divide the abdomen into
nine regions (tic-tac-toe board). The zone above the upper of
the two horizontal planes is divided by the two vertical planes
into a centrally placed epigastric region. The epigastrium, with a
hypochondriac region (hypochondrium) on either side, is desig-
nated as the right and left hypochondriac regions. The dia-
phragm is in the upper limit of the abdomen, so most of the
hypochondriac regions and part of the epigastrium are beneath
the ribs. Also, because these three regions make up much of the
right and left upper quadrants, these quadrants also extend well
into the ribs. The zone between the two horizontal planes is
divided into a centrally placed wmbilical region, with a specified
left and right lumbar or lateral abdominal region on either side.
The zone below the lower of the two horizontal planes has a
centrally placed hypogastric or pubic (suprapubic) region, with a
specified left and right inguinal or iliac region on either side.

Although localization using these nine regions is more spe-
cific than with the four quadrants, localization is still general.

Planes
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Much disparity exists regarding the ideal site of each of the four
lines, or planes, used in this scheme. The upper horizontal
(superior transverse) line, or plane, may be drawn midway
between the upper border of the sternum and the upper border
of the symphysis pubis. This plane passes through the pylorus
and consequently is named the transpyloric plane. It has also been
described as midway between the xiphisternal junction and the
umbilicus, passing through the tip of the ninth costal cartilage,
the fundus of the gallbladder, and the lower part of the body of
the first lumbar vertebra. Another identifying landmark for
locating the upper horizontal plane is the most caudal part of
the costal margin (usually, most caudal part of tenth costal car-
tilage). This plane is called the subcostal plane.

Two vertical planes, or lines, one on either side, may be
located halfway between the median plane and the anterior
superior spine of the ilium (or halfway between pubic tubercle
and anterior superior iliac spine, or midpoint of inguinal liga-
ment, right and left midinguinal planes).

Vertical planes on each side may also be identified by using
the lateral border of the rectus abdominis muscle or the semi-
lunar line, which, if followed inferiorly and medially toward the
pubic tubercle, brings the entire inguinal canal into the inguinal
region.
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Figure 75-1 Regions and Planes of the Abdomen.



Flavia Soto and Raul J. Rosenthal

he most common variant of the abdominal wall and

congenital abnormality is the diastasis recti. This consists
of an upper midline protrusion of the abdominal wall between
the right and left rectus abdominis muscles. This is a weakness
of the linea alba and does not require treatment unless an
epigastric hernia develops in association with the diastasis
recti.

Omphalocele may be seen in neonates and represents a defect
in the closure of the umbilical ring (Fig. 76-1). The herniated
viscera are usually covered with an amniotic sac.

Gustroschisis, a defect in the abdominal wall lateral to the
umbilicus, is caused by failure of the body wall to close. The
abdominal viscera protrude through the defect, and no sac is
present to cover the herniated intestine.

Omphalomesenteric vitelline duct remnants may present as
abnormalities related to the abdominal wall. In the fetus, the
omphalomesenteric duct connects the fetal midgut to the yolk
sac. This normally obliterates and disappears completely.
However, any part of or the entire fetal duct may persist and
give rise to symptoms.

Omphalocele

Skin freed circumferentially from
omphalocele and widely undermined (to
both flanks) umbilical cord amputated

Meckel diverticulum results when the intestinal end of the
omphalomesenteric duct persists (see Fig. 76-1). This is a true
diverticulum of the intestine, with all layers of the intestinal wall
represented.

Anomalies of the urachus, a fetal structure that connects the
developing bladder to the umbilicus, can occur. The urachus is
normally obliterated at birth. It may persist in toto, resulting in
a vesicoumbilical fistula manifested by the drainage of urine
from the umbilicus. Proper treatment is excision of the fistula
after distal urinary obstruction has been excluded.

Urachal sinus results when the umbilical end of the urachus
does not obliterate normally. Such sinuses present as the chronic
drainage of small amounts of urine from the umbilicus. They
may become infected and should be totally excised.

ADDITIONAL RESOURCES

Sabiston A: Abdominal wall, umbilicus, peritoneum, mesenteries, omentum
and retroperitoneum. In Sabiston A, editor: Textbook of surgery: the biological
basis of the modern surgical practice, ed 15, Philadelphia, 1997, Saunders,
pp 809-823.

Figure 76-1 Abdominal Wall and Cavity: Congenital Abnormalities.



Acute Abdomen

Flavia Soto and Raul J. Rosenthal

he term acute abdomen theoretically identifies a patient with

abdominal pain persisting for more than 6 hours and asso-
ciated with rebound tenderness or other evidence of inflamma-
tory reaction or visceral dysfunction that, if left untreated, could
have a deleterious effect on the patient’s health (Fig. 77-1).

CLINICAL PICTURE

The etiology of an acute abdominal condition remains one of
the most difficult problems to identify. Many pathologic pro-
cesses, both intraabdominal and extraabdominal, may account
for these symptoms. Accurate history taking and thorough phys-
ical examination help to differentiate the variety of causes.
Localization, nature, and progression of pain are essential for
an accurate diagnosis.

Pain in the right upper abdominal quadrant may originate
from cardiac, pulmonary, gastrointestinal, and renal conditions.
Evidence of cardiac failure may implicate the heart, whereas
pleuritic pain, cough, sputum, and auscultatory findings over the
right lower lobe may indicate disease above the diaphragm. A
prodromal period of nausea and anorexia, followed by pain,
jaundice, and enlargement of the liver, suggests hepatitis; this
must be differentiated from acute cholecystitis, which presents
as colicky pain in the same quadrant. Urinalysis showing red or
white blood cells suggests pyelonephritis or renal stones, whereas
glycosuria and ketonuria may confirm initial clinical evidence of
diabetic acidosis.

The most difficult area to diagnose in females is the right
lower quadrant. Although persistent pain in this region could
indicate appendicitis, the identical symptoms may result from a
twisted, ruptured, or bleeding ovarian cyst; pelvic inflammatory
process; or twisted pedunculated fibroid. However, all these
conditions require surgical intervention, provided systemic and
renal diseases have been excluded. If the patient has pain and
tenderness on the left side, tumor or diverticulitis must be
included in the differential diagnosis. If the patient has an
abdominal scar from previous surgery and is reporting cramps
and vomiting, intestinal obstruction should also be considered
as a possible cause. Hernia and its complications can be ruled
out if the pain is located in either lower quadrant.

Although the location of the pain usually identifies the site
of the disease process, appendicitis frequently begins with epi-
gastric or periumbilical pain before localizing in the right lower
quadrant. Perforated peptic ulcer, acute cholecystitis, and pan-
creatitis may manifest as lower abdominal pain because of
extravasation of inflammatory exudates to the lumbar gutter.
Rebound tenderness, the most significant sign of peritoneal inflam-
mation, indicates the need for surgical intervention in all
patients, except those with systemic diseases such as porphyria
and sickle cell crisis.

Expanding and ruptured abdominal aortic aneurysm often
manifests with abdominal pain. Patients report upper abdominal
tenderness and back pain and are often hypovolemic and in
shock. Physical examination reveals a pulsatile mass. It is impor-
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tant to recognize the urgency of this situation and the need for
rapid surgical intervention. Although ultrasound, computed
tomography (CT), and angiography can confirm the diagnosis
of abdominal aortic aneurysm, time usually does not permit
their use (see Chapter 80).

DIAGNOSIS

Abdominal and chest radiographs should be used to confirm a
diagnosis. The chest film will exclude or include pneumonia,
pulmonary infarction, congestive heart failure, pericardial effu-
sion, and fractured ribs, all of which can mimic acute abdomen.
Free air under the diaphragm is pathognomonic of a perforated
viscus. Opaque calculi may be visible and can lead to a diagnosis
of cholecystitis, nephrolithiasis, or even gallstone ileus. In
patients with injury manifesting as paralytic ileus, x-ray exami-
nation may disclose vertebral or pelvic fracture. In localized
ileus, the sentinel loop may be seen in pancreatitis, appendicitis,
or mesenteric infarction.

Ultrasound and CT should be reserved for cases requiring
further confirmation to obtain an accurate diagnosis. Ultra-
sound provides a safe, painless method of evaluating acute
abdomen and rapidly assessing multiple organs, including the
liver, spleen, biliary tract, pancreas, appendix, kidneys, and
ovaries. Also, pulsed Doppler ultrasound allows assessment of
many vascular abnormalities, including aortic and visceral arte-
rial aneurysm, arteriovenous fistula, and venous thrombus.

Computed tomography is also a safe, noninvasive, and effi-
cient method of investigating the acute abdomen by providing
detailed information on a variety of structures, with views of the
bowel wall, mesentery, and retroperitoneum. In particular, the
kidneys, pancreas, duodenum, and aorta are better delineated
than with other diagnostic modalities. In addition, CT provides
sensitive detection of free air, abscesses, calcifications, and col-
lections of intraperitoneal fluid.

Magnetic resonance imaging requires more time and is gen-
erally less useful than CT.

Differential diagnoses generated after taking a clinical history
then become a working diagnosis after the physical examination
and laboratory and radiologic results are obtained. Subsequent
management depends on the accepted treatment for the sus-
pected condition.

It is strongly recommended that the patient with acute
abdomen be continually reevaluated, preferably by the same
examiner, even after a working diagnosis has been established.
If the patient is unresponsive to appropriate treatment, the
working diagnosis must be reassessed, returning to the initial
differential diagnosis list.

ADDITIONAL RESOURCES

Delcore R, Cheung L: Acute abdominal pain. VIII. Common clinical prob-
lems. In Care of the surgical patient: perioperative management and techniques,
Philadelphia, 1995, American College of Surgeons.

Ferzoco S, Becker J: The acute abdomen. In Sabiston A, editor: Essentials of
surgery, ed 2, Philadelphia, 1994, Saunders, pp 274-280.
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Figure 77-1 Acute Abdomen.



Alimentary Tract Obstruction

Guillermo Higa and Raul J. Rosenthal

Any organic or functional condition that primarily or indi-
rectly impedes the normal propulsion of luminal contents
from the esophageal inlet to the anus should be considered an
obstruction of the alimentary tract (Fig. 78-1).

Although valid generalizations can be made about the ali-
mentary tract, the spectrum of diseases affecting this system and
their clinical manifestations are significantly related to the con-
stituent organ(s) involved. Thus, esophageal disorders manifest
mainly through their relationship to swallowing. Gastric disor-
ders are dominated by features related to acid secretion, and
diseases of the small and large intestine manifest primarily
through alterations in nutrition and elimination.

CLINICAL PICTURE

The most common symptoms resulting from disorders involv-
ing the alimentary tract include pain and alterations in bowel
habit, especially diarrhea and constipation. Of these symptoms,
abdominal pain is the most frequent and variable and may reflect
a broad spectrum of problems, from the least threatening to the
most urgent.

Abdominal pain of abrupt onset is often encountered in serious
illness requiring urgent intervention, whereas a history of
chronic discomfort is frequently related to an indolent disorder.
A change in the pattern or character of pain may be equally
important because it may signify progression to a more critical
stage of a problem (recent or chronic) that was mild in onset.
Ascertaining the location of the pain (upper or lower, localized
or diffuse), its character (sharp, burning, cramping), and its
relationship to meals often provides significant insight into the
most important diagnostic considerations. If eating produces
the symptom, the physician should determine whether the dis-
comfort occurs while the patient is eating (as in esophageal
disorders), shortly after the meal (as often occurs in biliary tract
disease and abdominal angina), or 30 to 90 minutes later (typical
of peptic disease). Pain that is not affected by eating suggests a
process outside the bowel lumen, such as abscess, peritonitis,
and some malignancies. Relationship of the discomfort to bowel
movement, especially in association with an altered bowel habit,
should focus attention on a disorder of the small or large bowel,
such as inflammatory bowel disease.

Alterations in bowel bhabit can result from either disruption of
normal intestinal motility or significant structural abnormality.
The onset of worsening constipation in an adult with previously
regular habits, especially when accompanied by systemic symp-
toms such as weight loss, suggests an underlying obstructing
process, particularly malignancy.

PATHOPHYSIOLOGY

In the newborn, various congenital anomalie—esophageal or
intestinal abnormalities, anal atresias, colonic malrotation, vol-
vulus of the midgut, meconium ileus, and aganglionic mega-
colon—result in obstruction. Early symptoms that suggest
obstruction include increased salivation, feeding intolerance
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with regurgitation or vomiting, abdominal distention, and
failure to pass meconium. Other causes of mechanical interfer-
ence of intestinal function in early infancy include intestinal
duplications, volvulus caused by mesenteric cysts and annular
pancreas, incarceration in an internal or external (inguinal)
hernia, and congenital peritoneal bands; the latter may not
become clinically manifest until adulthood or older.

Duodenal obstruction may manifest early in the newborn period
or within the first year of life, but sometimes it does not manifest
until years into childhood. The common area of blockage is just
beyond the ampulla of Vater.

Esophageal diseases can interfere with the normal passage of
fluids and solids through the gullet (uppermost row in Fig.
78-1). Fibrotic narrowing has also been observed after anasto-
motic or plastic procedures at the lower end of the esophagus.
An overly tight closure of the hiatus in the repair of a sliding
esophageal hernia results in compression by obstruction at this
point. The same picture results from extraluminal pressure on
the esophagus by a tumor mass or a visceral abnormality in the
neck or mediastinum.

Gustric obstruction may be caused by accumulation in the
stomach of ingested material, such as hair (trichobezoar) or
fruit/vegetable fibers (phytobezoar), or development of hyper-
trophic pyloric stenosis, spastic or cicatricial occlusion related
to prepyloric or postpyloric peptic ulcer, or malignant
neoplasm.

Small Intestine

Obstruction of the small bowel has four characteristics: abdomi-
nal pain, vomiting, abdominal distention, and obstipation.
Symptoms are variable, depending on the anatomic level (proxi-
mal or distal), degree of obstruction (partial or complete), and
presence or absence of strangulation.

Obstruction of the duodenum by extraluminal compression
may occur in the superior mesenteric small intestine, most often
as incarceration of a loop of small bowel in an inguinal or a
femoral hernia. On occasion, incarceration occurs in an internal
hernia, or a bowel segment may become caught in the ring of a
congenital, traumatic, or surgical defect in the diaphragm.

A foreign body, either ingested by mouth or consisting of a
large biliary calculus, may become impacted and result in
obstruction; an accumulation of parasitic worms has been
reported as a cause. Mechanical obstruction of the small intes-
tine can also be caused by intussusception or by compression,
torsion, or angulation of one or more bowel loops. Etiologic
mechanisms include postoperative adhesions, congenital perito-
neal bands, metastatic tumor implants, Meckel diverticulum,
and plastic or adhesive peritonitis (tuberculosis, talc granuloma).
On occasion, primary neoplasms of the small intestine (carci-
noma, lymphosarcoma, Hodgkin granuloma) may cause obstruc-
tive manifestations.

Varying degrees of small-bowel obstruction may be caused
by segmental fibrotic stricture formation (as in regional ileitis
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or jejunitis) or stenosed bowel loop resulting from healing after
localized infarction sustained in hernial incarceration or mesen-
teric vascular occlusion.

Iatrogenic intestinal obstruction (anastomotic stenosis,
torsion or angulation, anastomosis of incorrect loops) may result
from faulty surgical technique.

Cancer of the large intestine constitutes the most frequent
mechanism of obstruction of this viscus. Occlusion occurs more
often where the bowel lumen is of smaller caliber. Occasionally,
volvulus of the right colon can be seen if it has a long mesentery.
Fecal impaction causing obstruction and sigmoid colon volvulus
may develop in elderly patients. A large foreign body inserted
rectally (perversion, psychosis) may also obstruct the lumen.

The most common symptoms of high-grade colonic obstruc-
tion are abdominal pain, distention, vomiting, and constipation.
These symptoms may be superimposed on vague symptoms
related to the developing obstruction, such as flatulence, diar-
rhea, and variable degrees of abdominal distention.

Strictures of the colon may result from cicatricial fibrosis
(granulomatous ileocolitis or colitis, nonspecific ulcerative
colitis, diverticulitis, venereal lymphopathy) or may occur as
postoperative complications (anastomotic stricture, posthemor-
rhoidectomy). Extraluminal compression, usually caused by
primary or metastatic pelvic tumors and rarely by pelvic inflam-
matory exudates or abscess formation, may obstruct the lower
bowel at the level of the rectosigmoid or rectum.

Nonmechanical impairment of intestinal motor function has
been descriptively termed reflex, adynamic, or paralytic ileus. As
a complication of various causative clinical conditions, the
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patient has the syndrome of gastric retention, constipation and
failure to pass flatus, abdominal distention, “silent abdomen,”
and radiographic findings of dilatation of the small and large
intestine with gas and accumulated fluid.

Reflux ileus may be encountered in patients with various
lesions of the central nervous system. Intestinal atony may
follow surgical anesthesia or the trauma of intraabdominal sur-
gical manipulation, extensive rib fractures, or blunt abdominal
trauma (e.g., immersion blast injury). Other clinical conditions
in which ileus has reportedly occurred as a so-called reflex phe-
nomenon include renal or biliary colic, pneumonia, torsion
infarction of an ovarian cyst, coronary thrombosis, and retro-
peritoneal hemorrhage (fracture of spine or pelvis, dissecting
aortic aneurysm, urinary extravasation, rupture of kidney).

Paralytic or adynamic ileus occurs most often with purulent
peritonitis caused by perforated appendicitis, perforation of a
hollow viscus, pelvic inflammatory disease, leakage or dehis-
cence of an intestinal suture line, or wound evisceration. Ileus
may follow the intraperitoneal extravasation of gastric or duo-
denal contents (perforated peptic ulcer), pancreatic juice (acute
hemorrhagic pancreatitis), bile (perforated gallbladder, bile
leakage from liver or bile ducts), and blood (postoperative hem-
orrhage; rupture of liver, spleen, or graafian follicle; ectopic
gestation; chocolate cyst of ovary).

Filston H: Pediatric surgery. In Sabiston A, editor: Textbook of surgery,
vol 2, Philadelphia, 1986, Saunders, pp 1253-1298.

Isselbacber K, Podolsky D: Approach to the patient with gastrointestinal
disease. In Fauci AS, editor: Harrison’s principles of internal medicine, ed 14,
vol 2, New York, 1998, McGraw-Hill, pp 1579-1583.

Welch J: Mechanical obstruction of the small and large intestines. In Moody
FG, Surgical treatment of digestive disease, ed 2, Chicago, 1990, Mosby-Year
Book, pp 624-639.



Mesenteric Vascular Occlusion

Guillermo Higa and Raul J. Rosenthal

he mesenteric circulation receives approximately 25% of
cardiac output under resting conditions. Thus, it is one of
the largest regional circulatory areas in the body. Mesenteric
circulation is functionally complex, and its location within the
peritoneal cavity makes objective assessment difficult.
Mesenteric ischemic disorders result from chronic or acute
insufficiency of blood flow to all or part of the intestine (Fig.
79-1). Varied etiologies and degrees of ischemia produce dif-
ferent clinical manifestations and pathophysiologic changes
requiring prompt diagnosis and aggressive management. Isch-
emic intestinal injury may be acute or chronic, extensive or
segmental, recurrent or transient, and completely reversible.
Mesenteric ischemia is a function of the following:

State of the systemic circulation

Degree of functional or anatomic vascular compromise

Number and caliber of vessels affected

Response of the vascular bed to diminished perfusion

Thrombosis of
mesenteric artery

Thrombosis of
mesenteric vein

Figure 79-1 Mesenteric Vascular Occlusion.

* Nature and capacity of the collateral circulation to supply the
needs of the dependent segment of bowel

® Duration of the insult

® Metabolic needs of the dependent segment, as dictated by its
function and bacterial population

PATHOPHYSIOLOGY

Ischemic injury to the intestine occurs when it is deprived of
oxygen and other nutrients necessary to maintain cellular
metabolism and integrity. Reduced blood flow may reflect poor
systemic perfusion or may result from local changes in the
splanchnic vasculature. Narrowing of the major mesenteric
vessels, focal atheromatous emboli, vasculitis, and mesenteric
vasoconstriction can all lead to inadequate circulation at a cel-
lular level. However, regardless of the cause, the end results
include a spectrum of injury ranging from reversible functional
alterations to transmural hemorrhagic necrosis throughout the
bowel.

Factors influencing ischemic injury of the bowel include the
state of the general circulation, the extent of collateral blood
flow, the response of the mesenteric vasculature to autonomic
stimuli, circulating vasoactive substances, local humoral factors,
and the products of cellular metabolism before and after reper-
fusion of the ischemic segment of bowel.

Mesenteric Ischemia and Infarction

Acute intestinal ischemia may be classified as occlusive or nonoc-
clusive. Occlusion may result from an arterial thrombus or an
embolus of the celiac or superior mesenteric arteries or from
venous occlusion in the same distribution. Arterial embolus
most often occurs in patients with chronic or recurrent atrial
fibrillation, artificial heart valves, or valvular heart disease; arte-
rial thrombosis is usually associated with extensive atheroscle-
rosis or low cardiac output.

Superior mesenteric artery embolus tends to lodge at points
of normal anatomic narrowing, usually just distal to the origin
of a major branch. An embolus may completely occlude the
artery, but usually, partial obstruction of the vessel lumen
oceurs.

CLINICAL PICTURE

The major clinical feature of acute mesenteric ischemia is severe
abdominal pain, often colicky and periumbilical at the onset and
then becoming diffuse and constant. Vomiting, anorexia, diar-
rhea, and constipation also occur frequently but are of little
diagnostic help. Examination of the abdomen may reveal ten-
derness and distention; bowel sounds are often normal, even in
patients with severe infarction. Some patients have surprisingly
normal findings on abdominal examination despite the severe
pain. Mild gastrointestinal bleeding is often detected by examin-
ing the stool for occult blood; gross hemorrhage is unusual
except in ischemic colitis. A typical laboratory finding is pro-



nounced polymorphonuclear leukocytosis. Later in the disease
course, gangrene of the bowel occurs, with diffuse peritonitis,
sepsis, and shock.

Abdominal plain films in patients with mesenteric ischemia
may reveal air-fluid levels and distention. Barium study of the
small intestine reveals nonspecific dilatation, poor motility, and
evidence of thick mucosal folds (thumbprinting).

DIAGNOSIS

Acute mesenteric ischemia is a serious condition associated with
high morbidity and mortality. Patients thought to have acute
arterial embolus should undergo immediate celiac and mesen-
teric angiography to localize the embolus, followed by
embolectomy.

TREATMENT AND MANAGEMENT

Restoration of normal circulation may allow complete recovery
if it can be accomplished before irreversible necrosis or gan-
grene occurs. Unfortunately, infarction and transmural necrosis
are frequently found at surgery, necessitating resection. Arterial
or venous thrombosis is not generally amenable to surgical
removal of the thrombus; therefore, resection of the affected
bowel is required. Similarly, patients with nonocclusive isch-
emia are not candidates for corrective vascular surgery because
major vessels are patent.

Patients with nonocclusive ischemia often have extensive
necrosis of the small or large intestine, resulting from the wide-
spread nature of the ischemic event. The decision to operate
when mesenteric ischemia is suspected is often difficult,
given that the typical patient is a poor surgical risk because of
advanced age, dehydration, sepsis, and other serious comorbid
conditions.

COURSE AND PROGNOSIS

Superior mesenteric artery thrombosis occurs at areas of severe
atherosclerotic narrowing, usually at the origin of the superior
mesenteric artery. The acute ischemic episode is typically super-
imposed on chronic mesenteric ischemia. Approximately 20%
to 50% of patients have a history of postprandial abdominal pain
with or without malabsorption and weight loss during the weeks
or months preceding the acute episode. Most patients with
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superior mesenteric artery thrombosis have a history of coro-
nary, cerebrovascular, or peripheral arterial insufficiency.

Mesenteric venous thrombosis has long been known as the
“great imitator” of other abdominal disorders. Symptoms are
nonspecific except for abdominal pain, which is present in more
than 90% of patients. The onset of abdominal pain, nausea, and
vomiting may be insidious over 2 to 3 weeks before development
of abdominal signs. No symptoms clearly indicate the diagnosis
of mesenteric thrombosis.

Mesenteric venous thrombosis may follow intraabdominal
infections or may develop in association with thrombotic hema-
tologic disorders such as polycythemia vera or postsplenectomy
thrombocythemia. Because the thrombotic process in the mes-
enteric veins is more slowly progressive, the symptoms of pain,
nausea, and vomiting may be present for several days before the
involved bowel becomes frankly gangrenous and signs and
symptoms manifest.

The prognosis in mesenteric venous thrombosis is more
favorable than in arterial occlusion but still serious because
further thrombosis and infarction may occur. Anticoagulant
therapy may be helpful after surgery to prevent secondary
venous thrombosis. Reports of mesenteric venous thrombosis
causing fatal intestinal bleeding without hemorrhagic infarction
of the bowel have been verified at autopsy.
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Other Vascular Lesions

Guillermo Higa and Raul J. Rosenthal

Anemysm is defined as a pathologic dilatation of a segment
of blood vessel. True aneurysm involves all three layers of
the vessel wall and is distinguished from a pseudoaneurysm, in
which the intimal and medial layers are disrupted and the dilata-
tion is lined only by adventitia, and sometimes by perivascular
clot. Figure 80-1 shows arteries of the posterior abdominal
wall.

DISEASES OF THE AORTA

Aortic Aneurysm

Abdominal aortic aneurysm (AAA) is a common condition, with
an estimated incidence of 30 to 66 per 1000 persons, having
tripled in the past three decades. AAAs tend to rupture suddenly,
resulting in approximately 15,000 deaths per year, making AAA
the thirteenth leading cause of death in the United States.

Aneurysms of the infrarenal aorta are by far the most common
arterial aneurysms. Men are affected more than women by a
ratio of 4:1. Other aneurysms, such as common or internal iliac
and femoropopliteal aneurysms, are also frequently present in
patients with AAA.

ETIOLOCY

The most common pathologic condition associated with AAA
is atherosclerosis. Additional causes of AAA include cystic
medial necrosis, syphilis, tuberculosis, other bacterial infections,
Takayasu arteritis, giant cell arteritis, seronegative spondyloar-
thropathy, rheumatoid arthritis, and trauma.

CLINICAL PICTURE

From 70% to 75% of all infrarenal AAAs are asymptomatic
when first discovered, often during routine physical examination
or radiographic study for another reason (upper GI series,
barium enema, intravenous pyelography, lumbosacral radiogra-
phy, abdominal CT, ultrasound).

An AAA may cause symptoms as a result of rupture or expan-
sion, pressure on adjacent structures, embolization, dissection,
or thrombosis. Compression of the adjacent bowel can cause
early nausea and vomiting. A large aneurysm can actually erode
the spine and cause severe back pain in the absence of rupture.

Abrupt onset of severe back, flank, or abdominal pain is
characteristic of aneurysmal rupture or expansion. Ruptured
aneurysms constitute 20% to 25% in most series. Symptoms
and time course vary, depending on the nature of the rupture.
Small tears of the aneurysmal sac may result in a small leak that,
at least temporarily, resolves with minimal blood loss. This is
usually followed within a few hours by frank rupture, producing
a catastrophic medical emergency.

The classic clinical manifestations of ruptured AAA are
midabdominal or diffuse abdominal pain, shock, and a pulsatile
abdominal mass. The pain may be more prominent in the back
or flank or may radiate to the groin or thigh.

TREATMENT AND MANAGEMENT

Surgical excision and replacement with a graft is indicated for
AAAs of any size that are expanding or associated with symp-
toms. Surgery is indicated for asymptomatic aneurysms with
diameters greater than 6.5 cm.

Chronic Arteriosclerotic Occlusive Disease

Chronic occlusive disease involves the distal abdominal aorta
below the renal arteries. Because of the slowly progressive
nature of the atherosclerotic process, the natural history of
aortic occlusion is usually chronic and insidious. Claudication
characteristically involves the lower back, buttocks, and thighs
and may be associated with impotence in males (Leriche syn-
drome). The severity of symptoms depends on the adequacy of
collaterals. With sufficient collateral blood flow, complete
occlusion of the abdominal aorta may occur without the devel-
opment of ischemic symptoms.

Physical findings include the absence of femoral and other
distal pulses bilaterally and the detection of an audible bruit
over the abdomen (usually at or below the umbilicus) and the
common femoral arteries. Atrophic skin, hair loss, and coolness
of the lower extremities are usually observed. In advanced
ischemia, rubor on dependency and pallor on elevation can be
seen.

Acute Aortic Occlusion

Acute occlusion in the distal abdominal aorta represents a
medical emergency because it threatens the viability of the lower
extremities. This usually results from an occlusive embolus that
almost always originates from the heart. Rarely, acute occlusion
may result from in situ thrombosis in a preexisting, severely
narrowed segment of the aorta or from plaque rupture and
hemorrhage into such an area. Severe chest pain, coolness, and
pallor of the lower extremities and the absence of distal pulses
bilaterally are the usual manifestations. Diagnosis should be
established rapidly by aortography. Emergency thrombectomy
or revascularization is indicated.

lliac Artery Aneurysm

Common iliac artery aneurysms frequently occur in continuity
or in association with AAAs. Iliac aneurysms are often athero-
sclerotic (degenerative) and thus occur mainly in the population
with, or at risk for, atherosclerosis. The natural history of iliac
aneurysm is unfavorable, with a high rate of rupture within a
few months of diagnosis, possibly because of their large size
when diagnosed.

Vascular Kidney Injury

Involvement of the renal vessels by atherosclerotic, hyperten-
sive, embolic, inflammatory, and hematologic disorders is
usually a manifestation of generalized vascular disease.
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Figure 80-1 Arteries of Posterior Abdominal Wall.
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THROMBOEMBOLIC DISEASES OF THE
RENAL ARTERIES

Thrombosis may result from an intrinsic abnormality in the
renal vessels (posttraumatic, atherosclerotic, or inflammatory)
or from emboli originating in distant vessels, usually fat emboli,
emboli originating in the left side of the heart (mural thrombi
after myocardial infarction, bacterial endocarditis, or aseptic
vegetations), or paradoxical emboli passing from the right side
of the circulation through a patent foramen ovale or atrial septal
defect.

The clinical presentation is variable, depending on the time
and extent of the occlusive event. Acute thrombosis and infarc-
tion, such as after embolization, may result in the sudden onset
of flank pain and tenderness, fever, hematuria, leukocytosis,
nausea, and vomiting.

Renal Artery Thrombosis

Thrombosis of one or both main veins occurs with various other
conditions: trauma, extrinsic compression (lymph nodes, aortic
aneurysm, tumor), renal cell carcinoma, dehydration (infants),
nephrotic syndrome, pregnancy, and oral contraceptive use.

Clinical manifestations depend on the severity and abrupt-
ness of onset of thrombosis. Acute thrombosis is characterized
by sudden loss of renal function, often accompanied by fever,
chills, lumbar tenderness (with kidney enlargement), leukocyto-
sis, and hematuria. Hemorrhagic infarction and renal rupture
may lead to hypovolemic shock. Definitive diagnosis can be
established only through selective venography with visualization
of the occluding thrombus.

Renal Artery Stenosis or Ischemic
Renal Disease

The common cause of renal artery stenosis in middle-aged and
elderly persons is an atheromatous plaque at the origin of the
renal artery. In younger women, stenosis is caused by intrinsic
structural abnormalities of the arterial wall caused by a heter-
ogenous group of lesions termed fibromuscular dysplasia.

Renal artery stenosis should be suspected when hypertension
develops in a previously normotensive person older than 50 or
in persons younger than 30 who have suggestive symptoms, such
as vascular insufficiency to other organs, high-pitched epigastric
bruit on physical examination, symptoms of hypokalemia sec-
ondary to hyperaldosteronism (muscle weakness, tetany, poly-
uria), and metabolic alkalosis.

Renal Artery Macroaneurysms

Renal artery macroaneurysm represents an uncommon vascular
disease. Most renal artery aneurysms are saccular. About 75%
are located at primary or secondary renal artery bifurcations and
appear to be caused by a medial degenerative process. Most are
asymptomatic.

SPLANCHNIC ARTERIAL ANEURYSMS

Splanchnic arterial aneurysms constitute an uncommon but
serious vascular disease. Major splanchnic vessels involved with
these macroaneurysms, in decreasing order of frequency, are the
splenic, hepatic, superior mesenteric, celiac, gastroepiploic,
jejunal-ileocolic, pancreaticoduodenal-pancreatic, and gastro-
duodenal arteries, as follows:

* Splenic arterial aneurysms account for 60% of all splanchnic
arterial aneurysms. Symptoms of left upper quadrant or epi-
gastric pain occur in some patients with splenic aneurysms,
and abdominal discomfort has been described in as many as
20%.

® Hepatic arterial aneurysms account for 20% of all splanchnic
aneurysms, are usually solitary, and are extrahepatic in 80%
and intrahepatic in 20% of patients. Few hepatic aneurysms
are symptomatic, but characteristically manifest as right
upper quadrant and epigastric pain.

* Proximal superior mesenteric arterial aneurysms are the third
most common splanchnic aneurysm, accounting for 5.5% of
these lesions. In these patients, abdominal discomfort varies
from mild to severe pain and is often suggestive of intestinal
angina.

* Celiac arterial aneurysms account for 4% of all splanchnic
aneurysms. Celiac aneurysms can be asymptomatic or can be
associated with vague abdominal discomfort.

* Gastric and gastroepiploic arterial aneurysms account for 4% of
splanchnic aneurysms. Patients usually seek emergency treat-
ment without preceding symptoms.

o FJejunal, ileal, and colic arterial aneurysms account for 3% of
splanchnic aneurysms. Many of these aneurysms are undoubt-
edly asymptomatic and are recognized as incidental findings
during arteriography for gastrointestinal bleeding.

® Pancreatic and pancreaticoduodenal arterial aneurysms account
for 2% and gastroduodenal arterial aneurysms account for an
additional 1.5% of all splanchnic arterial aneurysms. Most
patients with these aneurysms have epigastric pain and
discomfort.
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Acute Peritonitis

Dario Berkowski and Raul J. Rosenthal

Peritonitis can result from any local trigger of inflammation,
usually infection (Fig. 81-1). However, infection may not
be present at the earliest stage of peritonitis. Inflammation of
the peritoneum may be caused by a number of agents, including
bacteria, fungi, viruses, chemical irritants, and foreign bodies.
Therefore, management depends on identifying the etiology of
the infectious process.

Primary peritonitis is defined as a monomicrobial infection
without visceral perforation. Secondary peritonitis is related to a
peritoneal infection arising from an intraabdominal source, with
visceral perforation. Tertiary peritonitis develops after the treat-
ment of secondary peritonitis resulting from failure of the
inflammatory response.

The peritoneal cavity responds to infection in three ways.
First, bacteria are rapidly absorbed through the diaphragmatic
stomata. Second, bacteria are destroyed by mechanisms gener-
ated by the complement cascade and phagocytes. Third, the
infection is localized as an abscess.

CLINICAL PICTURE

Patients with established peritonitis may report a history of
onset that indicates acute appendicitis or salpingitis as the source
of origin. The sudden onset of peritonitis should be suspected
by an acute perforation of a hollow viscus.

Early features depend on the severity and extent of the peri-
tonitis. Extensive peritonitis that involves the abdominal aspect
of the diaphragm may be accompanied by shoulder tip pain.
Vomiting often occurs early in the disease course; the patient
has malaise, temperature is frequently elevated, and purulent
exudates appear.

Peritonitis caused by appendicitis is usually accompanied by
a temperature higher than 38° C (100° F), whereas in peritonitis
caused by perforated peptic ulcer, the temperature seldom
reaches this level, and the pulse tends to fluctuate.

Examination of the abdomen demonstrates tenderness local-
ized to the affected area or generalized if the peritoneal cavity
is extensively involved. The abdomen is silent on auscultation,
and rectal examination reveals tenderness of the pelvic perito-
neum. As the disease progresses, the abdomen becomes dis-
tended, signs of free fluid may be detected, and vomiting is
effortless and feculent. The patient is reactive and has sunken
eyes and pale, clammy skin, and the extremities are cyanotic.

DIAGNOSIS

Abdominal radiography reveals free subdiaphragmatic gas
from hollow viscus perforation. Differential diagnosis includes
intestinal obstruction, intraperitoneal hemorrhage, acute pan-
creatitis, dissection or leakage of an aortic aneurysm, or basal
pneumonia.
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Chronic Peritonitis

Dario Berkowski and Raul J. Rosenthal

Ithough abdominal tuberculosis is now considered a rare

disease in industrialized countries, it is still a concern in
many developing nations. Tuberculous peritonitis (chronic perito-
nitis) is the sixth most common site of extrapulmonary tubercu-
losis in the United States, following lymphatic, genitourinary,
bone and joint, miliary, and meningeal peritonitis (tuberculosis).
Recently, cases of tuberculosis have increased in Western coun-
tries, with outbreaks in inner cities, homeless shelters, nursing
homes, and prisons and among immigrants from high-risk
areas and patients with human immunodeficiency virus (HIV)
infection.

CLINICAL PICTURE

Chronic peritonitis (tuberculous peritonitis) must be considered
in the differential diagnosis of patients with fever and nonspe-
cific abdominal symptoms. Abdominal tuberculosis may mani-
fest either as an intestinal form or as tuberculous peritonitis
(Fig. 82-1).

The intestinal form is frequently encountered in the differ-
ential diagnosis of an acute abdomen caused by gastrointestinal
obstruction, perforation, or pseudo-acute appendicitis or
accompanied by a palpable mass. Diagnosis is often made at
laparotomy.

Tuberculous peritonitis is more insidious and is accompanied
by vague symptoms of fever, abdominal pain, weight loss,
anorexia, lethargy, or change in bowel habit. Abdominal disten-
tion, fluid in the peritoneal cavity, and another puckered and
thickened omentum forms a tumor that traverses the midabdo-
men. Because the diagnosis can be elusive, it is essential to
obtain confirmatory evidence before initiating therapy.

TREATMENT AND MANAGEMENT

Gram stain is frequently negative in primary bacterial peritoni-
tis, so the initial choice of antimicrobial therapy is often empiri-
cal, based on the most likely pathogens. Some third-generation

82

cephalosporin antibiotics have proved as efficacious as a combi-
nation of ampicillin and an aminoglycoside. If peritonitis
develops during hospitalization, a therapeutic regimen of an
aminoglycoside antibiotic plus antipseudomonal penicillin or
cephalosporin should be active against Pseudomonas aeruginosa.

Medical management of secondary peritonitis includes anti-
microbial therapy and supportive measures to maintain vital
function and to improve circulation, nutrition, and oxygenation
of vital organs. Antimicrobial agents must penetrate to the
infection site in concentrations sufficient to overcome the effects
of high bacterial density, metabolic inactivity, and slow growth
rate of the bacterial inoculum, low pH, necrotic tissue of low
oxidation-reduction (redox) potential, and bacterial products
that may lower the drug’s efficacy. For example, aminoglyco-
sides and clindamycin are less active at acid pH values; amino-
glycosides are less active at low redox potentials; and B-lactam
drugs are less active against high bacterial densities.

Secondary peritonitis, or abdominal sepsis, is still associated
with a high mortality rate of approximately 30%, despite
improvements in antibiotic treatment and intensive care facili-
ties. Surgical treatment of secondary peritonitis is usually
threefold: laparotomy to eliminate the source of infection,
perioperative peritoneal lavage to reduce bacterial load, and
prevention of persistent or recurrent infection.
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Cancer of the Peritoneum

Dario Berkowski and Raul J. Rosenthal

he peritoneum is a mesothelial membrane that lines the

inner surface of the abdominal cavity (parietal peritoneum)
and extends to cover various solid organs and most of the bowel
(visceral peritoneum). Primary peritoneal tumors are infre-
quent, with most manifesting as secondary metastases from
abdominal organs, such as the intestine, breast, and lung
(Fig. 83-1). A variety of primary mesenteric tumors originate
from the connective tissue, smooth muscle, adipose tissue, germ
cells, epithelium, mesothelium, nerve, and vascular tissue. The
two most common types are mesotheliomas and desmoid tumors
of the mesentery.

Malignant peritoneal mesothelioma is rare. It was first described
in 1908 and accounts for 20% of mesotheliomas. In the United
States, there are approximately 2500 new cases annually, usually
in men during the fifth and sixth decades of life. Approximately
one third involve the peritoneum. Peritoneal mesotheliomas
originate from the lining of the pleura, peritoneum, and peri-
cardium. This tumor is classed into three types: malignant tubu-
lopapillary mesothelioma, cystic mesothelioma, and benign
adenomatoid mesothelioma. The etiology is unclear, and pre-
sentation is often atypical. An association has been made between
asbestos exposure and malignant mesothelioma.

Desmoid tumors were first described in 1832 and are the most
frequent primary tumor of the mesentery. They have four peaks
of presentation, at age 5 years (juvenile), 27 years (fertile), 44
years (middle age), and 68 years (old age).

Peritoneal surface malignancy can result from seeding of a
gastrointestinal cancer or an abdominopelvic sarcoma. An
aggressive approach to peritoneal surface malignancy involves
peritonectomy procedures and perioperative intraperitoneal
chemotherapy. Peritoneal surface dissemination of appendiceal
malignancy arises from a perforated appendiceal tumor. This
primary tumor invades the appendiceal wall or produces a
mucocele that eventually ruptures. In both situations, mucous-
producing adenomatous epithelial cells are disseminated
throughout the abdomen and pelvis. This results in extensive
accumulation of mucinous tumor at characteristic sites within
the peritoneal cavity.

The mortality rate in these patients is 100% because of pro-
gressive bowel obstruction and terminal starvation. Some studies
have reported 5% survival 5 years after surgery.

CLINICAL PICTURE

Desmoid tumor manifests as a nontender, painful mass if the
tumor is growing into surrounding structures. A tumor in the
omentum may be palpable as an epigastric mass. Patients usually
seek treatment with signs and symptoms of advanced disease,
including nonspecific abdominal pain and signs of bowel
obstruction. Most of these patients have anemia, weight loss,
fever, melena, lymphadenopathy, and ascites.

DIAGNOSIS

No acceptable universal staging system has been proposed for
peritoneal mesotheliomas. These tumors generally remain con-
fined to the abdomen until late in the course, when they spread
to one or both pleural cavities. Chest radiography reveals pleural
plaques in approximately 50% of patients with peritoneal
primary tumors, compared with 20% in patients with pleural
mesothelioma, reflecting the higher level of asbestos exposure
in patients with peritoneal disease.

Malignant mesotheliomas may be mistaken for carcino-
matosis. Cytologic examination of peritoneal aspirate obtained
by needle biopsy, by either laparotomy or laparoscopy, has
been used for diagnosis and classification. This method is
associated with low sensitivity and specificity and establishes
the diagnosis in only 5% to 10% of patients. The specific
antibody for cytoplasm of mesotheliomas can be used for
immunohistochemistry.

Peritoneal mesotheliomas may be the source of ectopic
hormone secretion, such as antidiuretic hormone, growth
hormone, adrenocorticotropic hormone, and insulin-like
hormone.

Although histology may reveal epithelial, mesenchymal, or
mixed patterns, electron microscopy may be necessary to estab-
lish a mesothelial origin. Mesothelial cells demonstrate micro-
villi, cytoplasmic tonofilaments, and glycogen-like granules.

Desmoid tumors are variable in size and can grow as large as
22 kg. Although these tumors tend to invade surrounding
tissues, they are not malignant. The differential diagnosis
includes keloids, neurofibromas, lipomas, dermatofibromas,
rhabdomyomas, subacute myositis, and hemangiomas. Surgical
trauma may contribute to the formation of desmoid tumors
because they have been discovered in scars from previous
surgery. Furthermore, estrogen levels have a close correlation
with tumor growth rate, which peaks at menopause.

Computed tomography (CT) and magnetic resonance
imaging (MRI) assist in determining the extent of invasion of
local structures. Classic findings on CT include mesenteric
thickening, peritoneal studding, hemorrhage within the tumor
mass, and ascites. However, patients may have advanced disease
despite relatively normal CT findings. MRI offers potentially
higher resolution and improved delineation than CT.

Peritoneal fluid from malignant ascites may be a watery tran-
sudate or a viscous fluid rich in mucopolysaccharides. Viscous
ascites with a high fluid level of hyaluronidase may suggest the
diagnosis. Massive ascites may result in incorrectly diagnosing
severe cirrhosis rather than mesothelioma.

Thrombocytosis is common and associated with poor
prognosis. Other associated abnormalities include phlebitis,
emboli, hemolytic anemia, and disseminated intravascular
coagulation.
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TREATMENT AND PROGNOSIS

Most patients die without metastases or involvement of the
chest. Esophageal achalasia, secondary amyloidosis, and derma-
tomyositis have been reported. Survival of untreated patients in
most series is short, 4 to 12 months.

Various surgical and autopsy series have shown that perito-
neal mesothelioma involves all the peritoneal surfaces, often
with masses of 5 cm or more. Sites of local invasion include the
liver, abdominal wall, diaphragm, retroperitoneum, gastrointes-
tinal tract, and bladder. Seeding of laparotomy scars and biopsy
has also been observed.

Effective local therapy may have a substantial impact on the
survival of these patients because the tumor is confined to the
peritoneal cavity at initial diagnosis. Surgical intervention can
provide palliation for small-bowel obstruction or relief of
massive ascites by perivenous shunting.

Treating mesotheliomas involves a multimodality approach.
Surgical intervention has been used for debulking and bypassing
an intestinal obstruction. Chemotherapy with doxorubicin
seems to be the most effective treatment. Prognosis is poor, and
median survival from the time of diagnosis is approximately
18 months.

Desmoid tumors are primarily treated with surgery. Radio-
therapy can successfully reduce these tumors, although postsur-
gical recurrence is high (40%).
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Benignh Paroxysmal Peritonitis
(Familial Mediterranean Fever)

Colleen Kennedy and Raul J. Rosenthal

F amilial Mediterranean fever (FMF) is a disorder character-
ized by sporadic attacks of serosal inflammation (Fig. 84-1).
It is inherited as a single-gene autosomal-recessive trait. FNF is
associated primarily with ethnic groups originating in the Medi-
terranean region. Initial onset of disease occurs early in life, with
90% of patients experiencing the first attack before age 20 years.

The FMF gene is located on the short arm of chromosome
16. The gene codes for a protein, pyrin, found in the cytoplasm
of cells of myeloid lineage, colonocytes, and prostate cells. Pyrin
acts as a regulator of proinflammatory cytokine transcription
and may also interfere with neutrophil activation. Patients with
FMF have missense mutations that cause alterations in pyrin
formation.

Incomplete penetrance and varying expression of FMF
suggest a multifactorial influence on disease expression. Hetero-
geneity among the disease-modifying proteins may contribute
to the variable phenotypes seen in patients with FME.

The triggering mechanism for acute attacks of FMF is
unknown. The neutrophil is thought to be the primary cell in
the inflammatory response. Pyrin is expressed by monocytes
and neutrophils and is associated with the interleukin-1 (IL-1)
inflammatory pathway.

CLINICAL PICTURE

Familial Mediterranean fever, or benign paroxysmal peritonitis,
is an antiinflammatory disease characterized by periodic epi-
sodes of fever and serositis. The patient’s temperature may rise
to 103° F (39.4° C), and the disease is associated with severe
abdominal pain and peritonitis in 95% of patients. Marked ten-
derness is variable; peritoneal signs such as rebound tenderness
occur frequently; and guarding is occasionally seen. Patients also
have leukocytosis (left shift on differential), nausea, vomiting,
and constipation. The clinical picture is indistinguishable from
that of acute surgical abdomen. Abdominal pain typically pre-
cedes fever by a few hours and continues for 24 to 48 hours after
the fever resolves.

Pleuritic chest pain is present in approximately 30% of
patients with FME, arthritis in 50%, and skin manifestations in
15%. Other manifestations include aseptic meningitis, pericar-
ditis, febrile myalgia, and vasculitis. One of the main complica-
tions of FMF is amyloidosis, with deposition of amyloid in the
kidney contributing the greatest morbidity. Secondary amyloi-
dosis is characterized by deposition of amyloid A fibrils, derived
from serum amyloid A protein in the tissue produced in response
to IL-1 stimulation.

DIAGNOSIS

A diagnosis of FMF should be considered for patients who have
recurrent and self-limited attacks of fever associated with sero-
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sitis. Genetic analysis for the FMF gene is indicated for patients
with periodic fever syndrome and a family history of FMF or
amyloidosis. Levels of acute-phase reactants, such as erythrocyte
sedimentation rate, C-reactive protein, and fibrinogen, are
almost always elevated during these attacks. The diagnosis of
FMEF is made by clinical criteria.

Livneh and colleagues established a set of diagnostic criteria
in 1997. Major criteria involve peritonitis (generalized), pleuritis
(unilateral) or pericarditis, monoarthritis (hip, knee, ankle), or
fever alone. Typical attacks may also involve incomplete abdom-
inal attack. Minor criteria (incomplete attacks) involve the chest,
joints, exertional leg pain, or favorable response to colchicine.
Requirements for a diagnosis of FMF are one or more major
criteria or two or more minor criteria.

TREATMENT AND MANAGEMENT

First-line treatment for FMF is colchicine, which prevents febrile
attacks in 60% of patients and reduces the number of attacks in
another 20% to 30%. The standard dose is 1 mg daily, which
can be increased to 3 mg if needed and tolerated. Colchicine is
effective only for preventive therapy and is not effective in stop-
ping acute attacks. Treatment of acute attacks is supportive and
includes management of the associated pain.

PROGNOSIS

The prognosis for patients with FMF (benign paroxysmal peri-
tonitis) is determined by the presence of amyloidosis. In its
absence, life expectancy is normal. The advent of colchicine
treatment for FMF has greatly improved survival because
adequate treatment has been shown to prevent amyloid
deposition.
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Abdominal Wounds of the

Small Intestine

Colleen Kennedy and Raul J. Rosenthal

njuries to the small intestine are common in patients who

have experienced penetrating trauma (Fig. 85-1). Diagnosis
and management of these types of injuries are relatively simple
and direct. Injury to the small bowel secondary to blunt trauma,
however, can present a much greater diagnostic dilemma. The
importance of early diagnosis stems from the high morbidity
and mortality rates seen in patients with delayed diagnosis of
these injuries. Associated morbidity is often secondary to the
identification and prompt treatment of small-bowel injury.

The small intestine is approximately 6.5 meters (21.5 feet)
long; the first 40% includes the jejunum, and the remainder is
ileum. This distinction is important in resection secondary to
the different digestive capabilities of the ileum and jejunum.
The ileum is responsible for the absorption of vitamin B, and
the reabsorption of bile salts into the enterohepatic circulation.
Location of the wound is also important in that the distal small
bowel has a higher anaerobic bacterial load. Therefore, distal
small bowel injuries pose greater risk for postoperative
infection.

CLINICAL PICTURE

Prompt identification of small bowel injuries depends on a high
index of suspicion for injury. This is particularly true with blunt
abdominal trauma, which often has multiple associated injuries
that distract from subtle abdominal findings. Physical examina-
tion of awake and alert patients reveals progressive abdominal
tenderness that is generalized. In patients with head injuries or
who are intoxicated or have other reasons for altered mental
status, this finding is unreliable.

Injury to the small bowel must be ruled out in patients with
penetrating abdominal injury. The small intestine is the most
frequently injured intraabdominal viscus in patients with pen-
etrating trauma because it occupies most of the abdominal cavity
and is highly mobile. Therefore, injury with penetration may
occur in almost any area of the peritoneal cavity.

DIAGNOSIS AND TREATMENT

Traditionally, the diagnosis of penetrating abdominal trauma
includes exploratory laparotomy for all penetrating injuries.
Evaluation of the entire length of the small bowel begins with
the ligament of Treitz and continues to the ileocecal valve.
Inspection includes examination of the entire mesentery and
identification of hematoma or possible injury to the blood
supply of the bowel.

Any injuries encountered should be immediately repaired.
This method eliminates further trauma when replacing the
bowel in the peritoneal cavity, and it permits the surgeon to
examine surrounding tissue to determine whether simple repair
or resection is necessary. Small perforations may be repaired

with a simple suture. For small lacerations, closure should be
completed in a transverse fashion to the long axis of the bowel
to prevent narrowing of the lumen. Resection should be per-
formed for multiple injuries in a short segment or for a short
segment with massive tissue destruction. In these circumstances,
primary anastomosis can be performed. When managing mes-
enteric injuries, the viability of the bowel must be determined.
For injuries involving bowel ischemia in a short segment, simple
resection with reanastomosis can be performed. In the absence
of ischemia, mesenteric injury should be primarily repaired. If
a large segment of the bowel is ischemic or if associated injuries
are severe, resection should be limited and should be followed
by a planned second-look procedure and delayed anastomosis.

The diagnosis of small-bowel trauma secondary to blunt
injury is a controversial area. Comparisons of ultrasonography
and computed tomography (CT) with diagnostic peritoneal
lavage for blunt trauma have shown a high rate of sensitivity for
lavage, although this invasive test has its own complications.
Ultrasound and CT for small intestinal trauma lacks sensitivity
in the absence of associated injuries. The presence of free fluid
in the peritoneal cavity in the absence of solid-organ injury is
highly suggestive of small-bowel injury. Small intestinal injury
may be missed on radiologic studies, particularly if the study is
performed in the early postinjury period. Diagnostic laparos-
copy has been used for evaluation of peritoneal penetration after
stab wounds and diaphragmatic penetration after thoracoab-
dominal penetrating injuries. Recent studies have offered lapa-
roscopy as an option for evaluating the small intestine and
mesentery for blunt trauma injury. Management of small-bowel
injuries secondary to blunt trauma is similar to the management
of penetrating injuries discussed earlier.

Postoperative management of patients with small-bowel
injuries is often dictated by the associated injuries. Early enteral
nutrition is preferred in the postoperative period, if possible.
However, this may be difficult in the patient who has sustained
prolonged shock or a large mesenteric injury.
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Abdominal Wounds of the Colon

T. Cristina Sardinha and Raul J. Rosenthal

rauma remains a major cause of death and disability. In

North America, trauma is the leading cause of death in
persons younger than 44 years. This leads to significant eco-
nomic and social consequences.

The colon is the second most common abdominal organ
injured in penetrating trauma. However, injury to the colon is
rare in blunt trauma (2%-5%). Nonetheless, colonic injury after
blunt abdominal trauma is associated with a higher risk for
complications and increased hospitalization. Furthermore, no
diagnostic modality or combination of findings can reliably
exclude blunt injury to the colon. Therefore, a surgical approach
is recommended early in the evaluation of abdominal trauma
suspected to involve the colon (Fig. 86-1).

TREATMENT AND PROGNOSIS

Evolution in the management of colon injury to civilians result-
ing in significantly reduced deaths is a benefit of lessons learned
from warfare. From the Civil War to the Vietnam War, the
mortality rate from colonic injury declined from more than 90%
to less than 10%. Several factors have contributed to the signifi-
cant improvement in survival in this patient population, includ-
ing the use of a diverting colostomy, fluid resuscitation,
availability of blood products, and broad-spectrum antibiotics.

Preoperative antibiotics against aerobic and anaerobic flora
should be initiated early after the injury. Infection rates are
significantly reduced when prophylactic antibiotics are given
before surgery rather than during surgery (7% vs. 33 %, respec-
tively). Moreover, advances in anesthesia and intensive care
management continue to contribute to the overall decrease in
morbidity and mortality.

The mechanism of injury is often one of the few factors dis-
tinguishing military from civilian injury. Combat lesions fre-
quently result from high-velocity weapons and explosive devices,
whereas civilian injuries often result from handguns, stab
wounds, and blunt trauma. The degree of tissue damage is pro-
portional to the kinetic energy delivered by high-velocity
weapons. Therefore, the overall prognosis for civilian trauma is
better than for war-related injuries because civilian injuries are
often a result of low-velocity weapons. Penetrating wounds
involving the intraperitoneal portions of the colon frequently
occur in multiples, in contrast to lesions involving the ascending
or descending colon. However, lesions in the retroperitoneal
portions of the colon are often overlooked, leading to severe
anaerobic infection because of the vulnerability of the retroperi-
toneal space.

Accurately assessing death from colon injury is difficult
because of the frequent involvement of other abdominal organs
in victims of trauma, particularly severe blunt trauma. The cause
of death in victims of colon trauma in the early postoperative

period may be associated injuries rather than injury to the colon
itself. The reported mortality rate related to civilian colon injury
alone is 1% to 3%.

The most frequently used scales to classify the severity of
colon injury are the Penetrating Abdominal Trauma Index and
the Colon Injury Scale (CIS). The Penetrating Abdominal
Trauma Index score estimates organ injury on a scale of 1 to 5:
1 = minimal, 2 = minor, 3 = moderate, 4 = major, and 5 =
maximal. The CIS grades the injury as follows: 1 = serosal
injury, 2 = single wall injury, 3 = less than 25% wall involve-
ment, 4 = 25% or more wall involvement, and 5 = entire colonic
wall disruption and blood supply involvement. Some surgeons
plan surgical management based on the degree of colonic injury.
Patients with CIS grades 1 to 3 are eligible for primary repair,
whereas those with CIS grades 4 and 5 are usually treated with
fecal diversion.

Despite the impressive improvements in survival for victims
of colon trauma over the years, controversy still surrounds the
optimal management of colon injury. Diverse factors may influ-
ence the decision whether to choose fecal diversion or primary
closure of the injury with or without resection. The 1979 crite-
ria considered mandatory for the performance of colostomy in
patients with colon injury included preoperative shock, delay in
surgery longer than 8 hours from injury, significant peritoneal
fecal contamination, intraabdominal blood loss greater than
1000 mL, and colon injury requiring resection. These criteria
were challenged in 1996 by a prospective, randomized trial of
109 patients with penetrating colon wounds undergoing primary
repair or fecal diversion (average age and trauma index similar
in both groups). The incidence of sepsis-related complications
was 20% in the primary repair group and 25% in the diversion
group. The authors concluded that all colon injuries in the civil-
ian population should be managed by primary repair. Moreover,
a 2002 Cochrane Review favors primary repair over fecal diver-
sion for the management of penetrating colon wounds. The
most recent statement of the Eastern Association for the Surgery
of Trauma regarding the management of penetrating intraperi-
toneal colon injuries recommends primary repair of nondestruc-
tive penetrating colon lesions. For destructive colon injuries,
resection and anastomosis are recommended for stable patients
without major associated trauma. Patients with significant
comorbid conditions or severe associated injury have better
outcomes when resection and colostomy constitute the treat-
ment of choice.

Treatment of colon trauma must consider the surgeon’s
experience, a disciplined approach, the mechanism and extent
of injury, the patient’s status, and any associated injuries. Addi-
tionally, all patients should receive prophylactic antibiotics
before surgery.
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Indirect and Direct
Inguinal Hernias

Emanuele Lo Menjo and Raul J. Rosenthal

H ernia derives from the Greek word hernios, which means
“bud.” It indicates a protrusion of organs through an
abnormal defect in a natural cavity. The key part of the defini-
tion is the actual opening and not the protrusion of the organ
itself. In fact, the protrusion may not be recognized in some
patients, especially early in the process. The neck of the hernia
sac corresponds to the hernial orifice. The dimension of the
neck and the volume of the distended sac determine the size of
the hernia. Its type depends on its location and cause, the mobil-
ity of the herniated organ, and the status of the blood supply
(Fig. 87-1).

Hernias of the abdominal wall occur only where aponeurosis
and fascia are devoid of the protecting support of striated
muscle. Some may be acquired through muscular atrophy or
surgery. Common sites of herniation are the groin, umbilicus,
linea alba, semilunar line of Spieghel, diaphragm, and surgical
incisions. Other similar but rare sites of herniation are the
peritoneum, superior lumbar triangle of Grynfeltt, inferior
lumbar triangle of Petit, and obturator and sciatic foramina of
the pelvis.

Generally, symptoms of hernias result from the discomfort
caused by the dimension of the hernia and its contents. The
diagnosis is easily made on physical examination; a hernia sac
transmits a palpable impulse when the patient strains or coughs,
whether the patient is supine or upright. About 20% of males
and 0.2% of females acquire hernias during their lifetime. Ingui-
nal hernias are by far the most common. The highest incidence
is during the first year of life, with a second, lower peak between
ages 16 and 20. In women, most inguinal hernias are indirect.
Some attribute this phenomenon to the stronger transversalis
fascia from the stress of childbearing, making the floor of the
inguinal canal more solid.

INDIRECT INGUINAL HERNIAS

To understand the pathophysiology of inguinal hernias, it is
necessary to review the developmental stages of the groin. The
testes, originating in the abdominal cavity, migrate downward
and push a fold of peritoneum, the funicular process, or proces-
sus vaginalis. This eventually obliterates during the last trimes-
ter of pregnancy. Failure of this involution leaves a channel open
for the formation of an indirect inguinal hernia. However, a
patent funicular process does not necessarily imply the develop-
ment of a hernia. Other factors play a role in permitting intraab-
dominal structures to enter this sac.

Another theory of indirect inguinal hernia formation involves
a disparity between intraabdominal pressure and resistance of
the muscular and fascial structures forming the deep inguinal
ring. Increased abdominal pressure can be constant and pro-
longed (pregnancy, ascites), repeated but intermittent (pro-
longed coughing in patients with pulmonary emphysema), or
sudden (trauma).
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The hernial sac is generally composed of peritoneum and
attenuated layers of the abdominal wall. The 7ing is the actual
defect and sometimes is the only abnormality palpable on physi-
cal examination. The contents may vary in different parts of the
large and small intestines, bladder, ovaries, and omentum. The
proximal part of the sac is the narrowest and is therefore called
the neck. The distal part is the fundus. The sac is anterosuperior
to the spermatic cord in indirect hernias. The protrusion of the
sac and the widening of the deep ring alter the relationship
between the two inguinal rings, which begin to lie perpendicu-
larly. In addition, the deep inferior epigastric vessels are dis-
placed medially.

Clinical Picture

The spectrum of symptoms ranges from none to bowel stran-
gulation. In states of rest or recumbency, most hernias are
asymptomatic. Physical activity, especially increased intraab-
dominal pressure, elicits symptoms of fullness, pain, or simply
a bulge. Occasionally, symptoms may be attributed to the spe-
cific organ involved (dysuria in bladder, constipation for sigmoid
colon).

Diagnosis

History taking and physical examination confirm the diagnosis
of hernia. The examination should be conducted with the
patient in the supine and upright positions. With the examiner’s
finger gently invaginating the scrotal skin and covering the
superficial ring, the patient is encouraged to abruptly increase
abdominal pressure (Valsalva maneuver, cough).

For smaller hernias, especially in women and children,
inspection is often more valuable than palpation.

When the scrotum is swollen ipsilaterally, the clinician must
consider that another abnormality has developed, such as hydro-
cele, varicocele, or testicular mass.

Physical examination is more difficult in infants, but a thick-
ened cord at the superficial ring is a reliable sign of hernia,
especially if it is unilateral. When a left-sided inguinal hernia
develops in a child, there is a 50% chance of bilaterality;
however, this does not seem to be true for a right-sided inguinal
hernia.

Treatment and Management

Surgery is required for inguinal hernia. Mechanical alternatives
to surgery, such as a truss, are reserved for medically unfit
patients, but the results have been disappointing. Yarn trusses
had been used in infants to promote spontaneous closure of the
funicular process, but this methodology has been abandoned,
and surgery has become the preferred approach for patients of
all ages.

Surgery for inguinal hernia repair is simpler in infants than
in adults. In fact, the proximity of the deep and superficial
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inguinal rings makes the opening of the aponeurosis of the
external oblique muscle unnecessary and dangerous for the cord
structures. The sac is carefully opened, twisted onto itself, and
tied as high as possible using a transfixion stitch; the excess is
removed. The skin is then approximated, and the incision is
sealed using collodion. Isolating the sac is more difficult in
female infants because of the smaller size of the sac, in turn
making it more difficult to identify anterior to the round
ligament.

Numerous surgical techniques have been described. Bassini
in Italy and Halsted in United States established the fundamen-
tal principles at the end of the 1800s.

Bassini repair is one of the cornerstones in the evolution of
inguinal hernia repair. It involves approximation of the internal
oblique, transversalis fascia, and transversus abdominis muscle
complex to the inguinal ligament and the ileopubic tract to
reinforce the posterior wall of the inguinal canal. Care must be
taken to avoid injury to the iliohypogastric and ilioinguinal
nerves. The sac is opened between clamps, and its contents are
reduced in the abdominal cavity. The sac is twisted onto itself,
and a transfixion suture is applied at its base and tied. The
ligated sac retracts into the abdominal cavity if adequate dissec-
tion has been performed. In a patient with a sliding hernia, the
herniated organ (colon, bladder) constitutes the wall and the
contents of the hernia. The sac should not be opened, but only
reduced into the abdominal cavity. The spermatic cord is dis-
placed inferiorly, and the layer formed by the internal oblique
muscle, transversus abdominis muscle, and transversalis fascia is
sutured to the iliopubic tract superiorly and the inguinal liga-
ment inferiorly. The most lateral part of the repair forms the
new deep inguinal ring. To avoid weakening of the femoral
canal caused by the upward pull of the inguinal ligament, the
Cooper ligament may be included in the inferior part of the
repair.

Halsted repair is almost identical to the Bassini procedure,
except for the subcutaneous position of the cord structures and
the addition of an extra layer to the repair. Halsted added the
external oblique aponeurosis to the triple layer, believing that
skeletonization of the cord reduces recurrence. This resulted in
a high incidence of testicular ischemia and hydrocele, so Halsted
modified the original technique, leading to the Halsted II or
Ferguson-Andrews procedure. In the modified procedure, the
internal oblique and the conjoint tendon are sutured together
with the superior flap of the external oblique aponeurosis to the
inguinal ligament of the cremaster muscle, which is reapproxi-
mated once the sac is removed. The external oblique aponeu-
rosis is then imbricated to form the anterior portion of the
repair.

In 1898, Lotheissen described using the iliopectineal, or
Cooper, ligament rather than the inguinal ligament to anchor
the triple layer (internal oblique, transversalis fascia, and trans-
versus abdominis muscle) of the Bassini repair. This technique
was applied after two failed Bassini repairs. McVay and Anson
subsequently popularized this procedure 40 years later by adding
a relaxing incision in the rectus sheath to avert tension. The
external oblique was then closed over the cord. This variation
has since become more widely used than the Bassini repair,
especially for repair of direct hernias.

Direct inguinal hernias have a different pathophysiologic mech-
anism than indirect hernias. Direct hernia is considered an
acquired condition and is prevalent in men age 40 to 50. A
congenital developmental abnormality has been identified, and
the fibers of the lower internal oblique muscle seem to be
arranged in a transverse rather than an oblique configuration.
Consequently, the conjoint tendon is attached to the rectus
muscle at a more superior level. The protrusion is characteristi-
cally medial to the deep epigastric vessels, through the posterior
wall of the inguinal canal.

Predisposing factors to direct hernia include chronic increase in
intraabdominal pressure (obesity, ascites, chronic cough, consti-
pation, occupational or recreational weight lifting) and atrophy
of the abdominal wall musculature (malnutrition, aging). Symp-
toms are usually more subtle than with indirect inguinal hernias.

The diagnosis of direct inguinal hernia is made by physical
examination with the patient in the supine and upright
positions.

Treatment of direct hernia is primarily surgical, and multiple
techniques have been described. With lason repair, the incision
is made over the protrusion and is extended to the superficial
inguinal ring; the external oblique is then incised. After isolation
and retraction of the cord structures, a circular incision is
made through the attenuated conjoint tendon, facilitated by
gently retracting the hernia sac outward. A similar incision is
made on the underlying transversalis fascia. The peritoneal sac
is opened and inspected. At this point, the sac is twisted onto
itself, as previously described, and closed at its base with a trans-
fixion suture. The transversalis is then approximated with inter-
rupted sutures. The actual repair is accomplished by suturing
the conjoint tendon to the inguinal or pectineal ligaments. The
external oblique aponeurosis is imbricated above or below the
cord.

Since the introduction of synthetic meshes in the 1950s,
interest in the application of rension-free repair (e.g., Lichten-
stein) in inguinal hernias increased exponentially. Initially, used
to reinforce conventional repairs, the Marlex mesh was then
extended to patients with more challenging hernias, such as
large direct or recurrent hernias. The infection rate was report-
edly less than 2%, and the recurrence rate was approximately
6%. Lichtenstein advocated the prosthetic mesh only to rein-
force conventional repairs by decreasing tension at the suture
line. Later, Lichtenstein reported a series of 300 consecutive
inguinal hernias repaired primarily with a tension-free onlay
prosthetic mesh. According to the original description, after
conventional hernia incision, the external oblique muscle is
incised to access the inguinal canal. The hernia is then reduced,
and the sac is excised as previously described. At this point, a
5 x 10—cm mesh is anchored by a continuous nonabsorbable
suture at the lower edge to the lacunar ligament medially and



the inguinal ligament laterally. A slit in the mesh is fashioned
to allow passage of the spermatic cord. The superior edge of the
mesh is attached to the conjoint tendon and the rectus sheath.
Advantages of this technique include decreased postoperative
pain, lower recurrence rates, and faster return to work and
normal activity. In addition, the learning curve is shorter for this
procedure than for conventional repairs. A major concern of
using this technique was the possibility of infection. Subsequent
trials have failed to show a higher incidence of infection using
mesh; rather, use of synthetic mesh has been shown to reduce
the rate of recurrence and the likelihood of long-term pain.

Since the introduction of laparoscopic techniques in the
treatment of inguinal hernias in the early 1990s, the popularity
of laparoscopic repair has increased. Proponents of this technique
claim that, although the recurrence rates are similar, postopera-
tive pain and ability to return to work were significantly superior
with the laparoscopic method. However, this approach was asso-
ciated with a steep learning curve, the need for general anesthe-
sia, and increased hospital costs. Indications for the laparoscopic
procedure include bilateral and recurrent hernias.

Among the various techniques described, only transabdomi-
nal preperitoneal repair and total extraperitoneal polypropylene
repair remain popular. The main difference between them is the
approach to the preperitoneal space. With transabdominal pre-
peritoneal repair, the transversalis fascia is exposed by way of the
intraperitoneal route, whereas with roral extraperitoneal polypro-
pylene repair, dissection is entirely preperitoneal.

The key to success is to dissect the transversalis fascia fully
into the space of Retzius. This is especially important if the
mesh is not anchored, which then requires more extensive dis-
section and a larger mesh (10 x 15 cm) so that it can cross the
midline and extend beyond the hernia defect by at least 4 cm.
Advocates of the nonfixing technique claim no difference in

CHAPTER 87 = Indirect and Direct Inguinal Hernias

recurrence than with fixing, but a higher incidence of postopera-
tive neuralgia.

If the fixing technique is chosen, care must be taken to avoid
injury to the ilioinguinal and lateral cutaneous nerves by placing
staples, anchors, or tacks above the iliopubic tract.
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Femoral Hernias

Emanuele Lo Menzo and Raul J. Rosenthal

F emoral hernias are those in which the abdominal viscera
protrude through the femoral ring (Fig. 88-1). In most
patients, a sac is present. These types of hernias usually occur
unilaterally, with a right-sided predominance. Femoral hernias
are three times more common in females, and the overall inci-
dence is much lower than for inguinal hernias.

Although the true etiology of femoral hernia is unknown, two
theories have been postulated. The first is that these hernias are
congenital, derived from a preformed sac. The finding of femoral
hernias in fetuses supports this theory. Conversely, proponents
of the acquired theory hypothesize that the increased intraab-
dominal pressure plays a key role. This would explain the higher
incidence of femoral hernias in older, multiparous women.
Also, the embryonic peritoneal protrusion is different from
the hernial sac.

Pathophysiologically, the femoral ring represents the supe-
rior border of the femoral canal. The posterior border consists
of the iliac fascia, which continues as the pectineal fascia. Ante-
riorly, the femoral canal is bound by the downward extension
of the transversalis fascia. The two fascial layers fuse inferiorly
with the adventitia of the femoral vessels to assume a funnel-like
configuration. The femoral sheath below the inguinal ligament
is covered by the fascia lata, except at the region of the fossa
ovalis, where it is covered by a weaker layer (cribriform fascia).
Thus, the pathophysiologic boundaries of the femoral canal are
the cribriform fascia and the inguinal ligament anteriorly, the
fascia lata over the pectineus muscle and Cooper ligament pos-
teriorly, and the femoral vein and medial lacunar (Gimbernat)
ligament laterally.

The herniating viscus pushes a peritoneal sac and some pre-
peritoneal fat tissue behind the inguinal ligament and through
the inguinal ring. It then emerges in the subcutaneous tissue at
the level of the fossa ovalis. At this point, the herniated viscus
can extend upward to the level of the inguinal hernia. The neck,
however, is always below the inguinal ligament and lateral to
the pubic tubercle. For this reason, a femoral hernia can be
mistaken for an inguinal hernia, making reduction difficult if
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pressure is applied directly upward and toward the superficial
ring. The sac may descend anterior to the femoral vessels (pre-
vascular hernia) or behind the vessel (retrovascular hernia).
When an aberrant obturator artery is present, the sac may be
bisected (bilocular).

CLINICAL PICTURE

Femoral hernias are usually small and produce minimal symp-
toms until they become incarcerated or strangulated.

DIAGNOSIS

The diagnosis of femoral hernia is made by the presence of a
mass at the medial aspect of the thigh, just beneath the inguinal
ligament. The mass must be differentiated from an obturator
hernia, saphenous vein varix, enlarged lymph node, lipoma, and
psoas muscle abscess. Strangulation is the most common com-
plication of femoral hernias, occurring 10 times more frequently
than in inguinal hernias.

TREATMENT AND MANAGEMENT

The only successful treatment of femoral hernias is surgery. As
with other types of hernia, various procedures have been
described over the years, indicating the lack of a widely accepted
approach. In general, the different approaches can be divided
into inguinal and subinguinal, depending on the route chosen
to access the hernia. The procedures may also be combined. In
general, the subinguinal approach requires less dissection and
is indicated for patients at high risk. The inguinal approach
requires more dissection but offers better long-term results.
The lacunar ligament is frequently divided so that the sac can
be reduced. Care must be taken during this step because an
anomalous obturator artery originating from the deep epigastric
artery can be injured. Once reduced, the sac is opened, ligated,
and transected as high as possible. The inguinal canal is then
repaired using one of the procedures previously described.
Suturing the inguinal ligament or conjoint tendon to the ilio-
pectineal ligament closes the opening into the femoral canal.
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Ventral Hernias

Flavia Soto and Raul J. Rosenthal

ncisional (ventral) bernias usually result from inadequate

healing of a previous surgical incision (Fig. 89-1). Many
factors lead to the formation of incisional hernias; obesity is a
leading cause. Bulk associated with a fatty omentum and exces-
sive subcutaneous tissue increases the strain on the surgical
wound in the early stages of healing. Many obese persons have
an associated loss of muscle mass and tone that may result in
weakened fascial layers to compensate for the strain.

Other factors that can contribute to ventral hernia formation
are advanced age, malnutrition, ascites, postoperative hematoma
or wound infection, peritoneal dialysis, pregnancy, and condi-
tions that cause increased intraabdominal pressure and, there-
fore, increased strain in the abdominal wall. Certain medications
that blunt the inflammatory response, such as steroids and che-
motherapeutic agents, may also contribute to poor wound
healing.

Incisional hernias are a problem because of high recurrence
and complication rates. Hernias protruding through very large
defects rarely become incarcerated or strangulated. Hernias
with multiple components may compromise the integrity of
their contents.

TREATMENT AND MANAGEMENT

Primary repair of an incisional hernia can occasionally be
accomplished. However, most ventral hernias are best treated
with prosthetic materials. Expandable polytetrafluoroethylene
(PTFE) is the prosthetic material of choice. Timing of surgical
repair must be individualized, and, if possible, patients should
be in optimal medical condition. Preoperative preparation
includes weight loss, smoking cessation, rigid control of diabe-
tes, and avoidance of medications that impair wound healing.
Previously, the presence of infection or possible contamination
contraindicated the use of prosthetic materials. New biopros-
thetic materials are now available for these types of situations;
however, their use should be restricted to prospective clinical
trials until more data are collected.

Surgery for ventral hernia repair may be conventional or
laparoscopic. Several key factors determine which technique
should be used.

All hernias are amenable to repair through laparoscopic tech-
niques; however, some require extensive dissection and adhe-
siolysis. In patients who have undergone multiple previous
abdominal surgeries, the laparoscopic approach may be compro-
mised by the ability to access the abdominal cavity safely and
establish the pneumoperitoneum. Obese patients and patients
with significant comorbidities are generally benefited by lapa-
roscopic repair.

UMBILICAL HERNIAS

Unmbilical hernias are usually present at birth. Persons of African
descent are predisposed to this condition. In the United States,
umbilical hernias present eight times more often in black persons

than in white persons. Most umbilical hernias close spontane-
ously, but those that persist in children older than 5 years may
be surgically corrected.

Umbilical hernias that develop during adulthood are consid-
ered acquired. Conditions that result in increased intraabdominal
pressure, such as pregnancy, ascites, and abdominal distention,
may contribute to umbilical hernias in adults. It is rare for
umbilical hernias to be complicated by incarceration or
strangulation.

Simple transverse closure of the defect with proper reduction
of the sac is generally adequate to treat umbilical hernias. Mesh
placement is rarely required because recurrence is uncommon
after primary closure.

SPIGELIAN HERNIAS

A Spigelian hernia is an abdominal wall defect located on the
outer edge of the crescent line; the area between the anterior
rectus muscle and the sheaths of the wide muscles of the
abdomen in the area is called the sezzilunar line. Spigelian hernias
usually occur inferiorly to the semicircular line of Douglas. The
lack of posterior rectus fascia below the line of Douglas contrib-
utes to inherent weakness in this area. These hernias constitute
0.12% to 2% of all abdominal wall hernias. Classic etiologic
factors associated with these defects include obesity, chronic
obstructive pulmonary disease, previous surgery, and abdominal
trauma.

Spigelian hernias may be found incidentally by ultrasonog-
raphy and computed tomography; however, preoperative diag-
nosis has only a 50% accuracy rate. Spigelian hernias can be
successfully repaired during the initial surgery by approximation
of the tissues with interrupted sutures. If the defect is large,
prosthetic reinforcement may be used.

EPIGASTRIC HERNIAS

Epigastric hernias are defects of the linea alba above the umbi-
licus; these are usually small and may be difficult to detect in
obese patients. The most common symptom is a painful sensa-
tion of “pulling” at the midline on reclining. These hernias are
usually repaired by simple closure. However, the surgeon must
keep in mind that more than one defect may exist; therefore,
proper exposure of the linea alba is mandatory.

RICHTER HERNIA

Any abdominal wall hernia in which the antimesenteric border
of the intestine protrudes through the sac may be classified as a
Richter hernia. The key characteristic of this type of hernia is
that the entire circumference of the intestine is not involved.
Symptoms and clinical course vary, depending on the degree of
intestinal obstruction. Strangulation can occur as a painful mass,
with abdominal distention, nausea, and vomiting.

In general, Richter hernia is found in the femoral canal.
Interestingly, the incidence of Richter hernia has increased since
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the advent of laparoscopy because of unrepaired trocar sites.
Proper evaluation of intestinal viability is critical to hernia
repair; in patients with compromised viability, intestinal resec-
tion is required. The protrusion of more than one loop of
intestine (usually two) through the sac is considered a “W”
(retrograde) hernia, or Maydl hernia.

LITTRE HERNIA

In Littré hernia, the entire component of the sac must be
a Meckel diverticulum. This type of hernia is infrequent and
difficult to diagnose. Clinical manifestations of Littré hernia
are localized pain over a preexisting hernia with intestinal
obstruction, intestinal bleeding, perforation, fistula, and

malignancy.
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Lumbar, Obturator, Sciatic, and

Perineal Hernias

Samir Yebara and Raul J. Rosenthal

LUMBAR AND OBTURATOR HERNIAS

Lumbar hernia is an uncommon protrusion in the posterior
abdominal wall that occurs in either the inferior (Petit) or the
superior (Grynfeltt and Lesshaft) lumbar triangle (Fig. 90-1).
Most hernias occur in the superior triangle, which is bordered
by the twelfth rib superiorly, the internal oblique muscle ante-
riorly, and the quadratus abdominis muscle posteriorly. The
latissimus dorsi forms the roof, and the transversus abdominis
forms the floor. Hernias through the Grynfeltt triangle often
develop after flank incisions for kidney surgery. Petit triangle
hernias often occur in young, athletic women and usually
contain fat, intestine, mesentery, or omentum. Bowel incarcera-
tion is the presenting sign in 24% of patients with lumbar
hernia. The patient seeks treatment for a “lump in the flank”
and reports dull, heavy, localized pain. Acquired hernias may be
caused by direct trauma, penetrating wounds, poor healing of
flank incisions, and abscesses. Diagnosis is confirmed on iden-
tification of a defect in the flank.

Computed tomography (CT) has been advocated as the diag-
nostic study of choice for suspected lumbar hernia in patients
whose condition is stable. Lumbar hernia should be differenti-
ated from soft tissue tumors, abscesses, hematomas, and renal
tumors. Lumbar hernias tend to become larger and should be
repaired when found. Simple suture repair of small hernias is
practical, whereas the repair of larger hernias is more demand-
ing. Overlapping and imbricating suture repairs can be per-
formed; however, some large hernias may require mesh
reinforcement, pedicle flaps, or free flaps.

Obturator hernia, a rare type of hernia, is a herniated viscus
through the obturator canal. The obturator foramen is the
largest foramen in the body and is formed by the rami of the
ischium and the pubis. The obturator canal is 2 to 3 cm long
and 1 cm wide; it contains the obturator nerve, artery, and vein
surrounded by fat. A strong quadrilamellar musculoaponeurotic
barrier, formed by internal and external obturator membranes
and obturator internal and external muscles, closes the foramen.
Deterioration of the obturator membrane and enlargement of
the canal result in the formation of a hernial sac, causing sig-
nificant intestinal obstruction and incarceration.

An obturator hernia develops in three stages. The first stage
is the entry of periperitoneal tissue and fat into the pelvic orifice
of the obturator canal. The second stage begins with the devel-
opment of a dimple in the peritoneum over the internal opening
and progresses to the invagination of a peritoneal sac. The third
stage begins with the onset of symptoms produced by the
entrance of an organ, usually the ileum, into the sac. Three
specific signs indicate a strangulated hernia. Obturator neuralgia
extends from the inguinal crease to the anteromedial aspect of
the thigh. The Howship-Romberg sign is the classic sign, seen in
25% to 50% of diagnosed strangulated hernias, and is character-
ized by pain in the medial thigh and occasionally in the hip;

flexion of the thigh usually relieves the pain. The Hannington-
Kiff sign is an absent adductor reflex in the thigh, resulting from
obturator nerve compression.

Sophisticated radiologic modalities such as CT, ultrasonog-
raphy, and magnetic resonance imaging (MRI) can reliably aid
in the diagnosis of obturator hernia. CT is recognized as the
standard diagnostic modality. Differential diagnoses include
psoas abscess, femoral and perineal hernias, intestinal obstruc-
tions, inguinal adenitis, and diseases of the hip joint.

Various approaches to obturator hernia repair have been
suggested. The abdominal approach, open or laparoscopic, is
preferable when compromised bowel is suspected. The retropu-
bic (preperitoneal) approach is preferred when there are no
signs of obstruction. More effective closure of the defect may
be obtained by the use of polytetrafluoroethylene (PTFE) patch
or other mesh. Regardless of the approach, reducing the con-
tents and inverting the hernial sac are the first steps in the surgi-
cal treatment of obturator hernias.

SCIATIC AND PERINEAL HERNIAS

Sciatic bernia is also known as ischiatic hernia, gluteal hernia,
hernia incisurae ischiadica, and sacrosciatic hernia. Sciatic
hernias may emerge through the suprapiriform or infrapiriform
spaces or through the lesser sciatic foramen. The sciatic notch
on the inferior margin of the pelvis is transformed into the
greater and lesser sciatic foramina by the sacrospinous and
sacrotuberous ligaments. The greater sciatic foramen is subdi-
vided by the piriform muscle, which traverses the space. Atrophy
of the piriform muscle increases the risk for sciatic hernia.

Sciatic hernias are difficult to diagnose. Clinically, patients
have pain patterns that originate mainly in the pelvis but that
occasionally radiate to the buttocks and the posterior thigh.
Patients rarely exhibit signs such as protrusion, bulge, or saccule
because of the small size of the hernial sac. The sac may contain
small bowel, ureter, or ovary. Other documented sac contents
include Meckel diverticulum, colon, and bladder. Differential
diagnoses include abscess, lipoma, and gluteal aneurysm. Sciatic
hernias are usually diagnosed and treated during surgery, with
most repairs performed through a transperitoneal or transglu-
teal approach.

Perineal hernia is another infrequent but well-recognized
complication of major pelvic surgery. There are two basic types
of perineal hernias: primary and secondary. Primary, or anterior,
perineal hernias develop through the urogenital diaphragm with
the bulbocavernosus muscle medially, the ischiocavernosus lat-
erally, and the transverse perineal muscle posteriorly. Primary
hernias result from acquired weakness of the pelvic floor struc-
tures, common in middle-aged women with a history of child-
birth. Secondary, or posterior, perineal hernias involve a defect
between the levator ani and the coccygeus muscle. Secondary
hernias are rare, reported in only 1% of patients, and are related
to previous surgery, particularly pelvic exenteration, abdomino-
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perineal resection, and perineal prostatectomy. The hernial sac
may contain bowel, omentum, or bladder.

Common symptoms of perineal hernia are pain and a reduc-
ible bulge, but difficult urination may also be a symptom. Dif-
ferential diagnoses include soft tissue tumors, cysts, abscesses,
and hematomas.

Various approaches for surgical repair of perineal hernia have
been proposed but not standardized. Although the abdominal
or perineal approach can be used, myocutaneous flap or mesh
reinforcement is required for repair.
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ost intraperitoneal hernias result from anatomic variants

that are usually present at birth (Fig. 91-1). Hernias that
develop secondarily to alterations in normal intestinal rotation
during embryologic development have sacs. These types of
hernias are generally paraduodenal or mesocolic. Hernias that
develop through defects in the mesentery or peritoneum do
not have sacs. These types of hernia include those through
the epiploic foramen, congenital defects in the mesentery of the
small and large intestine, and less commonly, defects in the
broad ligaments of the uterus.

Trauma and previous abdominal surgery also cause intraperi-
toneal hernias. Internal hernias are rarely diagnosed before
surgery, regardless of their location. Suspected signs of intesti-
nal obstruction and a palpable mass in the corresponding region

N
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into lesser peritoneal sac (omental bursa)
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may indicate an internal hernia. One of the most remarkable
features of internal hernias is that they may remain asymptom-
atic for the person’s lifetime, with diagnosis made only on post-
mortem study.

During surgical treatment of internal hernias, the surgeon
must be aware that major blood vessels traverse the neck of the
hernial sac; therefore, it may be prudent to open the sac beyond
the neck to decompress the gut.
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he small intestine consists of a retroperitoneal portion, the

duodenum, and a mesenteric portion comprising the coils
of the jejunum and the ileum (Fig. 92-1). Given that the mes-
enteric portion of the small intestine is subject to considerable
individual and functional variations, its total length varies con-
siderably. The average length for adults is approximately 5
meters (15-20 feet), 40% of which is accounted for by the upper
part, the jejunum, and 60% by the lower part, the ileum.

The jejunum begins at the duodenojejunal flexure on the left
side of the second lumbar vertebra or, occasionally, somewhat
more cranially (see Section II). The ileum joins the large intes-
tine in the region of the right iliac fossa. The duodenojejunal
flexure is situated high up in the inframesocolic zone of the
peritoneal cavity and may be partially concealed by the attach-
ment of the transverse mesocolon. Between the duodenojejunal
flexure and the ileocolic junction, the parietal line of attachment
of the small intestine mesentery runs obliquely from above on
the left to below on the right, passing across the lumbar spine,
large prevertebral blood vessels (aorta, inferior vena cava), right
psoas major, and right ureter.

Because the mesentery is only about 15 to 20 cm (6-8 inches)
long at its parietal line of attachment, rather than the several
meters (corresponding to length of intestine) along its intestinal
attachment, it splays fanlike toward the intestine. Mesentery,
consisting of two layers of peritoneum, affords the intestinal
coils a wide range of movement. The space between the two
layers of peritoneum is filled with connective tissue and fat
tissue, the latter varying greatly from one person to another.
Embedded in this tissue are blood and lymph vessels running
between the intestine and the dorsal wall of the abdomen, along
with nerves and mesenteric lymph nodes.

The various portions of the large intestine appear as a horse-
shoe-shaped arch and form a frame enclosing the convolutions
of the small intestine (see Section V). This frame, however, may
be overlapped ventrally by the coils of the small intestine, par-
ticularly on the side of the descending colon. Similarly, depend-
ing on their filling and on their relationship to the pelvic organs,
the coils of the small intestine may bulge downward into the
true pelvis or, if the pelvic organs are greatly distended (e.g., in
pregnancy), may be displaced in a cranial direction.

With a greatly variable shape and highly mobile position, the
greater omentum hangs like an apron from the greater curvature
of the stomach and spreads between the anterior abdominal wall
and the coils of the small intestine.

The greater part of the coils of the jejunum lies upward to
the left, whereas those forming the ileum are situated lower and
to the right side. Because it is attached only to its mesentery,
the small intestine is capable of considerable movement. Its coils
vary greatly in position even in the same person, depending on
the state of intestinal filling and peristalsis and on the position
of the body as observed under x-ray examination after oral
introduction of a rubber tube. In accordance with its progres-
sively shortened mesentery, the only position that has a more
or less “constant” position is the terminal ileum, which passes
from the left across the right psoas major to the site of the
ileocolic junction (see Chapter 95).
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he freely mobile portion of the small intestine extends

from the duodenojejunal flexure to the ileocolic orifice.
This portion of the small intestine consists of the jejunum and
the ileum, which run imperceptibly into each other; the transi-
tion is marked by a gradual change in the diameter of the lumen
and by various structural alterations. As with the entire gastro-
intestinal (GI) tract, the virtually identical walls of the jejunum
and ileum consist of five coats: mucosa, submucosa, circular
muscularis, longitudinal muscularis, and serosa (Fig. 93-1).

The innermost layer, the mucous membrane, is thickly pli-
cated by macroscopically visible circular or convoluted folds, or
plicae, known as circular or Kerckring folds (valves), or valvulae
conniventes. These folds vary in height, projecting 3 to 10 mm
into the lumen, and run in a transverse direction to the lumen’s
longitudinal axis. Some plicae extend all the way around the
internal circumference, others go only halfway or two thirds the
way around the circumference, and still others spiral around two
or even more times. These do not act as a true valve; projecting
into the lumen, Kerckring valves will slow down, to a certain
extent, the progression of the luminal contents, but their essen-
tial function is to increase the absorptive surface area. This
principle is all the more obvious because the fold’s surface is
further equipped with tiny, fingerlike projections, or villi.

Below the epithelial surface of the mucosa, but participating
in the formation of Kerckring folds and the villi, is the tunica
propria, or lamina propria, a loose coat of predominantly reticu-
lar connective tissue, assuming in some parts a lymphatic char-
acter. The lamina propria also contains thin fibers of smooth
muscle radiating from the muscularis mucosae and extending
upward to the tips of the villi, which have an even surface when
these fibers are relaxed but become jagged or indented when the
fibers contract (see Chapter 94). The muscular fibrils act as
motors maintaining the pumping function of the villi. Situated
in the lamina propria, and especially in the stroma of the villi,
are the terminal ramifications of the blood vessels, the central
lacteal or lymph vessels of the villi, and nerve fibers. Many soli-
tary lymph nodes are embedded in the lamina propria, which
may reach far into the submucosal layer.

The muscularis mucosae separates the mucous membrane
from the submucosal coat and is composed of two thin, nonstri-
ated muscle layers that keep the movable muscle layer in place.
The outer longitudinal layer is thinner than the inner circular
layer from which the muscle fibers in the core of the villi

emanate. Tunica submucosa consists of collagen connective
tissue, the fibers of which form a network of meshes. By altering
the angles of its meshes, the submucosal network is able to adapt
to changes in the diameter and length of the intestinal lumen.
The submucosa contains a rich network of capillaries and larger
vessels, numerous lymphatics, and the submucous nerve plexus
of Meissner. The muscle layer is made of smooth muscle cells.
The thick inner circular layer and the thinner outer longitudinal
layer are connected by convoluted transitional fascicles where
the layers border on each other. Between the two layers is spread
a network of nonmyelinated nerve fibers and ganglion cells, the
myenteric plexus of Auerbach (see Chapter 100).

Serosa is composed of a layer of flat, polygonal epithelia and
a subserosa of loose connective tissue. It covers the entire cir-
cumference of the intestinal tube, except for a narrow strip at
the posterior wall, where the visceral peritoneum connects with
the two serous layers of the fan-shaped mesentery.

The jejunum and ileum differ in size and appearance. The
ileal lumen is narrower and the diameter of the total ileal wall
is thinner than in the jejunum. The average diameter of the
jejunum is 3 to 3.5 cm, whereas the ileum is 2.5 cm or less.
Because of this difference, the intestinal contents show up more
clearly through the ileum than through the jejunum. When the
abdomen is opened, the jejunum has a whitish red hue, whereas
the ileum, during life and after death, takes on a darker appear-
ance. The folds and the villi become smaller and decrease in
number as the small intestine continues. In the lower reaches of
the ileum, the folds appear only sporadically.

In the jejunum, lymphatic tissue is encountered only in the
form of solitary nodules, which appear as pinhead-sized eleva-
tions on the surface of the mucosa. They become more numer-
ous and more pronounced as they near the large intestine. In
addition, aggregate nodules (Peyer patches) appear, confined to
the ileum. Averaging 1 to 1.5 cm wide, Peyer patches are 2 to
10 cm long and vary greatly in number, usually 20 to 30. The
ileal mesentery contains more fatty tissue and appears to be
thicker than the jejunum.

ADDITIONAL RESOURCES
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Figure 93-1 Gross Structure of the Small Intestine.
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he entire mucosal surface of the small intestine is covered

with projections 0.5 to 1.5 mm long, the intestinal villi
(Fig. 94-1). The mass of these villi (estimated at 4 million for
the jejunum and the ileum) accounts for the velvetlike appear-
ance of the intestinal mucosa. In the jejunum, villi are longer
and broader than in the ileum. Valleys, or indentations, between
the villi result in nonramified pits, each of which harbors one
or two tubular structures, the intestinal glands, or cryprs of
Lieberkiibn.

The entire inner surface of the small intestine is covered by
a single line of epithelial cells, most of which are cylindrical,
highly prismatic colummnar cells with a well-developed cuticular
border on the surface. Between these columnar cells are inter-
spersed three other types of cells: goblet cells, Paneth (oxyphilic
granular) cells, and enterochromaffin cells. Goblet cells secrete an
alkaline mucous fluid that coats the entire mucosa. As the small
intestine moves closer to the large intestine, healthy anaerobic
bacterial organisms tend to live in this mucus and function as
probiotics. Most goblet cells are found in the crypts of
Lieberkithn or along the lower parts of the villi, but some are
located in the upper parts of the villi. The characteristic ele-
ments of the floor of the crypts are Paneth cells, also called oxy-
philic granular cells because of the staining qualities of their
granules. They secrete antimicrobial and growth protein sub-
stances. The third cell type is enterochromaffin cells (argentaffin
or argyrophilic), which contain basal staining granules with a
high affinity for silver and chromium. Their habitat is the crypts
of Lieberkiihn, where it is now believed stem cells exist and give
rise to all intestinal cells. These cells have a definite neuroen-
docrine function.

Within the tunica (lamina) propria is a great variety of cells,
most of which originate from reticular cells. In addition to the
usual connective tissue cells, lymphocytes and plasma cells are
present. Lymphocytes show a marked tendency to migrate through
the epithelium toward the lumen. These cells make up the
largest mass of immunoprotective tissue in the body. Mast
cells are also present in the lamina propria and react to antigens.
‘The interstitial cells of Cajal are present in the wall (see Chapter
100).

The principal task of the gastrointestinal tract is to serve as
an organ of nutrition to satisfy caloric and nutritional require-
ments. Key steps in digestion occur within the lumen of the
small bowel, and then absorption occurs through these epithelial
cells. Villi, covered by the epithelial cells, function as the organ-
elles of absorption.

The luminal surface of the epithelial cell is covered with fine,
projecting rods called #zicrovilli. Each epithelial cell contains
approximately 1000 microvilli, which increases the cellular
surface approximately 24 times. The average length of a micro-
villus is 1 pm, and the width is 0.07 um. Covered by a continu-
ation of the cell membrane, microvilli contain, in the core, fine
fibrils connected by a network of fibrils called the rerminal web.
Microvilli form a sheet that can be seen under the microscope
and that is often lost when the epithelium is damaged, as in
celiac disease.

Shortly after the ingestion of a fatty meal, fine lipid droplets
are observed in the intermicrovillus spaces, which then are seen
in the terminal web; pinocytotic activity subsequently occurs.
The droplets seem to proceed and can be found in the main
body of the epithelial cell, where they coalesce into large units
in vesicles connected to each other by intracellular tubules. The
system is referred to as the endoplasmic reticulum. Through this
reticulum, fat droplets pass toward the lateral cell surfaces, and
from the intercellular spaces the droplets traverse the basement
membrane to enter the central lacteals of the villi. In the region
below the microvilli, the profile of the lateral surface is irregular
because of end plates. Toward the base of each cell, the mem-
brane is plicated, or underplayed, which means the adjacent cells
become interdigitated.
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he terminal ileum is the most caudal part of the small

intestine and usually lies in the pelvis over the right iliac
fossa. It opens sideways from the left into the medial wall of the
large intestine (Fig. 95-1). The section of the large intestine
caudally or below this junction is a “blind” sac and thus is termed
the cecum.

In most people, where the ileum joins the large intestine, the
peritoneal fold extends from the terminal part of the ileomes-
entery, across the front of the ileum, to the cecum and lowest
part of the ascending colon. This fold is known as the ileocolic
fold, or superior ileocecal fold. It contains the anterior cecal artery
and forms the anterior wall of the fossa, correspondingly termed
the ileocolic fossa, or superior ileocolic fossa. The posterior wall of
this fossa is made up of the terminal ileum and its mesentery.
Its mouth opens downward and somewhat to the left. Another
fold, known as the ileocecal fold, or inferior ileocecal fold, is often
encountered in front of the mesoappendix, extending from the
lower or right side of the terminal ileum to the cecum. Together
with the mesoappendix as the posterior wall, the fold again
forms a fossa, the ileocecal fossa, or inferior ileocecal fossa, of which
the fold represents the interior wall. The ileocecal fold contains
no important vessel and therefore has been named the “blood-
less” fold of Treves. The third peritoneal extension, the mesoap-
pendix, serves as a mesentery of the appendix.

At the ileocecal junction, the terminal ileum is thrust with all
its coverings into the wall, invaginates the large intestine, and
creates within the lumen of the latter what has been known as
the #leocecal valve. On exposure of this sphincter at autopsy, the
ileal aperture is seen as bounded by two almost horizontal folds,
referred to as the upper and lower “lips” of the “valve,” in
approximately 60% of cases. At both ends of the lips, where they
seem to coalesce, two mucosal ridges extend horizontally in the

lumen of the large intestine, resembling the crescent-shaped
bulbs of the colon. These ridges, known as the frenulum of the
ileal orifice (ileocecal valve), form the dividing line between the
cecum and the ascending colon. In vivo, the ileum may protrude
into the large intestine in the form of a rounded papilla, the
lumen of which assumes a starlike appearance when closed,
often compared with the appearance of the cervix protruding
into the vagina. When visualized endoscopically, the ileocecal
valve may appear closed or open, or at times with motility, it
may change shape.

It is thought that the ileocecal valve actually acts as a true
sphincter, a sphincter that may be under neural and hormonal
control. Dissection of the musculature of the area reveals that
some fibers from the mesocolic taenia, ascending from the colon
and cecum to the appendix, turn inward and pass into the ileo-
colic papilla, whereas others turn outward to become continu-
ous with the longitudinal muscle of the ileum. Similarly, the
longitudinal muscle of the ileum takes divergent courses, with
some fibers passing into the papilla and others joining fibers of
the taenia. It is postulated that the circular muscle layer, which
is much stronger, closes the sphincter, whereas the longitudinal
muscle layer opens it.

Functionally, the ileocecal valve prevents reflux of colonic
contents into the small bowel. Motility studies confirm that the
terminal ileum and its muscular anatomic structure behave as a
valve, allowing ileal contents to empty in a pulsatile manner.

ADDITIONAL RESOURCES

Kahn E, Daum F: Anatomy, histology, embryology, and developmental
anomalies of the small and large intestine. In Feldman M, Friedman LS,
Brandt L], editors: Gastrointestinal and liver disease, ed 8, Philadelphia, 2006,
Saunders-Elsevier, pp 2061-2091.



242 SECTION IV = Small Intestine

- —Ileocolic artery
Colic branch
Ileal branch

Superior mesenteric
artery

Posterior cecal artery
Appendicular artery

Anterior cecal artery

Vascular fold of cecum

Superior ileocecal recess

lleocecal fold (bloodless
fold of Treves)

Terminal part of ileum
Inferior ileocecal recess
Mesoappendix

Appendicular artery

o

External iliac vessels
(retroperitoneal)

Retrocecal recess

Cecal folds
Right paracolic gutter

Circular muscle of colon

Mesocolic taenia
Fibers to papilla
Fibers to ileum
Fibers around ileocecaljunction
Fibers to taenia Longitudinal
Fibers to papilla muscle of ileum
Circular muscle of ileum lleal papilla: papillary
form of ileal orifice

(found most commonly
in vivo)

Schema of muscle
fibers at ileal orifice ;F I\T/ﬂ,ﬁ’;

Figure 95-1 lleocecal Region.



Martin H. Floch

he mucosa of the gut, throughout its entire length, is

equipped with secretory cells. The secretory product of the
duodenal glands is an alkaline, pale-yellow, viscous fluid consist-
ing essentially of mucus, a primary function of which is to
protect the proximal duodenum against the corrosive action of
gastric chyme. The glandular apparatus of the jejunum and
ileum produces the succus entericus (intestinal juice). The epi-
thelial secretions also contain enzymes, including peptidases,
nucleases, nucleosidases, phosphatase, lipase, maltase, sucrase,
lactase, and the coenzyme enterokinase, which activates trip-
sinogen and chymotrypsinogen of pancreatic origin to form
active trypsin and chymotrypsin, respectively. The flow of the
succus entericus is stimulated by acid secretion in the upper
intestine; by local mechanical and chemical stimuli; by the
administration of secretin, enterokinin, and pilocarpine; and by
sympathectomy.

DIGESTION

In protein digestion, the breakdown of food protein begins in the
stomach through the action of pepsins, the effectiveness of
which depends on the rate of emptying from the stomach and
the pH of both the stomach and the duodenum (Fig. 96-1).
However, it is apparent from patients who have achlorhydria or
who have undergone surgical bypass that gastric proteolysis is
not necessary to break down and absorb most proteins. Pancre-
atic proteolytic enzymes are secreted in the proenzyme phase.
Through the action of enterokinase, which is secreted in the
succus entericus, these enzymes are activated to trypsin, chymo-
trypsin, elastase, and carboxypeptidases A and B. The final
product of the intraluminal enzyme activity yields peptide chains
of two to six amino acids, which make up approximately two
thirds of the content, with the other third in the form of simple
amino acids. Digestion then occurs further in the brush border
of the enterocytes as the amino acids and oligopeptides are
absorbed. The brush border contains several peptidases, and
several within the cytoplasm of the enterocytes complete diges-
tion and some transformation of amino acids for metabolic
activity.

Dipeptides are more effectively and actively absorbed than
simple amino acids and tripeptides. Protein absorption occurs
primarily in the duodenum and jejunum and requires a complex
transporter system in the brush border with separate sodium-
dependent, acid, and basic amino acid systems. Congenital dis-
orders of amino acid transport result in serious growth and
developmental disorders and nutritional disease. Epidermal
growth factor, neurotensin, cholecystokinin, and secretin
enhance transport, whereas somatostatin and vasoactive intesti-
nal polypeptides decrease transport.

The specific method of vitamin B,, absorption transport is
discussed in Section II.

Digestive and absorptive processes involving the nutrients of
carbobydrates generally consist of enzymatic cleavage of polysac-
charides and oligosaccharides into disaccharides and monosac-
charides (Fig. 96-2). The process is relatively simple compared
with the digestive and absorptive process that proteins and fats
require. Starches are the main energy-producing nutrients of all
plant foods and consist primarily of amylose and amylopectin.
Dietary carbohydrate also includes lactose from milk; fructose,
glucose, and sucrose from vegetables and fruits; and sugars as
additives in all drinks.

Nonstarch  polysaccharides are poorly digested by human
enzymes and make up the major component of dietary fiber.
Other unavailable carbohydrates that are poorly digested by
human enzymes are pectins, gums, lignins, and alginates. These
are readily metabolized by the enteric flora, and their products
can be absorbed through the small and large intestinal mucosa
(see Section V).

Starch and sugar digestion occurs with the release of salivary
and pancreatic amylases that cleave the o-1,4 link of simple
disaccharides and a long-chain starch. The degree of activity of
salivary amylase depends on the duration of chewing and the
proximity of the enzymes in the chyme, as well as the churning
of the stomach. However, the major enzyme breakdown of
starch occurs through pancreatic amylase activity in the duode-
num, and hydrolysis mainly occurs intraluminally in the proxi-
mal small intestine. Monosaccharides and disaccharides are
presented to the brush border of the enterocytes, where mem-
brane hydrolysis occurs. Lactase, maltase, sucrase-isomaltase,
isomaltase, and trehalase—enzymes in the brush border—are
most active in the duodenum and jejunum. These enzymes
cleave the disaccharides into glucose, galactose, and fructose,
which are transported across the mucosa. Transport is active
and passive. Transport mechanisms are controversial, but it is
agreed that an active sodium-glucose co-transporter exists and
that much of the process is sodium dependent.

The problems of disaccharidase deficiencies result in signifi-
cant diarrhea and symptomatic syndromes. Disaccharidases are
synthesized within the endoplasmic reticulum. The classic defi-
ciency of lactase results in lactose malabsorption. Less common
are sucrose- and fructose-absorptive deficiencies, and less
common and less well known are the trehalose deficiencies that
result from absorption after mushroom ingestion.

During fat digestion and absorption, fats are passed into the
stomach, where gastric lipase may be active and prefers action
at one-ester bonds. The chyme passes the fats into the duode-
num, where pancreatic lipase has its greatest activity in both
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Figure 96-2 Digestion of Carbohydrates.
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one-ester and three-ester bonds. Approximately 95% of ingested
fat is absorbed, undergoing complicated mechanisms to pass
into the lymphatics and bloodstream. Intraluminally, the fat is
broken down into emulsion droplets, which requires droplets to
be coated with a phospholipid. Lipolysis begins in the stomach,
but pancreatic lipase exerts greater effect. Colipase, lipase, phos-
pholipids, and bile salts are all involved in a complex mechanism
of forming mzicelles, and a lipid phase transformed into an aqueous
phase permits transport across the brush border. During this
process, triglycerides are broken down into diglycerides and
monoglycerides, in addition to the monoglycerides and diglyc-
erides present in foods and absorbed. Bile salts are capable of
forming micelles because they are ideal emulsifying agents. An
unstirred water layer at the surface of the brush border readily
permits short-chain or medium-chain fatty acid absorption but
limits long-chain fatty acid absorption. Cholesterol, as well
as monoglycerides, diglycerides, and triglycerides, is readily
absorbed through these mechanisms. Once within the entero-
cytes, triglycerides resynthesize, lipoproteins form, and then

chylomicrons form. The material is passed into the lymphatic
and portal vein systems to the circulation.

The process of fat digestion and absorption is complex;
Figure 96-1 helps clarify the intraluminal process. The inter-
ested reader is referred to important descriptions in the
literature.

It is also now clear that the small intestine has a great ability
to adapt to changes through both hypertrophy and development
of new transport systems.
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S ecretin became the first gastrointestinal (GI) hormone iden-
tified in humans in 1902. Since then, a myriad of GI pep-
tides have been identified as hormones. Some have been verified,
others have not; regardless, their functions are important. GI
hormones act in one of the following four ways:

1. Endocrine function. Epithelial cells secrete a substance into the
circulation that acts at a distance.

2. Autocrine function. The substance secreted by the epithelial
cell affects processes in the cell itself.

3. Paracrine signaling. The peptide secreted by the cell affects
processes in adjacent cells.

4. Neurocrine function. Neurons secrete chemical transmitters
with peptides into synapses or onto other cell types that
signal neurotransmission.

Box 97-1 lists the peptides and hormonal actions identified
in the GI tract. Although controversy surrounds many, the list
includes and categorizes GI hormones confirmed by evidence
from human and animal experimentation. Figure 97-1 demon-
strates the diffuse and integrating effects of the peptide hormone
substances gastrin, cholecystokinin, and serotonin.

Some hormones have reached clinical significance. Produced
by specialized G cells, gastrin regulates gastric secretion and has
two major forms, G;4 and Gy;, formed primarily in the gastric

Box 97-1 Peptides with Action in the Gastrointestinal Tract

Gut Peptides That Function Mainly as Hormones
Gastrin

Ghrelin
Glucose-dependent insulinotropic peptide

Glucagon and related gene products (GLP-1, GLP-2, glicentin,
oxyntomodulin)

Insulin

Leptin

Motilin

Pancreatic polypeptide
Peptide tyrosine tyrosine
Secretin

Gut Peptides That May Function as Hormones,
Neuropeptides, or Paracrine Agents

Cholecystokinin (CCK)
Corticotropin-releasing factor
Endothelin

Neurotensin

Somatostatin

Gut Peptides That Act Mainly as Neuropeptides
Calcitonin gene-related peptide

Dynorphin and related gene products
Enkephalin and related gene products
Galanin

Gastrin-releasing peptide

Neuromedin U

Neuropeptide Y

Peptide histidine isoleucine or peptide histidine methionine
Pituitary adenylate cyclase-activating peptide

Substance P and other tachykinins (neurokinin A, neurokinin B)
Thyrotropin-releasing hormone

Vasoactive intestinal polypeptide

Peptides That Act as Growth Factors
Epidermal growth factor

Fibroblast growth factor
Insulin-like factors

Nerve growth factor
Platelet-derived growth factor
Transforming growth factor-$3

Vascular endothelial growth factor

Peptides That Act as Inflammatory Mediators
Interferons

Interleukins
Lymphokines
Monokines

Tumor necrosis factor-o

Gut Peptides That Act on Neurons
CCK

Gastrin

Motilin

Modlified from Liddle RA: Gastrointestinal hormones and neurotransmitters. In Feldman M, Friedman LS, Brandt LJ, editors: Gastrointestinal

and liver disease, ed 8, Philadelphia, 2006, Saunders-Elsevier, pp 3-25.
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antrum and secreted by enterochromaffin cells (see Chapters
38-41). Gastrin secretion into the circulation and production by
G cells are stimulated by food, and gastrin acts directly on pari-
etal cells to stimulate acid production. Proteins and high-pro-
tein foods have a greater influence than other nutrients on the
production of gastrin and on the pH of the stomach. High acid
production inhibits gastrin release, and a high gastric pH is a
good stimulus for its secretion. Hypergastrinemia occurs in
several pathologic states, including Zollinger-Ellison syndrome
(see Chapters 41 and 57).

Secretin is a 27-amino acid peptide that stimulates pancreatic
fluid and bicarbonate secretion (see Section VII). When the pH
is raised in the duodenum, secretin release is inhibited. When
gastric acid and chyme pass into the duodenum, secretin secre-
tion is stimulated. Enteroendocrine cells, called S cells, produce
secretin in the small intestine.

Cholecystokinin (CCK) is produced by I cells of the small
intestine and is secreted into the blood when food passes into
the small bowel. CCK has many actions, including gallbladder
stimulation and stimulation of pancreatic secretion, and it
helps regulate gastric and intestinal motility. Evidence also indi-
cates that CCK induces satiety, so this hormone has many
actions that help regulate feeding. The many forms of CCK
include 33—, 58—, and 8-amino acid peptides, with all having
biologically similar activities. CCK-A receptors reside primarily
in the GI tract. The CCK-B receptor resides in the brain,
however, and has been used clinically to stimulate pancreatic
secretion in function tests. No disease is known to be associated
with CCK.

Vasoactive intestinal polypeptide (VIP; also vasoactive intestinal
peptide) has broad activity in the intestine. VIP acts as a vaso-
dilator that increases blood flow, relaxes smooth muscle, and
stimulates epithelial cell secretion. It also acts as a chemical
messenger that is released from nerve terminals. VIP is chemi-
cally related to secretin and glucagons and is an important neu-
rotransmitter. It is not produced by endocrine cells or the GI
tract, but rather is produced and released from neurons. VIP
has great clinical significance in certain watery diarrhea syn-
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dromes (e.g., Verner-Morrison), which demonstrate greatly
increased VIP activity.

Glucagon is produced by pancreatic alpha cells and in the
ileum and colon by L cells. It has several receptors, and it is
known to participate in glucose homeostasis.

Epidermal growth factor (EGF) hormones are numerous
throughout the GI tract and help regulate cell growth and activ-
ity. EGF hormones are complex, but their action appears to
occur primarily through paracrine effects, although some
growth factors may have autocrine action. EGE, the first growth
factor discovered, is secreted from submaxillary glands and
Brunner glands of the duodenum. EGF is believed to act with
luminal cells of the GI tract to regulate cell proliferation and
thus has an important trophic effect.

Recently recognized GI hormones are amylin, ghrelin, leptin,
and guanylin/uroguanylin.

Other substances, as well as VIP, are now often associated
with significant neural regulation of the GI tract. Particularly,
serotonin and somatostatin and their agonists are used clinically.
Somatostatin is found in interneurons and has an inhibitory effect
by causing muscle relaxation. Serotonin (5-hydroxytryptamine,
5-HT) is found within the myenteric plexus and acts as a trans-
mitter. Recently, 5-H'T, and 5-HT; receptor agonists have been
used in the treatment of irritable bowel syndrome (see Chapter

108).
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Ithough the small bowel is long and convoluted, imaging
modalities allow its visualization (Figs. 98-1 and 98-2). BARIUM CONTRAST STUDIES
Barium contrast studies, computed tomography (CT) with  Approximately 16 oz of liquid with very fine, pulverized barium
enterography, and several forms of endoscopy (direct, wireless  is given to the patient, with serial x-ray films taken before and
capsule, double balloon) are used to visualize select areas. immediately after the drink, then followed until the terminal

Radiograph demonstrating air-filled loops Barium contrast study demonstrating the Barium contrast study of a patient with

of distended small bowel. normal feathery pattern of the jejunum. malabsorption syndrome demonstrating the
Arrow points to a filled loop with normal loss of normal folds, clumping of barium,
valvulae conniventes. and separation of the meal.

CT image of the
abdomen of a

patient with
Henoch-Schonlein
syndrome. The arrows
point to an abnormal
hemorrhagic loop

of small bowel.

Contrast CT image
demonstrating the

normal appearance
of filled loops

of jejunum.

CT image of the
abdomen of a patient
with small bowel
obstruction. Note the
large dilated loops of
small bowel with
fluid levels.

CT image of the

abdomen demonstrating
small bowel obstruction
caused by intussusception
(arrows).

Figure 98-1 Imaging Studies of the Small Intestine.



Capsule endoscopy demonstrating
polypoid adenocarcinoma of the
jejunum (arrows).

Capsule endoscopy demonstrating
large jejunal ulcer (arrow).

Small bleeding duodenal ulcer.

Opening to ileal diverticula.

Figure 98-2 Wireless Capsule Endoscopy.

ileum is visualized. The test usually is completed in 1 to 2 hours,
but some patients have slow transit, and it may take several
hours to visualize the terminal ileum. Under fluoroscopy, the
radiologist can obtain the many views of the terminal ileal area.
The jejunum has characteristic folds, and the ileum is flatter.
The jejunum lies primarily in the left side and the ileum in the
right side of the abdominal cavity. The terminal ileum has a
normal appearance, at times likened to a bird’s beak. The
jejunum should measure no more than 3 to 3.5 c¢m in width and
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the ileum no more than 2.5 to 3 cm in its maximum width.
Obstructive lesions, filling defects, irregular mucosa, and the
so-called malabsorption pattern (scattered, dilated loops of
bowel) can be diagnosed with barium studies. These are
described under disease topics in this section.

Enteroclysis, or a small bowel enema, is performed at some
centers by inserting a tube into the duodenum and then flooding
it with barium contrast solution. This enables the radiologist to
better control the timing of images and fluoroscopy so as to
identify difficult lesions.

COMPUTED TOMOGRAPHY

CT is used extensively in many institutions. When a contrast
dye is given before the procedure, the progress of the dye
through the small bowel can be observed on CT scan, similarly
discerning lesions seen on contrast barium study. However, CT
also allows visualization of the thickness of the bowel wall and
any inflammatory response surrounding the wall. Therefore,
many radiologists prefer CT to barium contrast study for
obtaining initial diagnosis. However, barium contrast can be
more helpful if a specific intraluminal lesion must be delineated
carefully. CT can also be extremely helpful in diagnosing appen-
dicitis and evaluating the colon and possible inflammatory
lesions.

ENDOSCOPY

Endoscopy is used to evaluate the most proximal part of the
small bowel and the terminal small bowel through a colonoscope.
Adding enteroscopes and capsule endoscopy has made visualiza-
tion possible. The push enteroscope is a short scope that can be
passed into the proximal or middle jejunum. If it is necessary to
visualize the proximal small bowel, this instrument offers direct
visualization. The Jong enteroscope, which can pass to the terminal
ileum, has been available but has not gained wide use or been
successful because it takes an inordinate amount of time to pass
the instrument.

Wireless capsule endoscopy (WCE) is now reaching its potential.
With this procedure, a small capsule containing a camera cap-
tures continuous images in a recorder. The patient swallows the
capsule, and the images are recorded. The endoscopist or inter-
preter must then carefully review all the images. This is time-
consuming but allows the identification of small lesions, such as
bleeding arteriovenous malformations, as well as strictures and
ulcerations. WCE has become the procedure of choice to iden-
tify obscure bleeding, early Crohn’s disease, and small lesions
of the bowel. It also complements other imaging studies, often
identifying a lesion that is then carefully confirmed by either
CT enterography or direct endoscopy (see Fig. 98-2).

Double-balloon endoscopy has not gained wide acceptance
because it is a difficult, time-consuming technique. It is done
either from above or through the terminal ileum and requires
the use of balloons to tease the scope either caudad or aborally.
Balloon endoscopy is used to confirm WCE findings or to
identify occult gastrointestinal bleeding. Its advantage is that
biopsy material can be obtained through the endoscope.
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he blood supply to the small and large intestines is extremely

variable and, in many cases, uncertain and unpredictable.
Variations in the origin, course, anastomoses, and distribution
of the intestinal vessels are so common and significant that the
conventional textbook descriptions are inadequate and, in many
respects, even misleading, similar to descriptions regarding the
blood supply of the upper abdominal organs. It is important for
surgeons working in this area and for radiologists interpreting
angiograms to understand these variations, as detailed in com-
prehensive anatomy and radiology texts.

ARTERIAL CIRCULATION

The superior mesenteric artery arises from the front of the aorta,
typically at the level of mid-L1 (first lumbar vertebra), but as far
down as the upper third of L2. The distance between the origin
of the celiac and superior mesenteric arteries is usually 1 to
6 mm but varies from 1 to 23 mm. Thus, contiguous origins of
the two vessels are often found, but a common origin from a
celiac-mesenteric trunk is rare.

The superior mesenteric artery, passing downward and
forward and swinging to the left, particularly in its lower third,
gives off a variable number (13-21) of intestinal arteries from its
convex (left) side, ranging from three to seven (average five)
above and 8 to 17 (average 11) below the origin of the ileocolic
artery. The first group supplies the jejunum, and the second
supplies part of the jejunum and the entire ileum. Intestinal
arteries for the jejunum and ileum, running between the layers
of the mesentery, follow the pattern shown in Figure 99-1.

Each vessel courses fairly straight, for a variable distance,
before it divides into branches that unite with branches from
the adjacent primary stem vessels to form a series of anastomos-
ing arches, the arterial arcades. From these primary arcades arise
the secondary and shorter intestinal arteries, which in turn form
secondary arcades. Further arcades, although smaller, are
formed similarly, essentially by the more distal arteries. In the
terminal arcades, small, straight vessels (arteriae rectae) arise.
Except for the blood supply of the first part of the duodenum,
where the first arcade is small with short arteriae rectae, the
jejunal arteries are long, have a large caliber, and establish
primary and secondary arcades, from which arise multiple long
arteriae rectae. Stem arteries for the ileum become progressively
shorter, the arcades become smaller, and the arteriae become
less elongated.

The vascularization pattern of the jejunum is so characteristi-
cally different from the ileum that, through simple inspection
of the gut, the examiner can usually distinguish between jejunum
and ileum. The jejunum has a thicker wall and a greater diges-
tive surface than the ileum and receives the larger intestinal
branches.

The first jejunal branch of the superior mesenteric origin
may be large (6 mm in diameter) and may have four large

arcades forming branches 6 to 8 cm long and 3 to 4 mm in
diameter. In many cases, however, the first jejunal branch is
small (1-2 mm) and is anastomosed with the inferior pancreati-
coduodenal artery or shares a common origin. A large primary
jejunal artery may be followed by a slender second jejunal artery.
The distribution and caliber of the intestinal branches of the
superior mesenteric artery vary in the same person; large and
small branches alternate without rule or order. Although the
first and second jejunal arteries are thought to communicate
through an arcade, such an arcade is missing in many patients,
in whom the first jejunal artery is found to have no connection
with the second.

Anatomic studies show great variation in the arteriae rectae
as they pass from the arcades to the walls of the small intestine,
entering directly, overlapping, or forming small arcades (see
Additional Resources). However, the result is a rich blood
supply to the small intestine, where the biologic need for absorp-
tion is served.

VENOUS DRAINAGE

In number, point of origin, and mode of distribution, the veins
involved in the drainage of the small intestine follow the same
design as the corresponding arteries (Fig. 99-2). Accordingly,
the veins have been given the same terminology. An exception
is the superior mesenteric vein, in that it reaches the right gastro-
epiploic vein just before entering the portal vein. Other tributar-
ies of the superior mesenteric vein are concordant with the
arteries of the same name, which leave the superior mesenteric
artery.

In the region where the left colic and upper sigmoid arteries
originate from the inferior mesenteric artery, the corresponding
vein follows a course of its own, separating from the respective
artery. The inferior mesenteric vein takes a straight-upward
course, ascending behind the peritoneum, over the psoas
muscles, and to the left of the fourth portion of the duodenum.
The vein continues behind the body of the pancreas to enter
most frequently (38% of observed cases) the splenic vein from
the latter’s union with the superior mesenteric vein (i.e., origin
of portal vein). In 29% of persons, the inferior mesenteric vein
enters the superior mesenteric vein, and in 32%, it joins the
latter and the splenic vein at the junction. In a few persons, a
second inferior mesenteric vein has been found. The portal vein,
especially variations of its tributaries, is extremely important
(see Section IX).

LYMPH DRAINAGE

The intramural lymph vessels of the small intestine begin
with the central lacteals of the villi. At the base of the villi, the
central lacteals join with the lymph capillaries, draining the
region of the crypts of Lieberkiihn, thus forming a fine network
within the tunica propria, in which the first lymphatic valves are
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Figure 99-1 Arterial Circulation of the Small Intestine.
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Figure 99-2 Venous Drainage of the Small Intestine.
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already encountered. Many minute branches emerge from this
network, penetrating through the muscularis mucosae into the
submucosa, where a further network of lymphatic vessels
spreads. From this network, in which valves are a conspicuous
feature, large lymph vessels receive lymph from the muscle
layers and from the serosa and subserosa and pass to the line
of attachment of the mesentery, where, together with the arter-
ies and veins, the lymph vessels leave the intestinal wall to enter
the mesentery. Lymph vessels of the small intestine have long
been referred to as lacteals or chyliferous vessels because they
transport absorbed fat in emulsified form and therefore appear
as milky-white threads after the ingestion of fat-containing
food.

Lymph vessels of the mesentery drain through masses of
mesenteric lymph nodes, which number approximately 100 to 200,
and constitute the largest aggregate of lymph nodes in the body.
They increase in number and size toward the root of the mes-
entery. In the root of the mesentery, larger lymphatic branches
are situated that lead into the superior mesenteric nodes where
the superior mesenteric artery arises from the aorta. From the
duodenum, the lymph vessels—some of which run through the

pancreatic tissue (see Section VII)—pass the lymph nodes lying
cranial, caudal, and dorsal to the head of the pancreas. Of these,
the upper are known as the subpyloric and right suprapancreatic
nodes, the lower as the mesenteric root nodes, and the dorsal as
the retropancreatic nodes. Lymph flows from these various nodes
into the group of celiac lymph nodes.

From the superior mesenteric nodes and the celiac nodes, the
lymph passes through the short intestinal or gastrointestinal
lymph trunk, which is sometimes divided, like a river delta, into
several smaller, parallel trunks. Lymph then enters the cisterna
chyli, a saclike expansion of the beginning of the thoracic duct.
The intestinal trunk drains not only the entire small intestine
but also all organs whose lymph is collected in the celiac and
superior mesenteric lymph nodes, especially the stomach, liver,
pancreas, and extensive portions of the large intestine.
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he nerves supplying the small and large intestines contain

sympathetic and parasympathetic efferent and afferent
fibers (Figs. 100-1 and 100-2). These nerves have branches of
the celiac plexus, the superior and inferior mesenteric plexuses,
and the superior and inferior hypogastric plexuses. The hypo-
thalamus is a source and terminus of pathways involved in vis-
ceral activities, with extensive cortical connections to the
premotor areas of the frontal cortex, the cingulate gyrus, and
the orbital surfaces of the frontal lobes. Descending fibers
important in parasympathetic functioning arise mainly from the

anterior region of the hypothalamus and form synapses with
cells in the dorsal vagal nuclei and in the second to fourth sacral
segments of the spinal cord (S2-5S4). Axons of these cells con-
stitute the preganglionic (efferent) fibers in the vagal and pelvic
splanchnic nerves, which are distributed to many viscera. Vagus
nerves supply those parts derived from the foregut and midgut,
and the pelvic splanchnic nerves innervate the parts derived
from the hindgut. Intestinal preganglionic fibers carried to the
vagal and pelvic splanchnic nerves terminate by relaying around
the ganglia cells in the enteric plexuses, and the axons of these

i 4 Myenteric plexus
| (cross section;
hematoxylin-eosin,
X200)

Diagrammatic of cross
section of “muscularis
| externia” of colon.

=| Myenteric plexus
(parallel section;

d methylene blue,

X200)

With cells of Cajal.

tissue

Longitudinal muscle

Subserous connective

Visceral peritoneum

Submucosal plexus
(longitudinal section;
hematoxylin-eosin, X200)

Figure 100-1 Innervation of the Intestines.
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Figure 100-2 Intestinal Innervation: Efferent and Afferent Pathways and Plexuses.

ganglionic cells become the postganglionic parasympathetic
fibers, which, together with the corresponding sympathetic
fibers, serve the smooth muscle of the intestinal wall, the intra-
mural vessels, and the intestinal glands.

Fibers descending from the central nervous system (CNS),
carrying sympathetic impulses on intestinal activities, relay
around lateral cornual cells in the four or five lowest thoracic
and the two or three upper lumbar segments of the spinal cord.
Axons of these cells, representing the preganglionic sympathetic
fibers, emerge from the ventral nerve roots of the corresponding
segments and pass in white rami communicantes to the adjacent
ganglia of the sympathetic trunks. Some fibers relay within these
ganglia, whereas others traverse the trunk uninterruptedly,
leaving it in medially directed branches as thoracic, lumbar, or
sacral splanchnic nerves, which end in the plexuses previously
cited to enter synapses with ganglionic cells. Axons of these

cells, the postganglionic fibers, accompany the branches of the
various arteries supplying the intestine.

The chief segmental sources of the sympathetic fibers inner-
vating different regions of the intestinal tract are indicated in
Figure 100-2, but because of overlap, minor contributions may
derive from adjacent segments.

Certain alimentary functions are probably controlled by
simple reflex arcs located in the intestinal wall, but other reac-
tions are mediated through more elaborate reflex arcs involving
the CNS and consisting of the usual afferent, internuncial, and
efferent neurons. Numerous afferent fibers of relatively large
caliber traverse the enteric plexus without relaying and are
carried centripetally through approximately the same sympa-
thetic splanchnic and parasympathetic nerves that transmit the
preganglionic, or efferent, fibers. Afferent fibers are the periph-
eral processes of pseudo-unipolar cells in the inferior vagal
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ganglia or in the dorsal root ganglia of those spinal ganglia that
carry preganglionic intestinal fibers. Central processes enter the
brainstem or the spinal cord.

Although insensitive to ordinary tactile, painful, or thermal
stimuli, the intestines respond to tension, anoxia, chemicals,
and other stimuli. Specialized cutaneous nerve endings in the
intestine are absent, except for the Vater-Pacini (pacinian) cor-
puscles in the adjacent mesentery. As with the efferent fibers,
the exact mode of termination of the visceral afferent fibers
remains controversial, but whorl, skein, great, looplike, and fiee
endings have been described in the mucosal, muscular, and
serosal coats.

Intrinsic innervation is affected through the enteric plexus in
the alimentary tract from the esophagus to the rectum. This
plexus consists of small groups of nerve cells interconnected by
networks of fibers, and it is subdivided into the mzyenteric (Auer-

bach) plexus and the submucosal (Meissner) plexus. The Auerbach
plexus is relatively coarse, with thicker meshes and larger ganglia
at the intersections than the Meissner plexus, which consists of
fine meshes with small ganglia. The myenteric plexus lies in the
interval between the circular and longitudinal muscular coats
and the main (primary) meshes and gives off fascicles of fibers
that form finer secondary, and even finer tertiary, plexuses and
that ramify within and between the adjacent layers of muscle.
Some fibers from the longitudinal intramuscular plexus enter
the subserous plexus and constitute a rarified subserous plexus.
The submucosal plexus is also subdivided into more superficial
and deeper fibers. Interstitial cells of Cajal are a network of non-
neuronally derived cells from smooth muscles; those in the
intramuscular, myenteric plexus and submucosal layers are
interconnected. Interstitial cells of Cajal are proving important
in understanding motility disturbances.
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Nerve bundles contain postganglionic sympathetic, pregan-
glionic and postganglionic parasympathetic, and afferent fibers
in addition to elongated dendrites. There is a rich network of
dendrites.

The superior mesenteric plexus is a continuation of the lowest
part of the celiac plexus and surrounds the origin of the superior
mesenteric artery. It is interconnected by stout filaments to the
celiac and aorticorenal ganglia. The large superior mesenteric
ganglia is located usually just above the root of the artery and
is incorporated in the commencement of the superior mesen-
teric plexus. The main plexus divides into subsidiary plexuses
corresponding to all the branches of the artery (inferior pancre-
atic duodenal, jejunal, ileal, ileocolic, right and middle colic),
and it innervates those parts of the intestine indicated by their
names. Nerves and arteries follow the same route, except for the
patterns by which they approach the gut wall. Vessels advance
toward the wall and form characteristic arcades, but nerves pass
straight outward without arcade formation. This rich network
of ganglia and plexuses is distributed throughout the small and
large bowel and corresponds to the arteries.

‘The superior hypogastric plexus (presacral nerves), situated in
front of the dichotomized aorta and between the divergent
common iliac arteries, is a flattened band of intercommunicating
nerves extending from the level of the lower border of the third
lumbar vertebra (L3) to the upper border of the sacrum, where
it ends by dividing into the right and left groups of hypogastric
nerves. These nerves are then distributed through the inferior
hypogastric plexuses.

Specialized sensory endings exist in the part of the anal canal
that develops from the proctodeum and that is supplied by the
inferior hemorrhoidal nerve. Sensory endings are absent in the
region above the Hilton white line, whereas the afferent fibers
end by breaking up to form fibrils or delicate plexuses between
the epithelial cells. Thus, below the pectin, this innervation
resembles that of the skin, whereas above the pectin, the mucosa
is supplied by sympathetic nerves derived from the inferior
mesenteric and inferior hypogastric plexuses, following the
paths of the hemorrhoidal arteries and the parasympathetic
fibers from the pelvic splanchnic nerves. All these nerves convey
efferent and afferent fibers to and from the terminal part of the
gut. In accord with this difference in nerve supply of the anoderm
are the differing sensory responses. The lower part, supplied by
somatic nerves, is sensitive to tactile, painful, and thermal
stimuli, whereas the upper part of the anal canal is almost insen-
sitive to such stimuli but responds readily to alternations in
tension. From a practical point of view, this neuroanatomic situ-
ation explains why an anal fissure is so painful and why, with an
injection for hemorrhoids, the puncture is scarcely felt if the
needle is inserted through the mucosa.
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Visceral reflexes explain a number of clinical signs and symp-
toms. Afferent impulses from the hypertonic sigmoid initi-
ate reflexes to cranial structures, to the bronchial tree, to the
stomach, and to the abdominal skin.

The afferent limb of viscerosomatic reflexes, originating from
viscera and affecting somatic structures, may be by way of sym-
pathetic or parasympathetic nerves. The efferent limb is usually
through somatic nerves or autonomic paths. In viscerovisceral
reflexes, the afferent and efferent limbs may contain both sym-
pathetic and parasympathetic nerves, but they may be mediated
by the intrinsic nerve plexuses only. Somatovisceral reflexes
involve somatic afferents and sympathetic or parasympathetic
efferents to the viscus.

Because they lack a true efferent limb to the arc, viscerosensory
reflexes are not true reflexes and are believed to result from a

shunt or transfer of sensory impulses from autonomic afferents
to somatic afferents. Exactly where the shunt or transfer takes
place is conjectural. Viscerosensory reflexes explain the phe-
nomena of referred pain and skin hyperalgesia. In the case of
sympathetic reflexes, hyperalgesia occurs in skin areas inner-
vated by the same spinal segment from which the nerve supply
of the diseased viscus derives, and in the case of parasympathetic
reflexes, it may manifest in more remote areas.

Figure 101-1 illustrates some of the major visceral reflexes.
These are essential in clinical medicine because they explain why
somatic or sensory stimuli can cause gastrointestinal symptoms.
Pain from muscle or bone may cause vomiting; psychologic or
sensory stimuli can cause diarrhea; and abdominal pain can cause
headache. The clinician must remember that the symptom may
come from a distant stimulus, as listed in Table 101-1.

Table 101-1 Origin, Effect, and Clinical Significance of Visceral Reflexes

Reflex

Origin

Effect

Clinical Significance

Viscerosomatic

Visceromuscular

Visceroglandular

Viscerovascular

Viscerosensory

Viscerovisceral

Gastroileocolic and
duodenoileocolic

Esophagosalivary
and gastrosalivary
Enterogastric

Cologastric

Urinary tract-gut

Viscerocardiac

Visceropulmonary

Diseased abdominal organ

Diseased abdominal organ

Diseased abdominal organ

Diseased abdominal organ

Food entering stomach and

duodenum
Esophagus and stomach
Distention or irritation of
enteric canal
Distention or irritation of
colon

Disease of urinary tract

Disease of Gl organs
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C ongenital lesions develop in the gastrointestinal (GI) tract
and may cause intestinal obstruction (Fig. 102-1). Almost
all presentations are in newborns and necessitate immediate
surgery. The most common site of complete obstruction or
atresia (congenital absence or closure) is in the ileum. The duo-
denum is the second most common site. Obstruction may result
from atresia, malrotation of the colon, volvulus, meconium
ileus, or imperforate anus.

CLINICAL PICTURE

Vomiting, absence of stool, and abdominal distention are the
clinical triad indicating a significant problem in an infant.
Certain atresias are evident within the first 24 hours. Malrota-
tion, volvulus, and meconium ileus may manifest immediately.
An infant with an imperforate anus produces no stool; diagnosis
should be made on initial examination of the newborn.

DIAGNOSIS

Careful examination of the infant and, if necessary, radiographic
examination reveal the obvious diagnosis. At times, a barium
contrast study (upper or lower) may be necessary to prove the
diagnosis.

TREATMENT AND MANAGEMENT

Intestinal obstruction caused by a congenital lesion is life threat-
ening, and surgical intervention is rapidly needed. Atresia
requires end-to-end anastomosis to maintain the continuity of
the bowel. A malrotation or volvulus requires cutting of the
mesentery, and an imperforate anus requires surgery to create
an outlet.

Meconium ileus may present differently than the other forms
of congenital obstruction in that the mass of meconium can
create irregular loops of distended bowel rather than obstruc-
tion at the site of the occlusion, such as in atresia. Meconium
ileus also may develop in infants born with fibrocystic disease
of the pancreas. Less than 10% of infants with cystic fibrosis
develop meconium ileus. However, it may occur within the first
few months, and the presentation may not be as immediate as
with other forms of congenital intestinal obstruction.

PROGNOSIS

If the surgeon is able to perform a corrective procedure, the
prognosis is good. However, the problems of infancy and child-
hood created by a congenital defect may affect growth and
development. Early surgery can cause great psychologic stress
in the family and can result in long-term psychosocial
problems.

Other anomalies of the GI tract, such as abdominal wall
defects, intestinal duplication, mesenteric cysts, and omphalo-
mesenteric cysts, are rare. Hirschsprung disease is discussed
separately in Section V.

ADDITIONAL RESOURCES

Kahn E, Daum F: Anatomy, histology, embryology, and developmental
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Saunders-Elsevier, pp 2061-2091.
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he yolk sac is connected to the primitive tubular gut by the

vitelline (omphalomesenteric) duct in early embryonic
stages and is normally obliterated about the seventh week of
fetal life. Failure of the duct to disappear results in a variety of
remnants; the most common presentation is a sacculation, or
pouch, attached to the ileum and best known as Meckel diver-
ticulum (Fig. 103-1).

Meckel diverticulum is the most frequent congenital anomaly
of the gastrointestinal tract and occurs in 1% to 3% of the
population. It is located 30 to 90 cm proximal to the ileocecal
junction and is always attached to the antimesenteric side of the
ileal wall. The diverticulum varies from 1 to 10 cm long and
1 to 3 cm wide. In contrast to the acquired intestinal diverticu-
lum, the wall of Meckel diverticulum is composed of all the
layers and is thus a true diverticulum. Mucosal lining usually
corresponds to that of the ileum, but it may contain ectopic
gastric mucosa, or nodules of pancreatic tissue, which can cause
serious complications. The rest of the vitelline duct is obliter-
ated in most patients, but it might remain as a fibrous band. The
persistence of the entire vitelline duct as a permanent tube leads
to an umbilical-intestinal fistula that is usually discovered in
infancy.

CLINICAL PICTURE

The clinical picture varies greatly, depending on the complica-
tions. Most patients with Meckel diverticulum have no symp-
toms and no complications. When patients become symptomatic,
however, their symptoms vary with the condition. A typical
presentation is intestinal bleeding, which is more common in
children and often manifests with maroon stools. If the bleeding
is slow, melena may be present. Peptic ulceration has been
reported when ectopic gastric mucosa is present in the diver-
ticulum. Strangulation, intussusception, torsion, incarceration
of Meckel diverticulum into a hernia, and adhesions with
obstruction caused by the hernia have all been reported. These

findings may present a clinical picture of acute abdomen or
chronic pain. Also, neoplasm has been reported to develop in
the diverticulum, and all the complications of an intraabdominal
neoplasm may be present.

DIAGNOSIS

Diagnosis can be made by technetium-99m pertechnetate
imaging. However, if Meckel diverticulum is suspected, com-
puted tomography (CT) is often performed, and the diagnosis
is made at canning. The differential diagnosis includes appen-
dicitis, cholecystitis, diverticulitis, salpingitis, and any other
inflammatory condition leading to a colonic or gastroduodenal
lesion or pathologic condition of the small bowel. Although the
diagnosis is made most frequently through CT, the surgeon is
often surprised at laparotomy.

TREATMENT AND MANAGEMENT

The treatment of any symptomatic Meckel diverticulum is sur-
gical resection. It is now possible to reach the lesion easily by
laparoscopy, and simple resection is possible.

COURSE AND PROGNOSIS

The prognosis for Meckel diverticulum is excellent for all the
abnormalities except neoplasia, which depends on the type of
lesion.

ADDITIONAL RESOURCES

Sanders LE: Laparoscopic treatment for Meckel’s diverticulum: obstruction
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Turgeon DK, Barnett JL: Meckel’s diverticulum, Am 7 Gastroenterol 85:
777-781, 1990.
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diverticulum of the small bowel is a “blind” outpocket

from the hollow viscus that consists of one or more layers
(Fig. 104-1). Incidence at autopsy ranges from 0.2% to 0.6%.
Diverticula are less common in distal areas of the small bowel.
Their etiology is unknown, but most appear to be acquired and
to consist of mucosal and submucosal layers only. Colonic diver-
ticulosis is associated with small bowel diverticulosis in 35% to
44% of patients. Complications of inflammation and diverticu-
litis, obstruction associated with enteroliths, bleeding, perfora-
tion, volvulus, bacterial overgrowth, and multiple diverticula
have all been reported.

CLINICAL PICTURE

The clinical picture may be an incidental finding and asymptom-
atic, an acute complication, or chronic symptoms. Symptoms of
acute abdomen caused by free perforation, volvulus, or obstruc-
tion associated with an enterolith or gastrointestinal (GI) bleed-
ing may cause a patient to seek treatment. Chronic presenting
symptoms, including dyspepsia, nausea, occasional vomiting,
mild pain, flatulence, and diarrhea, may be caused by bacterial
overgrowth or mild inflammation associated with one of the
diverticula. Therefore, a broad presenting clinical picture is
possible.

Once diagnosed, symptoms should be fully evaluated. Clini-
cians tend to view diverticula as benign, but they can be a sig-
nificant finding. Once inflammation occurs in a diverticulum,
an acute abdominal infection can result that mimics appendicitis
or inflammation, as in Meckel diverticulum. When inflamma-
tion develops, erosion of a blood vessel can cause a slow bleed
or a massive hemorrhage.

The clinicopathologic correlation of jejunal diverticula is
similar to that seen in colonic diverticulosis. The association of
jejunal diverticula with steatorrhea and macrocytic anemia has
been reported since 1954. There are many cases in the literature
of proven bacterial overgrowth and malabsorption. Many
patients with jejunal diverticula also have symptoms similar to
those of scleroderma, such as esophageal motility disturbances
and Raynaud phenomenon.

DIAGNOSIS

The diagnosis is established with small bowel barium contrast
study or computed tomography scan with contrast. When

chronic anemia or bacterial overgrowth is suspected, studies to
evaluate for malabsorption are helpful (see Chapter 109).
Anemia and steatorrhea can be demonstrated in patients with
bacterial overgrowth.

TREATMENT AND MANAGEMENT

Patients with acute diverticula require surgery, usually by
open laparotomy or by laparoscopic surgery when necessary.
The treatment for bacterial overgrowth is long-term anti-
biotic therapy. Ampicillin, tetracycline, or a second- or third-
generation drug such as ciprofloxacin can be used daily. It is
recommended to alternate antibiotic therapy and “to give the
bowel a rest.” Some clinicians administer antibiotics every other
month to treat this type of bacterial overgrowth. Malabsorption
and anemia can be corrected by antibiotic therapy.

COURSE AND PROGNOSIS

Depending on the age of the patient and the acute nature of the
clinical situation, the prognosis for diverticulum is similar to
that for any condition with a perforated bowel or massive GI
hemorrhage. The prognosis for patients with bacterial over-
growth is excellent once therapy is instituted. The mere pres-
ence of jejunal or small bowel diverticula without symptoms is
benign. However, the clinician should be aware of the risks and
should check the patient intermittently for potential insidious
complications.
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M any patients undergo full evaluation for nausea, vomiting,
abdominal pain, or dyspepsia, but routine evaluations
reveal no abnormalities (see Section II for details of these symp-
toms and their evaluation). Occasionally, it is readily apparent
that a patient may have a true gastric-duodenal motility distur-
bance (see Chapter 47). Progressive motility from the antrum
into the duodenum, then from the duodenum into the small
bowel, is important for maintaining normal motor function for
absorption and digestion and for cleansing the bowel to prevent
bacterial overgrowth (Fig. 105-1).

Any indication of disturbed absorption of nutrients or bacte-
rial overgrowth should lead to further small bowel motility
evaluation. True small bowel transit disturbances and dysmotil-
ity are rare and difficult to prove. These evaluations are made
primarily at selective research centers. However, motility dis-
turbances do exist, and patients can be helped if indications of
small bowel dysmotility can be identified.

The small bowel has both a vigorous working longitudinal
muscle layer and a circular muscle layer that are governed by an
intrinsic nervous system and an extrinsic nervous system modi-
fied by the function of the interstitial cells of Cajal. Intrinsic
neurons have their cell bodies within the wall and are divided
into sensory (afferent) neurons, motor (efferent) neurons, and
interneurons, whereas extrinsic neurons are derived from the
vagal and spinal pathways of the parasympathetic and sympa-
thetic divisions of the autonomic nervous system.

MEASUREMENTS OF TRANSIT
AND MOTILITY

The lactulose breath test is used primarily to measure the small
intestine’s ability to absorb hydrogen or labeled carbon that is
freed after the lactulose reaches the distal small intestine; thus,
it really is a measure of orocecal transit time. These tests are used
primarily in research centers and are difficult to interpret in a
clinical setting. Some institutions evaluate for scintigraphic oro-
cecal transit time to measure the transit time, but these also are
primarily research institution techniques. Barium contrast
studies and fluoroscopy have been used, but these are imprecise
for determining true transit time and are most effective when
there is some obstructive lesion. At times, without any expla-
nation, transit time using barium contrast may be as short as
30 to 45 minutes.

Small bowel manometry is used with great skill in research
institutions. Gastric and duodenal probes are placed, and metric
measurements can be made of antral, pyloric, and duodenal
contractions. The normal patterns of motility, a regular and
continuous series of contractions (phase 3), occur within the gut
during fasting, approximately three cycles per minute in the
stomach and 11 cycles per minute in the duodenum. The regular
string of contractions lasts several minutes and propagates

downward to the bowel from the antrum as a migrating motor
complex (MMC). Passage of the MMC is followed by a quiescent
period (phase 1), and then the contractile pattern becomes irreg-
ular (phase 2), which usually occurs during fasting. Immediately
upon eating, the fasting pattern of motility is replaced with a
fed pattern, both in the stomach and in the small bowel. Con-
tractile activity increases, and there are no migrating bursts of
contractions. The increase in contractions in the small intestine
mixes intestinal contents and enhances absorption. Although
performed mainly at research institutions, these studies are
indicated in the diagnosis of subtle intestinal obstruction and
in the explanation for small intestinal bacterial overgrowth
(Chapter 114), differentiation of intestinal myopathy from
neuropathy, gastroparesis refractory to prokinetic agents, and
differentiation of visceral pain syndrome from other motility
disorders.

Clinicians most often must rely on radiologic transit with
barium or computed tomography with contrast to observe small
bowel motility. These techniques provide only broad evaluation
but can suggest disturbances requiring more sophisticated study
and may help guide the clinical treatment course.

DIAGNOSIS

Diseases associated with disordered intestinal motility are non-
ulcerative dyspepsia (see Chapter 53), irritable bowel syndrome
(Chapter 108), chronic intestinal pseudo-obstruction (Chapter
107), partial small bowel obstruction (Chapter 106), gastric
resection, acute illness, pregnancy, diabetes, metabolic distur-
bances, drugs, scleroderma and other connective tissue diseases,
neurologic syndromes, rare myopathies, and biliary dyskinesia.
Diabetes mellitus often is associated with altered neurotransmis-
sion, as can occur with numerous drugs that decrease or alter
contractions.

It is important to note that some patients may require evalu-
ation at a research institution that performs the necessary tests.
These patients usually have chronic symptoms and have under-
gone evaluation but now require detailed research studies and
analysis.

Colonoscopy offers repeat visualization of the distal ileum. The
end of the ileum appears to be wedged into the wall of the colon
and at times can be seen to flutter. However, observations on
living patients indicate that the ileocecal junction functions as a
true sphincter, which means it regulates the flow of material
from the ileum to the cecum and prevents retrograde passage.
However, there is controversy as to whether this is merely a
function of the angulation of the anatomy or a true muscular
function based on distention of the ileum with a final peristaltic
contraction that empties ileal contents into the cecum. At
present, no clinical disease entity is known to be related to this

physiology.
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Intestinal obstruction occurs when the onward passage of
intestinal contents is limited by mechanical abnormalities or
a functional disturbance (Fig. 106-1). Peristaltic activity may be
abolished by reflexes originating from diseased structures within,
or remote from, the abdominal cavity. When obstructive lesions
occur, some motility may persist. The obstruction may be
partial or complete, and when it occurs with vascular compro-
mise, it may indicate simple ischemia or may be attributed to
strangulation.

The most common cause of small intestinal obstruction is
adbesions (>50%). Herniation accounts for approximately 25% of
obstructions. Adhesions are extrinsic, as are hernias, and other
causes of extrinsic lesions may be congenital bands, volvulus, or
carcinomatosis outside the bowel wall. The remaining 25% of
small bowel obstructions are caused by inflammatory lesions,
intussusceptions, neoplasms, foreign bodies, or atresias and ste-
nosis. These lesions are primarily intrinsic to the bowel.

lleus occurs when the bowel ceases to pass its contents,
becoming adynamic. lleus usually occurs after surgery but also
results from inflammatory, metabolic, and neurogenic lesions.
It also may be associated with electrolyte imbalances or drug
administration. Acute inflammation in the bowel, such as appen-
dicitis, diverticulitis, or peritonitis, can cause loss of motility and
ileus. Ileus is also associated with acute pancreatitis, ischemic
lesions of the bowel, and occasionally, chest lesions causing
systemic sepsis. Any of the hernias described in Section III can
cause intestinal obstruction and manifest acutely.

CLINICAL PICTURE

Depending on the cause, acute obstruction of the bowel may
present with abdominal pain, nausea, and vomiting of reflux
origin. Abdominal examination reveals increased peristalsis,
which gives way to alternating periods of hyperactivity and
quiescence until the latter predominates.

In adynamic ileus, peristalsis ceases from the start; therefore,
the bowel is extremely quiet and emits poor bowel sounds.
Invariably, however, there is increased fluid secretion into the
gut and accumulation of gas, with the bowel becoming more
and more distended. In patients with mechanical ileus, the disten-
tion is proximal to the point of obstruction, whereas in patients
with reflex ileus, the distention is more generalized.

As peristalsis fails, the absorptive functions also fail, perme-
ability is altered, and intestinal bacteria and toxic substances can
translocate. Water and electrolytes enter the bowel lumen,
aggravating the distention and invariably increasing the vomit-
ing. The overall effect on the patient is dehydration of body
tissue and circulatory failure. Patients may become hypotensive
and may experience shock and sepsis.

In mild intermittent obstruction, the symptoms are less
severe, and the only clinical presentation may be recurrent
abdominal pain. However, anorexia always correlates with the

pain and recurrent bloating of abdominal distention. When
obstruction is complete, bowel movements cease. With partial
obstruction, the patient may have some bowel movement or
even mild diarrhea.

DIAGNOSIS

The clinical picture varies from a mild, partial obstruction to an
acute, life-threatening situation. Abdominal radiographs are
essential to define the type and degree of obstruction, with films
of the patient in the supine and upright positions. Radiographs
usually help determine whether the obstruction involves the
small intestine, with or without the colon. In patients with ileus,
the colon is invariably involved, whereas in patients with
mechanical obstruction, the area of the dilated loops of bowel
with possible fluid levels can identify the site of the
obstruction.

Computed tomography (CT) usually clearly delineates the
point of obstruction and invariably makes the diagnosis. CT can
define closed-loop obstruction, strangulations, characteristic
pictures of volvulus, extrinsic or intrinsic neoplasia, and it can
clearly indicate the need for medical or surgical therapy.

When the diagnosis is unclear, contrast studies may be
helpful. CT scan is performed with contrast, and the lesions at
the point of the obstruction can be identified. Occasionally,
however, CT findings are unclear, and barium contrast study
may be indicated. Barium studies are more feasible in the small
intestine than in the large intestine, because barium hardens
when water is absorbed in the large bowel. Barium should not
be used to diagnose a suspected colonic lesion. Absorbable con-
trast should be used; in the small bowel, lesions can be clearly
defined before therapy is indicated.

It is important to confirm the diagnosis of strangulation or
impending gangrenous bowel so that the bowel can be saved.
"This is particularly important in elderly patients, who may have
few symptoms before the bowel becomes strangulated and
gangrenous.

TREATMENT AND MANAGEMENT

Immediate therapy involves nasogastric suction to treat disten-
tion, electrolyte and fluid replacement, and antibiotics to clear
infection and prevent sepsis. In adynamic ileus, particularly after
surgery, patience and fluid replacement frequently correct the
problem.

If the patient is thought to have mechanical obstruction,
surgical intervention is indicated for partial and complete
obstruction. For complete obstruction, the surgery is performed
on an emergency basis to prevent gangrenous bowel.

COURSE AND PROGNOSIS

ITleus may develop after surgery and can last several days. The
patient will need reassurance, nasogastric suction, careful elec-
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trolyte replacement, and nutritional support. Prognosis is
usually good when diagnosis shows the initial disease to be
benign. If the diagnosis indicates malignancy or severe infection
and abscess, or conditions such as severe pancreatitis, the prog-
nosis is guarded, and mortality is significant.

If surgery is performed quickly and intervenes in mechanical
obstruction, the prognosis is excellent. However, once gangre-
nous bowel develops, particularly in the elderly patient, the
prognosis is guarded. Again, if a malignant lesion causes the
obstruction, the prognosis is that for the particular
malignancy.

"The rapid advent of laparoscopic surgery has facilitated diag-
nosis, corrected mechanical obstruction, and resulted in shorter

postoperative periods. Adynamic ileus rarely requires surgery,
but when the bowel remains distended and the patient obtains
minimal relief through suction and electrolyte replacement,
decompression and drainage may be necessary.
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hronic intestinal pseudo-obstruction (CIPO) is a clinical

syndrome that mimics the signs and symptoms of intesti-
nal obstruction (Fig. 107-1). In patients with CIPO, no
mechanical obstructive lesion is found on evaluation. CIPO is
now thought to be a type of dysmotility and may be related to
a functional disturbance in the interstitial cells of Cajal. CIPO
may be associated with many disorders of the intestinal or
extraintestinal nervous system, including neurologic diseases,
small intestinal visceral myopathy, and endocrine and metabolic
disorders, and may be precipitated by drugs (Box 107-1). Vis-
ceral myopathies and neuropathies are associated with numer-
ous rare congenital abnormalities and are often referred to as
primary CIPO. Acute colonic pseudo-obstruction (Ogilvie syn-
drome, false colonic obstruction) is different and presents in
critically ill and surgical patients.

CLINICAL PICTURE

CIPO may manifest at any age. Developmental and congenital
conditions result in presentation in infancy or early childhood.
Associated systemic diseases, such as scleroderma, or paraneo-
plastic causes may occur later in life. The presenting symptoms
are usually obstruction with abdominal distention and pain,
vomiting, and inability to have a bowel movement. When the
disease is associated with visceral myopathy or neuropathy, pain

may become predominant. Rarely, it may be associated with a
segmental disease such as megaduodenum or megacolon. An
esophageal motility disorder may coexist. Symptoms of those
localized lesions, in association with CIPO, may predominate
or may obfuscate the diagnosis. In addition, some patients have
bacterial overgrowth and can develop malabsorption and diar-
rhea, with a confusing picture of alternating diarrhea and
constipation. Invariably, the physical findings are intestinal
obstruction with a distended abdomen, no bowel sounds, and a
tympanitic bowel.

DIAGNOSIS

History and physical examination are essential to establish the
presence of any neurologic or associated diseases. Often, physi-
cal examination reveals weight loss and possibly malnutrition,
depending on the degree and chronicity of disease. Radiographs
of the abdomen reveal the intestinal obstruction. Patients usually
have large, dilated loops of bowel with fluid levels. Barium
contrast study or computed tomography with contrast media
reveals the classic obstructive lesion. Gastric emptying studies
or esophageal manometry may further elucidate the associated
condition, such as gastroparesis or esophageal symptoms. Com-
plete thyroid evaluation and tests for collagen and vascular dis-
eases should be performed. Finally, it may be necessary to

Radiographs of the abdomen demonstrating severe dilatation of overlapping loops of
small and large bowel, which is characteristic of CIPO.

Figure 107-1 Chronic Intestinal Pseudo-Obstruction.
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Box 107-1 Clinicopathologic Classification of Chronic Intestinal Pseudo-Obstruction

I.  Disorders of the smooth muscle
A. Primary
1. Familial visceral myopathies
a. Type 1 (autosomal dominant)
b. Type 2 (autosomal recessive, with ptosis and
external ophthalmoplegia)
c. Type 3 (autosomal recessive, with total
gastrointestinal tract dilatation)
. Sporadic visceral myopathy
. Congenital, in infants
econdary
. Progressive systemic sclerosis/polymyositis
. Muscular dystrophy syndromes
. Systemic lupus erythematosus
. Amyloidosis
. Radiation injury
. Ehlers-Danlos syndrome
. Mitochondrial myopathy
C. Diffuse lymphoid infiltration
D. Others (muscle cell inclusions; absence of actin)
II.  Disorders of the myenteric plexus
A. Familial visceral neuropathies
1. Recessive, with intranuclear inclusions (neuronal
intranuclear inclusion disease)
2. Recessive (familial steatorrhea with calcification of
the basal ganglia and mental retardation)
3. Dominant, with neither of the above
4. POLIP syndrome (polyneuropathy, ophthalmoplegia,
leukoencephalopathy, intestinal pseudo-obstruction)
5. Infantile short bowel, malrotation, and pyloric
hypertrophy
6. With progressive neurologic disease at young age
B. Sporadic visceral neuropathies
1. Degenerative, noninflammatory (at least two types)
2. Degenerative, inflammatory (with lymphocytes,
plasma cells, or both in myenteric, and sometimes
submucosal, plexus)
a. Paraneoplastic
b. Infectious (Chagas disease, cytomegalovirus)
c. Idiopathic
d. Isolated axonopathy
C. Developmental abnormalities
1. Total colonic aganglionosis (sometimes with small
intestinal aganglionosis)
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2. Maturational arrest
a. Isolated to myenteric plexus
b. With mental retardation
c. With other neurologic abnormalities
3. Neuronal intestinal dysplasia
a. Isolated to intestine
b. With neurofibromatosis
c. With multiple endocrine neoplasia, type 2b
D. Myotonic dystrophy
Ill. Neurologic disorders
A. Parkinson disease
B. Autonomic dysfunction, familial and sporadic
C. Total autonomic or selective cholinergic dysfunction
after Epstein-Barr virus infection
D. Brainstem tumor
IV. Small intestinal diverticulosis
A. With muscle resembling visceral myopathy
B. With muscle resembling progressive systemic sclerosis
C. With visceral neuropathy and neuronal intranuclear
inclusions
D. Secondary to Fabry disease
V. Endocrine and metabolic disorders
A. Myxedema
B. Pheochromocytoma
C. Hypoparathyroidism
D. Acute intermittent porphyria
VI. Drugs
. Opiates (narcotic bowel syndrome)
Anticholinergics
. Phenothiazines
. Clonidine
Tricyclic antidepressants
Vinca alkaloids (e.g., vincristine)
. Calcium channel blockers
. Fetal alcohol syndrome
VII. Miscellaneous
A. Jejunoileal bypass
B. Sclerosing mesenteritis
C. Celiac sprue
D. Ceroidosis?
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From Camilleri M: Acute and chronic pseudo-obstruction. In Feldman M, Friedman LS, Brandt L], editors: Gastrointestinal and liver disease,

ed 8, Philadelphia, 2006, Saunders-Elsevier, pp 2679-2702.

perform a deep biopsy of intestinal muscle; laparoscopy may be
helpful.

TREATMENT AND MANAGEMENT

Treatment and management of patients with CIPO depend on
whether they have an associated disease. In patients with idio-
pathic disease and in most with associated disease, standard
therapies include prokinetic agents, diet control, and palliative
surgery. When obtaining proper nutrition becomes a severe
problem, total parenteral nutrition (TPN) on a home basis may
be necessary.

Drugs include metoclopramide, 10 to 20 mg three times
daily (tid) or four times daily (qid); domperidone, 10 to 20 mg
tid or qid (when available); octreotide, 50 to 100 ug daily sub-
cutaneously; and erythromycin, 250 mg tid. These prokinetic

agents can be given by mouth or by intravenous injection,
depending on the drug and the availability.

Diet therapy varies with the particular condition. During the
acute phase, patients are supported intravenously. During the
chronic phase, they are usually on low-fat, low-fiber diets with
frequent small feedings, gradually progressing to normal feeding
as symptoms slowly subside.

Palliative surgery is a drastic procedure that may become
necessary to decompress the bowel or to remove or bypass a
nonfunctional area. Colectomy may be used, depending on the
degree and type of intestinal involvement. In severely affected
patients and those with rare conditions, small intestine trans-
plantation has recently become a treatment consideration,
although the procedure is life threatening and offers only limited
life expectancy.
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COURSE AND PROGNOSIS

When CIPO is associated with another disease, the prognosis
of that disease modifies the outcome. Unfortunately, when asso-
ciated with any significant disease, the finding of CIPO usually
heralds the beginning of a fatal prognosis; these patients may
die in a few months to a few years. Patients with the idiopathic
chronic form may live for many years once a regimen is designed
that relieves the obstruction and adequate nutrition can be
maintained. Some of these patients receive a combination of
prokinetics and nutritional support; life can be maintained, but
quality of life decreases. CIPO has a marked effect on the
development of children.
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I rritable bowel syndrome (IBS) is one of a group of functional
gastrointestinal (GI) disorders characterized by abdominal
discomfort or pain and frequently associated with a change in
bowel movements (Fig. 108-1). Worldwide, IBS is the most
frequent symptom complex in patients seeking GI consultation.
In the United States, it is estimated that more than 3 million
office and hospital visits are attributed to this symptom complex.

In disease classification, IBS is thought to be the intestinal
or bowel disorder of a group of functional GI disorders that
include (1) esophageal disorders such as globus hystericus and
functional chest pain; (2) GI disorders such as functional dys-
pepsia (Chapter 53), aerophagia, functional vomiting (Chapter
45), and functional abdominal pain; (3) functional biliary disor-
ders such as sphincter of Oddi dysfunction (Chapter 206); and
(4) anorectal disorders such as anorectal pain and pelvic floor
dyssynergia (see Section V).

As understanding of GI physiology broadens, the cause of
IBS is thought to be a disturbance in the autonomic and enteric
nervous systems of the gut and the gut-brain axis. This distur-
bance results in abnormal motility and visceral hypersensitivity.
Early inflammation of the gut may be a trigger for the onset of
the syndrome. The discovery of lactose intolerance has removed
many patients from the category of IBS, and, as science evolves,
itis certain that other causes may explain the symptoms in select
groups of patients. The wide range of food sensitivities and food
allergies that exist, as well as slow development of knowledge in
this area, may progress and prove helpful in the future.

CLINICAL PICTURE

Three classic symptoms are associated with IBS: abdominal
pain, diarrhea, and constipation. Alternating diarrhea and con-
stipation, or diarrhea only, or constipation only, may prevail. In
the classic model of the female patient, a woman seeks treatment
for recurrent low abdominal pain associated with an inability to
have a bowel movement. Constipation is persistent and becomes
a lifelong problem. The patient frequently will present with
many evaluations that have revealed no significant abnormality.
Often, the abdominal pain is relieved by a bowel movement.
Patients may or may not notice whether the character of the
stool has changed, and often they describe pebblelike stools.
However, the pain is persistent and may be nagging or severe,
and patients may require pain relief. Characteristic is the history
of frequent visits to physician offices with a workup that has
revealed no disease.

The other common symptom complex is severe diarrhea,
noted more often in male patients and consisting of loose or
explosive bowel movements that may almost herald inconti-
nence. The diarrhea is associated with severe abdominal cramps,
and frequently, patients describe a formed stool on first motion,

then liquid stools. Once the diarrhea has stopped, the cramps
frequently cease. However, the cramps can be severe and have
caused sweating during the bowel movement.

The third pattern is constant, recurrent lower abdominal
pain associated with diarrheal bowel movements and, once they
have subsided, days of no bowel movements or constipation with
a feeling of an inability to evacuate. It is estimated that many
patients never report these symptoms to physicians, but, as
stated, IBS is one of the major symptom complexes treated by
physicians and GI consultants.

DIAGNOSIS

The latest consensus, as expressed in Rome Criteria II and III,
is that there should be 12 weeks or more, in the past 12 months,
of abdominal discomfort or pain that has two or three features:
it must be relieved with defecation, the onset must be associated
with a change in frequency of stool, and/or the onset must be
associated with a change in the caliber or appearance of the
stool. This complex may be associated with increased stool fre-
quency, abnormal forms of stool, marked increased straining or
urgency, or a feeling of incomplete evacuation, the appearance
of mucus in the stool, or an associated feeling of bloating and
abdominal discomfort. The Rome Criteria requires this
symptom complex for the diagnosis of IBS.

Some clinicians insist they can make the diagnosis of IBS
without a detailed workup to rule out organic disease. However,
most will insist that the diagnosis should not be made without
laboratory and imaging evaluation. Certainly, the stool must be
free of blood, and a simple microscopic evaluation for leuko-
cytes and overt parasites should be conducted. Screening should
be performed to rule out thyroid disease and lactose intolerance.
Proponents cite fructose intolerance as a cause in selected
patients, and if suspected, this should be ruled out. Most clini-
cians will insist that colonoscopy or barium enema evaluation
of the colon be performed, depending on the resources avail-
able. Furthermore, many will also insist that the small bowel
should undergo screening barium study, or again, depending on
the resources, capsule endoscopy or computed tomography of
the bowel.

Because the symptoms are recurrent and persistent, con-
ducting a full evaluation is recommended to be able to treat the
IBS patient long term. Also, negative tests reassure the patient
that there is no organic disease. Differential diagnosis does
include malignancy of the colon, inflammatory bowel disorders,
chronic infections, endocrine disorders, and psychiatric
disorders.

A theory of bacterial overgrowth or dysbiosis has emerged in
which some patients have a treatable increase in the small bowel
bacterial flora or disturbance in the flora. A lactulose tolerance
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Abdominal pain or
discomfort associated
with changes in stool
frequency and/or form Enterochromaffin
cell

Altered bowel wall sensitivity
and motility result in irritable
bowel symptom complex

Nerve
ending

Actions of gut wall
5-hydroxytryptamine (5-HT)
may underlie abnormalities
of motility and sensation

Rome Il diagnostic criteria*
for IBS

~_

Twelve weeks** or more in the past
12 months of abdominal discomfort
or pain that has two out of three
features:

a. Relieved with defecation

b. Onset associated with
change in frequency of stool

c. Onset associated with change
in form (appearance) of stool

*In the absence of structural or metabolic abnormalities to explain
the symptoms.
** The 12 weeks need not be consecutive.

Symptoms not essential for the diagnosis, but if
present increase the confidence in the diagnosis and
help to identify subgroups of IBS:

e Abnormal stool frequency (>3 daily or <3 weekly

* Abnormal stool form (lumpy/hard or loose/watery
stool) >1/4 of defecations

* Abnormal stool passage (straining, urgency, or
feeling of incomplete evacuation) >1/4 of
defecations

e Passage of mucus >1/4 of defecations

e Bloating or feeling of abdominal distention
>1/4 of days
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Figure 108-1 [rritable Bowel Syndrome.
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test is usually positive and is needed to make this diagnosis.
Direct bacterial aspiration studies are rarely available, but when
performed in research centers, these can prove the small bowel
overgrowth. Another theory claims that the normal flora is
disturbed, and therefore the addition of probiotic organisms will
be helpful. No consensus exists on these theories, but clinicians
do treat based on theories, with varied results.

TREATMENT AND MANAGEMENT

There is no single treatment for IBS. Treatment varies with the
symptom complex. Because IBS is considered a biopsychologic
disorder with abnormal motility and abnormal visceral percep-
tions, treatments vary. To individualize the treatment, symp-
toms must be addressed, usually in the categories of constipation,
diarrhea, or pain associated with bloating.

The constipated patient is usually first put on a high-fiber
diet that requires increased intake of dietary fiber from the usual
low amount in Western diets to the normal recommended
amounts of 25 to 35 g daily (see Section X). If the constipation
is intractable and a workup reveals no organic cause, laxatives
or stimulants must be used (see Chapter 136). The new approach
has been to use serotonin (5-HT}) receptor agonists. Tegaserod
was a helpful drug but has been removed from the market in
the United States.

If diarrhea is the problem, the approach is different. These
patients must be carefully evaluated for lactose intolerance, but
once that is ruled out, anticholinergics may be tried. If they are
not successful, diphenoxylate or loperamide may be used to
decrease the number of bowel movements; certain agents are
helpful when used before social engagements. Dosage is usually
as described with the drug product. Patients may want to take
one or two tablets before leaving home.

The 5-HT; antagonists have now proved to be effective.
Alosetron is available and effectively decreases colonic motility.
Type 3 alosetron and type 4 tegaserod are first-line serotonin
products. We can expect that their future development as antag-
onists will be helpful in the treatment of IBS.

Clinicians claiming bacterial overgrowth will use rifaximin
and other antibiotics in cyclic treatment. This has had varied
results, but when correlated with good evidence of overgrowth,
it can be helpful.

Proponents of probiotic use have had good results using
Bifidobacterium infantis in a daily dose, reportedly effective in a
double-blind controlled study.

Abdominal pain and bloating can be the predominant factor
over the uncontrollable symptom. When treatment of the con-
stipation or diarrhea is unsuccessful and the pain predominates,
psychotherapeutic agents may be helpful. Most clinicians use

tricyclic antidepressants such as desipramine, 50 mg three times
daily, or amitriptyline, 10 to 25 mg twice daily or at bedtime.

COURSE AND PROGNOSIS

Irritable bowel syndrome can become a lifetime problem. These
patients may have abdominal pain with altered bowel move-
ments as children and progress into adulthood with the same
symptoms, or they may seek treatment for postinfectious prob-
lems that persist for years. Symptoms may resolve with treat-
ment, and then recur years later. However, with understanding,
reassurance, and careful treatment, these patients frequently
adjust well to their gut abnormality, although their symptoms
persist for life. Importantly, many patients with these symptoms
never seek medical attention because they learn to control the
symptoms. Altered motility and visceral hypersensitivity appear
to exist for long periods, even for a lifetime, with exacerbation
of severity, but most patients learn to control and live with the
symptoms.
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he rapid development of imaging and histopathologic

techniques, in conjunction with an altered pattern of
disease and treatments late in the twentieth century, has changed
the “standard” of testing for small bowel function and anatomy.
Testing has now become a sophisticated evaluation performed
for outpatients in most clinical practices and in detail at univer-
sity research centers. Evaluation of the patient thought to have
small bowel disease should include the following:

1. Detailed history and physical examination for clues to etiol-
ogy and physical findings of malabsorption

. Careful imaging technique
. Biopsy of the small intestine, if needed

. Biochemical function evaluation
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. Stool analysis for parasitic and infectious etiologies

Key findings in the history and physical examination and
analysis are described under each disease. However, small bowel
disease must be suspected whenever a patient experiences weight
loss, diarrhea, anemia, or any sign or symptom of a selective
malabsorption deficiency.

IMAGING TECHNIQUES

In the twentieth century, the barium contrast study was used to
demonstrate the classic malabsorption pattern, including loss of
normal small bowel folds, dilatation of the bowel, and segmenta-
tion of the meal. Subtle and dramatic presentations were often
recorded. In addition, other defects of the small bowel, includ-
ing neoplasia, strictures, and diverticula, were frequently
demonstrated.

The development of computed tomography (CT) and
enterography now allows sophisticated imaging of select areas
of the bowel and demonstrates the thickness of the bowel wall
and any reaction outside the bowel wall. CT has enhanced
the clinician’s ability to evaluate for many diseases. At times,
however, it is still necessary to do both barium contrast and CT
studies.

Endoscopy

The small bowel can be visualized using direct endoscopes, but
visualization is usually limited to the duodenum with upper
endoscopy, to the proximal jejunum with push enteroscopes,
and to the terminal ileum with colonoscopes. Long entero-
scopes traversing the entire small bowel are used only in select
institutions and have not gained wide acceptance.

Capsule endoscopy is the best procedure for imaging the
mucosa (but cannot be used for biopsy) and has proved success-
ful in identifying lesions missed by standard radiographic
imaging. It is the preferred technique for occult gastrointestinal
(GI) bleeding, to identify such lesions as angiodysplasia, and has
found early ulcerations of Crohn’s disease, as well as the lesions
of nonsteroidal antiinflammatory drug (NSAID) ulcerations.

These techniques are discussed in Chapter 61 and relevant
disease chapters.

HISTOPATHOLOGY

Small bowel biopsy is essential to confirm the diagnosis of many
diseases. Histopathologic evaluation is discussed as it applies to
each disease in the corresponding chapter.

BIOCHEMICAL EVALUATION

Sophisticated tests have evolved to define selective malabsorp-
tion. However, the clinician in practice can still rely on a battery
of simple tests to determine whether bowel function is causing
malabsorption. It is helpful in differentiating among biliary,
pancreatic, and small bowel malabsorption.

A test for carbohydrate malabsorption and small bowel func-
tion is the D-xylose absorption test (Fig. 109-1). A dose of 5 or
25 g can be given orally, and then the urine is collected for 5
hours to determine the amount excreted in the urine. Provided
the patient is well hydrated and has no evidence of bacterial
overgrowth, this test reliably assesses small bowel mucosal func-
tion. It cannot be used in the patient with renal disease, however,
and adequate urinary collections must be ensured. However, if
less than 20% of the ingested dose is excreted, and if a false-
positive result is unlikely, b-xylose absorption is a reliable test
for determining small bowel malabsorption.

Fat malabsorption is determined best by 72-hour stool fat col-
lection while the patient is receiving at least 60 to 80 g of fat.
Stool must be collected, and this remains a social problem.
Nevertheless, there are many simple containers available to help
make the collection easier for the patient. The stool should be
stored overnight under refrigeration. When this test is con-
ducted carefully, it sets the standard for malabsorption. At least
94% of ingested fat should be absorbed; thus the test is reliable
if a 6-g fat excretion in feces is used as the lower limit of normal.
From 6 to 8 g should arouse suspicion, and excretion greater
than 8 to 10 g indicates malabsorption of fat.

Negative p-xylose and positive stool fat findings usually
indicate that the cause is not the small bowel but rather is pan-
creatic or biliary. Quantitative fecal analysis is the standard;
qualitative and semiqualitative tests and breath tests have been
too inconsistent to diagnose fat malabsorption. Some clinicians
screen for serum fS-carotene, but this is merely a screening test.
Low B-carotene levels do correlate excellently with malabsorp-
tion, however, and very high levels can be seen in certain thyroid
diseases.

"The lactose absorption test is extremely important in determin-
ing whether lactose intolerance or malabsorption exists.

‘The breath bydrogen test is now the standard for lactose
testing and is easily done in most laboratories. At baseline, high
hydrogen may indicate bacterial overgrowth or a very high
intake of dietary fiber substances, but increasing breath hydro-
gen, after the ingestion of a standard dose of lactose, is sensitive
and specific for lactose intolerance and malabsorption.
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Figure 109-1 Evaluation of the Small Bowel: Top, Vitamin B,, absorption (Schilling) Test; Bottom, D-Xylose Absorption Test.

Tests for protein malabsorption remain difficult to perform.
Quantitative fecal nitrogen is excellent but is rarely used because
it requires stool collection and laboratory analysis. It is actually
simple to conduct but is not used by most clinicians. Sophisti-
cated isotope studies are used in research laboratories but are
rarely used in clinical medicine.

The Schilling test is used regularly to determine vitamin By,
absorption (see Fig. 109-1). It is based on the observation that
small amounts of intestinally absorbed B, are flushed out with
the urine when larger quantities administered parenterally are
present. Thus, By, absorption can be evaluated by measuring
radioactivity in a 24-hour urine specimen after the patient has
ingested a capsule containing 0.5 uCi of radioactive cobalt with
which B, has been labeled. Three hours after administration of

the test dose, the patient receives a parenteral injection of 1 mg
of ordinary vitamin By,. In healthy persons, at least 10% of the
ingested radioactivity appears in the urine within 24 hours. In
the absence of intrinsic factor; radioactivity excretion is minimal.
When intrinsic factor is administered simultaneously with the
oral By, radioactivity excretion increases to normal levels. This
is the second part of the Schilling test, differentiating pernicious
anemia from malabsorption syndrome. A third part is often
performed to distinguish bacterial overgrowth, requiring the
patient to be treated with antibiotics after the previous parts are
done. Excretion improves after administration of antibiotics,
and bacterial overgrowth presumably has caused the malabsorp-
tion. Similarly, Schilling results may be abnormal because of
pancreatic insufficiency and a lack of freeing R factor. Adding
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pancreatic enzymes modifies the Schilling test, and results may
be normal if the enzymes are added to the oral dose of radioac-
tive vitamin B,.

Other breath tests and permeability tests to evaluate the
small intestine are performed at research centers. The lactulose
breath test is described in Chapter 114.
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actose intolerance occurs when there is a deficiency of

lactase in the brush border of the small intestine. When a
person with lactase deficiency ingests lactose, the poorly digested
lactose is fermented in the small and large intestines, resulting
in abdominal bloating, discomfort, or diarrhea (Fig. 110-1).

Lactose, a disaccharide sugar found in milk, is a structural
combination of glucose and galactose. Holzel described defective
lactose absorption that resulted in infant disease in 1959. Later,
the clinical picture was also noted in adults.

The incidence of lactose intolerance varies throughout the
world. Rates are 85% to 100% in persons of African and Asian
descent, 40% to 90% in those of Mediterranean descent, and
5% to 20% in persons of English and Nordic descent. Initially,
the great ethnic and racial differences were thought to occur
because of adaptation, but now genetic differences are believed
the probable cause.

When lactose is digested, it is normally hydrolyzed in the
small intestine. The lactase level appears to fall below 3 U/g
tissue for intestinal protein in symptomatic lactase-deficient
patients. When the intestinal microflora ferment the lactose,
they produce tannic acids, lactic acid, carbon dioxide, and
hydrogen. In addition, lactose itself has an osmotic effect in the
colon.

CLINICAL PICTURE

The clinical picture varies with the amount of lactose ingested
and malabsorbed and the degree of the lactase deficiency. Some
patients develop clinical symptoms when they consume very
small amounts of lactose, whereas others are less sensitive.
Relating this to actual intake of food, some subjects can tolerate
a glass of milk, whereas others cannot. The basis for the /actose
tolerance test is 50 g of lactose, which would be the equivalent
of four glasses of milk. Relating this to symptoms, some subjects
may never have diarrhea, whereas others will have a violent
episode. Those without diarrhea may have mild discomfort,
bloating, or cramps after ingesting lactose.

Many persons are lactose intolerant but are unaware of the
degree of deficiency. In addition, many are thought to have
irritable bowel syndrome (IBS; see Chapter 108). Any patient
with postprandial symptoms should undergo lactose tolerance
testing.

DIAGNOSIS

Lactose tolerance tests are simple to perform and based on
malabsorption resulting in bacterial fermentation in the intes-
tine with hydrogen production. Hydrogen absorption then
results in its recovery in expired air. The patient is given a
standard dose of 50 g lactose in water. After a baseline hydrogen
measurement, expired air is collected every 30 minutes for 3
hours. A 10-ppm increase in hydrogen is classified as a positive
finding. There is usually no difficulty making a positive diagno-
sis, with no false-positive results. At times, patients may be
thought to have a high baseline hydrogen level because of a diet

very high in fiber or because of bacterial overgrowth in the small
intestine. This is taken into consideration during the differential
diagnosis.

If the small intestine is damaged because of acute infectious
processes, lactose deficiency may be transient, and the test result
may be positive. However, in an otherwise healthy patient with
no acute infectious disease, a positive finding is indicative of
lactose intolerance. Although it is a primary deficiency that
occurs in infancy, as infants mature into childhood, lactase levels
decrease in the small bowel mucosa, and the adult, or acquired,
deficiency becomes apparent. If the small bowel is damaged, the
enzyme level becomes deficient because of the damage to the
small bowel mucosa that occurs in diseases such as celiac disease.
Many clinicians believe that the deficiency is increased in inflam-
matory bowel disease, but this apparently is not true and is
merely related to the small patient population. Whenever there
is confusion concerning intolerance, a lactose tolerance test
should be performed.

Measuring breath hydrogen level is the most accurate test.
Arriving at the diagnosis by comparing glucose tolerance results
with lactose tolerance results (i.e., measuring blood glucose level
after patient ingested lactose) was the initial method used. Blood
tests are now unnecessary. The breath hydrogen test is readily
available and should be used.

TREATMENT AND MANAGEMENT

There are two alternatives for treatment and management.
First, removing all lactose-containing foods from the diet may
be necessary for extremely sensitive patients. For those who are
only mildly sensitive, small amounts of lactose can be ingested
without symptoms.

The second alternative is to use lactase substitutes. The
enzyme is now readily available worldwide in many over-the-
counter products. In addition, in many industrialized countries,
milk and milk products are now produced with predigested
lactose and are labeled “lactose free.”

It is important to review the patient’s diet so that the
extremely sensitive patient can be fully educated regarding
which foods contain lactose. Most are dairy products, and any
product containing milk or cheese or made from milk or cheese
contains lactose. In modern food production, lactose is fre-
quently used as filler; therefore, all labels must be read carefully,
and all commercial products must be carefully analyzed to
ensure that there is no lactose. Also, some pharmaceutical com-
panies add lactose as filler to capsules and pills, which can
activate symptoms in patients with extreme sensitivity to lactose.
Therefore, the content of capsules or pills should be checked
for these sensitive patients.

COURSE AND PROGNOSIS

Removing lactose from the diet should relieve all symptoms. If
not, the diagnosis should be questioned. The availability of
lactase substitutes and lactose-free dairy products has been
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helpful to patients with lactose intolerance. Educating the
patient and controlling the diet usually result in relief of symp-
toms. Prognosis is excellent because this is merely an intoler-
ance that can be corrected.

Patients who remove lactose from their diets should be cau-
tioned about adequate calcium intake because many relied on
milk and milk products for their calcium supply.

FRUCTOSE INTOLERANCE

Fructose intolerance results from inborn errors of metabolism
or is acquired in adulthood. Because of its rarity, fructose intol-
erance is less understood than lactose intolerance. Some persons
definitely have sucrose intolerance, which manifests when disac-
charide sucrose is digested to free glucose and fructose. Fructose
is present in some fruits and notably present in honey. It is also
added to some candies.

Sucrase deficiency in the small bowel, or malabsorption of
fructose through the brush border of the enterocytes, results in
symptoms. Diarrhea, chronic abdominal pain, and bloating have
been reported. Testing for this symptom complex is similar to
the lactose breath test except that fructose is used. An increase
in hydrogen level indicates malabsorption and usually correlates
with the symptoms.

The best treatment is to remove fructose from the diet. In
patients with many symptoms, sucrose is also removed. This
fructose-intolerant population is more difficult to manage than
lactose-intolerant patients.

Physician and patient awareness of possible fructose intoler-
ance has resulted in reports of more cases. As much as 30 g
fructose may be present in some sodas and some artificially
flavored drinks, so it is important to be aware of the possibility
of fructose malabsorption and intolerance. A careful study in
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which patients were advised to reduce sucrose and fructose
intake resulted in a significant reduction in symptoms of irri-
table bowel syndrome. Reducing intake is difficult but can be
rewarding.
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S ince the time of Hippocrates, the term diarrbea has been
used to designate abnormally frequent passage of loose
stools. However, it is a subjective symptom. Patients describe
any increased frequency or fluidity to mean diarrhea. It is gener-
ally accepted that more than three bowel movements per day
represent diarrhea, or a consistency of watery, large-volume
liquid, or both. The clinician must obtain an accurate history
and ensure that the patient is not reporting incontinence or
staining.

The volume of stool in diarrhea is important but is usually
difficult to determine. A constipated stool amounts to less than
100 mL per day. In Western societies, with diets of moderate
fiber, stool volumes amount to approximately 200 mL daily.
When stools are measured in vegetarians or those with a high
intake of fiber, the volume may be 400 mL daily. Watery, volu-
minous stools exceed 500 mL and may reach 1 to 2 L per day
in diarrhea.

CLINICAL PICTURE

The presentations of acute and chronic diarrhea are different.
The patient with acute diarrbea is frequently ill and may have a
fever, dehydration, severe abdominal cramps, or uncontrollable
passage of watery stools. If the cause is severe gastroenteritis,
diarrhea is frequently associated with vomiting.

The patient with chronic diarrbea frequently has abdominal
cramps or bloating and discomfort associated with an increased
number of bowel movements. It is important to ascertain
whether movements are nocturnal because this usually heralds
organic disease rather than irritable bowel syndrome (IBS). If
the diarrhea has lasted more than 10 to 30 days, it is considered
chronic. Chronic diarrhea frequently entails the loss of impor-
tant nutrients and the beginning of malabsorption syndromes.

In either acute or chronic diarrhea, the patient may appear
toxic or dehydrated. When dehydration is a major component,
the patient has lost a great amount of water and electrolytes.

DIAGNOSIS

Worldwide, the major cause of diarrhea is infection, which may
be acute or chronic. Acute viral or bacterial infections can have
a violent onset with severe, watery diarrhea; cholera is a classic
form. The chronic diarrheas are caused by (1) lactose and food
intolerance, (2) endocrinopathy such as hyperthyroidism, (3)
carcinoid-secreting tumors, and (4) IBS. Figure 111-1 catego-
rizes causes of diarrhea.

With acute infections, gastroenteritis usually is limited, and
differential diagnosis is not pursued. However, in epidemics of
the common Norwalk virus, rotavirus, or bacterial food con-
tamination or in extensive cholera epidemics, the agent is identi-
fied for public health purposes (see Section VI).

There is definite overlap among the inflammatory bowel
diseases, such as chronic ulcerative colitis, Crohn’s disease, and
the other colitides (see Section V). It is important to note for
the differential diagnosis that these diseases frequently manifest

with abdominal cramps; the course may be prolonged; blood
may or may not be present in the stool; and testing for an infec-
tious agent in the stool is negative. Although the onset of inflam-
matory bowel disease may be acute, it usually becomes chronic
and then falls into the differential diagnosis of the other meta-
bolic causes listed in Figure 111-1. IBS associated with diarrhea
rather than constipation is common, and with a negative workup,
the final diagnosis becomes apparent.

Whenever the cause of diarrhea is uncertain, it is helpful to
determine whether the patient has so-called osmotic or secre-
tory diarrhea. Classic osmotic presentations are lactose intoler-
ance and increased intake of magnesium salts or other agents
that are poorly absorbed. Classic secretory diarrhea is demon-
strated by enterotoxins, such as cholera and neuroendocrine
tumors, and is seen with surgical and severely damaged bowel.
To make this differential, fecal electrolytes and osmolality are
determined. The osmolality of colonic fecal water should be
approximately that of body fluids; therefore the composite
should be no more than 290 mOsm/kg. Osmotic and secretory
diarrhea can be differentiated by the “osmotic gap.” Secretory
diarrhea stool fluid electrolytes reach a level of body fluid elec-
trolytes, whereas the osmolality in the osmotic diarrheas is low
and usually caused by ingestion of nonelectrolyte substances.
Electrolyte studies of stool are rarely used now because of the
difficulty in collection and the confusing analysis attributed to
ingested salts, making them impractical. As discussed for mal-
absorption disorders, chronic diarrhea may be large and muddy,
and may contain fat, resulting in greasy and foul-smelling stool,
which helps in the differential diagnosis (see Chapters 109 and
112).

TREATMENT AND MANAGEMENT

Treatment of acute diarrhea is largely symptomatic and sup-
portive. With extreme diarrhea, or in a patient who has an
ileostomy, dehydration may be rapid and may necessitate intra-
venous fluid and electrolyte replacement. Most patients with
gastroenteritis do not require such vigorous therapy. However,
fluid replacement is frequently necessary, and in patients with
cholera, it is mandatory. Commonly used in Western and
Eastern societies, oral rebydration solutions are usually based on
a high-sodium/potassium electrolyte content associated with
simple glucose that enhances absorption in the small intestine.
However, other carbohydrates have recently been added to the
solutions to enhance short-chain fatty acid absorption from the
colon. These solutions aid in the positive absorption of water
and electrolytes to treat the excretion caused by diarrheal toxins.
Home oral rehydration formulas usually contain 90 to 120 mEq
sodium, 25 to 35 mEq potassium, and 25 to 50 g carbohydrate
per liter.

Because infectious causes are common, physicians and para-
medics often empirically use antibiotic therapy. Using antibiot-
ics without a confirmed infectious cause is not recommended
for the short course. When the course is prolonged over days
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into a week, fluoroquinolone is often given and may be effective.
As discussed in Section VI, whether to treat salmonellosis is
always controversial.

Nonspecific antidiarrheal agents can reduce symptoms. The
initial concern about reducing the clearance of pathogens by
using such agents has been unsubstantiated. The agents most
frequently available are Diphenoxylate, 2.5 to 5 mg four times
a day (qid); loperamide, 2 to 4 mg qid; codeine, 15 to 60 mg
qid; and tincture of opium, 2 to 20 drops qid. Recently, probiot-
ics have been shown to be effective in shortening the course of
acute diarrhea. Lactobacillus GG and other organisms are
recommended.

Treatment of chronic diarrhea and the use of o-adrenergic
agonists (e.g., clonidine), octreotide (somatostatin analog), bile
salt-binding resins (e.g., cholestyramine), and psyllium seed (to
solidify stool) are discussed under particular disease chapters in
this section as well as Sections V and VI.

COURSE AND PROGNOSIS

Although most episodes resolve in a few days, acute infectious
diarrhea may result in death in some children and immunocom-

promised or frail patients. Therefore, although rare, severe
dehydration and vascular instability must be treated aggres-
sively. The prognosis for chronic diarrhea is discussed under
each particular disease.
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ny disease that affects nutrient digestion or small bowel

function, or that compromises bowel circulation or motil-
ity, may result in a malabsorption syndrome, which includes
systemic vascular, infectious, and neoplastic diseases (Fig.
112-1). This chapter and others in this section discuss common
intestinal diseases that cause malabsorption disorders.

Gluten enteropathy, or celiac disease, is a malabsorption syn-
drome that results from gluten-sensitive damage to the intesti-
nal microvilli and villi, producing an abnormal villous
architecture and resulting in malabsorption. This disease process
exemplifies the classic signs and symptoms of malabsorption
disorders. When a person with gluten enteropathy ingests
gluten, the epithelium becomes damaged, the cellular matura-
tion of epithelial cells of the villus becomes disturbed, the small
bowel mucosa becomes inflamed, and mild villous atrophy to
total loss of villi results in atrophic-looking mucosa.

Understanding this classic disease entity leads to an under-
standing of small bowel function and all its possible diseases.
Almost all manifestations of abnormal digestion and absorption
and all systemic manifestations, from skin disorders to malig-
nancy, are associated with celiac disease.

Samuel Gee first described celiac disease in 1888 as “celiac
affliction,” later publicized by Herter in 1908. Finally, in 1950,
Dicke and colleagues found that removing wheat from the diet
caused the signs and symptoms to disappear. “Celiac disease”
should be used only when gluten is demonstrated to be the
cause. Some persons have “refractory sprue,” in which gluten
removal does not reverse the disease. Other names associated
with this disorder include “idiopathic steatorrhea” and “celiac
sprue.”

Celiac disease occurs worldwide, affecting an estimated 1%
of the world’s population. Ireland has the highest incidence, but
recently, a high incidence has been reported in Italy. Gluten
enteropathy appears primarily in Europe, North and South
America, East Asia, and Australia.

When glutens from wheat, rye, and barley are presented to
the intestinal mucosa, they react to form gliadins, which can
cause the damage. Genetic studies show that a person must have
alleles that encode for HLA-DQ2 or HLA-DQS8 proteins.
However, many persons have DQ2 or DQ8 human lymphocyte
antigen (HLA) gene expression and do not have celiac disease.
Patients with celiac disease appear to be able to tolerate oats,
which contain some of the biochemical products present in the
other grains. Along with oats, patients tolerate rice, corn,
sorghum, and millet without intestinal villous damage.

CLINICAL PICTURE

Figure 112-2 demonstrates all possible presentations and signs/
symptoms associated with celiac disease and severe malabsorp-
tion. The cardinal presentation of weight loss associated with
steatorrhea is seen only occasionally. The clinician should check
for celiac disease in the current environment of plentiful food

when a patient experiences anemia, osteoporosis, unexplained
diarrhea, or any vitamin deficiency, even if weight loss is not
apparent. With the availability of numerous serologic tests,
latent celiac disease has become more apparent in patients with
such conditions as occult anemia, osteoporosis, and some associ-
ated malignancies.

DIAGNOSIS

Serum testing has improved the ability to make an early diag-
nosis of celiac disease and malabsorption syndrome. Immuno-
globulin A (IgA) endomysial antibodies and IgA tissue
transglutaminase antibodies have reached almost 98% sensitiv-
ity and specificity. IgA and IgG antigliadin antibodies are less
sensitive and less specific but more helpful.

The standard for diagnosing celiac disease is to demonstrate
the histologic lesions on small bowel biopsy. Although initial
understanding of this disease resulted from biopsy specimens
obtained by suction through tubes or capsules, current biopsy
specimens are obtained by punch biopsy at endoscopy. To make
the diagnosis, the clinician must be certain that the specimens
are obtained from the second or third part of the duodenum, to
avoid distortion by glands of the proximal duodenum. Further-
more, adequately sized specimens must be obtained. However,
a lesion is not specific for the diagnosis, and significant inflam-
mation or atrophy of villi may be seen in many other disorders,
such as tropical sprue and infectious enteropathies. Marked
inflammation may also be noted in lymphoproliferative
disorders.

Therefore, the diagnosis of celiac disease can be elusive,
although capsule endoscopy has become an additional tool to
help in difficult cases.

Other tests of small bowel absorption, such as the 72-hour
stool collection for fecal fat and the p-xylose absorption test (see
Chapter 109), are often helpful when there is some confusion
about serologic findings. Although imaging was important in
the early stages of understanding celiac disease, now it is less
helpful, although it remains useful for ruling out lesions that
might be secondary to gluten enteropathy (e.g., malignancy) or
for diagnosing other causative disorders (e.g., collagen disease).
A diagnosis of gluten enteropathy must be established by serol-
ogy and histology and demonstration of malabsorption. Finally,
many clinicians insist that reversing the primary or secondary
findings must be demonstrated on the gluten-free diet.

Dermatitis herpetiformis is a skin disease that produces papu-
lovesicular lesions symmetrically on the extensor surfaces of the
extremities, trunk, buttocks, neck, and scalp. It usually manifests
in adulthood and is associated with celiac disease in 80% of
patients. However, less than 10% of patients with celiac disease
have this skin disorder.

Other diseases associated with celiac disease include micro-
scopic colitis, although these associations are sporadic and
reported without evidence of celiac disease. The most disturbing
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association is the increased incidence of lymphoma of the bowel
and other malignancies. Diligence is required when following
up each patient.

TREATMENT AND MANAGEMENT

The treatment for celiac disease is a gluten-free diet. There is
no other treatment. Removing all gluten from the diet is essen-
tial. All diet manuals carry clear recommendations. A celiac
society has formed and helps patients to obtain appropriate
grains and cereals for cooking and to follow the diet. It has been
shown repeatedly that once wheat, barley, or rye is instilled in
the small bowel, a lesion develops within hours. Therefore,
patients may have attacks when they are “fooled” by foods that
contain any of the incriminating grains. Dietitians are well
versed on the disorder and have the adequate educational tools
to treat patients.

For patients whose disease is refractory, some clinicians have
added glucocorticoids to the therapy.

When a patient is seriously depleted, supplemental therapy
is necessary, including vitamin replacement and specific iron or
B, (or folic acid) replacement for anemia. Because these defi-
ciencies have been reported in many patients, replacement may
be necessary for all nutrients.

COURSE AND PROGNOSIS

Patients who follow a gluten-free diet can have a normal life
expectancy. However, the complications of malignancy or the
inability to comply with the diet may result in serious morbidity
and mortality. Approximately 3% of patients with gluten enter-

opathy acquire some malignancy, which is an extremely high
number. Potential malignancy should be sufficient incentive for
patients to comply with a gluten-free diet, but poor compliance
is prevalent. Many patients do not comply because they do not
have symptoms. However, the high incidence of related malig-
nancy and occult disease indicates that the gluten-free diet is
essential to decrease morbidity and mortality in all patients with
celiac disease. It is also important to remember that many
patients are asymptomatic, and symptoms may not develop until
a complication presents.
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Figure 112-1 Malabsorption and Celiac Disease: Primary and Secondary Malabsorption.
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hipple disease is a systemic, infectious disease that pri-

marily affects the small intestine and its lymphatic drain-
age, although it also has many extraintestinal manifestations,
comparable to classic celiac disease (Fig. 113-1). George
Whipple first described the clinical syndrome in 1907, but it was
not until the bacterium that causes the disease, Tiropheryma whip-
pelii, was isolated and identified in 1991 and 1992 that full
understanding of the entity and its response to therapy became
clear. Ribosomal RNA sequences reveal that 7. whippelii is a
novel actinomycete not closely related to other characteristic
organisms. The exact sequence of infectivity is not clearly
understood, but 7" whippelii is probably transmitted by the oral
route.

CLINICAL PICTURE

Only approximately 700 cases of Whipple disease have been
described in the literature, many from the state of Connec-
ticut. The syndrome is so classic and the treatment so readily
available, however, that it must enter into any differential
diagnosis when a male patient has malabsorption syndrome.
For unknown reasons, Whipple disease occurs more often in
men.

A frequent symptom is the extraintestinal manifestation of
arthritis. Patients may seek treatment for swollen joints that
may be associated with any part of a malabsorption syndrome,
usually steatorrhea, but they may also have anemia or weight
loss. Early in the disease process, the patient may have arthritis
with abdominal bloating or pain. The patient may not be able
to describe the steatorrhea clearly but will report diarrhea.
About 95% of patients with Whipple disease lose weight, 78%
have diarrhea, 65% have arthralgias, and 60% have abdominal
pain. Often, the arthralgias predate the other clinical manifesta-
tions by several years. Because the organism causes lipodystro-
phy and lymph nodes are involved, lymph node enlargement is
common.

On physical examination, the patient may have abdominal
tenderness, hyperpigmentation of the skin, and fever. When the
disease is progressive, the patient may have full-blown malnutri-
tion, often because the diagnosis was obscure and attributed to
the aging process associated with arthritis. Many reports cite
central nervous system involvement with neurologic manifesta-
tions, as well as signs of aging, including dementia, ophthal-
moplegia, and myoclonus. There have been case reports of
cardiac involvement, and fibrinous pericarditis and endocarditis
are frequently seen postmortem.

Arthralgias are the primary extraintestinal manifestation and
frequently precede full-blown Whipple disease by many years.
Arthralgias tend to be migratory and show little evidence of
inflammation. However, aspiration of the joints may reveal the
organism and lipid-filled macrophages.

DIAGNOSIS

It is important to consider a diagnosis of Whipple disease
because it can affect men with arthralgias, which may precede
the signs and symptoms of malabsorption. All diseases that may
cause malabsorption enter the differential diagnosis once there
is evidence of steatorrhea and weight loss. Similarly, all differ-
ential diagnoses for arthralgias are present after the intestinal
disease develops.

Once the clinician suspects Whipple disease, the diagnosis is
confirmed through small bowel biopsy. All test findings that are
positive in other malabsorption disorders may be positive in
Whipple disease, and the biopsy specimen becomes pathogno-
monic. Lipid-filled macrophages that stain positively with peri-
odic acid-Schiff (PAS) stain are dramatic and diagnostic. The
same lipid deposition occurs in lymph nodes. The bacterium can
be demonstrated on electron microscopy. Because it can be fatal
if not treated, it is essential that the physician consider Whipple
disease.

TREATMENT AND MANAGEMENT

After the discovery that Whipple disease was caused by a bac-
terium, single-antibiotic therapy proved successful in most
patients, but there was a high degree of relapse. 1. whippelii
apparently behaves similarly to mycobacteria and chronic infec-
tions. Therefore, the current recommendation (and most suc-
cessful treatment) is a combination of initial treatment and
long-term therapy. The current recommendation is penicillin
G plus streptomycin, 6 to 24 million U intravenously daily, plus
1 g intramuscularly daily for 10 to 14 days. An alternative for
patients sensitive to penicillin is ceftriaxone, 2 g intravenously
daily for a similar period. The recommendation for long-term
therapy to prevent relapse is maintenance with trimethoprim-
sulfamethoxazole, 160 to 800 mg orally two or three times daily
for at least 1 year. Tetracycline was initially the drug of choice,
but patients often relapsed, and it is no longer a first-line agent.
Because of antibiotic allergies and sensitivities, many other regi-
mens are used and described in the literature.

COURSE AND PROGNOSIS

When first described and before antibiotic treatment, Whipple
disease was a progressive and unrelenting fatal disease. Antibiot-
ics now make this a curable, treatable disease. Therapy is
rewarding, although some neurologic signs, including dementia,
may not reverse. The PAS-positive macrophages disappear
slowly and may persist up to 1 year (or in rare cases, 8 years)
before being completely resolved. However, most extraintesti-
nal manifestations and positive signs disappear within 1 year. It
is important to remember that long-term antibiotic therapy is
usually needed.
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Figure 113-1 Whipple Disease.
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he small intestinal bacterial overgrowth (SIBO) syndrome Bacterial flora
may be caused by a disturbance in gastrointestinal (GI) ' Aerobes  Aerobes
motility, by an alteration in the anatomy of the intestine, or less
likely, by a loss of gastric acid secretion. The disturbance usually
causes malnutrition and weight loss from malabsorption. In the
healthy small bowel, indigenous bacterial flora growth in the
jejunum ranges from 10 to 10° colony-forming units per mil-
liliter (CFU/mL). Bacteria consist primarily of gram-positive
and gram-negative aerobic organisms. Farther down in the small
bowel, toward the midileum and into the terminal ileum, the
bacterial flora proliferate, and anaerobic organisms increase
dramatically, becoming as numerous as the aerobe organisms,
and the total counts in the distal ileum can reach 10° or
10° CFU/mL. Intestinal flora and the increase in anaerobes are
discussed in Section VI.
Aerobic and anaerobic organisms proliferate when stasis
occurs in the small bowel (Fig. 114-1). Stasis results from pro- . Aerobes  Aerobes
. . Stasis due to: 10
longed strictures or delayed emptying of the small bowel, and 10
organisms are also seen in jejunal diverticula. When the aerobic Dysmotility (diabetes)
and anaerobic flora proliferate, they can interfere with absorp- iélrir}?:zrir;a;:guctures
tion, compete for nutrients, and produce substances that cause
symptoms. The usual control of the flora is based on gastric acid
production and normal motility. Proliferating bacteria can
compete for vitamin Bj,. On the other hand, they can synthesize
and produce folic acid. Fat malabsorption caused by interference
with enterohepatic bile acid circulation, carbohydrate use by
bacteria, and protein malabsorption caused by decreased absorp-
tion and use by bacteria all contribute to the malabsorption.
Because of bacterial toxic substances, diarrhea might increase.

CLINICAL PICTURE

Clinical features vary with the cause of the SIBO syndrome. For
example, if stasis is caused by a stricture with dilatation of the ‘ :
bowel in a patient with Crohn’s disease, pain and a change in

bowel habits would precede the SIBO picture. If the patient has 7 Mascard™
scleroderma, the spectrum of Raynaud phenomenon, esopha-
geal disturbances, and constipation would accompany SIBO. If Figure 114-1 Small Intestinal Bacterial Overgrowth.

the patient has small bowel diverticula, the presentation might

be malabsorption. In rare cases, the presentation might simply

be anemia or malnutrition with no other symptoms before  loops of small bowel, diverticula, and strictures. In some patients,

Jejunal
diverticula

Strictured bowel

presentation. bacterial overgrowth can be documented. Most institutions
The usual causes of SIBO are disturbed anatomy (e.g., blind ~ do not perform colony counts on small bowel aspirates; when
loops, diverticulosis, strictures), dysmotility (e.g., diabetic enter- ~ available, it is helpful. Currently, however, malabsorption is

opathy, scleroderma, pseudointestinal obstruction), and various  often documented with breath tests, including the carbon 14
other conditions in which the small bowel becomes diseased and ~ (**C)-bile acid breath test, "*C-xylose breath test, fasting hydro-

stasis occurs. gen breath test, lactulose-hydrogen breath test, and glucose-
hydrogen breath test. Use of these tests varies greatly among

DIAGNOSIS institutions.

Diagnosis depends on demonstrating a cause for the bacterial All these tests are relatively simple to perform, but the

overgrowth and the resulting malnutrition and malabsorption. ~ "*C-xylose breath test appears to be the most sensitive and the

Radiographic techniques are essential for demonstrating dilated ~ most specific. After a 1-g oral dose of '*C-xylose, elevated levels



of *CO, are detected in the breath within 1 hour in more than
85% of patients with SIBO syndrome. Findings on the lactu-
lose-hydrogen breath test and baseline H, levels can both be
positive, but these measurements appear to be less sensitive than
the xylose test. However, they are preferred for pregnant women
and children because they do not require significant use of iso-
topes. In addition, Schilling test findings are classically positive
in bacterial overgrowth.

Many clinicians avoid detailed workups. Once they have
demonstrated an anatomic reason for bacterial overgrowth, they
institute a trial of antibiotic therapy to determine whether the
syndrome can be corrected. This is a valid approach when
isotope and absorption studies are difficult to conduct.

TREATMENT AND MANAGEMENT

All attempts should be made to correct the cause of the stasis
or obstruction. However, this is often difficult surgery that is
not feasible or warranted in patients with scleroderma, diabetes,
or small bowel dysmotility. Therefore, it becomes necessary to
use antibiotic therapy for extended periods of time. Most clini-
cians believe in alternating antibiotic treatment with periods of
no treatment. This cyclic therapy has been used in all types of
combinations, such as 1 week off and 3 weeks on per month or
1 month on and 1 month off. This type of cyclic therapy has
been individualized.

Antibiotics used to treat SIBO include amoxicillin—clavulanic
acid, twice daily (bid); cephalexin, 250 mg four times daily (qid),
plus metronidazole, 250 mg three times daily; trimethoprim-
sulfamethoxazole, bid; or chloramphenicol, 250 mg qid. In
addition, ciprofloxacin, norfloxacin, and rifaximin have recently
been used successfully in a variety of protocols. Somatostatin
and prokinetic agents have also been used to help in dysmotility
syndromes. Therapy must be individualized for each patient
depending on the disease and disorder causing the bacterial
overgrowth.

It is important that the antibiotic selected is well tolerated
and can be used cyclically for the individual patient, and that
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symptoms and malabsorption are relieved by the particular
regimen. Some patients are successfully treated for short periods
with long intervals between treatment. Each patient should be
monitored closely.

Nutritional deficiencies should be corrected. Correcting the
bacterial overgrowth will address future deficiencies if therapy
is successful. However, any vitamin or mineral deficiencies
should be corrected by increased supplements. When bacterial
growth decreases, absorption of macronutrients and vitamins
corrects any weight loss, as monitored with absorption testing.
Outcome evaluation (e.g., use of serum prealbumin) and repeat
evaluation for anemia and breath analysis should be
performed.

COURSE AND PROGNOSIS

The prognosis for SIBO depends on the disease process causing
the overgrowth. If caused by scleroderma, the prognosis is that
of scleroderma’s natural history. If the cause is Crohn’s disease
or diabetes, all their comorbidities are in effect. Once a regimen
is found for the overgrowth, SIBO can be managed, and the
morbidity of the primary disease can be decreased with the hope
of decreasing mortality risk.

ADDITIONAL RESOURCES
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Quigley E, Quera R: Small intestinal bacterial overgrowth: roles of antibiot-
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overgrowth, Comp Ther 20:523-530, 1994.

Schiller LR: Evaluation of small bowel overgrowth, Curr Gastroenterol Rep
9:373-377, 2007.



Martin H. Floch

hort bowel syndrome (SBS) usually occurs when less than

200 cm of small intestine remains after intestinal surgery.
Normally, the bowel measures 450 to 500 cm (18-20 feet).
When an insult occurs to the bowel resulting in surgical removal
of major parts, the patient s left with SBS (Fig. 115-1). Although
resection of less than 75% of the bowel, leaving larger amounts
of the small bowel, may not result in the full SBS, it still can
precipitate some aspects of the syndrome. For example, vitamin
B,, deficiency occurs when there is total ileal resection but an
intact jejunum.

Surgery-related causes of SBS that require treatment are
vascular compromise, Crohn’s disease, volvulus, radiation enter-
itis, trauma to the bowel, and neoplasm. In infants, congenital
atresias and stricture are noted, but volvulus with malrotation
may be a cause, as well as necrotizing enterocolitis. Fortunately,
SBS is not common, although the incidence and prevalence of
survivors is increasing as therapy improves. At least 40,000 to
50,000 patients with SBS require total parenteral nutrition
(TPN) each year, and at least as many are managed without
TPN.

CLINICAL PICTURE

The clinical syndrome is usually divided into three phases:
acute, adaptation, and maintenance. The acute phase occurs
immediately after surgery, when patients require significant
amounts of electrolytes and fluids. Features of SBS may in-
clude hypovolemia, dehydration, metabolic acidosis, hypoal-
buminemia, and deficiencies of potassium, calcium, zinc,
magnesium, copper, body acids, fat-soluble vitamins, folic acid,
and BIZ'

Timing, onset, and severity of the clinical manifestations are
compounded by numerous variables. One of the major factors
is whether other organs are involved. The most significant is
whether the colon remains after surgical resection and, if so,
how much of the colon is available. The preservation of the
ileocecal valve is another major variable.

Phase 1 lasts weeks to months. After that, the patient moves
into phase 2, with a variable clinical picture (see Treatment and
Management). If major electrolyte and mineral deficiencies
develop, clinical evidence may include chronic dehydration.
Diarrhea and electrolyte loss may develop when attempts are
made to compensate through greatly increased intake. Subtle
skin and blood abnormalities may develop because of slowly
developing micronutrient and vitamin deficiencies. Weakness,
dizziness, unsteady gait, and lack of mental acuity may all be
present.

DIAGNOSIS

The diagnosis of SBS clearly can be made at surgery. If SBS is
not apparent, the clinician obtains appropriate history and per-
forms simple barium contrast studies to determine bowel length.
Less than 200 cm, or less than 120 c¢m, of remaining bowel is a
clinically arbitrary figure; symptoms and deficiencies are the

important factors. Certainly, if more than 75% of the bowel
remains, SBS is highly unlikely. Nevertheless, selective deficien-
cies can occur because of ileal resection. Once it is established
that less than 200 cm of bowel remains, a correlation must be
made with symptoms and deficiencies. To perform these evalu-
ations, a full analysis for anemia, iron and B, absorption, and
lactose absorption and tolerance will provide the clinician with
a clear therapeutic guideline.

TREATMENT AND MANAGEMENT

During the acute phase, lasting up to 2 months, intravenous
electrolyte and nutrient replacement may be essental. It is
important to add antisecretory therapy, which includes a proton
pump inhibitor, and antimotility therapy, which is usually best
administered with the somatostatin analog octreotide. During
the acute phase, the patient is evaluated and TPN initiated.

During the adaptation phase, lasting from 2 to 24 months,
the bowel begins to adapt by slightly lengthening and increasing
individual villous height, thereby increasing the absorptive
surface. A major factor in phase 2 is whether the colon is still
present and whether the ileocecal valve remains intact. It appears
that jejunum has greater ability to adapt than ileum.

After the adaptation period, the patient moves into the long-
term management (maintenance) period. In phase 3, little
changes, and determinations are made as to how much can be
accomplished by oral feeding and how much TPN will be
needed. Some clinicians do use an enteral feeding period during
the TPN rest period. Some place a percutaneous gastrostomy
or enterostomy tube so that the bowel can be fed slowly during
the sleeping hours. However, this creates more discomfort and
is socially problematic.

Regulation of oral intake requires trial and error. The goal
is to obtain enough energy and protein intake to maintain body
homeostasis. Proteins are the key nutrient. An intake of 0.8 to
1.2 mg/kg body weight must be maintained. To metabolize the
protein, an adequate amount of energy is essential, usually from
a combination of carbohydrates and fats. If the colon is present,
medium-chain triglycerides can be absorbed through colonic
mucosa and may be helpful if added to the diet. Otherwise,
long-chain triglycerides are used. Fat intake may result in more
fat excretion in the stool, with the problem of steatorrhea if the
colon is present. However, therapy to bind bile salts is usually
not warranted, considering how easily the short bowel can
become deficient in bile salts. Consequently, fat absorption is
essential to maintain energy requirements. Carbohydrates in the
form of simple and complex polysaccharides are a major energy
source. Some patients who cannot tolerate simple sugars because
of bacterial breakdown develop p-lactic acidosis, but this is rare.
Most patients can tolerate sugars and complex polysaccharides,
which can make up 60% and 70% of the energy requirement.
Absorption of fat-soluble vitamins may become a problem.
However, all vitamins and trace minerals should be replaced in
adequate amounts (see Section X).
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The degree and amount of nutrient material that can be
taken orally varies greatly in patients with SBS. However, after
the 2-year period of adaptation, most will require some TPN.
For severe cases, the requirement may be total. Most patients
may take some of their nutrients orally, and many will require
at least half their nutrition through TPN, thereby requiring a
permanent catheter.

When there is an intact colon, increased oxalate absorption
can occur because of decreased bile salts, resulting in oxalate
nephrolithiasis. Therefore, these patients should receive a low-
oxalate diet.

Antimotility agents may be helpful during any stage of SBS
and include diphenoxylate, loperamide, codeine, and tincture of
opium (see Chapter 111).

Oral hydration solutions might be helpful for select patients.
Patients can try 250 mL to 1 L during the adaptive phase and
for longer periods if they have selective electrolyte absorption
difficulties. However, these are rare situations, and TPN usually
corrects these problems.

Whenever bacterial overgrowth is suspected in SBS, such as
occurs with D-lactic acidosis, intermittent antibiotic therapy
may be necessary. Antibiotics used for alternating 2-week or
1-month periods are often tried (see Chapter 114).

It has been suggested that growth hormone increases bowel
adaptation, but this is controversial. Nevertheless, some patients
may request or attempt this therapy. At present, growth hormone
is not generally recommended, although it may be tried in low-
dose form.

COURSE AND PROGNOSIS

The prognosis is usually favorable if the duodenum and at least
60 cm of jejunum or ileum remains intact in SBS. The presence
of an ileocecal valve greatly enhances the ability of the remain-
ing jejunum or ileum to work effectively, by slowing down
transit and helping water and electrolyte absorption. Further-
more, the availability of a colon to absorb electrolytes and some
minerals is helpful, and colonic microflora become important.
If the colon is present, fermentation of soluble fibers and the
usual undigested polysaccharides occurs, producing short-chain
fatty acids, primarily butyric, propionic, and acetic. The colon
then becomes a digestive organ, and as much as 10% to 20% of

caloric requirements can be supplied through the absorption of
short-chain fatty acids. Their formation is enhanced by healthy
bacterial flora; some clinicians use probiotics to enhance the
effectiveness of the microflora in the colon. Consequently, the
availability of the colon as a digestive organ improves the course
and prognosis of SBS.

Comorbidities significantly affect morbidity and mortality.
In an elderly patient with other organ illness, the prognosis
for long life becomes guarded. Associated diseases or malignan-
cies, severe radiation enteritis, and unrelenting inflammatory
bowel disease all increase morbidity. Possible complications of
associated chronic liver disease further increases the morbidity
and mortality risk.

Finally, the expanding role of transplantation surgery is now
offering new insight into the future for patients with SBS.
Although still new, small bowel transplantation has been effec-
tive in select cases. Its future role remains to be determined, but
it is available for patients with intractable disease who cannot

be sustained on TPN.
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he terms food allergy and food hypersensitivity are synony- Although its incidence is difficult to determine, food hyper-

mous. Food “allergy” is distinguished from food “intoler-  sensitivity occurs in approximately 2% of the general population

ance” in that it includes a true allergic, immunologic response  and in as many as 6% of young children. However, anecdotal

(Fig. 116-1). Food intolerances are not immunologic responses.  experience indicates a much higher incidence, with many

Allergic responses may be acute and may result in anaphylaxis ~ patients not seeking assistance or medical advice because they

(a rare occurrence) or may be chronic. eliminate foods they identify as causing symptoms. Common
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mediated reactions through the mechanisms listed in the box on the right. The B cells can stimulate this process or stimulate the
IgE-mediated process and activate mast cells. There are also mixed IgE and non-IgE-mediated conditions such as eosinophilic

enteritis.
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foods associated with symptoms are milk, eggs, fish, tree nuts,
shellfish, soybeans, fruits, and wheat. Children tend to outgrow
the symptoms, and in adulthood, the foods most often associated
with food hypersensitivity are peanuts, tree nuts, fruits, fish, and
shellfish.

The pathophysiology of food allergy is becoming clearer.
True hypersensitivity reactions usually are mediated through
immunoglobulin E (IgE) and associated with atopy. However,
these findings are not essential when an alleged exposure can be
demonstrated by an exclusion diet. Although IgG and IgA anti-
bodies are demonstrated in celiac disease, the demonstration of
these antibodies in other food allergies has been controversial.
Immediate-phase reactions are IgE mediated, with inflamma-
tion mediators released from mast cells. However, some hyper-
sensitivity reactions are non-IgE mediated and involve histamine
release from mast cells. Therefore, both IgE hypersensitivity
and non-IgE hypersensitivity exist.

Non-IgE food allergy is T-cell mediated, but mixed
IgE-mediated and non-IgE-mediated conditions appear to
involve the gut, including eosinophilic esophagitis, gastritis, or
gastroenteritis.

CLINICAL PICTURE

The allergic response may manifest as an emergency anaphylac-
tic reaction (angioneurotic edema, urticaria, asthmatic attacks,
allergic rhinitis) or by less dramatic responses (rashes, focal
edema. migraine headache). The gastrointestinal tract can cer-
tainly react by producing acute symptoms of gastroenteritis or,
more chronically, of epigastric distress or diarrhea. The entire
spectrum of acute and chronic symptoms may be caused by any
of the food allergens. A clear relationship to foods is considered
probable in acute, severe, and dramatic reactions; in oral allergy
syndromes that produce pruritus; in celiac disease; and in dietary
protein-induced enteropathy or enterocolitis in infancy.

Syndromes less dramatic in presentation that require
workup include gastroesophageal reflux in infants, eosinophilic
esophagitis or gastroenteritis, and enteropathies. Food allergy
is often suspected but is extremely difficult to prove or diagnose.
The symptoms may be minimal but are persistent and
annoying.

DIAGNOSIS

Acute reactions and those temporally associated with symptoms
(e.g., pruritus, erythema) are more easily diagnosed. Reactions
causing vague symptoms (e.g., migraine, diarrhea) can be diffi-
cult. Most allergists and scientists agree that the diagnosis of
food allergy can be made from one or more of the following:

1. Clear history and an allergic-like reaction after the ingestion
of food.

2. Exclusion of any anatomic, functional, metabolic, or infec-
tious cause.

3. Finding of certain pathologic features consistent with allergy,
such as eosinophilia.

4. Confirmation of a relationship between ingestion of a dietary
protein and symptoms (e.g., clinical challenges, repeated
inadvertent exposures).

5. Evidence of food-specific IgE antibody.

6. Failure to respond to conventional therapies, and improve-
ment in symptoms with elimination diets.

Some clinicians rely on a response to treatment of allergic
inflammation with corticosteroids or other drugs. However, the
final accepted diagnostic step is elimination of the food to relieve
symptoms and food challenge that recreates the symptomatic
picture.

Primary tests for specific IgE antibody or particular foods,
radioallergosorbent test (RAST), and skin-prick test are fre-
quently used, but their high false-positive rates create confusion.
Adjunctive tests such as endoscopic biopsies, absorption studies,
and stool analysis for eosinophils are all used but are not pathog-
nomonic. Specific IgE antibody may be used to rule out the
potential for severe, acute reactions before conducting oral
challenges in patients with atopic disease or possible history of
severe, acute reactions. In patients with chronic, symptomatic
disorders without atopic disease, food-specific immunoglobulin
test results are usually negative. Negative skin-prick tests are the
most diagnostic, because the negative predictive value of the
skin test is usually greater than 95% and excellent. Unfortu-
nately, the positive predictive value of a positive finding is
approximately 50%. In vitro tests for a specific IgE with RAST
are helpful in evaluating IgE-mediated food allergy. Problems
in interpretation are compounded by immunologic cross-
reactivity between botanical families and animal species.

Elimination diets are an essential tool in determining whether
a food is causing the allergy. There are three types of elimination
diets: (1) elimination of one or several foods suspected of provok-
ing symptoms; (2) elimination of all but a defined group of
allowed foods; and (3) use of an amino acid-based formula or the
elemental diet. These types of elimination evaluation should be
performed by experienced allergists. Failure to have symptoms
resolved on the elimination diet would rule out food allergy.

Physician-supervised oral food challenges are required for the
diagnosis of food allergy. In general, when several foods are
under consideration as the cause of symptoms, when test results
for food-specific IgE are positive, and when elimination has
resulted in the resolution of symptoms, oral challenge testing
for each food eliminated is used to diagnose specific sensitivities
and to allow expansion of the diet. In the patient with acute
anaphylactoid-type reaction but with no evidence of a food-
specific IgE suspected of provoking the reaction, physician-
supervised challenge is used to reintroduce the food safely in
case of false-negative findings on the skin/RAST test. If suspi-
cion concerning a particular food remains high despite its elimi-
nation without a resolution of symptoms, challenges may be
needed for clarification. If tests for specific IgE antibodies are
not relevant to the disorder, oral challenges are often the only
means of diagnosis. This is the case for most of the GI hyper-
sensitivity reactions. Oral challenges are also required to deter-
mine when clinical tolerance has developed. However, oral
challenges may be optional or contraindicated in some patients,
and a physician with experience in the field of food allergy must
be consulted.

Research with probiotics indicates that some children have a
deficient immune response. Probiotic organisms can stimulate
the immune response to correct an allergic response caused by
certain foods in infancy and by milk in children.



TREATMENT AND MANAGEMENT

Eliminating the allergic agent is the treatment for food allergy.
As discussed, oral challenges may be required to clarify which
foods are causing the symptoms. However, judicious use of
elimination diets and challenges by experienced physicians can
result in adequate control of the problem.

When the responsible foods cannot be identified, some
physicians use antihistamines and, in extreme circumstances,
corticosteroids to prevent symptoms. Double-blind placebo-
controlled food challenges are frequently used, considered by
some as the standard by which to diagnose food allergy and thus
determine elimination.

Some clinicians use mast cell stabilizers, such as cromolyn
sodium and ketotifen fumarate. The key to good management
is patient education, with careful instruction on how to elimi-
nate all protein-inciting agents in foods.

Evidence indicates that probiotics may be helpful in the
treatment of milk allergy or atopy in children. Lactobacillus
rhammosus, also called Lactobacillus GG, can be used.

COURSE AND PROGNOSIS

The prognosis is usually excellent in patients who know the food
responsible for the allergy and who have eliminated it from the
diet. The patient who has experienced an anaphylactoid or
severe reaction makes sure that epinephrine injections are avail-
able whenever there is potential exposure to an allergen. Patients
experiencing chronic conditions may be plagued by the concept
of food allergy, especially when specific allergens are not proved.
The field is open and prone to questionable diagnostic and
therapeutic procedures. However, most credible allergists can
set up a program so that their patients can tolerate the diet and
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receive adequate nutrition despite elimination of inciting foods.
Experience with documented testing indicates that some food
allergy reactions can be transient. Therefore, patients should be
tested after a reasonable time (1 year) to determine whether the
allergy persists.

The field of infant allergy reports that most infants requiring
hypoallergenic formulas usually become tolerant within 1 to 2
years, and the prognosis is then excellent. These patients are
treated by a pediatric allergist.
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E osinophilic gastroenteritis is a disease in which tissue eosin-
ophilia occurs in any segment of the gastrointestinal (GI)
tract and is associated with GI symptoms (Fig. 117-1). Although
first described in 1937, with frequent case reports corroborating
the syndrome, the following criteria to establish eosinophilic
gastroenteritis were not defined until 1990:

1. The patient must have GI symptoms.

2. Eosinophilic infiltration must be demonstrated on biopsy in
one or more areas of the GI tract.

3. The patient should have no eosinophilic involvement of
other organs outside the GI tract.

4. The patient should have no parasitic infestation.

Eosinophilic gastroenteritis is a relatively rare disease. The
actual incidence is unknown, but most gastroenterologists
believe that many cases are unreported. The typical presentation

Symptoms e Dyspepsia

Malnutrition and malabsorption
e Diarrhea

e Weight loss

o Allergy symptoms (asthma)

Biopsy appearance

is in the third to fifth decade of life. It may affect any age group,
with no apparent gender predilection. The cause of the infiltrate
is unknown. It is often associated with a hyperallergic state.
Eosinophils may actually damage the GI tract by releasing
protein and toxic substances.

Although eosinophils are present in many bowel disorders
(e.g., parasitic disease, inflammatory bowel disease), the only
evidence in eosinophilic gastroenteritis is the infiltrate in the
small bowel. Because it is frequently associated with multiple
allergies, the assumption is that patients with eosinophilic gas-
troenteritis are allergic to some food or substance in the envi-
ronment. However, this has not been proved. Eosinophilic
gastroenteritis is now thought to be a mixture of IgE-mediated
and non-IgE-mediated allergic reactions.

CLINICAL PICTURE

Most often, the stomach and the small bowel are involved with
the mucosal and submucosal eosinophilic infiltrate. These

Greater than 10 to 25 irregularly
scattered eosinophils per high-powered
field are considered abnormal

Lamina propria

Figure 117-1 Eosinophilic Gastroenteritis.



patients seek treatment for dyspepsia or diarrhea or for mild,
intermittent abdominal pain. The syndrome may be intermit-
tent or may be longstanding and accompanied by weight loss
and associated malnutrition and malabsorption. Depending on
the extent and degree of eosinophil concentration and damage
to the stomach and small bowel, erosions and weeping lesions
can develop, but these are rarely reported. In young children,
an allergy frequently manifests with mild asthma, atopy, severe
hay fever, or multiple food intolerances. Almost every part of
the GI tract has been involved. Such rare entities as eosinophilic
ascites and eosinophilic polyps have been reported.

Eosinophilic esopbagitis is usually reported as a separate entity
when only the esophagus is involved. It behaves differently from
generalized eosinophilic gastroenteritis. Rings form in the
esophagus, and symptoms can be chronic. It is treated as severe
reflux disease but also requires topical therapy (see Section I).

DIAGNOSIS

To fulfill the criteria for eosinophilic gastroenteritis, there must
be a tissue diagnosis. Once suspicion is raised, upper endoscopy
is essential to obtain esophagus, stomach, and small bowel
samples for biopsy. The clinical picture usually raises the index
of suspicion. Peripheral eosinophilia is present in almost 80%
of patients, although it may be low grade and is often over-
looked. It is important to rule out parasitic disease. Evaluation
for ankylostomiasis, or intestinal parasites, must always be per-
formed. It is also important to rule out other systemic diseases
that can cause eosinophilic infiltrate, such as lymphoma, vascu-
litis, and Addison disease. Another concomitant finding may be
a low serum albumin.

It is important to rule out all other diseases; thus, imaging of
the upper GI and lower intestinal tracts becomes important. If
diarrhea is part of the picture, the usual diarrhea workup for
pathogens and colonoscopy are important to obtain biopsy
specimens and to rule out inflammatory bowel disease.

Biopsy evaluations are critical. Eosinophilic infiltrate may be
part of any inflammatory process. Therefore, the pathologist
must determine whether there is an abnormal increase in eosin-
ophils. Usually, more than 10 eosinophils per high-power field
(hpf) is considered abnormal, but in classic eosinophilic gastro-
enteritis, there are more than 25 eosinophils/hpf. The infiltrate
may be scattered, however, so several areas should undergo
biopsy. The appearance of intraepithelial eosinophils is a strong
indicator of the syndrome, even if the numbers of eosinophils
in the lamina propria and the submucosa are not high.
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Eosinophilic gastroenteritis should not be confused with
hypereosinophilic syndrome or diffuse vasculitis, both of which

involve multiple organs.

TREATMENT AND MANAGEMENT

Corticosteroids are the most successful agents once the diagno-
sis of eosinophilic gastroenteritis is firmly established. Predni-
sone is begun in relatively high doses, then tapered over 1 to
2 weeks. Most patients respond dramatically, but as many as
15% have relapses and require increasing doses. Many patients
are carried with low-dose maintenance prednisone of 5 to 10 mg
daily (similar to the treatment of chronic asthma).

Cromolyn sodium has been used with varying success.
Because of its safety, cromolyn is often administered before
corticosteroids.

If testing reveals a food allergy, it is helpful to eliminate any
inciting foods. However, the test for food allergy usually fails in
patients with eosinophilic gastroenteritis.

COURSE AND PROGNOSIS

The prognosis for patients with eosinophilic gastroenteritis is
excellent. Most patients respond extremely well, and after initial
therapy, or in months, they can discontinue prednisone treat-
ment. Relapses occur but are usually easily controlled.
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I ntussusception is the invagination of a portion of the intestine
into the contiguous distal segment of the enteric tube (Fig.
118-1). It usually occurs in infants at 4 to 10 months of age and
is associated with acute enteritis, allergic reactions, and condi-
tions that cause hypermotility. In older persons, intussusception
is associated with a polyp or malignancy, an enlarged Peyer’s
patch or diverticulum (e.g., Meckel), and a large number of rare
entities that cause intrusion into the bowel.

Intussusceptions are classified according to the part of the
digestive tube that telescopes into the intussuscipiens, the receiv-
ing part, including ileo-ileal, jejunoileal, and ileocolic invagina-
tions. The most common is the ileocolic intussusception. A
double invagination, or an intussusception within an intussus-
ception, may also occur, called ileo-ileocolic. How far the intus-
susceptum, the part that becomes ensheathed by the more distal
portion, enters the intussuscipiens depends on the length and
motility of the mesentery. The intussuscipiens can be com-
pressed, after which edema, peritoneal exudation, vascular stran-
gulation, and finally, intestinal gangrene can develop.

In children, the most common causes of intussusception are
associated infections, and in adults, the most common causes are
neoplasms, although these primary causes affect the other group
as well. Approximately 30% to 50% of small bowel intussuscep-
tions and 50% to 65% of colonic intussusceptions are associated
with malignant neoplasms.

CLINICAL PICTURE

Clinical presentation of intussusception may be alarming, with
the sudden development of abdominal pain and cramplike sen-
sations occurring every 10 to 20 minutes. Children may appear
to be in shock. In approximately 85% of children, a movable
mass may be palpated. If the symptoms progress, blood may be
found in the stool. In adults, the presentation may be acute, but
often it is intermittent and accompanied by cramplike abdomi-
nal pain with nausea and vomiting. With chronic presentation
lasting more than 1 week, the patient may lose weight. At times,
the chronicity of symptoms can fool the clinician.

DIAGNOSIS

Diagnosis is made and confirmed by radiographic imaging.
Ultrasonography is helpful, but barium contrast or computed

tomography with contrast media often demonstrates the intus-
susception. Different radiologic patterns are observed, with
classic findings of target lesions, sausage-shaped masses, and
associated obstructive phenomena.

TREATMENT AND MANAGEMENT

For most infants and children, intussusception is reduced by
pressure from the contrast enema when it is ileocolic. However,
the high incidence of neoplasia in adults requires surgical inter-
vention. At times, surgery is performed on an emergency basis
to prevent ischemic and gangrenous bowel formation. Once the
diagnosis is made, surgical evaluation and intervention are
essential. The surgeon may reduce the intussusception when the
bowel is entered, then use an end-to-end or end-to-side anas-
tomosis to remove any suspicious lesion. Laparoscopic surgery
is now used to perform these resections, although this requires
a skilled surgeon.

PROGNOSIS

The immediate prognosis is usually excellent. However, if a
neoplasm is identified, the prognosis depends on the type of
lesion. A high incidence of polyps in association with intussus-
ception in children and adults may require follow-up monitor-
ing and possibly chemotherapy. When intussusception is
associated with hypermotility of viral cause in a child, the prog-
nosis is excellent after the acute infection is controlled.
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enign tumors of the small intestine are rare. In a series of

22,810 autopsies, the incidence was 0.16%. The neoplasms
may be located anywhere in the small bowel. Stromal tumors, or
leiomyomas, are more common in the jejunum, and adenomas are
more common in the ileum. Both are benign but have significant
malignant counterparts or potential. Benign tumors may be
single or multiple. Adenomas, neurofibromas, and angiomas
have a familial occurrence. Leiomyomas and adenomas are most
common and, along with lipomas, myomas, some angiomas, and
neurogenic tumors, make up more than two thirds of lesions
(Fig. 119-1).

Rarer benign tumors include fibromas, lymphangiomas,
myxomas, and osteomas. Tumors may be intraluminal, extralu-
minal, or intramural. They may vary in size from millimeters
to “very large” at 3 cm. Neurogenic tumors tend to appear in
multiples, whereas adenomas, lipomas, and leiomyomas tend to
appear singly. Neurogenic tumors in the small intestine may be
part of a generalized neurofibromatosis (von Recklinghausen
disease).

Benign vascular tumors of the small intestine comprise true
tumors of blood vessels, or angiomas, and congenital vascular
malformations, or hamartomas. These are difficult to differenti-
ate and may be part of a generalized vascular dysplasia. Rendu-
Osler-Weber syndrome (hereditary hemorrhagic telangiectasia), a
mendelian-dominant disease, includes angiomas of the skin,
mucous membranes, and viscera. Another mendelian-dominant
inherited syndrome is Peutz-Jeghers syndrome, characterized by
the association of gastrointestinal GI adenomas, polyposis, and
a distinct type of mucocutaneous pigmentation (Fig. 119-2).
These polyps may be adenomatous or hamartomatous.

Brunner gland hamartomas and nodular lymphoid hyperpla-
sia of the small intestine are benign tumors or polyps. Both are
rare and frequently asymptomatic, but they require histologic
definition.

CLINICAL PICTURE

In general, many of these benign lesions never cause symptoms,
or cause such vague symptoms that a clinical diagnosis cannot
be established. Serious clinical symptoms occur usually as a
complication, such as intestinal obstruction, necrotic change in
the tumor with resultant hemorrhage, infection, rupture, or
malignant degeneration (see Fig. 119-2). Intraluminal tumors
are likely to cause symptoms earlier than extraluminal tumors.
Extraluminal lesions may grow to large dimensions before they
become symptomatic. Intraluminal polypoid tumors may lead
to obstruction by intussusception. This will manifest with an
acute obstructive phenomenon or insidiously, with mild inter-
mittent small bowel obstruction and symptoms of abdominal
pain, vomiting, and either diarrhea or constipation. Severity of
the symptom depends on the degree of obstruction and the site
of the tumor.

Bleeding from the tumor is attributed to necrotic erosion of
a vessel. It may be slow and insidious, or it may be massive and
result in severe GI bleeding. Extraluminal tumors may rupture
into the peritoneal cavity, or they may become necrotic after
torsion of a pedicle and thus may lead to intraabdominal hem-
orrhage or an acute abdomen. In rare cases, fistulae may form
through intramural or extraluminal tumors connecting the
intestinal lumen with the abdominal cavity, resulting in
peritonitis.

Malignant degeneration of benign tumors of the small bowel
may occur. Adenomatous lesions are reported to develop into
carcinoma in as many as 40% of patients. Similarly, leiomyomas
(stromal tumors) are developing into leiomyosarcomas at an
increasingly alarming rate.

DIAGNOSIS

Large tumors can be diagnosed easily through barium contrast
study or contrast computed tomography. However, small bleed-
ing lesions may often be missed. Small bowel barium studies are
often helpful. However, direct-view small bowel endoscopy,
double-balloon endoscopy, and capsule endoscopy now make
these lesions visible to the endoscopist. Capsule endoscopy has
become the procedure of choice to identify lesions early.
Depending on the symptom presentation, however, a contrast
study of the small bowel, enteroscopy, and if necessary, double-
balloon endoscopy and/or capsule endoscopy are indicated.
With these tools, a diagnosis should be made.

TREATMENT AND MANAGEMENT

Most benign tumors are asymptomatic and therefore may be
incidental findings during workup. However, once the tumor is
identified or symptoms have developed, it is often mandatory to
obtain a histologic diagnosis. Laparoscopic surgery has facili-
tated diagnosis of these lesions, but when small, they may
require open laparotomy for identification. If a complication
such as intussusception, bleeding, or perforation develops,
emergency surgery is essential to remove the lesion.

COURSE AND PROGNOSIS

The prognosis for patients with benign tumors of the small
intestine is excellent. Occasionally, however, a stromal tumor is
found to be a leiomyosarcoma, and the prognosis for what
appeared to be a benign adenoma becomes one for an adeno-
carcinoma (see Chapter 120).
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Figure 119-1 Benign Tumors of the Small Intestine: Top, Lipoma; Bottom, Neurofibroma.
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Peutz-Jeghers Syndrome

Polyposis of small intestine
ations of Benign Tumors

1. Intestinal obstruction

=1 3. Malignant degeneration
(metastasis rarely
observed clinically)

Mucocutaneous pigmentation

(usually due to intussusception)

Intermittent, migrating mass (due
to self-reducing intussusception)

2. Hemorrhage (most often
in leiomyoma)

First stage: interstitial hemorrhages

Second stage: confluence
of necrotic, hemorrhagic areas
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Figure 119-2 Top, Peutz-Jeghers Syndrome; Bottom, Complications of Benign Intestinal Tumors.
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M alignant tumors of the small intestine are rare. Their fre-
quency in a large autopsy study was lower than 0.1%.
Although the small bowel is the largest gastrointestinal organ,
less than 5% of malignant tumors arise in the small intestine.
"The reason for this remains unclear. Adenocarcinoma (nonampul-
lary) is the most common malignancy and accounts for 30% to
50% of malignant tumors. Most develop in the duodenum or
the jejunum. Predisposing factors appear to be alcohol intake,
Crohn’s disease, celiac disease, and neurofibromatosis. A predis-
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posing factor appears to be a preexisting adenoma, and more
than 40% of patients with familial adenomatous polyposis (FAP)
have polyps in the proximal small bowel, and more than 5%
develop adenocarcinoma. Figure 120-1 shows the morphologic
types and local consequences of malignant tumors of the small
intestine.

Carcinoma of the ampulla of Vater, together with the other
adenocarcinomas, makes up most of the malignancies in the
small bowel. Again, these tumors are rare, but they are the most

Exophyti (obstruction
due to kinking or pressure)

Infiltrating (obstruction due
to disturbance of peristalsis)

Hemorrhage (from ulceration
or central necrosis)

Fistula Extensive or multiple
N Malabsorption — P

Figure 120-1 Malignant Tumors of the Small Intestine.
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common sites of extracolonic malignancy in FAP. Lymphomas
are the third and leiomyosarcomas the fourth most common
small intestinal malignancies. Lymphomas make up 15% to
20% of all malignant small bowel tumors, of which non-
Hodgkin lymphomas are most common.

Leiomyosarcomas are now classified as gastrointestinal stromal
tumors (GISTS). It is often difficult for pathologists to define
whether these are benign or malignant. Differentiation is usually
based on a mitotic index. If there is less than 1 mitosis per 30
high-power fields, metastases are less than 1%. If there are more
than 10 mitoses per high-power field, metastases are 100% and
5-year survival rates decrease to 5%, with no 10-year survival
reported. A mitotic index between 0 and 10 has grades of 5-year
survival and metastases. The GIST tumors are of great interest
(see Chapter 62), and more are being reported. It is not yet clear
whether the increase results from better diagnostic studies or
whether there is a true increased incidence.

CLINICAL PICTURE

As with benign tumors of the small bowel, the presentation of
malignant lesions may be slow and insidious. Patients may have
low-grade anemia, slow bleeding, mild abdominal pain, weight
loss, and if there is an infiltrating large lesion, slowly developing
malabsorption or intermittent cramps. Patients may have acute
symptoms of obstructing intussusception or massive bleed.
Patients with malignant lesions usually do not seek emergency
treatment but have persistent symptoms over several months.

DIAGNOSIS

As with benign tumors, imaging is paramount for malignant
tumors, which are usually easily identified using barium contrast
or computed tomography contrast evaluation. Because of their
nature, these tumors are usually larger than benign tumors, but
enteroscopy, double-balloon enteroscopy, and capsule endos-
copy now allow earlier diagnosis if symptoms are also present.
Low-grade anemia resulting from slow blood loss from a small
lesion may prompt an earlier presentation and permit earlier
diagnosis for a better prognosis.

Ampullary lesions may involve bile duct obstruction and
jaundice. Because of the position of these lesions, patients may
seek treatment early, and the lesions may be resected early.
Current endoscopic and endoscopic ultrasound (EUS) tech-
niques may even allow endoscopic resection. EUS now permits
determination of tumor depth and is an important technique for
evaluation at ampullary sites.

TREATMENT AND MANAGEMENT

It is essential that all tumors be resected. Benign or malignant,
the histology must be established; thus, resection is imperative.
When tumors are very small, attempts to resect by endoscopic

techniques may be used. EUS is used in some of these
cases.

Once the lesion is resected, histologic analysis will indicate
what type of chemotherapy is needed. Chemotherapy is chang-
ing rapidly, and the preferred drugs must be determined by the
latest oncologic evaluations. This holds true for adenocarcino-
mas, as well as for lymphomas and leiomyosarcomas.

Therapy for lymphoma is usually more complex. Primary
lymphomas should be classified so that management can be
determined. Once again, the oncologist provides guidance on
the latest therapy.

COURSE AND PROGNOSIS

Findings from a detailed study reveal that the 5-year survival
rate for adenocarcinoma of the small bowel is 30% and that the
median survival time is less than 20 months. Ampullary adeno-
carcinoma has a better prognosis, with 5-year survival of 36%
and an even better prognosis for patients who undergo early
resection.

The overall prognosis for lymphoma varies greatly with the
disease stage. In advanced stages, S-year survival generally
ranges from 25% to 30%. However, with radical surgery and
rapidly improving drug therapy, 5-year survival has increased,
reported as high as 60% to 70%. The prognosis for patients
with these tumors is still not good, but advances in chemo-
therapy may improve prognostic indicators in the future.
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ighty percent of gastrointestinal (GI) neuroendocrine

tumors are made up of enterochromaffin-like cell carci-
noids, duodenal gastrin G-cell tumors, and rectal trabecular
L-cell carcinoids. Less common neuroendocrine tumors are
gangliocytic paragangliomas, somatostatinomas, lipomas, and
schwannomas. Pathologic study has revealed that the term car-
cinoid represents a wide spectrum of neoplasms that originate
from different neuroendocrine cells.

Carcinoid tumors of the small intestine that secrete serotonin
(5-hydroxytryptamine, 5-HT) are associated with the carcinoid
syndrome. These neuroendocrine tumors may originate from the
foregut, midgut, or hindgut, and the enterochromaffin cells
making up the neoplasm may secrete serotonin, gastrin, or adre-
nocorticotropic hormone. Consequently, they can produce dif-
ferent syndromes. However, the most frequent site for carcinoid
tumors is in the GI tract, and the second most common site is
the bronchopulmonary system. The most common site within
the GI tract is the small bowel, followed by the appendix, with
a significant number occurring in the rectum. Neoplasms are
usually small and yellowish. Those found in the appendix rarely
metastasize, whereas those originating in the small bowel can
be more virulent. They can develop anywhere in the GI tract
and have been reported in the esophagus, stomach, pancreas,
and large bowel.

Carcinoid syndrome occurs when the tumor secretes a large
amount of an active substance such as serotonin. Symptoms
occur from the carcinoid when the tumors grow larger or when
they metastasize. Carcinoid tumors smaller than 1 cm rarely
metastasize. Lesions larger than 2 cm should be treated
aggressively.

Rectal carcinoids do not result in the carcinoid syndrome,
and most are asymptomatic.

CLINICAL PICTURE

Frequently, carcinoids are discovered inadvertently during
surgery in the appendix or during a workup. Often, the carci-
noids are asymptomatic. In other cases, the carcinoid can cause
mild abdominal pain, bleeding, or intussusception, which would
then manifest as intermittent abdominal pain or acute obstruc-
tion (Fig. 121-1). Rarely, carcinoids manifest as a palpable mass.

When the tumor secretes an active substance, as in approxi-
mately 10% of patients, the resulting symptoms are referred to
as carcinoid syndrome. The patient typically experiences inter-
mittent abdominal cramps associated with diarrhea, flushing of
the face and entire body, and extragastrointestinal symptoms of
bronchospasm or even cyanosis.

On physical examination, again rarely or occasionally, a pal-
pable mass heralds the diagnosis. Most often, however, there are
no findings except when acute intussusception and obstruction
occur. In patients with carcinoid syndrome, the physical exami-

nation may reveal murmurs of tricuspid valve disease. Carcinoid
is associated with fixation of the tricuspid valve leaflets, resulting
in typical murmurs. Left-sided heart disease occurs in 10% to
15% of patients. The presentation of the patient with flushing,
diarrhea, and tricuspid murmur is classic and almost pathogno-
monic of the carcinoid syndrome.

DIAGNOSIS

As indicated, often the neuroendocrine tumor is asymptomatic
and identified during a workup for other diseases. However,
once symptoms develop, it is essential to perform radiographic
contrast studies. These may reveal the site of the tumor. Com-
puted tomography and magnetic resonance imaging are also
helpful. Somatostatin-labeled isotope scanning is highly effec-
tive for identifying the primary hematostatic sites.

Biochemically, carcinoid syndrome is clearly diagnosed with
the finding of more than 10 mg 5-hydroxyindolacetic acid in a
24-hour urine collection.

TREATMENT AND MANAGEMENT

Removing very small lesions is usually curative. Lesions that
grow as large as 2 cm have a significant chance to metastasize
and require vigorous therapy. The primary lesion must be
removed and any metastases treated. Surgical resection of meta-
static lesions has resulted in some cures. Chemotherapy has had
marginal effect. Chemoembolization and hepatic artery embo-
lization have been effective when performed by experienced
practitioners.

Once the carcinoid syndrome evolves, pharmacologic therapy
is important, particularly if the lesions cannot be totally removed
surgically. Somatostatin receptors are present in more than 80%
of carcinoid tumors. The use of somatostatin or octreotide has
proved to be highly effective in relieving the carcinoid syndrome
symptoms. Long-acting octreotide injections are now available,
making this therapy more feasible and effective. Other inhibi-
tors of serotonin synthesis, such as parachlorophenylalanine and
methyldopa, have been used to block the conversion of trypto-
phan to serotonin. However, the most effective treatment is
with somatostatin.

COURSE AND PROGNOSIS

Resecting tumors smaller than 1 cm results in an excellent prog-
nosis. However, if tumors have grown at other sites in the GI
tract, metastases occur and the prognosis varies.

The 5-year survival rate for patients with gastric carcinoids
is 49% if localized. For pancreatic lesions, which tend to grow
large and are discovered late, 5-year survival is 34%. The pre-
sentation is variable in the small bowel. When the lesions are
larger than 2 cm, metastases have been reported in various series
at rates of 33% to 80%. Colon lesions tend to be discovered



314

SECTION IV = Small Intestine

Vascular FIUShmg’
henomena telangiectases,
P cyanosis

Bronchoconstriction

Pulmonary and tricuspid

Liver metastases .
valvular heart disease

Hyperperistalsis

Primary cardinoid

]

Blood SS—h'z/#roxytr)t/ptqmine

Tumor tissue (5-HT) (serotonin)
content elevated

Increased output of
Urine: 5-hydroxyindole acetic acid
(5-HIAA)

Patchy hyperpigmentation

Edema

Figure 121-1 Carcinoid Syndrome and Neuroendocrine Tumors.



CHAPTER 121 = Carcinoid Syndrome and Neuroendocrine Tumors 315

later, and 5-year survival with these is 42%. Local treatment of
rectal carcinoids yields good results; however, if the lesions are
larger than 2 cm, the probability of metastasis is 60% to 80%.
When rectal lesions are smaller than 1 cm, the cure rate is 98%.

Opverall prognosis for carcinoid tumors varies. Once carci-
noids evolve into carcinoid syndrome, the prognosis is guarded.
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his chapter discusses ileostomies and colostomies. Gastro-

enteric anastomoses are discussed in Chapters 66 to 70 and
in Chapter 271. Ileal pouch anal anastomoses are discussed in
Chapter 149.

Total or partial colectomy with resultant ileostomzy or colostomzy
is performed primarily to treat inflammatory bowel disease
(IBD), familial adenomatous polyposis (FAP), cancer involving
pelvic organs, and abdominal trauma. Various types of ileosto-
mies were performed in the past, such as the Kock pouch, but
they are no longer popular and rarely used. Temporary colos-
tomies are frequently performed for patients with acute diver-
ticulitis and perforation. These patients often undergo repeat
anastomosis and usually have a temporary colostomy for 3 to 6
months. Figure 122-1 demonstrates the varied function of gas-
troenteric stomas, depending on the degree of resection.

Since the advent of the Brooke ileostomy, so-called ileos-
tomy malfunction has rarely been seen. The major problem with
ileostomy is electrolyte imbalance in the patient with gastroen-
teritis or food intolerance. After a colostomy has been estab-
lished and the patient is properly educated to maintain it,
colostomy function is compatible with a normal life pattern.

CLINICAL PICTURE

The problems of ileostomy occur when the output is greatly
increased, as occurs in any form of gastroenteritis. The patient
can rapidly become dehydrated as the symptoms of abdominal
pain and effluence increase.

Colostomy function, once established and regular, rarely
represents any problems other than the care of the stoma and
peristomal areas. In elderly patients who have undergone
colostomy because of incontinence or severe constipation, man-
aging the colostomy is a geriatric care issue. The clinician must
always be aware of possible complications, such as intestinal
obstruction, from other causes, such as adhesions or recurrent
malignancy. When obstruction occurs, it is followed by the
classic decrease in output through the ileostomy or colostomy,
with resultant distention and all the signs of intestinal
obstruction.

DIAGNOSIS

Normal ileostomy output varies from 300 to 800 mL/day.
Depending on what the patient eats and drinks, output may
increase. However, the ileostomy effluent should be no more
than 1 L/day. When it increases dramatically, fluids and elec-
trolytes must be replaced. Ordinarily, sodium chloride and
potassium intake is maintained through a regular diet. Salt loss
is a major problem; therefore, these patients should be encour-
aged to increase their salt intake.

When the terminal ileum is resected, vitamin B, malabsorp-
tion may occur. Vitamin B, deficiency may be subtle and
present as neurologic findings or may be a full-scale mega-
loblastic anemia. The clinician must be aware of these

deficiencies. Vitamin B, should be intramuscularly replaced
intermittently in these patients.

TREATMENT AND MANAGEMENT

As mentioned, salt replacement is essential whenever ileostomy
effluent increases. Patients with severe output may have to be
admitted to an emergency service to receive supplementary
intravenous (IV) fluid and electrolyte replacement. After clinical
evaluation, most patients can be maintained on adequate oral
intake without IV treatment.

The classic World Health Organization liquid formulas that
depend on rapid absorption of sodium and glucose can be effec-
tive in helping the patient maintain fluid and electrolyte balance.
These standard formulas are available in commercial products
(e.g., Pedialyte), or they can be made at home (e.g., add salt
amount plus table sugar amount to 1 L of fluid, in addition to
desired flavoring) (see Chapter 111). Careful monitoring of the
patient’s blood pressure might be necessary to ensure that
vascular compromise has not occurred.

At times, it may be necessary to perform x-ray studies to
determine that no obstruction has developed, particularly for
patients with a history of adhesions or malignancy. Proper irri-
gation of the sigmoid colostomy may be necessary to ensure
evacuation. This becomes part of the routine colostomy care for
patients with low colostomy, but not for those with transverse
colostomy.

Care of the peristomal skin areas is now routine. All com-
munities have centers from which patients can receive advice for
the care of any skin sensitivity or lesions that may occur.

A stoma rarely needs to be revised. In certain situations,
however, the stoma malfunctions or becomes stenotic, and
repair is necessary. This is a surgical decision, and examination
is heralded by complaints of pain or symptoms of partial
obstruction.

COURSE AND PROGNOSIS

If the ileostomy is performed to manage IBD, trauma, or any
benign disease, the prognosis is excellent, and these patients are
able to lead a normal life. Similarly, if colostomy is performed
for benign disease, patients can live normally. However, if the
ostomy is for malignancy or for FAP, monitoring must include
checking for recurrence of the neoplasia. Elderly patients often
require concomitant geriatric care.
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he large intestine varies in caliber, depending on its func-

tional state. Haustra form sacculations that are separated
by constricting furrows, so that the lumen bulges and contracts
alternately. The caliber is greatest at the commencement of the
large intestine (cecum) and narrows toward the rectum. Viewed
as a whole, the various parts of the large intestine describe a
horseshoe-shaped arc (Fig. 123-1). The total length of the large
intestine is approximately 120 to 150 cm (4-5 ft). The four seg-
ments of the colon are known as the ascending, transverse,
descending, and sigmoid colon. The ascending and descending
colon are situated retroperitoneally, and the transverse and
sigmoid colon are situated intraperitoneally.

The ascending colon averages approximately 15 to 20 cm (6-8
inches) in length and runs in a more or less straight course from
the upper lip of the ileocecal valve to the right colic or hepatic
flexure, where it passes into the transverse colon. The right colic
flexure is usually on the undersurface of the right lobe of the
liver. The transverse colon, varying from 30 to 60 cm in length,
extends from the hepatic flexure to the left colic or splenic
flexure, situated slightly more cranially. It lies intraperitoneally
and thus is attached to the posterior abdominal wall by a peri-
toneal fold (mesentery), the transverse mesocolon, which is very
short in the region of the flexures and is longest in the middle
of the transverse colon. The retroperitoneal descending colon,
approximately 20 to 25 c¢m in length, extends downward from
the left colic flexure to the iliac crest or beyond it into the left
iliac fossa. After running from the angle between the lateral edge
of the kidney and the quadratus lumborum muscle and then over
the iliac muscle, the colon finally passes in front of the psoas
major, crossing the femoral and genitofemoral nerves, and con-
tinues with no sharp dividing line into the pelvic colon, or
sigmoid colon, at which point the colon becomes intraperitoneal
again. On its anterior surface, the descending colon is over-
lapped by the greater omentum and generally by coils of the
small intestine.

Corresponding to the structure of the entire intestinal tract,
the wall of the colon and cecum consists of a mucosa, a submu-
cosa, a double-layered muscularis, and depending on its relation
to the peritoneum, a serosa and subserosa or an adventitia. The
external aspects of the colon, however, differ from those of the
small intestine not only because of its greater caliber but also
because of the appearance of three typical formations: (1) the
three taeniae, (2) the haustra, and (3) the appendices epiploicae.
The three taeniae are longitudinal bands, approximately 8 mm
in width, running along the total length of the colon; they exist
because the outer muscle layer (i.e., longitudinal muscle) does
not constitute a uniform coat. In the region of these three bands,
the longitudinal musculature is conspicuous by its thickness,
whereas in the spaces between them, it consists merely of a very
thin coating. Each taenia is named by reference to its topo-

graphic situation in relation to the transverse colon. The taenia
mesocolica is situated dorsal to the transverse colon at the line of
attachment of the transverse mesocolon and comes to lie dor-
somedially on the ascending and descending colon. The raenia
omentalis is related to the line of attachment of the greater
omentum on the ventrocranial surface of the transverse colon
and runs along the dorsolateral aspect of the ascending and
descending portions. The raenia libera is free (not related to any
mesenteric or omental attachment) and generally found on the
caudal (inferior) surface of the transverse and on the interior
aspect of the ascending and descending colon. Where the
appendix joins the cecum, and where the sigmoid passes into the
rectum, the three taeniae merge into one uniform muscle coat,
which in the proximal rectum is more strongly developed at its
anterior and posterior parts than laterally. Generally, the pos-
terior, lateral, and anterior taeniae coalesce into a broad longi-
tudinal band in the region of the middle and lower sigmoid.

The haustra are more or less prominent sacculations formed
in the spaces between the taeniae. They are separated from each
other by constricting, circular furrows of varying lengths. The
degree of their prominence depends on contraction of the
taeniae; the more the taeniae contract, the more marked
the haustra intestine becomes, whereas it is almost completely
absent when the taeniae are totally relaxed.

The third structural characteristic, the appendices epiploicae,
consists of grape-shaped subserosal pockets filled with fat and
varying in size according to the patient’s nutritional state. On
the ascending and descending colon, the epiploic appendices are
generally distributed in two rows, whereas on the transverse
colon, they form only one row along the line of the taenia libera.
These fat pads can become extremely large in obese patients.

Corresponding to the furrows between the haustra, visible
on the outer surface, the mucous membrane of the large intes-
tine forms crescent-shaped transverse folds, known as the plicae
semilunares. As a rule, the lengths of these semilunar folds cor-
respond to the distance between two taeniae, although they may
be longer. Whereas Kerckring folds in the small intestine consist
merely of mucosa and submucosa, the plicae semilunares also
include the circular muscle layer.

In contrast to the small intestine, the mucosa of the large
intestine is not covered with villous projections but contains
deep, tubular pits that increase in depth toward the rectum and
extend as far as the muscularis mucosae. In the submucosa, in
addition to the usual structures (blood vessels, lymphatics,
Meissner submucosal plexus), numerous solitary lymphatic
nodules are present, originating in the reticular tissue with the
tunica (lamina) propria and penetrating through the muscularis
mucosae into the submucosa. The mucosal epithelium of the
large intestine comprises one layer built of tall, prismatic cells
that, when fixed in a fresh state, display a cuticular border on
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their surface. Goblet cells are numerous, especially at the base
of the pits. In contrast to the small intestine, the colonic epithe-
lium is relatively simple, but enterochromaffin cells are present,
producing serotonin, as are L cells, producing GLI/PYY, and
rare D cells, producing somatostatin.

Details of the sigmoid colon are discussed in Chapter 124;
unique features of the appendix are described in Chapter 141.
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he sigmoid colon is a specialized section of the colon that

has specific motility function, as described in Chapter 133.
In populations of the Westernized world, the sigmoid typically
develops diverticula and then the pathology of diverticulitis (see
Chapter 142). Colonoscopists are frequently challenged by
passage of the instrument through this area because of chronic
diverticulosis. Therefore, the sigmoid’s anatomic structure is of
particular importance (Fig. 124-1).

The exact point of commencement of the sigmoid colon—in
other words, the transition of descending colon to sigmoid
colon—is indefinite. The sigmoid is generally considered to be
the part of the large bowel between the descending colon and
the rectum that, as a result of its attachment to the mesentery,
is freely movable. Because this mesentery is subject to great
variations, the extent of the sigmoid also becomes variable. It
has been described as beginning at the left iliac crest and the
margin of the left psoas muscle or brim of the pelvis minor.
Other authorities regard the sigmoid colon as comprising the
iliac colon (an iliac portion that has no mesentery) and the pelvic
portion (pelvic colon), with a mesentery beginning at the brim
of the pelvis minor. The mesenteriolized sigmoid colon gener-
ally assumes an omega-shaped flexure arching over the pelvic
inlet toward the first or second sacral vertebra (S1 or S2) or
toward the right side of the pelvis. It finally joins the rectum at
an acute angle at about the S3 level. This typical shape of the
sigmoid is not a constant finding.

The sigmoid colon may be short, running straight and
obliquely into the pelvis, or it may be so long that the loop
extends far to the right or, in extreme cases, high into the
abdomen. Its average length is approximately 40 cm (16 inches)
in adults and 18 c¢m in children. With the variations mentioned,
it may reach 84 cm (and even longer).

The root of the mesentery (i.e., of the mesosigmoid) is vari-
able but, characteristically, starts in the upper left iliac fossa,
proceeds downward a few inches, and proceeds mesially and
again upward to a point on the psoas muscle, slightly to the left
of the fourth lumbar vertebra (I.4), where it turns downward
into the pelvis. The line of mesenteric attachment takes the
shape of an irregular and blunted inverted V. Turning caudally

after having reached its highest point, the attachment line of the
mesosigmoid courses over the left common iliac artery and vein,
just above the division of the artery. The length of the meso-
sigmoid (i.e., distance from root of bowel wall) is extremely
variable. A small peritoneal fossa, the intersigmoid fossa or recess,
is formed by the mesosigmoid while twisting around the vascu-
lar pedicle. Rarely, this causes retroperitoneal hernia. Neverthe-
less, the fossa is a valuable guide to the vascular stalk. The left
ureter passes retroperitoneally behind the intersigmoid recess.
These relationships are variable but still important when disease
occurs in this area.

The looping, arching variations in the sigmoid colon com-
plicate the passage of instruments and make diagnosis difficult
when disease occurs in the sigmoid. Diverticulitis can be con-
fused with appendicitis, and diverticulitis with perforation can
affect the ureter and pelvic organs.

The mucosa and submucosa of the sigmoid colon are almost
identical with the corresponding structures of other parts of the
colon. The same holds true for the arrangement of the circular
and longitudinal muscle layers, except for the most distal parts
of the sigmoid colon, where the three flat, longitudinal muscle
bands (taeniae), typical of the large intestine, spread out to form
a completely encircling longitudinal muscle layer of the recto-
sigmoid junction. In the same region, the circular layer thickens,
in some cases to such an extent that its prominence is alluded
to as the “sphincter muscle” of the junction. It is questionable,
however, whether this thickening has a true sphincteric func-
tion. Throughout the course of the sigmoid colon, the appen-
dices epiploicae of the serous coat diminish gradually in number
and size.

The importance of the anatomic variations in the sigmoid
colon is discussed under colonoscopy (see Chapter 129).
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T o understand the numerous diseases and pathologic condi-
tions that occur in the rectal and anal areas, it is essential
to understand the details of the anatomy in this area. Functional
problems of defecation, vascular disorders of hemorrhoids, and
secondary problems of inflammatory bowel disease are all
related to this anatomy.

The terminal part of the intestine consists of the rectum and
the anal canal, which extends from the rectosigmoid junction,
at the level of the third sacral vertebra (S3), 10 to 15 cm (4-6
inches) downward to the anorectal line (Figs. 125-1 and 125-2).
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The peritoneal coat continues down from the sigmoid, but only
over the anterior and lateral rectal walls, for 1 to 2 cm. A very
small mesorectum may occasionally be present, but only close
to the rectosigmoid junction. The rectum is thus generally a
truly retroperitoneal organ.

From the upper anterior rectal surface, the peritoneum is
reflected into the interval between the rectum and the bladder
in the male or the rectum and uterus in the female, forming the
retrovesical or retrouterine recess or pouch, respectively. The
depth to which these reflections extend varies an average of
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7 cm in males and 4 cm in females. The length and diameter of
the rectum vary greatly. The rectum in women is typically much
smaller than in men.

The posterior rectal wall hugs the anterior aspect from the
sacrum to the sacrococcygeal articulation, where it comes to lie
more or less horizontally over the levator shelf. The anterior
wall is comparatively straight and follows, closely aligned, paral-
lel to the posterior cephalic axis of the vagina in the female or
the rectogenital septum in the male. The rectal ampullary
portion usually has three frequently prominent lateral curva-
tures, or flexures. All three bends correspond to the indentations
on the opposite side of the internal rectal wall, which are pro-
duced by crescentlike plications of the mucosa and the submu-
cosa, including the circular musculature, but not the longitudinal
musculature. These more or less marked folds, known as recta/
valves, encircle approximately one third to one half of the rectal
circumference. The superior and inferior rectal valves are
located on the left side, the superior valves approximately 4 cm
below the rectosigmoid junction and the inferior valves approxi-
mately 2 to 3 cm above the dentate line. The middle rectal valve
lies usually on the right side at or slightly above the level of the
peritoneal reflection, approximately 6 to 7 cm above the dentate
line. Digital examination may reach the distance of the middle
valve.

The sphincteric portion of the rectum, often considered to
be the upper third of the surgical anal canal, begins at the clini-
cally palpable upper edge of the anorectal muscle ring, usually
about 4 cm above the anal verge, where the rectum narrows
considerably. It extends down to the anatomic anorectal line
(dentate line), an irregular or undulating demarcation in the
rectal mucosa, about 2 to 3 cm above the anal verge. It has been
assumed that this line marks the junction of the endodermal
primitive gut with the ectodermal proctodeum. However, his-
tologic evidence now shows that this transition of the fetal
structures is not abrupt but spreads gradually over several cen-
timeters. Nevertheless, the dentate line is visually recognizable,
circling the bowel, presenting from 6 to 12 cranial extensions
and an equal number of intervening caudal sinuosities. The
dentate line projects cranially a variable distance, correlative to
the rectal columns. These projections may be 1 to 1.5 cm long,
and the peninsulas of anoderm they enclose are designated anal
columms. Interdigitating rectal columns, with their rectal sinuses
and anal columns, make a rich network at the junction of the
mucosa and the ectodermal tissue. Occasionally, the anal
columns form papillary projections into the rectal lumen, and
the name anal papillae has been applied to these teatlike pro-
cesses. In most cases, the anal papillae are absent, but when
present and exposed to chronic infection, they may hypertrophy
and become so prominent as to appear like fibrous polyps, which
may even prolapse through the anal canal.

The anatomic anal canal starts at the dentate line and extends
to the anal verge, or the margin where the anal tube opens
outwardly, or to the circumference. It is difficult to define but
is roughly identical with the margin of the anal skin, where hair
stops growing.

Within the submucosa of the sphincteric rectal portion lies
the internal hemorrhoidal venous plexus in the submucosal
space. The submucosa is also particularly rich in lymphatics and
in terminal nerve fibers. Compared with the sigmoid colon, the

mucous membrane in the rectum is thicker. It also becomes
increasingly redder and more vascularized as it reaches the sur-
gical anal canal, until its lowermost portion assumes an almost
plum color. The extreme vascularity predisposes it to hemor-
rhagic disorders.

The cuboidal or columnar epithelium of the rectum extends
downward into the upper third of the surgical anal canal, where
it changes irregularly above the dentate line into a stratified
squamocuboidal type, which directly covers the internal hemor-
rhoid plexus, the rectal columns, and the sinuses of Morgagni.
This epithelial transition zone, which is sometimes referred
to as the anal mucosa, does not start abruptly and is arranged
haphazardly.

In the subepithelial muscular start of the anal canal and in
the lower rectum, simple tubular and racemose (grapelike)
glands may be found, described as perianal glands, intramuscu-
lar glands, and anal ducts. Usually, the mouths of the ducts open
into the bottom of the anal crypts, but the ducts and glands may
extend for a variable distance into the adjacent tissues, even into
or through the sphincteric muscles (“intramuscular” glands).
They are significant as possible sites of anorectal infection and
fistula.

The anorectal musculature is important in understanding
many problems with defecation and sphincter control. The sig-
nificance of the conjoined longitudinal muscle for the physiology,
pathology, and surgery of the anorectum cannot be overempha-
sized. Together with the levator ani muscle, it exercises its levator
and sphincteric action on the anal canal by fibers taking their
course through the entire length of the conjoined longitudinal
muscle. By its extension at the level of the intermuscular groove,
and by its fascial frame in the upper third of the surgical anal
canal, the muscle influences the spread of anorectal infections
and the sites of the openings and main tracts of fistulas. Figures
125-3 and 125-4 help clarify some of the interrelationships.

The outermost and also most caudad musculature elements
of the anal canal belong to the external anal sphincter, which is a
trilaminar striated muscle. Its three parts—subcutaneous, super-
ficial, and deep—are easily recognized. The subcutaneous portion,
approximately 3 to 5 mm in diameter, surrounds the anal orifice
directly above the anal margin and is rarely palpable and often
discernible as a distinct angular ridge. The male anatomy may
show anterior muscular extensions to the median raphe, and
posterior extensions of the subcutaneous external sphincter may
connect with the coccyx. In the female, the subcutaneous portion
is more strongly developed, particularly anteriorly, where it
forms a prominent angular band that is frequently incised at
episiotomy. The subcutaneous portion is functionally integrated
with the levator ani muscle through extensions of the conjoined
longitudinal muscle, which pass fanlike through it, to terminate
as fibers of the corrugator cutis ani. The elliptically shaped
superficial portion, the next deep layer, is the largest and strongest
of the three lamina of the external anal sphincter. It is complex
and interdigitating, arises from the tip of the coccyx, and helps
form the right and left muscular components of the anococcy-
geal ligament. The deep portion of the external anosphincter is
mainly an annular muscle bundle, usually not attached to the
coccyx. It is intimately blended with the puborectalis muscle as
the fibers of that muscle pass, sleevelike, around the terminal
rectum.
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Figure 125-4 Anorectal Musculature: Pelvic Floor (Male and Female).

The essential forces that keep the rectoanal canal in position  ing, and defecation, may be exerted. Levator ani integration
derive from muscles forming the pelvic floor, the levator ani  with the other muscles is essential in maintaining the integrity
muscle, which is assumed to be composed of three individual  of rectal and urogenital function.
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muscles. These muscles create a diaphragmatic plane. The
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As in the small intestine, major arterial vessels that supply
the colon are usually paralleled by similar venous vessels,
except for the rectum, where the venous drainage is rich
(Fig. 126-1).

The middle colic artery, according to conventional descrip-
tions, arises at the lower border of the pancreas and passes into
the right half of the transverse mesocolon, where, at a variable
distance from the colonic wall, it typically divides into two
branches. One branch courses to the right to anastomose with
the ascending branch of the right colic artery; the other branch
turns to the left to anastomose with the ascending branch of the
left colic artery, derived from the inferior mesenteric artery (see
Fig. 126-1). Both divisions of the middle colic undergo subse-
quent branchings, forming primary and secondary arcades that
direct arteriae rectae to the transverse colon. This description,
however, does not apply to all cases. As a separate branch of the
superior mesenteric artery, the middle colic artery is frequently
absent. In such cases, the artery is usually replaced by a common
right middle colic trunk and occasionally by a branch of the left
colic; at times, the latter reaches the hepatic flexure. An acces-
sory middle colic artery may be present, generally arising from
the aorta above the chief middle colic artery, and it usually
anastomoses with branches from the left colic artery, forming a
secondary arc in the left transverse mesocolon. There may be
many variations of these formations.

Conventionally, the right colic artery is described as rising
from the superior mesenteric artery, dividing, halfway between
its origin and the ascending colon, into a descending branch
that unites with the ileocolic artery and an ascending branch
that unites with the left branch of the middle colic artery (see
Fig. 126-1). Again, variations are seen in these formations. In
as many as 18% of studies, the right colic artery is entirely
absent. Many variations occur in the integration of the flow to
the right column from the superior mesenteric artery and to the
left colon from the inferior mesenteric artery. However, the
ileocolic artery, the last branch of the superior mesenteric on its
right side, is always present. Therefore, as a rule, the two chief
arterial branches, the ascending colic and the descending ileo-
colic, branch. Ten different sites of origin and courses are
described for the appendicular artery.

"The inferior mesenteric artery arises typically from the anterior
aspect or left side of the aorta, 3 to 5 cm above its bifurcation,
which is situated on the level of the lower third of the fourth
lumbar vertebra (L4). The inferior mesenteric proceeds down
and forks into the last of the sigmoid arteries and the superior
rectal artery. This creates a rich blood supply in the rectum (see
Fig. 126-1). The sigmoid arteries, in combination with the
right pudendal arteries, the rectal arteries, and some of the
blood vessels that supply the muscles of the pelvis, create a rich
arterial blood flow to the rectum and anal area.

The venous drainage of major arteries largely parallels the
arterial drainage, except for the rectum and anus, where the
same veins and arteries are present but rich internal and external
rectal hemorrhoidal plexuses serve essentially the mucosal, submu-
cosal, and perianal tissue. The plexuses encompass the rectal
circumference completely, but the greatest aggregation of small
and large veins takes place in the rectal columns. Generally, the
vessels returning the blood from the plexuses course 10 cm
upward in the submucosa. Branches derived from these veins
pierce the muscular layer of the rectum and communicate with
the perimuscular plexus and directly with the superior rectal
vein. Because these piercings of the musculature occur mostly
above the level at which the perimuscular plexus connects with
the middle rectal veins, it is apparent that the latter assist in
draining the internal rectal plexus. The blood of this plexus
returns mostly through the superior rectal vein.

Dilatation of the internal rectal plexus results in internal
hemorrhoids (see Chapter 162). Dilatation of the external rectal
plexus or thrombosis of its vessels constitutes the external hem-
orrhoids. The two plexuses (internal and external rectal) are
separated by the muscularis submucosa ani and by the dense
tissue of the rectum, but they communicate with each other
through these tissues by slender vessels that increase in size and
number with age and that are voluminous in the presence of
hemorrhoids. Further, the inferior and middle rectal veins and
their collecting vessels, the internal pudendal veins, have valves,
whereas the superior rectal veins are devoid of such valves.
Increased pressure in the portal vein, as in cirrhosis or other
causes of portal hypertension, may reverse the circulation in the
superior rectal veins. Portal blood flows through the superior
rectal veins, traversing the rectal plexus and then carried away
by the inferior rectal vein and shunted through the internal iliac
vein of the cable system.

LYMPH DRAINAGE

Lymph drainage of the large intestine is complex. The first
important regional lymph nodes are the ileocolic, right colic,
middle colic, and left colic, pertaining to the respective regions
of the large intestine. They start with a chain of nodes, collec-
tively called pericolic nodes, which lie along the medial margin of
the ascending, transverse, and descending colon and lie dorsal
to these portions of the gut in the retroperitoneal tissue and, to
a lesser extent, in the mesosigmoid. Each of these groups of
lymph nodes pours its lymph into lymph ducts that run side by
side with the respective blood vessels in a median direction
toward the large prevertebral vessels. Lymphatics emanating
from the rectum and anal canal run in two main directions. In
the lower part of the anal canal, they pass over the peritoneum,
alongside the scrotum or labia majora and the inner margin of
the thigh, to the superior inguinal nodes. The upper part of the
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CHAPTER 126 = Vascular, Lymphatic, and Nerve Supply of the Large Intestine

Arterial Circulation of the Large Intestine

Middle colic artery

Transverse Marginal
mesocolon artery

Superior mesenteric artery

1st jejunal artery
Straight arteries

(arteriae rectae) Jejunal and ileal

(intestinal) arteries

Common

Marginal artery
Inferior

gﬁg(érg?;ilco- Posterior
arteries

Inferior
mesenteric
artery

Anterior

. Left colic
Marginal artery

artery

\ Ascending

{5 B YA branch
Right colic ‘ /e Descending
artery '

branch

) Marginal
lleocolic

artery
artery !
Colic ! i P, ‘ 2 Sigmoid
branch —\ 49 7

‘ - 4 arteries
lleal - Ry . / b . .
branch Sigmoid

mesocolon
Marginal
artery

Anterior
cecal artery

Posterior
cecal artery

Appendicular \
artery

Straight
Obturator artery arteries
i teriae
Median sacral arter (ar
(from abdominal aoyrta) rectae)

Superior vesical artery
(from patent part of
umbilical artery)

Superior rectal artery
Rectosigmoid arteries

Bifurcation of
superior rectal artery

Internal pudendal artery
in pudendal canal (Alcock)

Inferior rectal artery N’
s
pavd

Inferior vesical artery S
s
Middle rectal artery ;{:}'-

Branch of superior rectal artery

333




334 SECTION V = Colon, Rectum, and Anus

anal canal is drained cranially into preaortic and inferior mes-
enteric nodes.

INNERVATION

Innervation of the large intestine is similar to that of the small
intestine, the central nervous system, and the intrinsic nerves of
the colon, as described in Section IV.

ADDITIONAL RESOURCES

Kahn E, Daum F: Anatomy, histology, embryology, and developmental
anomalies of the small and large intestine. In Feldman M, Friedman LS,
Brandt L], editors: Gastrointestinal and liver disease, ed 8, Philadelphia, 2006,
Saunders-Elsevier, pp 2061-2091.



Martin H. Floch

he mucous membrane of the large intestine secretes an

opalescent, mucoid, alkaline fluid composed essentially of
water, mucus, and electrolytes (Fig. 127-1). Chemical and
mechanical irritation enhances the secretion of this fluid. The
colonic epithelium also has an excretory function, in that it is
used as an elimination route for metals (lead, mercury, bismuth;
possibly silver and calcium). The mucous gel consists of large
mucin glycoproteins, trefoil factors, defensins, secretory immu-
noglobulins, electrolytes, phospholipids, bacteria, sloughing
epithelial cells, and numerous other components still to be iden-
tified. This mucoid gel layer serves as a protective coat that is
secreted primarily by the goblet cells.

The digestive function of the colon is significant. Varying
but usually small amounts of fat and proteins, proteases, pep-
tones, and peptides escape digestion in the jejunum and ileum
and may be digested in the colon by bacterial enzymes capable
of breaking down these substances. Putrefactive action of bac-
teria can produce fatty acids. Certain amino acids, primarily
tryptophan but also tyrosine, phenylalanine, and histidine, can
be digested to form such compounds as skatole, indole, phenol,
creosol, and histamine. These products may be absorbed in
relatively small amounts by the mucosa and can be transported
to the liver, where they are detoxified. They are usually excreted
by the kidney in the form of sulfates and glucuronides. The bulk
of this material remains in the colonic lumen and leaves the
intestine with the feces. Indole, skatole, mercaptan, hydrogen
sulfide, and breakdown products of cystine give the feces its
unpleasant odor. The color of the feces derives chiefly from
stercobilin, the bacterial reduction product of bile pigment.

The greatest activity of fermentation in the colon is the
breakdown of starch and nonstarch polysaccharides, such as
cellulose. These compounds are not broken down by human
enzymes but by bacterial enzymes, producing the important
short-chain fatry acids (SCFAs). The molecular ratio of butyric
acid, acetic acid, and propionic acid is approximately 20:60:20.
People whose diets include a large proportion of fiber, which
contains many nonstarch polysaccharides, nurture the bacterial
flora, and more SCFAs are produced. Depending on dietary
intake, the amount of polysaccharide that reaches the colonic
flora can range from 5% to 20% of oral intake. This leads to
the production of 300 to 800 umol of SCFA, which makes up
as much as 5% to 10% of the host’s energy. Most of the bran
and insoluble types of fiber are not broken down and remain in
the feces to form bulk and to hold onto water. Butyric acid is
the preferred fuel of colonocytes, and acetic acid and propionic
acid are involved in cholesterol synthesis and control when they
are absorbed into the hepatic circulation.

The main absorptive function of the colon is to balance the
excretion of electrolytes and water by absorbing large amounts

of fluid that reach the cecum with sodium. Elaborate mecha-
nisms of epithelial chloride-bicarbonate and sodium-potassium
exchange permit homeostatic balancing for the host. A series of
sodium-hydrogen exchanges enables sodium absorption. Inter-
cellular cyclic adenosine monophosphate (cAMP) and calcium
regulate sodium-hydrogen exchanges. In addition, substances
such as nitric oxide, protein kinases, and cytoskeletal proteins
all affect sodium-hydrogen exchange. The final effect of water
excretion is that the average 1500 to 2000 mL of liquid that
reaches the cecum is absorbed, and, depending on the amount
of dietary fiber and stool bulk from fiber (bacterial or insoluble
bran), leaves a stool of 100 to 400 mL. SCFAs are the principal
luminal products of the colon, are heavily involved in this
balance of water and electrolyte absorption, and enhance sodium
absorption. SCFAs appear to be able to diffuse readily across
membranes and are absorbed by several mechanisms. Because
other water-soluble substances can also be absorbed through
these mechanisms, some drugs (e.g., chloral hydrate, anticho-
linergics, xanthenes, digitalis glycosides) are administered
rectally.

The enteropathic circulation includes the secretion of bile acids
and bile into the upper small intestine, with the major reabsorp-
tion occurring in the ileum. It does continue somewhat in the
ascending colon, where primary and secondary bile acids are
reabsorbed.

In summary, a major function of the large intestine is to
absorb fluid and balance electrolytes. This occurs primarily
in the ascending colon. Colonic flora has a major role in fer-
menting starch and nonstarch polysaccharides to produce
SCFAs. SCFAs are the primary fuel for the colonocyte and are
absorbed into the enterohepatic circulation, affecting choles-
terol metabolism. Dietary fiber acts to nurture the bacterial flora
and to increase the bulk of fecal material so that stool bulk
and content are maintained for normal colonic motility and
function.

COLONIC MICROFLORA

The gastrointestinal tract and the organisms within its lumen
constitute an ecologic unit, often referred to as intestinal microecol-
ogy. The metabolism and function of this ecologic unit affect
the host. The four interacting components of the unit are the
wall of the gut, the fluid secreted into the lumen, the food that
enters the gut, and the intestinal microbiota.

Anaerobic culture and RNA/DNA techniques enable the
identification of the most common aerobic and anaerobic organ-
isms in humans. An estimated 500 species reside in the large
intestine, and the healthy bowel has approximately 100 trillion
organisms. Although the flora in the distal ileum is rich, it is
greatest in the colon. Anaerobes are approximately 100 to 1000
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times more abundant than aerobes. Major anaerobic species
are anaerobic cocci, Bacteroides, Eubacterium, Bifidobacterium,
Lactobacillus, Veillonellae, and Fusobacterium. Major aerobic
organisms belong to species of Escherichia, Enterococcus, Strepto-
coccus, Bacillus, Citrobacter, and Klebsiella.

The major role identified for the bacterial flora is fermenting
undigested carbohydrates and converting some fats and proteins
into waste products. It is now appreciated, however, that carbo-
hydrate fermentation products are absorbed and can make up as
much as 5% to 10% of absorbed energy. Also, a major role for
the bacteria is to deconjugate and transfer bile acids to the
enterohepatic circulation.
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Probiotics are live-microbial food supplements that benefit
the person by improving microbial balance (Fig. 128-1).
They are usually strains of lactobacilli or bifidobacteria, but
yeasts such as Saccharomyces have also been used. Probiotics are
typically administered in yogurts, capsules, or powders and have
the following properties:

1. Consist of bacteria of human origin.
2. Survive passage through the gut.

3. Resist stomach secretions, hydrochloric acid, and liver bile
acids.

4. Produce substances called adbesins, which help probiotics
adhere to human intestinal cells and help the epithelium
prevent invasion by pathogens.

5. Have the ability to colonize the human intestinal tract, par-
ticularly within the mucous layer.

6. Produce antimicrobial substances, and antagonize carcino-
genic and pathogenic flora.

7. Are safe to use in large amounts.

The concept of probiotics was first developed by Metch-
nikoff, who won the Nobel Prize in 1907 for his theory that
aging was related to the products of putrefactive bacteria in the
intestine. He proposed administering good bacteria to prevent
putrefaction and to enhance fermentation. Kiploff promulgated
the importance of lactobacilli and Roetger stressed their thera-
peutic application in the last half of the twentieth century. Still-
well finally coined the term “probiotic,” which was coined and
finally used by Parker. In 1989, Fuller defined probiotics as
“microbial supplements that benefit the host animal by improv-
ing its intestinal microbial balance.” Studies reveal that the
benefits of probiotics may derive from local intestinal effects as
well as their resultant systemic action.

Numerous organisms are used as probiotics, alone or in com-
bination (Box 128-1). Anecdotal evidence and findings from
human and animal experiments propose that all the listed pro-
biotics may be helpful. More studies are becoming available;
those usually accepted as clinically important are described here.

Probiotics improve immune status. Their growth clearly
increases immunoglobulin A (IgA) production, and they have
been used to help treat and prevent childhood infectious diar-
rhea. They are also reportedly helpful in treating atopy and
cow’s milk allergy. They are used to prevent and treat antibi-
otic-associated diarrhea and Clostridium difficile colitis, which
occurs after antibiotic treatment in a significant percentage of
hospital patients. Lactobacillus GG and Saccharomyces have been
used for this purpose.

Genitourinary infections have been prevented and treated
successfully with yogurts and Lacrobacillus acidophilus. Results
have been mixed, although studies show excellent findings with
vaginal and oral use of different organisms. A combination of
eight probiotic organisms, VSL#3 has been used successfully to

Box 128-1 Probiotic Microorganisms

Lactobacillus Species Bifidobacterium Species

L. acidophilus B. adolescentis
L. amylovorus B. animalis

L. casei B. lactis

L. crispatus B. bifidum

L. gasseri B. breve

L. johnsonii B. infantis

L. paracasei B. longum

L. plantarum

L. reuteri

L. rhamnosus

Other Lactic Acid Bacteria
Enterococcus faecium

Leuconostoc mesenteroides
Streptococcus thermophilus

Non-Lactic Acid Bacteria
Bacillus cereus var. toyoi

Escherichia coli strain Nissle
Propionibacterium freudenreichii
Saccharomyces cerevisiae

Saccharomyces boulardii

Modified from Floch MH, Hong-Curtiss J: Probiotics in functional
foods and gastrointestinal disorders, Curr Treat Opt Gastroenterol
5:311-321, 2002.

treat pouchitis (see Chapter 149). Some have treated inflamma-
tory bowel disease with Escherichia coli strain Nissle, and others
have used Lactobacillus in combination with bifidobacteria.
Probiotics have also been used for irritable bowel syndrome;
Bifidobacterium infantis is reported as helpful, as are B. animalis
and Lactobacillus plantarum in a yogurt product (Table 128-1).
The gastrointestinal tract is an ecologic unit that is signifi-
cantly affected by the use of probiotics and foods. Alteration of
the bacterial flora can result in disease. The use of prebiotics
and probiotics can correct that disease process in select patients.
The field of prebiotics has just emerged, and use of prebiotic
products to nurture organisms is beginning to prove effective.
A combination of a probiotic with a prebiotic is referred to as a
symbiotic. The effectiveness of probiotics has been documented
(see Additional Resources), but it is clear that larger studies are
needed to understand specific effects in specific diseases.
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Table 128-1 Probiotics with Reported Clinical Relevance

Probiotic

Clinical Relevance

Lactobacillus acidophilus
L. acidophilus LCI

L. acidophilus NCFO1748
L. acidophilus NFCM

L. casei Shirota
cancer control
L. rhamnosus GG
colitis

Bifidobacterium bifidum

Lactobacillus reuteri

Saccharomyces boulardi
diarrhea

Escherichia coli strain Nissle

Eight strains VSL 3 (see text and reference)

Lactobacillus plantarum

Bifidobacterium infantis

Prevention of recurrent candidal vaginitis

Adherence to human intestinal cells, balancing of intestinal microflora, and
immune enhancing

Treatment of constipation and decreased food enzymes

Prevention of radiotherapy-related diarrhea

Treatment of lactose intolerance, production of bacteriocins, decreased fecal
enzyme activity, high lactase activity

Balancing of intestinal bacteria, decreased fecal enzymes, superficial bladder

Treatment and prevention of rotavirus diarrhea and relapsing Clostridium difficile

Prevention of acute diarrhea and antibiotic-associated diarrhea

Treatment of atopy and milk allergy eczema

Treatment of rotavirus and viral diarrhea

Balancing of intestinal microflora

Colonizing of intestinal tract, shortening of rotavirus diarrhea

Prevention and treatment of Clostridium difficile colitis and antibiotic-associated

Used in inflammatory bowel disease to maintain remission
Decreased recurrence of pouchitis
Decreased symptoms of irritable bowel syndrome

Modlified from Floch MH, Hong-Curtiss J: Probiotics in functional foods and gastrointestinal disorders, Curr Treat Opt Gastroenterol 5:311-321,

2002.
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linicians can now examine the anal canal, rectum, and

colon with ease and with little discomfort to the patient.
The indication for each procedure depends on the clinical pre-
sentation. For example, red blood on toilet paper or blood
dripping into the toilet bowl frequently requires anoscopy and
sigmoidoscopy, but not colonoscopy. Chronic diarrhea or
abdominal pain and signs of intermittent obstruction necessitate
colonoscopy (Fig. 129-1).

Use of these techniques for cancer prevention and screening
varies throughout the world. Most gastroenterologists agree
that colonoscopy is the preferred procedure, whereas occult
blood testing and sigmoidoscopy are practiced in many
countries as part of colon cancer prevention programs. However,
after risk factors (e.g., family history of colon cancer) are identi-
fied, colonoscopy is recommended.

ANOSCOPY

Anatomy and abnormalities of the anal canal are examined
through anoscopy. The anoscope is a rigid instrument that may
be short (proctoscope) or as long as 10 cm (anoscope). Examina-
tion requires little preparation, with the patient in the left lateral
decubitus position and the buttocks spread by the left hand. The
instrument is gently inserted into the rectum after digital exami-
nation. If digital examination is too difficult to perform because
of marked obesity or severe pain, the procedure may have to be
limited and deferred to later, when the patient can be sedated
and full sigmoidoscopy or colonoscopy performed. After the
anoscope or proctoscope is inserted, the anal ring and distal
rectum can be carefully inspected. It may be necessary to place
the patient in the knee-chest position to spread the buttocks
wide. This is especially true in some obese patients, who may
feel discomfort in the rectum.

SIGMOIDOSCOPY

Rigid sigmoidoscopes are no longer used. The advent of the
flexible sigmoidoscope now permits the prepared patient to be
examined in the left lateral decubitus position without sedation,
although some clinicians prefer using mild sedation. After
appropriate cleansing, which may include a cathartic or simply
low enemas, depending on patient cooperation, the instrument
is inserted into the rectum after digital examination.

The valves of Houston can be observed, and with appropriate
technique, the distal sigmoid loops can be traversed, and the
flexible instrument can be passed into the descending colon.
The instrument is usually passed 60 cm (24 inches), unless
marked spasm in the sigmoid or an abnormality such as severe
diverticular disease prevents passage. Most patients experience
some pain as the instrument passes through the sigmoid loop.
In approximately 25% of patients, the sigmoid loop is tortuous,
creating difficulty for less experienced endoscopists. In these

patients, if it is essential to examine the entire sigmoid, sedation
and full colonoscopy are indicated. Passage through the difficult
sigmoid loops requires training and endoscopic skills in rotating
the instrument and the patient (see Additional Resources).

Aspiration specimens may be obtained for bacteriologic and
parasitic study, and mucosal biopsy specimens may be obtained
to evaluate for chronic diarrhea, parasitic diseases, and certain
systemic diseases.

COLONOSCOPY

Advances in technology and skills now allow examination of the
entire colon and the terminal ileum in a single examination.
Indications for colonoscopy range from a screening procedure
to rule out polyps or early malignancy to evaluation of all symp-
toms referable to the intestine (Fig. 129-2).

The patient must be well prepared for successful completion
of colonoscopy. This includes adequate education and then
bowel preparation, in which the entire colon is cleansed. Usually,
there is a 2-day limitation on intake of fiber-containing foods,
with a careful purging of the bowel the day before the examina-
tion. Purging agents include magnesium salts, nonabsorbable
carbohydrates, and balanced electrolyte solutions in large
volume. The type of purge depends on the patient’s ability to
tolerate substances and the staff’s instruction skills.

For routine colonoscopy, sedation is usually required. Rarely,
some patients prefer no sedation, but the average patient
requires mild sedation with a narcotic plus a sedative. Some
patients are so apprehensive or uncooperative that anesthesia is
required.

Bacteremia, which is usually harmless, may develop during
the procedure, but for patients who have prosthetic heart valves,
previous endocarditis, or recent vascular surgery, antibiotics are
used for prophylaxis during and immediately after colonoscopy.
Although some controversy exists, antibiotics are not usually
recommended for patients with prosthetic joints, pacemakers,
or simple mitral valve prolapse. Usual doses are 1 g of ampicillin
and 80 mg of gentamicin administered intravenously 10 to 30
minutes before the procedure. Other patients may simply
use an oral antibiotic before and several hours after the
procedure.

Colonoscopy requires significant training. However, once an
endoscopist is skilled, the colon and terminal ileum can be
examined and biopsy material obtained for study. Therapeutic
colonoscopy is gaining wide acceptance for the removal of
polyps, dilatation of certain strictures, reduction of sigmoid
volvulus, and intraoperative evaluation to assist in surgery.
These procedures are described under the various diseases in
later chapters of Section V.

The endoscopic techniques of passage through a difficult
sigmoid or redundant splenic, transverse, or hepatic flexure can
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Normal appearance of submucosal
vessels and valve in the rectosigmoid.

White arrows indicate small adenomas.
Black arrows indicate outline of adjacent
large polypoid adenocarcinoma.

sitting on haustra.

Arrows indicate large and small
pseudopolyps, as seen in ulcerative
colitis.

Normal appearance of haustra as the
transverse colon is entered.

Arrow indicates a benign adenoma

Arrows indicate large aphthous-type
ulcers, as seen in Crohn disease.

Arrows indicate openings of diverticula
in the sigmoid colon.

Mucosal appearance of severe
ulcerative colitis.

Retroflexion of colonoscope in rectum,
with mucocutaneous junction visible.
Arrow indicates small hemorrhoid.

Figure 129-1 Anoscopic, Sigmoidoscopic, and Colonoscopic Views of Normal Intestinal Structures and Various Lesions.

be challenging to perform. Most skilled endoscopists are able to
evaluate and intubate the terminal ileum, and specimens can be
obtained for evaluating diseases in those areas. The complica-
tion rate of bleeding or perforation was only 0.35% in a study
involving 25,000 diagnostic procedures.

To evaluate the anal ring thoroughly, it is important for the
endoscopist to retroflex the instrument so that the entire rectal
vault can be seen. Because the rectum and anal ring contract as
the instrument is pulled through the rectum, small lesions may
be missed. These lesions are exposed when the rectal vault is
distended and examined from the inside out. It is also easy to
obtain biopsy specimens through the retroflexed instrument.

Newer techniques, such as high resolution with chromoscopy
and narrow-band imaging, are being used at research and uni-

versity centers, but not widely. Capsule endoscopy is rapidly
becoming a useful tool.

ADDITIONAL IMAGING METHODS

Radiographic imaging techniques and virtual colonoscopy are
helpful but are usually reserved for patients who cannot, or
choose not to, undergo direct endoscopic viewing procedures.

ADDITIONAL RESOURCES

American Society for Gastrointestinal Endoscopy: Complications of colo-
noscopy, Gastrointest Endosc 57:441-444, 2003.
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Figure 129-2 Anoscopy, Sigmoidoscopy, and Colonoscopy.
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L aparoscopy, or peritoneoscopy, is the direct inspection of
the peritoneal cavity and its contents by means of an endo-
scopic instrument introduced through the abdominal wall
(Fig. 130-1). The procedure is used in gastroenterology and
gynecology to diagnose conditions that cannot be determined
through simpler methods. Its major value is that it can fre-
quently obviate the need for exploratory laparotomy.

Modern laparoscopy was preceded by rigid peritoneoscopy.
A trocar was entered in the abdominal cavity after insufflation
with air into the peritoneal cavity, and a peritoneoscope was
introduced through the trocar to visualize the liver and intraab-
dominal organs. The laparoscope has replaced the peritoneo-
scope. It is a flexible instrument that transmits an image from
the tip of the laparoscope to a monitor. Video-laparoscopy tech-
niques have greatly advanced and now include laparoscopic
therapy and surgery. The broad, ever-expanding indications for
diagnostic laparoscopy include assessment of the liver, undiag-
nosed acute and chronic abdominal pain, and unexplained

ascites. Laparoscopy is also used to stage malignancy and to
obtain guided liver biopsy specimens or specimens of any sus-
pected lesion through radiographic imaging.

Indications for laparoscopy in trauma and therapeutic pro-
cedures are also rapidly increasing. Laparoscopic cholecystec-
tomy has been well accepted as the preferred procedure, except
when the abdomen must be entered in complicated cases. At
present, technology and skilled laparoscopists are also able to
explore the common bile duct. Resecting major organs such as
the spleen and colon is now common practice and will become
even more prevalent with greater clinical skills. Furthermore,
laparoscopic inguinal hernia repair is now standard in many
institutions.

With the advent of the need for fundoplication in esophageal
reflux disease, laparoscopic fundoplication has become a stan-
dard procedure in many institutions, but skilled laparoscopic
surgeons are required. Similarly bariatric surgeons use laparos-
copy to do most of their surgery (see Chapters 66 and 67).

Monitor

Insufflator

Light source

Figure 130-1 Laparoscopy (Peritoneoscopy).



Laparoscopy and therapeutic laparoscopy procedures are
becoming simpler, and advancing technologic and surgical skills
may make them the major standard for most abdominal
procedures.

The main advantage of laparoscopy is prevention of invasive
surgery. Small lesions measuring 1 mm may be identified and
correlated with computed tomography (CT) and magnetic reso-
nance imaging (MRI) findings. Furthermore, direct biopsy is
relatively safe and diminishes any possible bleeding. There are
some disadvantages because an instrument is used. In patients
who have undergone previous surgery with multiple adhesions,
it is difficult to visualize many of the areas intraabdominally.
Organs in the retroperitoneal area and some abdominal areas
may not be visualized well. The experience of the laparoscopist
and the laparoscopic surgeon is a major factor; the more experi-
ence each has, the more that can be accomplished.

Although laparoscopy can be performed without anesthesia,
a complication is always possible. Therefore, the patient must
be a candidate for general anesthesia. Local anesthesia with
intravenous sedation or inhaled nitrous oxide may be used. Most
clinicians prefer using nitrous oxide to create the pneumoperi-
toneum, but some still prefer carbon dioxide. Laparoscopes with
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forward viewing range from 2 to 10 mm in diameter. Some have
oblique-angled lenses. Other standard instruments used by the
laparoscopist include scissors, grasping devices, probes, clamps,
forceps, retractors, and biopsy forceps.

The patient is invariably in a lithotomy position and a 10- to
15-degree Trendelenburg position when a small skin incision is
made for injection. Incisions made to permit entrance of the
laparoscope vary, depending on the patient’s status and any
previous surgery.
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E xamination of the stool directly and through microscopy
and chemical tests provides much useful information,
although patients, physicians, and laboratories tend to avoid
stool evaluation (Fig. 131-1).

GROSS AND MICROSCOPIC INSPECTION

Acholic stool suggests biliary obstruction; #arry stool indicates
gastrointestinal (GI) bleeding; and red stool signifies bleeding
from the lower GI tract. Usually, the shape of the stool is reli-
ably reported by the patient, and the appropriate deductions
may be made without the physician observing the stool. Diar-
rheal stool is loose and watery, but stool associated with malab-
sorption can be large and greasy, often staining the toilet bowl.
The Bristol Stool Scale clearly describes the foam, form, and
character of the bowel movement material and has been useful
in clinical and research settings (Fig. 131-2). The character of
stools is also discussed thoroughly in Chapters 111 (diarrhea)
and 136 (constipation).

Microscopic examination of stool can be helpful when inflam-
matory cells (polymorphonuclear or eosinophilic) are identified.
Furthermore, ova and parasites are identified as eggs or larvae.

CHEMICAL ANALYSIS

Chemical analysis of stool is important for assessing fecal occult
blood test findings. Many different tests are available at this time,
all using a technique similar to the standard guaiac test. False-
positive results can occur. The patient must not have ingested
large amounts of red meat or peroxidase-containing vegetables
and fruits (e.g., broccoli, cantaloupe, cauliflower, radishes,
turnips). Itis also reported that heavy intake of iron supplements,
vitamin C, aspirin, and nonsteroidal antiinflammatory drugs
(NSAIDs) give false-positive results. Guaiac-impregnated slide
tests are readily available and used most often. False-negative
results can occur from using outdated reagents and old slides.

Stool weight is important in that it is greatly increased in
most malabsorption syndromes and in diarrheas of metabolic
origin. Stool weight in the person on a low-fiber diet may be as
low as 100 g, whereas that in the person on a high-fiber diet can
be as high as 300 to 400 g. Stool electrolyte studies revealing
stool osmolality can aid in evaluating various forms of diarrhea.
This information is used only to cla