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Preface

Interest in benign esophageal disease is undergoing a revival among surgeons.
Factors fostering this renewed interest include the emergence of focused interest in
an ever-expanding knowledge base of general surgery, the availability of modern
technology that allows testing of foregut function in an ambulatory office setting,
and the reduced morbidity and greater patient acceptance of surgical therapy
through limited access technology.

The outgrowth of this interest has been the development of a new brand of
modern surgeons. They are characterized as having a disease focus as opposed to a
focus on the procedure. They understand and are skilled in the diagnosis of disease
by the measurement of altered organ function rather than by the presence of an
anatomic lesion. They apply surgical therapy to improve the function of an organ
by altering its structure or the arrangement of its moving parts rather than extirpa-
tion of the organ. While being talented open surgeons, they have become adept in
the use of the new tools of limited access surgery.

The authors of the chapters contained in this book are among such modern
surgeons. In common, they have passed through our laboratories or clinical services
during the acquirement of their knowledge and skills. The focus of this book is the
physiologic approach to the understanding and management of esophageal disease.
This is coupled with the utilization of minimally invasive thoracoscopic and lap-
aroscopic surgery as a first option in the treatment of gastroesophageal reflux dis-
ease, esophageal motility disorders, esophageal diverticula, and benign esophageal
tumors. Open surgery is reserved for the initial approach to complicated esopha-
geal disease, reoperation of previously failed procedures, or esophageal replace-
ment for end-stage benign disease. As such the contributions report the present
status of a changing approach to the exciting field of esophageal surgery. In so do-
ing, these authors have emerged as our critics and moved the science of esophageal
surgery forward.

Tom R. DeMeester, M.D.
Alberto Peracchia, M.D.
Cedric G. Bremner, M.B., Ch.M.
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1
Pathophysiology of Esophageal
Motor Disorders and Gastroesophageal
Reflux Disease
Hubert J. Stein, M.D. • Owen Kom, M.D.

The esophagus of the adult human is a 24 to 27 cm long muscular tube with
tonically contracted sphincters at the oral and aboral end. Its function can be visual-
ized mechanically as a worm-drive pump with a one-way valve at each end. The
valves act as barriers separating compartments with different baseline pressures
(Fig. 1-1). A coordinated interplay between the pump of the esophageal body and
the adjacent valves is essential to propel food from the mouth to the stomach and
prevent reflux of gastric contents. Failure of the propulsive ability of the esophageal
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Fig. 1-1 Resting pressure profile of the foregut showing the pressure differential between the at-
mospheric pharyngeal pressure (P), the less-than-atmospheric midesophageal pressure (E), and the
greater-than-atmospheric intragastric pressure (G), with the interposed high pressure zones of the
cricopharyngeus (C) and distal esophageal sphincter (DES). (From Waters PF, DeMeester TR.
Foregut motor disorders and their surgical management. Med Clin North Am 65:1237-1272, 1981.)
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body or uncoordinated relaxation of the proximal and distal valve hampers the for-
ward movement of food. A compromised resistance of the distal valve promotes
reflux of gastric contents.

Nonobstructive dysphagia, that is, dysphagia in the absence of structural ab-
normalities, is the primary symptom of a disturbed propulsion through the esoph-
agus, whereas heartburn and regurgitation are usually ascribed to excessive reflux
of gastric contents. However, symptoms alone are not a good indicator for the pres-
ence and type of disorder because esophageal motor disorders, gastroesophageal
reflux, and extraesophageal disorders may cause indistinguishable symptoms. In ad-
dition, the perception of a symptom by the patient is a balance between the sever-
ity of the underlying abnormality and the patient's adjustment to that difficulty.
Consequently, any complaint of dysphagia, heartburn, or regurgitation requires
a detailed assessment of the patient's dietary history in addition to a clear under-
standing of the normal physiology and pathophysiology mechanisms that may
cause a disturbance in the normal action of the esophagus and its adjacent valves.1'2

PHYSIOLOGY OF ESOPHAGEAL FUNCTION

The act of swallowing consists of the oral, pharyngeal, and esophageal phases.
During the oral phase of swallowing, food is taken into the mouth and chewed into
a variety of bite sizes. When food is ready for swallowing, the tongue, acting like a
piston, moves the bolus into the posterior oropharynx and forces it into the hypo-
pharynx. This phase of swallowing is completely under conscious control.

With arrival of food in the oropharynx, a complex reflex pattern is initiated that
controls the pharyngeal phase of swallowing. This is triggered by sensory nerve
endings located in the anterior and posterior tonsillar pillars and the posterior lat-
eral walls of the hypopharynx. The afferent nerves of the pharynx are the glosso-
pharyngeal nerve and the superior laryngeal branches of the vagus. Once aroused
by stimuli entering via these nerves, the swallowing center in the medulla coordi-
nates the complete act of swallowing by discharging impulses through the fifth, sev-
enth, tenth, eleventh, and twelfth cranial nerves, as well as the motor neurons of C1
to C3. Discharges through these nerves occur in a rather specific pattern and last
for approximately 0.5 second. During this phase the soft palate is elevated to sepa-
rate the oropharynx from the nasopharynx. This prevents pressure generated in the
oropharynx from being dissipated through the nose. The hyoid bone moves up-
ward and anteriorly, elevating the larynx and opening the retrolaryngeal space. The
epiglottis tilts backward, thus covering the opening of the larynx and deflecting the
swallowed bolus posteriorly and laterally. Respiration is reflexly inhibited to pre-
vent aspiration. Simultaneously the bolus is pushed through the pharynx by a
strong peristaltic contraction. The whole pharyngeal phase of swallowing occurs
within 1.5 seconds.

The esophageal phase of swallowing begins with the relaxation of the cricopha-
ryngeus or upper esophageal sphincter. In the normal situation this occurs in coor-
dination with the pharyngeal contraction. The pressure gradient between the
pharyngeal pressure and the less-than-atmospheric midesophageal or intrathoracic
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pressure (Fig. 1-1) speeds the movement of food from the hypopharynx into the
esophagus when the cricopharyngeus relaxes. The bolus is both propelled by
the peristaltic contractions of the posterior laryngeal constrictors and sucked into
the thoracic esophagus. The compliance of the cervical esophagus is critical for this
phase of swallowing. The upper esophageal sphincter closes within another 0.5 sec-
ond, with the immediate closing pressure reaching approximately twice the resting
level. This postrelaxation contraction continues down the esophagus as a peristaltic
wave (Fig. 1-2). The high closing pressure and the initiation of the peristaltic wave
prevent regurgitation of the bolus from the esophagus back into the pharynx. After
the peristaltic wave has passed further down the esophagus, the pressure in the up-
per esophageal sphincter returns to its resting level (Fig. 1-2).

The striated muscles of the cricopharyngeus and the upper third of the esopha-
gus are activated by efferent fibers distributed through the vagus nerves and its re-
current laryngeal branches. The integrity of innervation is required for the crico-
pharyngeus to relax in coordination with the pharyngeal contraction and resume its
resting tone once a bolus has entered the upper esophagus.

The body of the esophagus functions as a worm-drive propulsive pump, be-
cause of the helical arrangement of its circular muscles, and is responsible for trans-
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Fig. 1-2 Intraluminal esophageal pressures in response to swallowing. (From Waters PF, DeMeester
TR. Foregut motor disorders and their surgical management. Med Clin North Am 65:1237-1272,
1981.)
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mitting a food bolus from the distal esophagus into the stomach. This phase of
swallowing represents esophageal work done during alimentation. Food is moved
into the stomach from a pressure of -6 mm Hg intrathoracic pressure to an aver-
age of 6 mm Hg intra-abdominal pressure, a gradient of 12 mm Hg (Fig. 1-1). Ef-
fective and coordinated smooth muscle function in the lower third of the esophagus
is therefore important in pumping the food into the stomach. The peristaltic wave
generates an occlusive pressure varying from 30 to 150 mm Hg (Fig. 1-2). The
wave rises to a peak in 1 second, lasts at the peak for approximately 0.5 second, and/
then subsides in approximately 1.5 seconds. The peak of a primary peristaltic wave,
a peristaltic contraction sequence initiated by a pharyngeal swallow, moves down
the esophagus at 2 to 4 cm/sec and reaches the distal esophagus approximately 9
seconds after swallowing has been initiated (Fig. 1-2). Consecutive swallows pro-
duce similar primary peristaltic waves, but when the act of swallowing is rapidly re-
peated, the esophagus remains relaxed and the peristaltic wave occurs only after the
last movement of the pharynx. This phenomenon is referred to as "postdeglutitive
inhibition." Orderly contractions of the muscular wall and anchoring of the esoph-
agus at its inferior end are necessary for efficient and aboral propulsion to occur.

Progress of the wave in the esophagus is caused by sequential activation of its
muscles initiated by efferent vagal nerve fibers arising in the swallowing center.
Continuity of the esophageal muscle is not necessary if the nerves are intact. If the
muscles but not the nerves are cut, the pressure wave begins distally below the cut
and dies out at the proximal end above the cut. This allows a sleeve resection of the
esophagus to be done without destroying its normal function. Afferent impulses
from receptors within the esophageal wall are not essential for progress of the coor-
dinated wave. However, if the esophagus is distended at any point, a contractual
wave begins with a forceful closure of the upper esophageal sphincter and sweeps
down the esophagus. This secondary peristalsis occurs without any movements of
the mouth or pharynx. Secondary contractions can occur as an independent local
reflex to clear the esophagus of material left behind after the passage of the primary
wave but are less common than previously thought.

The lower esophageal sphincter in humans is a unique one-way valve that sepa-
rates the stomach with its positive pressure environment from the negative pressure
environment in the chest (Fig. 1-1). In the normal situation the sphincter actively
remains closed to prevent reflux of gastric contents into the esophagus and opens
temporarily by relaxation to permit passage of food from the esophagus into the
stomach. This relaxation coincides with a pharyngeal swallow (Fig. 1-2). The lower
esophageal sphincter pressure returns to its resting level after the peristaltic wave
has passed through the esophagus. Consequently, reflux of gastric juice that may
occur through the open valve during a swallow is pumped back into the stomach.
If the pharyngeal swallow does not initiate a peristaltic contraction, the coincident
relaxation of the lower esophageal sphincter is unguarded and reflux of gastric juice
can occur. This ap'pears to be the major cause of the so-called transient or sponta-
neous lower esophageal sphincter relaxations.

Despite the clear manometric findings of a high pressure zone in the distal
esophagus, the existence and structural equivalent of the lower esophageal sphinc-
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Fig. 1-3 Orientation of muscle fibers at the gastroesophageal junction and their mode of action
shown schematically. LES = lower esophageal sphincter. (Modified from Liebermann-Meffert D, All-
gower M, Schmid P, et al. Muscular equivalent of the esophageal sphincter. Gastroenterology 76:31-
38, 1979.)

ter in humans has been a matter of speculation for many years.3-4 Anatomic studies
have shown that in humans there is no circular or annular muscle at the gastro-
esophageal junction. The assessment of fiber specimen shows that the muscle bun-
dles of the external longitudinal layer run straight down the esophagus to pass the
junction with the stomach. The much shorter bundles of the internal muscular
sheath take their course perpendicularly to the external layer and form incomplete
circles around the esophageal lumen. These semicircles diverge abruptly at the
level of the gastroesophageal junction into long and short bundles with opposite
orientation. One part, the so-called gastric "sling," hooks around the gastric fun-
dus, forms the cardiac notch, and embraces the anterior and posterior walls of the
stomach. The other parts, the so-called semicircular "clasps," retain their orienta-
tion and hook around the lesser curvature (Fig. 1-3).

Microdissection studies show that the muscular fibers of both the gastric "sling"
and the "clasps" increase in number and concentration across the gastroesophageal
junction and become superimposed on each other. This results in a two- to three-
fold asymmetric thickening of the inner muscular layer that is maximal at the gas-
troesophageal junction and is most prominent and longest at the cardiac notch
toward the greater curvature side (Fig. 1-4, left). Although significant, this asym-
metric thickening of the muscular structures does not form a mass that can be eas-
ily palpated. The asymmetric muscular thickening at the gastroesophageal junction
is, however, mirrored in the manometric asymmetry of the lower esophageal high
pressure zone (Fig. 1-4, center and right). Both the area of greatest muscle thick-
ness and the highest manometric sphincter pressures correlate with the location of
the so-called gastric "sling" fibers. The finding that the cholinergic response of the
lower esophageal sphincter has regional variations, together with these anatomic
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Cardia

Fig. 1-4 Muscle thickness and radial manometric pressures at the gastroesophageal junction in hu-
mans. Left: Muscle thickness at the lesser and greater curvature. Center: Manometric pressures along
the gastroesophageal junction at the lesser and greater curvature side of the stomach. Right: Radial
manometric pressures at the respiratory inversion point. LES = lower esophageal sphincter; RID =
respiratory inversion point; RA = right anterior; LP = left posterior. (Based on data by Stein HJ,
Lieberman-Meffert D, DeMeester TR, et al. Three-dimensional pressure image and muscular struc-
ture of the human lower esophageal sphincter. Surgery 1995 [in press].)

and manometric observations, suggests that the manometric lower esophageal
sphincter in humans has two distinct functional muscle units at the gastroesopha-
geal junction: the gastric "sling" at the cardiac notch and the semicircular "clasps"
on the lesser curvature side.5

PATHOPHYSIOLOGIC ASPECTS OF ESOPHAGEAL FUNCTION

Disorders of the coordinated interplay between the various phases of swallow-
ing are clinically best classified into disorders of the pharyngoesophageal phase of
swallowing, primary motor disorders of the esophageal body, lower esophageal
sphincter disorders associated with gastroesophageal reflux disease, and the so-
called secondary esophageal motor disorders.

Pharyngoesophageal Motor Disorders

Disorders of the pharyngoesophageal phase of swallowing result from an inco-
ordination of the neuromuscular events involved in chewing, initiation of swallow-
ing, and propulsion of the material from the oropharynx to the cervical esophagus.
This results in dysphagia, pharyngeal regurgitation, aspiration, and repetitive re-
spiratory infections. The mechanisms responsible for pharyngoesophageal dys-
function include (1) inadequate oropharyngeal bolus transport; (2) inability to
pressurize the pharynx; (3) inability to elevate the larynx; (4) incoordination of
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cricopharyngeal relaxation and pharyngeal contraction; and (5) decreased compli-
ance of the pharyngoesophageal segment secondary to a restrictive myopathy.

Pharyngoesophageal swallowing disorders are either congenital or acquired
and involve the central and peripheral nervous systems. They include cerebrovas-
cular accidents, brain stem tumors, poliomyelitis, multiple sclerosis, Parkinson's
disease, pseudobulbar palsy, peripheral neuropathy, or operative damage to the cra-
nial nerves involved in swallowing. Muscular diseases such as radiation-induced
myopathy, dermatomyositis, myotonic dystrophy, and myasthenia gravis are less
common. Occasionally, extrinsic compression by thyromegaly, cervical lymph-
adenopathy, or hyperostosis of the cervical spine can cause cervical dysphagia.

The rapidity of the oropharyngeal phase of swallowing, the movement of the
gullet, and the asymmetry of the cricopharyngeus account for the difficulty in as-
sessing abnormalities of esophagopharyngeal swallowing disorders with conven-
tional manometry. Video/cine radiography is currently the most useful objective
test to evaluate oropharyngeal bolus transport, pharyngeal contraction, cricopha-
ryngeal relaxation, and the dynamics of airway protection during swallowing.2

Careful analysis of video/cine radiographic studies and manometry using specially
designed catheters, ideally performed simultaneously, can identify the cause of pha-
ryngoesophageal dysfunction in most situations.

It has been difficult to consistently demonstrate a motility abnormality of the
pharyngoesophageal segment in patients with Zenker's diverticulum. The abnor-
mality most likely to be present is a loss of compliance of the pharyngoesophageal
segment manifested by an increased bolus pressure.6 Esophageal muscle biopsies in
patients with Zenker's diverticulum have shown histologic evidence of a fibrotic
myopathy, which correlates with a decreased compliance of the upper esophagus on
video/cine radiographic and detailed manometric studies. These findings suggest
that the diverticulum develops as a consequence of the repetitive stress of bolus
transport through a noncompliant muscle of the pharyngoesophageal segment.
Other manifestations of a noncompliant segment in the proximal esophagus are a
cricopharyngeal bar or more extended narrowing of the pharyngoesophageal seg-
ment.

Incoordination of the sphincter relaxation with pharyngeal contraction is an-
other cause for the development of Zenker's diverticulum. This may not occur
throughout the full length of the sphincter and can easily be missed on manomet-
ric assessment because of movement of the cricopharyngeus on swallowing. Failure
of the cricopharyngeal muscle to relax on swallowing and failure of an esophageal
contraction after a pharyngeal swallow have also been observed in patients with
Zenker's diverticulum.7

Primary Esophageal Motor Disorders

Motor abnormalities in the worm-drive pump of the esophageal body or the
lower esophageal sphincter can give rise to a number of disorders that usually re-
sult in dysphagia and/or regurgitation. These symptoms may be due to a nonrelax-
ing lower esophageal sphincter, disorganized contractions of the esophageal body,
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or a combination of both. Animal studies and some clinical evidence indicate that
the function of the esophageal body can deteriorate secondary to distal obstruction
and may recover if the obstruction is relieved early during the disease process.

With the introduction of standard esophageal manometry, a number of primary
esophageal motility disorders have been classified as separate disease entities. These
include achalasia, diffuse esophageal spasm, the so-called "nutcracker esophagus,"
and the hypertensive lower esophageal sphincter8-9 (Table 1-1).

The classification of these disorders is usually based on the analysis of the
manometric recordings of only a few wet swallows performed in a laboratory set-
ting. The recently introduced technique of ambulatory 24-hour monitoring of
esophageal motor activity multiplies the number of esophageal contractions avail-
able for analysis and provides an opportunity to assess esophageal motor function
under a variety of physiologic situations. This increases the accuracy and depend-
ability of the measurement.10 Ambulatory 24-hour esophageal motility monitoring
has demonstrated that there are marked differences in the classification of esopha-

Table 1-1 Classification and manometric characteristics of the primary esophageal
motor disorders

Achalasia

Incomplete lower esophageal sphincter relaxation
Aperistalsis of the esophageal body
Elevated lower esophageal sphincter pressure
Increased intraesophageal baseline pressures

Diffuse esophageal spasm
Frequent simultaneous contractions
Intermittent normal peristalsis
Repetitive and multipeaked contractions
Contractions of increased amplitude and duration

Nutcracker esophagus

Increased mean peristaltic amplitude in the distal esophagus
Increased mean duration of contractions
Normal peristaltic sequence

Hypertensive lower esophageal sphincter

Elevated lower esophageal sphincter pressure
Normal lower esophageal sphincter relaxation
Normal peristalsis of the esophageal body

Nonspecific esophageal motility disorders
Decreased or absent amplitude of esophageal peristalsis
Increased number of nontransmitted contractions
Abnormal waveforms
Normal lower esophageal sphincter pressure and relaxation
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geal motor disorders when compared to standard manometry techniques (Fig. 1-5).
The degree of reclassification of esophageal motor disorders resulting from analy-
sis of ambulatory manometry studies indicates that the classification of esophageal
motor disorders based on standard manometry is inappropriate. The intermittency
of esophageal motor abnormalities can be missed easily or overdiagnosed in the un-
physiologic setting of standard manometry, but are detected with a higher degree
of reliability when motor activity is monitored over 24 hours in a variety of physio-
logic conditions. Based on these observations, esophageal motility disorders should
be viewed as a spectrum of abnormalities that reflect various stages of destruction
of esophageal motor function rather than separate entities.

Using simultaneous manometry and fluoroscopy, Kahrilas et al.11 documented
that esophageal contraction sequences that are not propulsive, and that do not have
a minimum amplitude of 30 mm Hg, are not able to propel a bolus through the
esophagus. This correlates with the observation that patients with nonobstructive
dysphagia show an inability of the esophageal body to organize the motor activity
into peristaltic contractions during meals. In normal asymptomatic volunteers the
prevalence of "effective contractions," peristaltic contractions with sufficient am-
plitude to propel a bolus, increases with increasing states of consciousness, that is,
from sleep, to upright, and to meal periods. This is probably due to a modulatory
effect of the central nervous system on esophageal motor activity. Patients with
nonobstructive dysphagia lack this ability to increase the prevalence of "effective
contractions" with increasing states of consciousness. The frequency of "effec-
tive contractions" during meal periods thus allows an expression of the severity of

Normal
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Fig. 1-5 Classification of esophageal motor disorders in 108 patients with dysphagia and/or non-
cardiac chest pain according to the findings on standard or ambulatory 24-hour manometry. DES =
diffuse esophageal spasm; NCE = nutcracker esophagus; NEMD = nonspecific esophageal motor
disorder. (From Stein HJ, DeMeester TR, Eypasch EP, et al. Ambulatory 24-hour esophageal
manometry in the evaluation of esophageal motor disorders and noncardiac chest pain. Surgery 110:
753-763, 1991.)



10 Modern Approach to Benign Esophageal Disease

100 %

80 %

60 %-

40 %-

20 %-

0 % _J

O Normal Volunteers

© Pat, No Dysphagia

• Pat, Dysphagia

Fig. 1-6 Prevalence of "effective contractions" during meal periods in normal volunteers, patients
with nonobstructive dysphagia, and patients without dysphagia. Less than 50% "effective contrac-
tions" during meals are associated with a high prevalence of nonobstructive dysphagia.

esophageal body dysfunction on a linear scale (Fig. 1-6). The use of this parameter
for the evaluation of esophageal body function obviates the need for the current
categories of esophageal motor disorders and permits an objective assessment of the
effect of medical or surgical therapy.12

It has been suggested that esophageal contractions of abnormally high ampli-
tude or long duration are responsible for chest pain in patients with esophageal mo-
tor disorders. Ambulatory 24-hour motility monitoring in these patients has,
however, shown that chest pain is rarely related to abnormal esophageal motor ac-
tivity. Rather, episodes of gastroesophageal reflux appear to be the most common
esophageal cause of noncardiac chest pain. Occasionally a markedly increased fre-
quency of simultaneous and repetitive contractions appears to precede chest pain.13

Esophageal blood supply may be interrupted during these bursts of abnormal mus-
cular contractions in a similar way to cardiac ischemia. The ischemia may become
critical in situations where the resting blood flow to the esophagus is already com-
promised, as demonstrated in the hypertrophic esophageal muscle of patients with
esophageal motor disorders. A burst of disorganized motor activity in this situation
may give rise to ischemic pain. Consequently, we have termed chest pain caused by
a burst of incoordinated esophageal motor activity under ischemic conditions
"esophageal claudication."13

Gastroesophageal Reflux Disease

Gastroesophageal reflux disease (GERD) is the single most common foregut
disorder and accounts for approximately 75% of esophageal pathology. The disease
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Fig. 1-7 Mechanical model of the esophagus as a propulsive pump, the lower esophageal sphincter
as a valve, and the stomach as a reservoir. Esophageal clearance of refluxed gastric juice is determined
by the esophageal motor activity, salivation, gravity, and the presence of an anatomic alteration such
as a hiatal hernia. The competency of the lower esophageal sphincter depends on its pressure, overall
length, and length exposed to abdominal pressure. Gastric function abnormalities causing gastro-
esophageal reflux include increased intragastric pressure, gastric dilation, decreased emptying rate,
and increased gastric acid secretion. (From Stein HJ, DeMeester TR, Hinder RA. Outpatient physio-
logic testing and surgical management of foregut motility disorders. Curr Probl Surg 29:415-555,
1992.)

can be manifested by typical and atypical symptoms and leads to esophageal muco-
sal injury in approximately 50% of affected patients.2 Despite its prevalence, the
pathophysiologic factors leading to increased esophageal exposure to gastric con-
tents and the development of mucosal injury have only recently emerged.

Increased esophageal exposure to gastric juice may result from three known
causes. The first is a mechanically defective lower esophageal sphincter, which is
present in approximately 60% to 70% of patients with GERD. The identification
of a defective sphincter as the cause of increased esophageal acid exposure is im-
portant because it is the one causative factor that antireflux surgery is designed to
correct. The other two causes are inefficient esophageal clearance of refluxed gas-
tric juice and abnormalities of the gastric reservoir that augment physiologic reflux.
These factors cannot be corrected by an antireflux procedure. Conceptually, the
three main causes of gastroesophageal reflux can be thought of as the failure of a
pump, a valve, or a reservoir (Fig. 1-7). The relative contributions of each of these
components of the antireflux mechanism to increased esophageal exposure to gas-
tric juice should be determined prior to considering specific therapy for the disease.
The distribution of these causes of gastroesophageal reflux in a consecutive se-
ries of 355 patients with increased esophageal exposure to gastric juice is shown in
Fig. 1-8.
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Fig. 1-8 Distribution of the causes of gastroesophageal reflux in a consecutive series of 355 patients
with increased esophageal exposure to gastric juice. Def. = defective; LES = lower esophageal
sphincter.

Failure of the lower esophageal sphincter can be caused by inadequate pressure,
overall length, or intra-abdominal length, the portion of the sphincter exposed to
the positive pressure environment of the abdomen. Failure of one or two of the
components of the sphincter may be compensated for by the clearance of the
esophageal body. Failure of all three sphincter components inevitably leads to in-
creased esophageal exposure to gastric juice. The most common cause of a me-
chanically defective lower esophageal sphincter is inadequate sphincter pressure
most likely caused by an abnormality of myogenic function (Fig. 1-8). A normal
sphincter pressure can be nullified by an inadequate abdominal length or by an ab-
normally short overall length of the sphincter. An adequate abdominal length of
sphincter is important in preventing reflux caused by increases in intra-abdominal
pressure. An adequate overall length is important to increase the resistance to reflux
caused by increases in intragastric pressure independent of intra-abdominal pres-
sure.14

The combined effects of sphincter pressure, overall length, and abdominal
length can be determined by integrating the radial pressures exerted over the en-
tire length of the sphincter. This can be done by calculating the volume of the
three-dimensional sphincter pressure profile, the sphincter pressure vector vol-
ume.15 The three-dimensional sphincter pressure representations of a normal vol-
unteer, a patient with a defective sphincter and Barrett's esophagus, and the same
patient after Nissen fundoplication are shown in Fig. 1-9.

A second cause of increased esophageal exposure to gastric juice is inefficient
esophageal clearance of refluxed material.16 This can result in an abnormal esopha-
geal exposure to gastric juice in individuals who have a mechanically intact lower
esophageal sphincter and normal gastric function by the failure to clear physiologic
reflux. This situation is relatively uncommon, and ineffective clearance is more
likely to be seen in association with a mechanically defective sphincter, where it
augments the esophageal exposure to gastric juice by prolonging the duration of
each reflux episode (Fig. 1-8).
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Fig. 1-9 The three-dimensional lower esophageal sphincter pressure profile in a normal volunteer
(A), a patient with a mechanically defective sphincter (B), and the same patient 1 year following Nis-
sen fundoplication (C). (From Stein HJ, DeMeester TR, Naspetti R, et al. The three-dimensional
lower esophageal sphincter pressure profile in gastroesophageal reflux disease. Ann Surg 214:374-384,
1991.)

The four factors important in esophageal clearance are gravity, esophageal mo-
tor activity, salivation, and anchorage of the distal esophagus in the abdomen. The
bulk of refluxed gastric juice is cleared from the esophagus by a primary peristaltic
wave initiated by a pharyngeal swallow.16 Secondary peristalsis initiated by either
distention of the lower esophagus or a drop in the intraesophageal pH is less im-
portant. Combined video/cine radiographic and manometric studies have shown
that failure of esophageal clearance can be detected by nonperistaltic esophageal
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Fig. 1-10 Prevalence and severity of esophageal mucosal injury in patients with only acid reflux and
acid/alkaline reflux with or without a mechanically defective lower esophageal sphincter (LES). (From
Stein HJ, Barlow AP, DeMeester TR, et al. Complications of gastroesophageal reflux disease: Role of
the lower esophageal sphincter, esophageal acid/alkaline exposure, and duodenogastric reflux. Ann
Surg 216:35-43, 1992.)

contractions or contractions with low amplitude. Salivation contributes to esopha-
geal clearance by neutralizing the minute amount of acid that is left following a
peristaltic wave. The presence of a hiatal hernia can also cause a reduction in the
efficiency of acid clearance.

Gastric abnormalities that increase esophageal exposure to gastric juice include
gastric dilation, increased intragastric pressure, a persistent gastric reservoir, and
increased gastric acid secretion. The effect of gastric dilation is to shorten the over-
all length of the lower esophageal sphincter resulting in a decrease in the sphincter
resistance to reflux. Increased intragastric pressures occur in patients with outlet
obstruction due to a scarred pylorus or duodenum, or after vagotomy. The persis-
tence of the gastric reservoir results from delayed gastric emptying secondary to
myogenic abnormalities such as is seen in patients with advanced diabetes, diffuse
neuromuscular disorders, and post-viral infections. Gastric hypersecretion can in-
crease esophageal exposure to gastric juice by the physiologic reflux of large
amounts of concentrated acid.

Complications of gastroesophageal reflux result from the damage inflicted by
gastric juice on the esophageal mucosa or the respiratory epithelium and the
changes caused by their subsequent repair and fibrosis. Complications of GERD
are classified as esophagitis, stricture, and Barrett's esophagus, with its known ma-
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lignant potential. The presence of the complications of GERD is directly related to
the prevalence of a mechanically defective sphincter17 (Fig. 1-10). This indicates
that a mechanically defective sphincter is the major factor in the development of
complications of the disease. The observation that a mechanically defective sphinc-
ter also occurs in a significant number of patients who do not have a complication
of increased esophageal exposure to gastric juice suggests that the defect in the
sphincter is primary and not the result of inflammation or tissue damage.

Complications of GERD can also occur in patients with a normal lower esoph-
ageal sphincter, while some patients with a defective sphincter do not develop com-
plications. This suggests that the composition of refluxed gastric juice may also be
an important factor in the pathogenesis of esophageal mucosal injury. Experimen-
tal studies have shown that gastric acid and alkaline duodenogastric reflux inter-
relate and modulate the content and injurious effects of refluxed gastric juice in the
distal esophagus.18 Clinical studies have confirmed this concept and have shown
that patients with increased esophageal exposure to gastric juice, contaminated with
alkaline duodenal contents, have a higher prevalence and severity of complications
compared to those who have increased esophageal acid exposure only17 (Fig. 1-10).
Complications of GERD are particularly frequent and severe in patients with a me-
chanically defective sphincter and an alkaline component to the refluxate. These
studies suggest that the lower esophageal sphincter is the primary barrier against
reflux of any gastric contents and that reflux of gastric juice contaminated with duo-
denal contents is more detrimental to the esophageal mucosa than reflux of only
acid gastric juice.

Secondary Esophageal Motor Disorders

Esophageal motility disorders may also result from more generalized neural,
muscular, or metabolic systemic abnormality disturbances or inflammation and
neoplasia of the esophagus. The esophagus is particularly affected by almost any of
the collagen vascular disorders. The most common are progressive systemic scle-
rosis, mixed connective tissue disease, polymyositis, and dermatomyositis.19-21

Eighty percent of patients with progressive systemic sclerosis have an esopha-
geal motor abnormality. In most cases the disease follows a prolonged course and
usually only affects the smooth muscle in the distal two thirds of the esophagus.
Typical findings on esophageal manometry are normal peristalsis in the proximal
striated esophagus, with weak or absent peristalsis in the distal smooth muscle por-
tion. The lower esophageal sphincter pressure is progressively weakened as the dis-
ease advances, resulting in increased esophageal exposure to gastric juice due to a
mechanically defective lower esophageal sphincter and poor clearance function of
the esophageal body.

In patients with polymyositis or dermatomyositis the upper striated muscle
portion is the major site of esophageal involvement causing aspiration, nasopha-
ryngeal regurgitation, and cervical dysphagia. Mixed connective tissue disease
shows a mixture of the manometric findings of progressive systemic sclerosis and
polymyositis.
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Preoperative Assessment of Esophageal
Function
Mario Costantini, M.D. • Tom R. DeMeester, M.D.

The surgical treatment of benign esophageal disease is one of the most chal-
lenging fields in surgery in that it alters or reconstructs anatomy with the purpose
of improving function. The outcome of surgery is assessed by the ability of the pro-
cedure to provide a complete and permanent relief of all symptoms and complica-
tions. The recent introduction and widespread use of laparoscopic and thoraco-
scopic techniques have given a new dimension to esophageal functional surgery.
These new approaches have changed the attitude of both patients and physicians
toward surgical treatment of esophageal functional disease, but have increased the
risk of superficial or improper selection of patients. Symptoms of esophageal dis-
ease, such as dysphagia, heartburn, regurgitation, belching, and epigastric and
retrosternal pain, are often nonspecific and occur in a variety of esophageal as well
as gastric and duodenal disorders.1 Atypical symptoms of esophageal disease, such
as wheezing, choking, coughing, and chest pain, can also mimic other organ ab-
normalities.2 Further, anatomic and histologic alterations occur at a late stage and
represent end-stage or complications of the functional disease. Consequently, a
precise diagnosis must be made prior to any surgical therapy since its purpose is to
improve the lasting performance of a malfunctioning organ. A successful result de-
pends on (1) the documentation of esophageal disease as the cause of the patient's
symptoms, (2) the understanding of the underlying cause of esophageal dysfunc-
tion, and (3) the identification of patients who should have surgical treatment. The
surgeon therefore must be sure to perform the right operation for the right disease
in the right patient.

A careful preoperative evaluation of a patient with suspected esophageal func-
tional disease should begin by investigating the anatomic alterations and complica-
tions of the disease by means of radiology and endoscopy. The objective diagnosis
and accurate understanding of the pathophysiologic mechanism of the patient's ab-
normality can only be assessed by the use of esophageal function tests3 (Table 2-1).
Stationary esophageal manometry, 24-hour pH monitoring of the distal esophagus,
and ambulatory 24-hour motility monitoring of the esophageal body are the tests
most widely used. New emerging technologies for the detection of duodenogas-

17
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Table 2-1 Tests for the preoperative evaluation of esophageal function*

Tests for the evaluation of esophageal motor function and clearance

Esophageal manometry (body evaluation)
24-hour motility monitoring
Esophageal scintigraphy
Conventional radiology (solid and wet boluses)
Acid clearing test (ACT)

Tests for the evaluation of LES competency

Esophageal manometry (evaluation of the LES)
Standard acid reflux test (SART)
Conventional radiology

Tests for the detection of abnormal exposure of the distal esophagus to gastric
and duodenal juice

24-hour pH monitoring
24-hour monitoring of bilirubin

Tests based on the relationship between symptoms and esophageal dysfunction
Pharmacologic provocative test (bethanechol, edrophonium)
Balloon distention test
Acid perfusion test (Bernstein test)
24-hour pH monitoring
24-hour motility monitoring

Tests for the evaluation of complications of esophageal function disease
Conventional radiology
Endoscopy (plus biopsy)

Tests for the evaluation of gastroduodenal function

24-hour pH monitoring of the stomach
Gastric acid analysis
Gastroduodenal manometry
Gastric emptying study
Cholescintigraphy

*Modified from DeMeester TR, Costantini M. Esophageal function tests. In Pearson FG, ed. Esophageal Surgery.
New York: Churchill Livingstone, 1995 (in press).

troesophageal reflux are promising. Because esophageal function is closely related
to foregut function, there is, on occasion, a need to evaluate gastroduodenal func-
tion. There is only a rare indication for esophageal provocative tests.

RADIOLOGY

The radiologic study of the esophagus remains fundamental to the compre-
hensive evaluation of a patient with esophageal symptoms. It has also gained in-
creasing attention as a functional study when performed concurrently with esopha-
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Fig. 2-1 Double contrast x-ray film of the esophagus in a patient with columnar-lined (Barrett's)
esophagus. The columnar-lined esophagus reaches the level of the aortic arch and an ulceration is evi-
dent in the distal esophagus (arrow).

geal manometry and may give precise information on bolus propagation mech-
anisms in health and disease.4-5

Double-contrast films, obtained by coating the esophagus with dense barium
suspension and distending the gullet with gas, provide the best evaluation of the
esophageal mucosal surface for the detection of esophagitis or small tumors6 (Fig.
2-1). Initially, the examination is performed in the prone position to exclude the ef-
fect of gravity on bolus propagation. Esophageal motility is assessed by observing
multiple (at least five) single swallows of barium. Macroscopic esophageal alter-
ations (hiatal hernias, rings, or strictures) are demonstrated with this technique.
The use of solid boluses, such as marshmallow, can be useful in detecting esopha-
geal narrowing, particularly if the examination with fluid barium is unrevealing.7 A
further improvement to the radiographic examination is fluoroscopic observation.
Videotape recording of barium swallows (video fluorography) allows repetitive
analysis with slow-motion and frame-by-frame playback. This method is particu-
larly useful in evaluating functional disorders of the esophagus and oropharynx. Be-
cause of the rapidity and complexity of motor events in the first phases of swal-
lowing, video fluorography is the test of choice for oropharyngeal evaluation.8'9

Radiologic evaluation of esophageal function implies the examination of the
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esophageal body and both sphincters. With swallowing, the relaxation of the upper
esophageal sphincter (UES) corresponds to a wide opening of the pharyngoesopha-
geal segment. An abnormal relaxation is seen as a persistent posterior impression
from the cricopharyngeal muscle.8 There is frequently stasis of barium in the piri-
form sinuses or aspiration. When the barium bolus enters the esophagus, a normal
primary peristaltic sequence (or "wave") can be seen as an aboral contraction of the
esophageal walls that obliterates the lumen at the top of the barium column and
progressively strips the bolus from the esophagus. This corresponds to the onset of

Seconds i i ' ' '
1.0s

Fluroscopy of
of Barium Swallow

Fig. 2-2 Concurrent manometric and video recording of a 5 ml barium swallow. The tracings from
the video images of the fluoroscopic sequence on the right show the distribution of the barium col-
umn at the times indicated above the individual tracings and by arrows on the manometric record. In
this example, a single peristaltic sequence completely cleared the barium bolus from the esophagus.
Pharyngeal injection of barium into the esophagus occurred at the 1.0 second mark. The entry of bar-
ium caused distention and a slightly increased intraluminal pressure, indicated by the downward-
pointing arrows marked 1.0 second. Shortly thereafter, esophageal peristalsis was initiated. During
esophageal peristalsis, luminal closure and the tail of the barium bolus passed each recording site, con-
current with the onset of the manometric pressure wave. Hence, at 1.5 seconds, the peristaltic con-
traction had just reached the proximal recording site and barium had been stripped from the
esophagus proximal to that point. Similarly, at 4.2 seconds, the peristaltic contraction was beginning
the third recording site and, correspondingly, the tail of the barium bolus was located at the third
recording site. Finally, after completion of the peristaltic contraction (time, 13.8 seconds), all of the
barium had been cleared into the stomach. (From Kahrilas PJ, Dodds WJ, Hogan WJ. Effect of peri-
staltic dysfunction of esophageal volume clearance. Gastroenterology 94:73-80, 1988.)
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the peristaltic contraction recorded at manometry5 (Fig. 2-2). Normally, the peri-
staltic contraction wave clears all of the barium from the gullet, but occasionally
some proximal escape occurs, especially at the level of the aortic arch, where there
is the transition from striated to smooth muscle fibers and esophageal contractions
are weaker.4 Abnormal relaxation of the lower esophageal sphincter (LES) is seen
as a failure of the esophagogastric junction to distend normally when the bolus ar-
rives, with stasis of barium in the esophageal body.

Radiology should be the first diagnostic test in a patient suffering from dys-
phagia. It can contribute to the diagnosis with typical findings or, more often, by
excluding of organic disease such as neoplasm. In achalasia, a mildly to markedly
dilated esophagus is usually detected, with absence of primary peristalsis and a typ-
ical beak-like or pencil-like tapering of the esophagogastric junction (Fig. 2-3). The
latter represents dysfunction of the LES with a failure of the bolus to distend the
tonically contracted sphincter. In the upright position, when the hydrostatic pres-
sure of the barium column in the dilated esophagus overcomes the resting tone of
the LES, there is a sudden passage of the barium into the stomach. Another typi-
cal finding, present in 50% of patients, is the absence of a gastric air bubble, which
represents the inability of normally swallowed air to pass through the contracted
sphincter.10 Particular care must be taken in differentiating true achalasia from so-
called "pseudoachalasia" (Fig. 2-4), which is usually caused by neoplastic involve-
ment of the esophagogastric junction or a peptic stricture at this level.

In diffuse esophageal spasm (DES), there may be disruption of peristalsis and
nonperistaltic contractions, which often are repetitive and simultaneous and can, in
the most advanced cases, cause the typical "corkscrew" appearance of the esopha-
gus (Fig. 2-5). In most cases the radiographic findings in DES may be minimal or
nonspecific and the diagnosis must emerge from their correlation with symptoms
and the results of esophageal manometry. The same applies to other primary
esophageal disorders, such as nutcracker esophagus, hypertensive LES, or non-
specific esophageal motility disorders (NEMDs), as well as to secondary motility
disorders, in which radiologic examination can be absolutely normal or can give
very nonspecific findings, such as disruption of primary peristalsis with abnormal
bolus clearance.11

The role of radiologic studies in gastroesophageal reflux disease (GERD) is
mostly to detect anatomic complications of the disease, such as ulcerative esopha-
gi tis and stricture, although the former is better evaluated with endoscopy. The
sensitivity of radiology in detecting gastroesophageal reflux is negligible (34% in a
recent review12). However, the radiologic examination provides a good estimate of
esophageal volume clearance and may demonstrate a need for several swallows to
completely empty the esophagus.11 From the surgical point of view, radiology is im-
portant to objectively illustrate the anatomic situation of the esophagogastric junc-
tion, the presence and the dimension of a hiatal hernia, and the presence of a
shortened esophagus. In this latter case, if antireflux surgery is planned, radiology
may suggest a transthoracic approach or a lengthening procedure of the esophagus
(Collis gastroplasty).
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Fig. 2-3 A, Achalasia with mild esophageal dilation and beak-like tapering at lower end of the
esophagus, reflecting LES dysfunction. B, Achalasia with moderate dilation of the esophagus and
some tertiary (spontaneous simultaneous) contractions. C, Severe esophageal dilation with sigmoid-
shaped esophagus.
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Fig. 2-4 Esophageal dilation and aperistalsis. The esophagogastric junction is irregularly tapered,
indicative of a carcinoma of the cardia (pseudoachalasia).

Fig. 2-5 A, Typical "corkscrew" appearance of the esophagus in DES. B, Simultaneous contractions
and pseudodiverticular dilation of the esophageal lumen in a patient with DES.
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ENDOSCOPY

Esophagoscopy has become an essential tool in the investigation and diagnosis
of upper gastrointestinal disorders. However, it has been estimated that 25% of up-
per gastrointestinal endoscopies might be unrewarding procedures.13 The main
role of endoscopy in a patient with foregut symptoms is the exclusion of any or-
ganic disease, especially malignancy.

In the past, endoscopy was considered the gold standard for the diagnosis of
GERD and the presence of esophagitis was diagnostic. With the introduction of
24-hour esophageal pH monitoring techniques, a better definition of GERD based
on the abnormal exposure of the distal esophagus to the refluxed gastric juice was
made possible14 and it became evident that only approximately two thirds of pa-
tients with GERD had esophagitis at endoscopy.15 Therefore, endoscopy is not a
sensitive method for the diagnosis of GERD (68% sensitivity rate), although it is
specific (96%).16 There are several classifications currently used to score endoscopic
esophagitis. The main difference between these systems is in the definition of grade
I disease. Some authors accept erythema, uneven color, fuzzy mucosal junction, and
friability as the criteria for grade I disease, whereas others do not. Inclusion of these
criteria is subject to considerable interobserver variation. Their inclusion increases
the sensitivity of endoscopy in detecting mild esophagitis (95%) but compromises
the specificity of the test (41 %).16 The Savary-Miller classification system17 and a
simplified endoscopic classification system15 are summarized in Tables 2-2 and 2-3,
respectively.

Histologic examination of biopsy tissue taken during endoscopy may increase
the sensitivity of the test in the diagnosis of esophagitis, especially when endoscopic

Table 2-2 The Savary-Miller classification of reflux esophagitis17

Grade Endoscopic Findings

I One or more supravestibular, nonconfluent mucosal lesions, accompanied by erythema,
with or without exudate or superficial erosions

II Confluent erosive exudative lesions not covering the entire circumference
III Erosive and exudative lesions covering the entire circumference leading to

inflammatory infiltration of the wall without stricture
IV Chronic mucosal lesions (ulcer, fibrosis of wall, stricture, short esophagus, scarring with

columnar epithelium)

Table 2-3 Simplified endoscopic classification of esophagitis15

Grade Endoscopic Findings

I Erythema and friability
II Linear erosions
III Deeper and wider erosions with islands of edematous mucosa between erosive furrows
IV Fibrous stricture or columnar-lined esophagus
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appearance of the esophagus is normal. Papillomatosis, basal zone hyperplasia,
infiltration of neutrophils and eosinophils, and epithelial erosions and ulcerations
are indicative of different severities of esophagitis.18 However, the accuracy of his-
tology depends on the number of biopsies, their correct orientation and fixation,
and the focused interest of the pathologist. Therefore, the usefulness of esophageal
histology as an acceptable parameter to judge the severity of GERD has been ques-
tioned. Biopsies and brush cytology are necessary for strictures to exclude cancer
and to diagnose Barrett's esophagus. Barrett's esophagus is an acquired condition,
caused by chronic gastroesophageal reflux, in which the normal squamous mucosa
of the distal tubular esophagus is replaced by columnar epithelium (columnar
metaplasia). It is the most severe form of reflux esophagi tis. Endoscopically, the Z
line (or the squamocolumnar junction) appears displaced proximally into the tubu-
lar esophagus. In extreme cases this junction can be at the level of the aortic arch
or above. In some patients the junction is irregular, with tongues or flame-like ex-
tensions of reddish metaplastic mucosa interposed with islands of white squamous
epithelium. Histologically, the metaplastic mucosa can be formed by three differ-
ent types of cells: (1) the gastric fundic type, resembling the mucosa of the fundus
of the stomach, with chief and parietal cells; (2) the junctional type, which resem-
bles the gastric cardia epithelium, with cardiac mucous glands but no chief or pari-
etal cells; and (3) the specialized intestinal columnar epithelium, which is found
nowhere else in the gastrointestinal tract and has villi and goblet cells.19 Because of
its documented precancerous nature,20 endoscopic and biopsy surveillance is nec-
essary to detect dysplasia and early malignancies, when cure is still possible. Multi-
ple biopsies and brushings are necessary because high-grade dysplasia and carci-
noma can be present without apparent visible abnormality. For accurate mapping,
biopsies should be taken circumferentially at every centimeter of the metaplastic
mucosa from the esophagogastric junction.

Endoscopy plays little role in the diagnosis of esophageal motility disorders,
apart from being useful to exclude neoplastic disease. In the early stage of achala-
sia, and in other primary and secondary motility disorders, endoscopy can be com-
pletely normal. In advanced stages of achalasia, endoscopy reveals a dilated, tor-
tuous esophagus, which is often filled with food, and a whitish, cobblestone-like
esophageal mucosa (stasis esophagi tis). The gastroesophageal junction is tightly
closed and fails to relax with swallowing or distention of the esophagus with air.
Negotiation of the endoscope through the LES often requires gentle pressure. The
scope has been described as "popping" into the stomach when the sphincter pres-
sure has been overcome. However, the major role of endoscopy is to differentiate
true achalasia from pseudoachalasia, which is usually tumor-induced. In this setting,
the careful observation of the esophagogastric junction from below, with the scope
retroflexed, is mandatory.

STATIONARY ESOPHAGEAL MANOMETRY

Esophageal manometry is the gold standard for assessment of function of the
LES and body of the esophagus. It has allowed the identification of primary esoph-
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ageal motility disorders, such as achalasia, diffuse esophageal spasm, nutcracker
esophagus, and hypertensive LES, as well as systemic disorders affecting the esoph-
agus, such as scleroderma, dermatomyositis, mixed connective tissue disease, dia-
betes, and alcoholic neuropathy. In the preoperative evaluation of GERD, esopha-
geal manometry is necessary to identify a defective LES and deterioration of esoph-
ageal body function.

Esophageal manometry is normally performed using low-compliance water-
perfused catheters with lateral side holes connected to external transducers. These
catheters are made by combining three to eight capillary tubes 0.8 mm in inner di-
ameter with side openings at different levels. Side holes arranged radially at the
same level are ideal for measuring pressures circumferentially around the asym-
metric LES and UES. Side holes spaced 5 cm apart are necessary for the study of
the esophageal peristaltic activity. To obtain maximal information during a single
intubation and a minimum number of swallows, most laboratories use an eight-
lumen catheter with four side holes at the same level arranged at 90 degrees to each
other. The remaining four holes are placed at 5 cm intervals along the length of the
catheter. The water infusion is obtained by a low-compliance pneumohydraulic
capillary infusion system with a constant infusion rate of 0.6 ml/min.21

The study is usually performed after an overnight fast. The catheter is passed
through the nose and esophagus into the stomach and the gastric pressure pattern
is confirmed. To identify the high-pressure zone of the LES, the catheter is with-
drawn across the cardia (Fig. 2-6, A). Although some clinicians advocate a steady,
rapid withdrawal (rapid pull-through) with the patient holding his or her breath,22

it has been demonstrated that a stepwise withdrawal of the catheter at 0.5 or 1.0 cm
intervals (station pull-through [SPT])23 provides reproducible and more quantita-

mmHg ABDOMINAL THORACIC

B
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Esophageal baseline

cm 47 46 45 44 43 42

Fig. 2-6 A, Schematic illustration shows measurement of LES pressure with a perfused catheter sys-
tem. The outflow of the perfusate through the side holes (white arrows) is restricted by the circular
muscle tone of the cardia (broken arrow) and the externally applied intra-abdominal pressure (black
arrows). B, The length of the abdominal and thoracic portion of the LES can be measured on the
pressure record by identifying the point where respiratory excursion changes from positive to nega-
tive. This is the respiratory inversion point (RIP) and is the point where the resting pressure of the
LES is measured, b = beginning; e = end of the sphincter.
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tive information24 and allows the patient to breathe normally during the procedure.
As the pressure-sensitive station is brought across the gastroesophageal junction, a
rise in pressure on the gastric baseline identifies the beginning of the LES (Fig.
2-6, B). The respiratory inversion point (RIP) is identified when the positive ex-
cursions that occur with breathing in the abdominal cavity change to negative
deflections in the thorax. The RIP serves as a reference point at which the ampli-
tude of LES pressure and the length of the sphincter exposed to abdominal pres-
sure are measured. As the pressure-sensitive station is withdrawn into the body of
the esophagus, the upper border of the LES is identified by the drop in pressure
to the esophageal baseline. From these measurements, the pressure, abdominal
length, and overall length of the sphincter are determined (Fig. 2-6, H). To account
for the asymmetry of the sphincter,25 the values obtained with the four radial side
holes are averaged.

Recently, to improve the SPT technique, a new method, the slow motorized
pull-through technique (sMPT) has been introduced to evaluate the LES. It con-
sists of pulling back the catheter at a constant rate (1.0 mm/sec) using a motor. This
technique is quick, approximately 1 minute for a passage through the sphincter, and
well accepted by the patient. It allows high-fidelity tracings without swallowing ar-
tifacts, even in most difficult patients (Fig. 2-7). Since the pull-through is per-
formed in a continuous mode, it provides an accurate determination of sphincter
length, without the approximation (±0.5 to 1.0 cm) given by the SPT technique.
Because the patient is allowed to breathe normally, it is possible to locate the RIP,
from which the abdominal length can be calculated. Since the technique is inde-

Esoph.
line
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Fig. 2-7 Manometric tracing of a LES pressure obtained with four side holes located at the same
level and positioned radially at 90 degrees to each other. The sMPT technique was used. The asym-
metry of the sphincter is evident. The sphincter is longer in the lower tracing and the pressure is
higher in the upper tracing. (From DeMeester TR, Costantini M. Esophageal function tests. In Pear-
son FG, ed. Esophageal Surgery. New York: Churchill Livingstone, 1995 [in press].)
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A

B

Fig. 2-8 Computerized three-dimensional image of the LES in a healthy volunteer (A) and in a pa-
tient with Barrett's esophagus (B). A catheter with four to eight radial side holes is withdrawn through
the gastroesophageal junction. The radially measured pressures are plotted around an axis represent-
ing gastric baseline pressure. The volume inscribed by the three-dimensional image (sphincter vector
volume) can be calculated, giving the best estimate of the LES mechanical effectiveness in the pre-
vention of reflux of gastric juice from the stomach into the esophagus.

pendent of the operator, it lends itself to automated computer analysis. Compari-
son of the technique with the traditional SPT technique in a group of healthy
volunteers and patients with different esophageal disorders revealed a good corre-
lation for pressure, overall length, and abdominal length.26 Further, by using the
four radially oriented side holes positioned at the same level, a three-dimensional
pressure image of the sphincter can be constructed by plotting the pressure values
radially around an axis representing the gastric baseline27 (Fig. 2-8). The volume
circumscribed by the three-dimensional sphincter image, the so-called "vector vol-
ume"28 integrates pressures exerted over the entire length and around the circum-
ference of the sphincter into one number, representing sphincter resistance to
reflux of gastric contents. This measure can be calculated using standard trigono-
metric formulas and is expressed in units of mm Hg2 X mm. Using the SPT or the
sMPT techniques, the RIP can be identified, and the intrathoracic and intra-
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Table 2-4 Normal lower esophageal sphincter parameters in 50 healthy volunteers

Percentiles

Mean SEM Median 5th 95th

Pressure (mm Hg)
Overall length (cm)
Abdominal length (cm)
Intra-abdominal SW (mm Hg2 X mm)
Total SW (mm Hg2 X mm)

13.8
3.7
2.2

3613
5723

0.7
0.2
0.2
531
843

13.0
3.6
2.0

2012
3667

8.0
2.6
1.1
684

1212

26.5
5.4
3.4

12918
16780

SEM = standard error of the mean; SW = sphincter vector volume.

abdominal portions of the volume, the portions of sphincter pressure vector volume
located above and below the RIP, can be calculated separately. Table 2-4 shows the
values of LES pressure, overall length, length of the abdominal segment, and
sphincter vector volume in 50 asymptomatic subjects, with the range of normality
(5th to 95th percentiles).

For the evaluation of sphincter relaxation and postrelaxation characteristics, the
side holes located 5 cm apart are used. One side hole is repositioned within the high
pressure zone, a distal one is located in the stomach, and a proximal one is posi-
tioned within the esophageal body. Five to 10 wet swallows (5 ml water) are per-
formed. In the normal situation the sphincter pressure should drop to the level of
gastric pressure during each wet swallow.

The function of the esophageal body is assessed with the five recording sites lo-
cated at various levels in the esophagus. To standardize the procedure, the most
proximal pressure transducer is located 1 cm below the well-defined cricopharyn-
geal sphincter, with the distal orifices trailing at 5 cm intervals over the whole
length of the esophagus. Using this method, a pressure response throughout the
whole esophagus can be obtained on swallowing (Fig. 2-9). The response to 10 wet
swallows is recorded. Dry swallows were less reliable and therefore were generally
abandoned.29 Amplitude, duration, and morphology, that is, the number of peaks
and repetitive activity of contractions following each swallow, are calculated at all
recorded levels of the esophageal body. The delay between the onset or peak of
esophageal contractions at the various levels in the esophagus is used to calculate
the speed of wave propagation. The esophageal contraction waves following a swal-
low are classified as peristaltic, simultaneous, interrupted, or dropped (Fig. 2-10).
Modern computer technology allows an objective and quick analysis of these pa-
rameters. Manometric values at the different esophageal levels obtained in a group
of 136 healthy subjects with a wide range of age are shown in Table 2-5 and form
the reference values used in our laboratory.30

Based on simultaneous manometry and video fluorography, Kahrilas, Dodds,
and Hogan5 showed that an adequate amplitude of contraction and propagation
speeds was required to clear the esophagus of a bolus of liquid barium in the supine
position. They classified contraction sequences as effective, possibly effective, or in-
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Fig. 2-9 Schematic representation of normal esophageal peristalsis initiated by a pharyngeal swal-
low and coordinated with relaxation of the upper and lower esophageal sphincters.
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Fig. 2-10 Graphic representation of the classification of esophageal contraction waves on stationary
manometry. A complete peristaltic sequence (A) is a series of detectable contractions at each esopha-
geal level, with a progression speed slower than 20 cm/sec (i.e., the time between the peak axes of two
adjacent contractions). Simultaneous sequence (B) is a series of detectable contractions at each esoph-
ageal level, with a progression speed faster than 20 cm/sec. An interrupted sequence (C) is a series of
detectable contractions in which an initial contraction is followed by no detectable contractions (<10
mm Hg), with a normal contraction subsequently reappearing. The dropped sequence (D) is a series
of detectable contractions in which an initial contraction is followed by no detectable contractions
(<10 mm Hg). The morphology of the contractions is classified as normal, multipeaked, or repetitive.
The difference between multipeaked (E) and repetitive (F) contractions is that the pressure between
two consecutive peaks returns to the baseline in the latter. (From DeMeester TR, Costantini M.
Esophageal function tests. In Pearson EG, ed. Esophageal Surgery. New York: Churchill Livingstone,
1995 [in press].)
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Table 2-5 Median values and range of normality (5th to 95th percentiles) for
manometric parameters of esophageal body obtained by wet and dry swallows in 136
normal subjects

Level Wet Swallows Dry Swallows

Amplitude (mm Hg)

Duration (sec)

Velocity (cm/sec)

Simultaneous (%)

Interrupted (%)

Dropped (%)

I
II
III
IV
V

I
II
III
IV
V

I-II
II-III
III-IV
IV-V
I-V

I-II
II-III
III-IV
IV-V

I
II
III
IV
V

II
III
IV

88 (40-177)
40 (14-94)
76(30-164)
93 (38-180)
93 (36-190)

2.3 (1.5-4.3)
3.1 (1.8-4.8)
3.3 (2.4-5.2)
3.6 (2.6-5.7)
3.7 (2.4-7.0)

2.4(1.5-4.6)
2.8 (L9-6.2)
3.8 (1.9-8.3)
2.6(1.3-8.3)
2.9 (2.1-4.0)

0 (0-10)
0(0-10)
0(0-10)
0 (0-10)

0 (0-0)
0 (0-20)
0 (0-10)
0 (0-10)
0(0-10)

0 (0-10)
0 (0-10)
0 (0-10)

74(26-154)
28 (14-74)
52 (26-142)
61 (20-148)
78 (22-172)

2.3 (1.5-3.9)
2.8 (LO-4.5)
3.1 (1.8-4.6)
3.4(2.0-5.6)
3.6 (2.4-6.4)

2.8 (1.6-6.2)
3.1 (1.9-8.3)
4.5 (1.8-8.3)
3.5(1.7-12.5)
3.5 (2.2-5.0)

0 (0-10)
0 (0-20)
0 (0-20)
0 (0-40)

0 (0-10)
0 (0-30)
0 (0-30)
0 (0-30)
0 (0-30)

0 (0-20)
0 (0-30)
0 (0-30)

effective. Effective sequences were defined as peristaltic contractions with a mini-
mum amplitude of 18 mm Hg at the first esophageal level, 25 mm Hg at the sec-
ond level, 30 mm Hg at the third and fourth levels, and 43 mm Hg at the fifth level.
Possibly effective sequences were peristaltic with amplitudes higher than 10 mm
Hg (first and second levels), 20 mm Hg (third and fourth levels), or 25 mm Hg
(fifth esophageal level). Ineffective sequences were those sequences below these
thresholds, or which had any interrupted, dropped, or simultaneous contractions.

The position, length, and pressure of the UES are evaluated by a SPT tech-
nique, with 0.5 to 1.0 cm increments from the cervical esophagus to the pharynx.
To account for the anatomic asymmetry of the UES,31 the values obtained from the
side holes oriented in the different directions must be averaged. The function of the
UES on swallowing is evaluated placing one side hole of the catheter in the phar-
ynx, one in the proximal part of the sphincter, and one in the upper esophagus. Be-
cause of the short duration of the pharyngeal swallowing phase (1.5 seconds),



32 Modern Approach to Benign Esophageal Disease

high-speed graphic recordings (50 mm/sec) are necessary to evaluate the coordina-
tion of cricopharyngeal relaxation with hypopharyngeal contraction. Normally,
pharyngeal contractions reach 50 to 60 mm Hg and are coordinated with complete
UES relaxation (i.e., a fall in the sphincter pressure to the less-than-atmospheric
intraesophageal pressure).

Orad mobility of the UES during swallowing (2 to 3 cm) may give a mislead-
ing impression of its relaxation since a single side hole, positioned in the center of
the UES at rest, may actually lie in the cervical esophagus during a swallow.32 To
obviate this problem, a dedicated special catheter assembly, consisting of eight side
holes located at 1.0 cm intervals and oriented radially around the catheter, can be
used.33 Experience has shown this to be useful in evaluating the UES relaxation and
the pharyngoesophageal coordination (Fig. 2-11, A). An alternative approach is to
use a particular type of sleeve sensor,34 made especially for the evaluation of UES
relaxation over long periods of time. This device is a reliable indicator of UES re-
laxation. Its disadvantages are its slow response rate to pressure rises and its large
caliber, both of which must be taken into account in evaluating resting pressure val-
ues. Further, because water-perfused catheters, even with a low compliance and
good pressure rise rate (>200 mm Hg/sec), may be inadequate to study rapid
changes in pharyngeal pressure, which may reach up to 500 mm Hg/sec, some au-
thors advocate the use of solid-state microtransducers.35

Stationary esophageal manometry, performed as described above, is indicated

Fig. 2-11 A, Normal cricopharyngeal recording made with a catheter with side holes spaced 1 cm
apart. This technique shows the relation of pharyngeal contractions to the relaxation of the UES and
response in the cervical esophagus. In this patient with Zenker's diverticulum, a nonrelaxing UES and
a prominent intrabolus or "shoulder" pressure before the upstroke of pharyngeal contractions are evi-
dent. B, Myotomy increased the compliance of the pharyngoesophageal segment, with complete dis-
appearance of the "shoulder" pressure in the pharyngeal contractions. (From DeMeester TR, Costan-
tini M. Esophageal function tests. In Pearson FG, ed. Esophageal Surgery. New York: Churchill Liv-
ingstone, 1995 [in press].)
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when (1) a motility disorder of the esophageal body and/or the LES is suspected
from symptoms of dysphagia, regurgitation, or chest pain; (2) a comprehensive
evaluation of the antireflux mechanism in GERD is desired; or (3) a disturbance of
the pharyngoesophageal phase of swallowing is suspected.

Functional Disorders of the Esophageal Body and LES

Abnormalities occurring in the worm-drive pump of the esophageal body or the
LES give rise to a number of disorders in the esophageal phase of swallowing.
These disorders are due to either a direct deterioration of esophageal muscle func-
tion (primary motility disorders) or a more generalized neural, muscular, or sys-
temic disease, such as progressive systemic sclerosis, dermatomyositis, or myasthe-
nia gravis (secondary motility disorders). With the introduction of esophageal ma-
nometry a number of primary esophageal motility disorders have been classified as
separate disease entities, based on amplitude, duration, progression, and nature of
the esophageal contractions and on function of the LES on swallowing (Table 2-6).

Table 2-6 Characteristic and diagnostic criteria for primary esophageal motility
disorders on standard manometry

Achalasia
Incomplete lower esophageal sphincter relaxation (<75% relaxation)*
Aperistalsis in the esophageal body
Elevated lower esophageal sphincter resting pressure (>26 mm Hg)*
Increased intraesophageal baseline pressures relative to gastric baseline*

Diffuse esophageal spasm
Simultaneous (nonperistaltic contractions)(>20% of wet swallows)
Intermittent normal peristalsis
Repetitive and multipeaked contractions*
Spontaneous contractions*
Contractions of increased amplitude and duration*

Nutcracker esophagus
Mean peristaltic amplitude in the distal esophagus > 180 mm Hg
Normal peristaltic sequence
Mean duration of contractions in the distal esophagus >7 seconds*

Hypertensive lower esophageal sphincter

Elevated lower esophageal sphincter resting pressure (>26 mm Hg)
Normal lower esophageal sphincter relaxation
Normal peristalsis in the esophageal body

Nonspecific esophageal motility disorders

Decreased or absent amplitude of esophageal peristalsis
Increased number of nontransmitted contractions
Abnormal waveforms
Normal mean lower esophageal sphincter pressure and relaxation

*Frequent finding, but not required for the diagnosis.
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These specific primary disorders are achalasia, diffuse or segmental esophageal
spasm, high-amplitude peristaltic esophageal contractions, the so-called "nut-
cracker esophagus," and the hypertensive LES. The term "nonspecific esophageal
motor disorder" (NEMD) includes patients whose manometric features are clearly
abnormal but defy classification into one of the major groups. The pathogenesis,
clinical aspects, and treatment of these conditions are beyond the scope of this
chapter. Fig. 2-12 illustrates the typical findings in achalasia, DES, and nutcracker
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Fig. 2-12 A, Esophageal motility in a patient with achalasia, showing the typical features: absence
of peristaltic progression in the esophageal body and the inability of the LES to completely relax on
swallowing. B, Esophageal body motility in a patient with DES. The motor disorder is characterized
by an increased percentage of simultaneous contractions (>20%). The contractions can be repetitive,
multipeaked, with high amplitude and long duration. The second level from the top is at the junction
of striated and smooth muscle where contractions are normally of low amplitude. C, Esophageal mo-
tility in a patient with nutcracker esophagus. Esophageal contractions are always peristaltic, with high
amplitude (>180 mm Hg). LES relaxation is maintained. D, Esophageal motility in a patient with
progressive systemic sclerosis. A weak motor activity is maintained in the upper esophagus, whereas
in the distal two thirds (smooth muscle) there is a virtual absence of any detectable activity in response
to swallow. WS = wet swallow.
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esophagus. A careful identification of these disorders is crucial because there are re-
ports of devastating results of an erroneous treatment for a mistaken esophageal
motor disorder.36

Although the most common disease leading to secondary deterioration of
esophageal body function is long-standing GERD, the term usually denotes an
esophageal motility disorder resulting from a generalized neural, muscular, or sys-
temic metabolic disturbance. In these cases, manometric findings are often non-
specific, resembling those observed in NEMD. The only exception is progressive
systemic sclerosis, in which the typical findings are normal peristalsis in the proxi-
mal striated esophagus, with weak or absent peristalsis in the distal smooth muscle
portion (Fig. 2-12, D). The LES pressure is progressively weakened as the disease
advances, resulting in increased esophageal exposure to gastric juice due to a me-
chanically defective LES and poor clearance function of the esophageal body.37

Identification of this condition is particularly important because aggressive anti-
reflux treatment is required.

Gastroesophageal Reflux Disease

GERD is a common foregut disorder, complicated by esophagitis, stricture, or
Barrett's esophagus in approximately two thirds of affected patients.15 The basic
pathophysiologic abnormality in this condition is an increased esophageal exposure
to gastric juice. A mechanically defective LES accounts for approximately 60% of
GERD.38 The identification of this cause is important because medical therapy in
this situation is plagued by high failure and relapse rates.39'40 In a group of patients
affected with pH-proved GERD, 43% of patients with a normal LES were able to
discontinue medical therapy. In the group of patients with a defective LES, med-
ical therapy was also effective, but symptoms recurred whenever therapy was dis-
continued. On the other hand, 95% of patients with a defective LES who under-
went a Nissen antireflux procedure were free of symptoms40 (Fig. 2-13).

Incompetence of the LES is caused by inadequate pressure, overall length, or
abdominal length (i.e., the portion exposed to the positive pressure environment of
the abdomen measured on manometry).38 The probability of increased exposure to
gastric juice is 69% to 76% if one component of the sphincter is abnormal, 65% to
88% if two components are abnormal, and 92% if all three components are abnor-
mal. This indicates that the failure of one or two of the components of the sphinc-
ter may be compensated for by the clearance of the esophageal body. Failure of all
three sphincter components inevitably leads to increased esophageal exposure to
gastric juice.

The overall competency of the LES is currently best represented by the calcu-
lation of the sphincter vector volume, which combines pressures exerted over the
entire length of the sphincter. When measured in a large number of patients, both
the total and abdominal sphincter vector volumes were found to be markedly lower
in patients with increased esophageal acid exposure compared with healthy volun-
teers, and the volume decreased with increased severity of mucosal injury.27 Com-
parison of sphincter vector volume with standard sphincter parameters (i.e., resting
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Group A Group B Group C
n = 14 n = 14 n = 27

Fig. 2-13 Graph representing the need for continuous medications in patients affected by pH-
proved GERD and followed up for a period of 6 to 60 months. Group A were patients with a defec-
tive LES who underwent surgery (Nissen fundoplication). Group B were patients with a defective
LES who refused surgery and preferred medical treatment. Group C were patients with a normal LES
who underwent medical treatment. In group C, 44% of the patients were able to discontinue the
treatment and were free of symptoms. In group B, symptoms recurred in all but one patient when
therapy was discontinued (unpublished data).

pressure, overall length, and abdominal length) showed that sphincter vector vol-
ume had no significant advantage in detecting a defective sphincter in patients with
severe GERD and advanced complications. Sphincter vector volume did have a
greater sensitivity than standard manometry in identifying a mechanically defective
sphincter in patients with increased esophageal acid exposure but no mucosal dam-
age.27 In a different series of patients, calculation of sphincter vector volume
confirmed an increased accuracy of esophageal manometry in detecting a defective
LES.41 Therefore, computer-aided manometry with the calculation of the sphinc-
ter pressure vector volume should become the standard technique to assess sphinc-
ter competence.

A second cause of increased esophageal exposure to gastric juice is inefficient
esophageal clearance of refluxed material.42 This can result in an abnormal esoph-
ageal exposure to gastric juice in individuals who have a mechanically normal LES
and normal gastric function by ineffectual clearing of physiologic reflux episodes.
This situation is relatively uncommon, and ineffectual clearance is more apt to be
seen in association with a mechanically incompetent cardia, where it augments the
esophageal exposure to gastric juice by prolonging the duration of each reflux
episode.

Finally, abnormal body function can affect the choice of surgical antireflux pro-
cedure to be performed. Poor motility is associated with an increased prevalence of
postoperative dysphagia when a full 360-degree fundoplication is performed. A
partial fundoplication should be the procedure of choice in this situation.
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Pharyngoesophageal Swallowing Disorders

Disorders of the pharyngoesophageal phase of swallowing are relatively un-
common. They result from a incoordination of the neuromuscular events during
the act of swallowing and the inability to propel the swallowed material from the
oropharynx into the cervical esophagus. Zenker's diverticulum or cricopharyngeal
bar is often, but not always, present.

The rapidity of the oropharyngeal phase of swallowing, the movement of the
gullet, and the asymmetry of the cricopharyngeus account for the difficulty in as-
sessing abnormalities of esophagopharyngeal swallowing disorders with manomet-
ric techniques. However, carefully performed motility studies may demonstrate
incoordination and incomplete relaxation of the UES during swallowing. This pat-
tern is a feature of many neurologic diseases, including cerebrovascular accidents,
or trauma, including head injury and iatrogenic nerve injury.43 It may result in fail-
ure of the pharynx to empty and cause dysphagia, nasal regurgitation, and aspira-
tion. In other patients, particularly those with a history of poliomyelitis, the pres-
sure generated by the pharynx may be subnormal, <25 mm Hg, which represents
the lower limit of the normal range.44 This is important to identify because symp-
toms in the presence of a profound loss of pharyngeal pressure may be alleviated by
a cricopharyngeal myotomy.

It has been difficult to consistently demonstrate a motility abnormality in pa-
tients with cervical dysphagia, cricopharyngeal bar, or Zenker's diverticulum, sug-
gesting that, if present, their effects are subtle and do not justify a major etiologic
role. Recent studies45'46 focused attention on the role of a reduced compliance of
the UES in the pathophysiology of these disorders, making a distinction between a
"manometrically relaxed" and "anatomically relaxed" sphincter (Fig. 2-14). Corn-

Closed Manometrically Anatomically
<?nhinctpr relaxed relaxed
sphincter sphincter sphincter
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Fig. 2-14 The intrabolus pressure in the hypopharynx, or shoulder pressure, in a manometrically
relaxed but incompletely anatomically relaxed UES. The shoulder on the pharyngeal pressure wave
indicates resistance to the passage of a bolus through the pharyngoesophageal segment caused by
pathology of the cricopharyngeal and cervical esophageal muscle, resulting in poor compliance and
incomplete anatomic relaxation. (From Stein HJ, DeMeester TR, Hinder RA. Outpatient physiologic
testing and surgical management of foregut motility disorders. Curr Probl Surg 24:418-555, 1992.)
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bined radiographic and manometric studies have highlighted the importance of the
intrabolus pressure, detected as a "shoulder" or "hump" just before the upstroke of
the hypopharyngeal pressure wave, as an indication of a manometrically relaxed but
incompletely anatomically relaxed sphincter. It has been shown in two separate
studies of patients with Zenker's diverticulum45 and cricopharyngeal bar46 that the
intrabolus pressure is elevated, despite complete manometric relaxation of the
UES. This phenomenon is attributed to decreased compliance of the striated mus-
cle in the cervical esophagus, which allows manometric relaxation but incomplete
opening of the sphincter. A higher driving pressure transmitted to the bolus by the
tongue and soft palate serves to compensate for the lack of compliance of the up-
per esophagus. The loss of compliance of the pharyngocervical esophageal segment
may be the most common abnormality in patients with pharyngeal dysphagia, with
or without Zenker's diverticulum. Increasing the diameter of this noncompliant
segment by a surgical myotomy reduces the resistance it imposes to the bolus trans-
port into the esophagus. Manometrically, this results in the disappearing of the
"shoulder" in the pharyngeal contraction (see Fig. 2-11, B}.

AMBULATORY 24-HOUR MOTILITY MONITORING
OF THE ESOPHAGUS

The intermittent and unpredictable occurrence of motor abnormalities and
symptoms in patients with esophageal motility disorders limits the diagnostic value
of standard manometry performed in a laboratory setting over a short time period.
The new technique of prolonged esophageal manometry was developed to over-
come these shortcomings. Due to the high sampling frequency required to evalu-
ate esophageal motor activity, prolonged outpatient monitoring of esophageal
motility became available only after the introduction of portable digital data
recorders with a large storage capacity. Data loggers with high storage capacities
(4.0 megabytes) allow the evaluation of esophageal motor function based on more
than 1000 contraction sequences monitored under a variety of physiologic condi-
tions, that is, upright activity, eating, sleeping, and during symptom periods. Three
esophageal pressure channels, one pharyngeal pressure channel, and two pH chan-
nels can be used simultaneously for complete foregut physiologic ambulatory mon-
itoring (Fig. 2-15).

The test is performed on an outpatient basis. After the standard stationary
manometry, a catheter with four electronic microtransducers is passed through the
nose into the esophagus. The three distal transducers, which are 5 cm apart from
each other, are positioned 5, 10, and 15 cm above the upper border of the LES. The
most proximal transducer, which is 10 cm from the others, is located in the
cricopharyngeal area to record pharyngeal swallowing. The transducers are cali-
brated at 0 and 50 mm Hg by immersion in a water column before and after the
test. Eventual drifts must not exceed 8 mm Hg to make the test reliable. The trans-
ducers are connected to a portable digital data logger (Microdigitrapper 4.0; Synec-
tics Medical, Dallas, Tex.), and data are stored at an 8 Hz sampling rate. After
placement of the catheter, the patients are sent home and encouraged to perform



Pharyngeal
transducer

Esophageal
transducers

5 cm
above LES

Gastric pH

mmHg

80

Preoperative Assessment of Esophageal Function 39

dinner sleep breakfast

14:00 18:00 22:00 2:00 6:00 10:00

Fig. 2-15 A, Prolonged esophageal motility monitoring is performed with three electronic micro-
transducers positioned 5, 10, and 15 cm above the upper border of the LES. An additional micro-
transducer is located in the pharynx to detect pharyngeal swallows. Concomitant pH monitoring of
the distal esophagus (electrode 5 cm above the LES) and of the stomach (electrode 5 cm below the
LES) can be performed. This allows a complete ambulatory foregut physiologic monitoring. B, Com-
plete 24-hour foregut ambulatory monitoring in a healthy subject. From top to bottom: compressed
pharyngeal swallowing record; compressed esophageal motility record at 15, 10, and 5 cm above the
LES; esophageal pH record; and gastric pH record. Increase in swallows and esophageal motility with
meals is evident, together with the typical rising in gastric pH (prandial plateau), followed by slow re-
turn to the baseline (postprandial decline phase). During sleep, a marked reduction in swallowing and
esophageal activity is normal.

normal daily activities. They are instructed to keep a detailed diary for the next 24
hours. The diary should include the time of meals, when they assume the supine
position for sleep, when they arise in the morning, and when symptoms occur.

After the test, the raw data are transferred to a computer for further analysis.
Approximately 1000 to 1400 contractions are recorded by each pressure transducer
over the 24-hour period and a fully automated analysis of such an amount of data
is mandatory. A software program for automated computer analysis of 24-hour
esophageal motility monitoring (Multigram 6.0; Gastrosoft, Inc., Irving, Tex.) was
recently developed and validated against manual analysis.47 In brief, the esophageal
baseline is reset every 60 seconds according to the mode value for that time period.
Contraction recognition is based on an algorithm that defines a contraction as a rise
in pressure greater than a threshold value for a specified period of time. An ampli-
tude threshold of 15 mm Hg and a duration threshold of 1.0 second showed the
best sensitivity and specificity for contraction detection.47 Most of the artifacts
(cough, sneeze, etc.) are usually rejected by these thresholds. Algorithms based on
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contraction slope and morphology are employed to differentiate artifacts and repet-
itive contractions. Recognized contractions are then related to each other in esoph-
ageal "sequences" or "waves" and classified as peristaltic, simultaneous (if the
propagation speed exceeds 20 cm/sec), interrupted (a sequence lacking a contrac-
tion in the proximal or middle esophageal channel, but reappearing in the last
channel), or dropped (a sequence in which the contractions are present only in the
proximal and/or middle channel, but absent in the distal one). The esophageal se-
quences are also related to pharyngeal swallowing and further classified as primary
or secondary. The final report graphically displays amplitude, duration, propaga-
tion speed, and characteristics of the detected contractions against a background of
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Fig. 2-16 Graphic representation of median values and range of normality (5th to 95th percentiles)
for esophageal contractions recorded at different levels during 24-hour ambulatory manometry. Dur-
ing meals there is an increase in the median amplitude and frequency of esophageal contractions. At
night the frequency of contractions drops dramatically with an increase in isolated contractions (i.e.,
unrelated to contractions in other channels). The numbers represent the upper and lower limits of
normal. Chi = recording site 15 cm above LES; Ch2 = recording site 10 cm above LES; Ch3 =
recording site 5 cm above LES. (From DeMeester TR, Costantini M. Esophageal function tests. In
Pearson FG, ed. Esophageal Surgery. New York: Churchill Livingstone, 1995 [in press].)
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normal for the total period of the test and separately for predefined periods, that is,
meal period, upright and supine periods, and periods related to pain or gastro-
esophageal reflux. Further, because it has been demonstrated that to clear the
esophagus of a liquid bolus, esophageal contractions must be peristaltic and have an
adequate amplitude,5 a classification of sequences into effective (peristaltic contrac-
tions and with amplitude above 20, 25, and 30 mm Hg, respectively, at 15, 10, and
5 cm above the LES), possibly effective (peristaltic contractions with amplitude less
than these values but higher than 15 mm Hg), and ineffective (simultaneous, inter-
rupted, or dropped contractions) can be obtained for the overall and different pe-
riods. This allows a complete quantitative and qualitative evaluation of the patient's
esophageal motility during an entire circadian cycle. The median values and the
range of normality (5th to 95th percentiles) of some of these parameters obtained
in a group of 20 healthy volunteers are represented in Figs. 2-16 to 2-18.

Since its introduction in the middle 1980s, ambulatory esophageal manometry
has been primarily used to identify esophageal motility abnormalities as the cause
of noncardiac chest pain. Initial experience often showed a direct correlation of
esophageal motor abnormalities with spontaneously occurring chest pain epi-
sodes.48'49 Further, ambulatory 24-hour esophageal manometry, which multiplies
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Fig. 2-17 Median values and normal range (5th to 95th percentiles) of percent of peristaltic and si-
multaneous esophageal contraction sequences recorded during 24-hour esophageal motility monitor-
ing. Esophageal sequence (or wave) is denned as the presence of esophageal contractions in two
adjacent recording sites, related to each other within 5 seconds. They are classified as a peristaltic pro-
gression if the peak-to-peak timing is ^ 1 cm/sec between the two channels. In the normal subjects,
80% of esophageal waves are peristaltic during meals. The percentage of simultaneous waves nor-
mally decreases during meals and increases during sleep. Numbers represent the lower and upper lim-
its of normal. TOT = total period of the test; UPR = daytime period excluding meals; SUP = sleep
period. (From DeMeester TR, Costantini M. Esophageal function tests. In Pearson FG, ed. Esopha-
geal Surgery. New York: Churchill Livingstone, 1995 [in press].)



42 Modern Approach to Benign Esophageal Disease

ESOPHAGEAL CONTRACTION SEQUENCES
#/min. EFFECTIVE POSS.EFFECTIVE INEFFECTIVE

*t -

3 -

2 -

1 -

1.

_

3

31

•

:

t

i

r

1

C

.£

j

)

5 0.4

tf"

. 56

t"

m*

_

>c

~ '

ri

f

35

,

•

54
I

I1

4

-
e

i

»•

54
1

•ill

'«

4

37

Mi

£

32

1

|

It

F

^12

*»

|:
/ !

1

M !>G

1
ll,
ill

i

6

i

- •

•|

1

j

j I

\ "

J
8

1C

P

1

|

C

6

i
1

!!

-1

1

3

! "«
i~
*.'

6

72

1
''!

i"

>7

• ou

- 60

- 40

- 20

TOT UPR TOT UPR TOT UPR TOT DPR
MEALS SUP MEALS SUP MEALS SUP MEALS SUP

CH Normal range (5th-95th perc.) Median values

Fig. 2-18 Median values and normal range for the frequency of esophageal contraction sequences
during different periods of the 24-hour esophageal motility monitoring, with the corresponding
classification of the contraction sequences according to the percentage that are effective, possibly ef-
fective, and ineffective in the clearance of a liquid bolus. An effective sequence or wave is defined as
the presence of peristaltic contractions in all three esophageal levels, with amplitude >20, 25, and 30
mm Hg, respectively, for 15, 10, and 5 cm above the LES. Possibly effective waves are those with peri-
staltic contractions in all three levels, with amplitude below the above values, but >15 mm Hg. Inef-
fective waves are defined as those with simultaneous, mixed, interrupted, or dropped contractions.
Again, an increase in the frequency of esophageal waves is normally observed during meals, during
which time they are also most effective. The maximum percentage of ineffective contractions is
recorded during sleep, during a time when frequency is also decreased. Numbers represent the lower
and upper limits of normal. TOT = total period of the test; UPR = daytime period excluding meals;
SUP = sleep period. (From DeMeester TR, Costantini M. Esophageal function tests. In Pearson FG,
ed. Esophageal Surgery. New York: Churchill Livingstone, 1995 [in press].)

the number of esophageal contractions available for analysis and provides an op-
portunity to assess esophageal motor function in a variety of physiologic situations
such as sleep, awake, and meal periods, has been applied to the study of esophageal
motor disorders to increase the accuracy and dependability of the measurement and
classification.50 However, ambulatory 24-hour manometry has been particularly
useful in the evaluation of esophageal motility in patients with GERD.51'52 In fact,
primary esophageal motor activity is the most important factor in the clearance of
refluxed gastric contents. Simultaneous manometry and video fluoroscopy showed
that in the distal esophagus peristaltic contractions with a minimum amplitude of
30 mm Hg are required to completely occlude the esophageal lumen and propel a
bolus.5 This is confirmed by studies using combined esophageal pH and motility
monitoring, which showed that the duration of a spontaneously occurring reflux
episode is directly related to the frequency of peristaltic esophageal contractions
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Fig. 2-19 Record of 24-hour ambulatory esophageal motility and pH monitoring in a normal sub-
ject. A gastroesophageal reflux episode (top tracing) was rapidly cleared by two swallows (5, second
tracing) that initiated effective contractions (P) in the esophageal body (primary peristalsis). Note that
the first contraction sequence (S) after the occurrence of the reflux was not initiated by a swallow and
represents a secondary contraction that appeared to be simultaneous. The combined esophageal mo-
tility and pH monitoring with swallowing detection revealed that secondary contractions actually play
little role in esophageal clearance. X = low-amplitude contraction. (From DeMeester TR, Costantini
M. Esophageal function tests. In Pearson FG, ed. Esophageal Surgery. New York: Churchill Living-
stone, 1995 [in press].)

with sufficient amplitude after the onset of the reflux episode.53 Further, it has re-
cently been shown that clearance of reflux episodes is mainly related to primary
peristalsis following a pharyngeal swallowing54 (Fig. 2-19). This suggests that am-
bulatory esophageal motility monitoring allows evaluation of esophageal clearance
function by assessing the prevalence of efficient esophageal contractions, that is, the
peristaltic contractions with an amplitude above 30 mm Hg, over an entire circa-
dian cycle.

Application of ambulatory 24-hour esophageal motility monitoring in a series
of patients with increased esophageal acid exposure and various degrees of esopha-
geal mucosal injury showed that esophageal contractility deteriorates with increas-
ing severity of esophageal mucosal injury.51 This appears to occur secondary to
persistent reflux across a mechanically defective LES and results in a marked in-
crease in the frequency of inefficient esophageal contractions during the supine,
upright, and meal periods, particularly in patients with stricture or Barrett's esoph-
agus. The compromised clearance activity in this situation prolongs esophageal ex-
posure to refluxed gastric juice (Fig. 2-20), indicated by the increased frequency of
reflux episodes lasting longer than 5 minutes in these patients. Thus a vicious cycle
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Fig. 2-20 Record of 24-hour ambulatory esophageal motility and pH monitoring in a patient with
erosive esophagitis showing a gastroesophageal reflux episode (top tracing shows drop in pH from 6
to 2), with prolonged clearing time because of ineffective body motility. Repetitive swallows (S)
elicited esophageal contractions of very low amplitude that on only a few occasions reached the
threshold amplitude of 15 mm Hg to be recognized by the computer. P = peristaltic contractions;
S = simultaneous contractions; X = low-amplitude contraction; I = isolated contraction. (From De-
Meester TR, Costantini M. Esophageal function tests. In Pearson FG, ed. Esophageal Surgery. New
York: Churchill Livingstone, 1995 [in press].)

is established. Deteriorated contractility also affects propulsion of swallowed food
and, once lost, may not recover with treatment, even after a successful antireflux
operation. A surgical correction of the underlying defect (i.e., the mechanically de-
fective LES) early in the course of the disease is implicated. Once effective con-
tractility has been lost, the surgical approach may have to be altered by using a
repair with minimal outflow obstruction, that is, a partial fundoplication. Assess-
ment of esophageal clearance function by ambulatory motility monitoring in pa-
tients with GERD helps to identify these patients with a greater degree of certainty
than stationary motility.

AMBULATORY 24-HOUR pH MONITORING OF THE
DISTAL ESOPHAGUS

Prior to the introduction of esophageal pH monitoring, an objective definition
of GERD was difficult because the patient's history is not sufficiently accurate to
precisely diagnose pathologic gastroesophageal reflux.1 In addition, endoscopic or
histologic evidence of esophagitis identifies only a complication of increased esoph-
ageal exposure to gastric juice and cannot be used to define the presence of disease
because approximately 40% of patients have abnormally high exposure of the
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esophagus to gastric juice without complications.15 To define a disease by the pres-
ence of its complications makes no sense. Defining GERD as an increased exposure
of the esophageal lumen to gastric juice provides a means to objectively diagnose
the presence of disease. This is possible with the use of ambulatory esophageal pH
monitoring, first described by Miller55 in 1964. Ten years later, it was used to quan-
titate the actual time the esophageal mucosa was exposed to gastric juice.56 Subse-
quently, it has been shown that the test also assesses the ability of the esophagus to
clear the refluxed acid juice and documents the relationship between esophageal ex-
posure to gastric juice and the symptoms experienced by the patient.14

The test is performed using a small pH electrode passed transnasally and placed
5 cm above the upper border of the LES as measured by manometry. Different
probes are available, but bipolar glass electrodes are preferred because of their
greater reliability57 and the elimination of an external reference electrode. The
electrode is connected to an external portable solid-state data logger and pH values
of the distal esophagus are continuously recorded, at 4-second intervals, for 24
hours, a complete circadian cycle. Pre- and postcalibration of the system at pH 1.0
and 7.0 is important to exclude electrode drift over the period of the study. All med-
ications interfering with the gastrointestinal activity (especially H2 blockers) must
be discontinued at least 48 hours before beginning the test. A washout period of at
least 1 week, and in some situations up to 4 weeks, is necessary in patients treated
with omeprazole because of its long-lasting action.58

The test is performed on an outpatient basis, preferably while the subject is at-
tending to normal activities. The patient is requested to remain in the upright po-
sition (or sitting) during the day, to lie down only at night while sleeping, and to
ingest two meals at the usual times. The diet is standardized to exclude food and
beverages with a pH value of less than 5.0 and greater than 6.0. Only water is al-
lowed between meals. Patients are also instructed to keep a detailed diary of their
symptoms during the study to correlate them with episodes of gastroesophageal
reflux. They are asked to record the time when retiring for the night and when ris-
ing in the morning. Fig. 2-21 shows a typical esophageal pH monitoring trace in a
healthy subject and in a patient with GERD.

It is important to emphasize that 24-hour pH esophageal monitoring should not
be considered a test for reflux but rather a measurement of the esophageal exposure
to gastric juice, that is, the amount of time the esophagus pH is below a given
threshold during the 24-hour period. This expression, however, does not reflect
how the exposure has occurred. For example, it could have occurred in a few long
or several short reflux episodes. Consequently, two other measurements are neces-
sary: the frequency of the reflux episodes and their duration. Esophageal exposure
to gastric juice is best assessed by the following measurements: (1) cumulative time
that the esophageal pH is below a chosen threshold, expressed as the percent of the
total, upright, and supine position monitored time; (2) frequency of reflux episodes
below a given threshold, expressed as number of reflux episodes per 24 hours; (3)
duration of the episodes, expressed as the number of episodes lasting longer than 5
minutes per 24 hours; and (4) the time in minutes of the longest episode recorded.56

Normal values for these components of the 24-hour record at each whole number
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Fig. 2-21 Record of 24-hour pH monitoring of the distal esophagus in a healthy subject (top) and
in a patient with esophagitis (bottom). Physiologic gastroesophageal reflux episodes occur in a normal
subject mainly in the upright position and after meals. The patient's record shows the presence of an
increased number of reflux episodes, both in the upright and supine position, some of them with pro-
longed clearing time. (From DeMeester TR, Costantini M. Esophageal function tests. In Pearson FG,
ed. Esophageal Surgery. New York: Churchill Livingstone, 1995 [in press].)

pH threshold were derived from 50 asymptomatic control subjects. The upper lim-
its of normal were established at the 95th percentile.59 If a symptomatic patient's
values are outside the 95th percentile of normal subjects, he or she is considered ab-
normal for the component being measured. Most centers use pH 4 as the thresh-
old. Using this threshold, there is a uniformity of normal values for these com-
ponents from centers throughout the world.60-61 This indicates that esophageal acid
exposure can be quantitated and that normal individuals have similar values despite
nationality or dietary habits. The normal values for these components obtained in
50 healthy volunteers are shown in Table 2-7. The upper limits of normality in
other series are also shown for comparison.

To combine the results of the components into one expression of the overall
esophageal acid exposure below a pH threshold, a pH score can be calculated using
the standard deviation of the mean of each of the components measured in the 50
normal subjects as a weighing factor.59 The calculated score for each component is
added to obtain a composite score for each of the 50 normal subjects and the upper
level of a normal score is established at the 95th percentile. The upper limits of
normal for the composite score for each whole number pH threshold are shown in
Table 2-8. The median and 95th percentile for the composite score for each whole
number pH threshold can also be expressed graphically (Fig. 2-22). Personal com-
puter-compatible software to perform this function is available (Gastrosoft, Inc.,
Irving, Tex.).
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Table 2-7 Normal values for ambulatory pH monitoring in 50 healthy volunteers

Total time pH <4 (%)
Upright time pH <4 (%)
Supine time pH <4 (%)
No. of episodes
No. of episodes >5 min
Longest episode (min)
Composite score

Mean

1.51
2.2
0.6
19.0
0.8
6.7
6.0

Standard
Deviation

1.4
2.3
1.0
12.8
1.2
7.9
4.4

Median

1.2
1.6
0.1
16.0

0
4.0
5.0

Minimum

0
0
0

2.0
0
0

0.4

Maximum

6.0
9.3
4.0
56.0
5.0

46.0
18.0

95%
Percentile

4.45
8.4
3.5

46.9
3.5
19.8
14.7

Table 2-8 95th percentile of the composite score for various pH thresholds

pH Threshold 95th Percentile

PH<1 14.2
pH <2 17.4
pH <3 14.1
pH <4 14.7
PH<5 15.8
PH >7 14.9
pH >8 8.5

Fig. 2-22 The composite pH score is used to express the overall results for esophageal pH moni-
toring for the pH thresholds shown. The lower black line represents the median score and the upper
black line represents the 95th percentile of 50 normal subjects. The gray area represents the score of
a patient with increased esophageal acid exposure using the various pH thresholds as an indicator of
reflux. The scores for esophageal acid exposure <4, <3, and <2 are abnormal.
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Receiver-operator characteristic (ROC) analysis, in which sensitivity is plotted
against specificity for a given test, was applied to each of the parameters and to the
composite score using pH 4 as the threshold. Both total percent time below pH 4
and the composite score were found to have optimal specificity and sensitivity.62

The normal pH data from three major centers in the United States have recently
been combined to allow evaluation of the effects of age and gender on esophageal
acid exposure. Men were found to have more physiologic reflux than women.61

Consequently, when using --hi percent time below pH 4 as the criterion for identi-
fying abnormal acid exposure, gender must be considered, particularly in those pa-
tients with borderline test results. The composite scoring system was found to be
unaffected by gender.

The detection of increased esophageal exposure to acid gastric juice is more de-
pendable than that of alkaline gastric juice. The latter is suggested by an alkaline
exposure above pH 7 or 8. Increased exposure in this pH range can be caused by
abnormal calibration of the pH recorder, the presence of dental infection that in-
creases salivary pH, the presence of esophageal obstruction that results in static
pools of saliva with an increase in pH secondary to bacterial overgrowth, or the
presence of regurgitation of alkaline gastric juice into the esophagus.63 Combined

Fig. 2-23 Triple esophageal pH monitoring. Acid gastroesophageal reflux reaching the level of the
laryngeal aditus provides good evidence of the association of GERD and respiratory symptoms. (From
Bremner RM, DeMeester TR. Pre- and postoperative assessments in gastroesophageal reflux disease.
In Scarpignato C, Galmiche JP, eds. Frontiers in Gastrointestinal Research, vol. 22. Functional Eval-
uation of Esophageal Disease. Basel: Karger, 1994, pp 260-287.)
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gastric and esophageal pH monitoring in this situation increases the reliability of
the test in detecting alkaline reflux.64 Further, the new technology of 24-hour mon-
itoring of bilirubin concentration seems to overcome these limitations and allows
reliable detection of reflux of duodenal contents into the esophagus.65

An analysis of the pH data of patients with GERD using the time of exposure
to different pH intervals (pH 0 to 1, 1 to 2, 2 to 3, etc.) has shown that increased
exposure to a pH of 0 to 2 and 7 to 8 was associated with mucosal injury (esopha-
gitis, stricture, or Barrett's esophagus) in 89% of patients.66 In a different group of
patients,67 the amount of acid exposure to a pH of 1.5 to 2.5 in the supine position
was able to predict the severity of the mucosal damage in 75% of patients. There-
fore, 24-hour esophageal pH monitoring is not only useful in diagnosing the pres-
ence of GERD, but is also a useful test in predicting the presence of complications
of the disease.

In patients with symptoms of chronic cough, hoarseness, or aspiration, place-
ment of an additional pH electrode in the proximal part of the esophagus or phar-
ynx can be helpful.68'69 If reflux episodes reach to the proximal esophagus or
pharynx, and a temporary relationship between these reflux episodes and the onset
of the symptom can be documented, gastroesophageal reflux can be assumed to be
the cause of the patient's complaint70 (Fig. 2-23).

24-HOUR MONITORING OF ESOPHAGEAL EXPOSURE
TO DUODENAL JUICE

The relevance of reflux of duodenal contents into the esophagus in determin-
ing the most severe grade of esophagitis has been outlined in the past.71'72 Early
clinical studies used the percentage of time the pH was above 7 on ambulatory
esophageal pH monitoring as an indirect method of identifying esophageal expo-
sure to duodenal contents. However, only the most severe episodes of duodenogas-
tric and gastroesophageal reflux were detectable.

An ambulatory monitoring system has recently been developed that allows
spectrophotometric measurements of luminal bilirubin concentration.73 Using
bilirubin as a natural marker, the time of esophageal exposure to duodenal contents
can be measured. In the absence of carotene and serum lipids, the bilirubin con-
centration in a solution can be directly measured by spectrophotometry based on
specific absorption at a wavelength of 453 nm. According to Beer's law, absorbance
(A) is the logarithm of the ratio between the intensity of light transmitted (1°)
through a solution containing an absorbing substance and the intensity of light
transmitted (I) in the absence of the absorbing substance:

A = log (171)

The apparatus used to measure the presence of bilirubin consists of a portable
opticoelectronic data logger, weighing 1200 gm, which can be strapped to the pa-
tient's side, and a fiberoptic probe, which can be passed transnasally and positioned
anywhere in the lumen of the foregut (Bilitec 2000; Prodotec Sri, Florence, Italy;
and Synectics Medical, Dallas, Tex.). The spectrophotometric probes are 3 mm in
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Fig. 2-24 The tip of the fiberoptic probe for the assessment of bilirubin concentration, with a 2 mm
space for sampling. Fluid can easily move into and out of the space and the presence of bilirubin can
be detected by its absorbance. (From Kauer WKH, Burdiles P, Ireland AP, Clark GWB, Peters JH,
Bremner CG, DeMeester TR. Does duodenal juice reflux into the esophagus of patients with com-
plication GERD? Evaluation of a fiberoptic sensor for bilirubin. AmJ Surg 169:98-104, 1995.)

diameter and 140 cm in length and contain 30 plastic optical fibers, each 250 nm in
diameter, bonded together and covered with biocompatible polyurethane. Two
plugs connect 50% of the optic fibers to the light-emitting diodes and 50% to the
receiving photo diode. The tip of the probe contains a 2 mm space for sampling
(Fig. 2-24). Fluid and blenderized solids can easily flow through the space and their
bilirubin concentration can be measured. The probes are flexible, durable, easy to
sterilize, and reusable. The optoelectronic unit acts simultaneously as a light signal
generator, a data processor, and a data storage device. Further, the unit has two
channels allowing dual measurement with two probes if desired. The light source
for each channel is provided by two light-emitting diodes that emit a 470 nm sig-
nal light (blue spectrum) and a 565 nm reference light (green spectrum). Reference
and signal light-emitting diodes are stimulated alternately for a duration of 0.5 sec-
ond. To avoid fluctuations in the source, the final 20 milliseconds of each pulse are
used for signal processing. Optical signals reflected back from the probe are con-
verted to electrical impulses by a photo diode. This electrical signal is then am-
plified and processed within the data logger. Absorbance readings are averaged
every two cycles. The system is capable of recording 225 individual absorbance val-
ues per hour and allows up to 30 hours of continuous monitoring.

Recent in vitro and in vivo validation studies65'73 showed that spectrophotome-
try based on absorption at a wavelength of 453 nm is specific for bilirubin and that
the absorbance spectrum is sufficient to detect bilirubin throughout human physi-
ologic ranges. Further, the measurements are highly reproducible despite pH
changes caused by environment or food intake. In addition, in a clinical study an
absorbance threshold of 0.14 was found to be a reliable threshold to differentiate
healthy subjects from reflux patients. Patients with Barrett's esophagus showed the
highest individual values and a significantly higher exposure than controls when the
esophageal pH was <4 or between 4 and 7, which are ranges in which pH moni-
toring cannot detect alkaline reflux (pH >7).65
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Therefore, this test is a very useful and reliable complementary tool to esoph-
ageal pH monitoring in the investigation of patients with foregut symptoms. The
combination of pH and bilirubin esophageal monitoring will further our under-
standing and improve our care of patients with GERD.

AMBULATORY 24-HOUR GASTRIC pH MONITORING

Functional disorders of the esophagus are not often confined to the esophagus
alone, but are associated with functional disorders of the rest of the foregut (i.e.,
stomach and duodenum). Abnormalities of gastric emptying,74'75 gastric dilation,
increased intragastric pressure,76 and increased gastric acid secretion,77 can be re-
sponsible for increased esophageal exposure to gastric juice. Reflux of alkaline duo-
denal juice, including bile salts and pancreatic enzymes, is involved in the patho-
genesis of esophagitis and the complication of stricture and Barrett's esophagus.71'72

Gastric causes should therefore be considered in patients with increased esophageal
exposure to gastric juice on ambulatory pH monitoring and a normal LES on
manometry. Gastric analysis may be required to exclude hypersecretion and gastric
emptying studies should be performed if delayed emptying is suspected. Further,
an o-diisopropyl iminodiacetic acid (DISIDA) scan with cholecystokinin (CCK)
stimulation may be required to investigate a suspected duodenogastric reflux. All
these situations can be investigated by ambulatory 24-hour gastric pH monitor-
ing.

Ambulatory 24-hour gastric pH monitoring is performed in a way similar to
esophageal pH monitoring and often the two tests are performed together, with
combined bipolar glass electrodes positioned 5 cm below the lower border of the
LES. The interpretation of gastric pH recordings is, however, more difficult than
that of esophageal recordings because the gastric pH environment is determined by
a complex interplay of acid and mucous secretion, ingested food, swallowed saliva,
regurgitated duodenal, pancreatic, and biliary secretions, and the effectiveness of
the mixing and evacuation of the chyme. In this connection, a set of parameters de-
scribing the circadian gastric pH pattern has been developed, which allows the
quantitation of duodenogastric reflux and gastric acid secretion based on the circa-
dian pH record and which may be helpful in the assessment of gastric emptying dis-
orders.

To quantitate alkaline duodenogastric reflux,78 the gastric pH record is divided
into the upright period, the supine period, the prandial pH plateau period, and the
postprandial pH decline period. For each of these periods the following parameters
are calculated:

1. The pH frequency distribution, that is, the percentage time the gastric pH
was at the pH interval 0 to 1, 1 to 2, 2 to 3, 3 to 4, 4 to 5, 5 to 6, 6 to 7, and
above 7.

2. The frequency of pH changes, that is, the incidence of pH movements from
a lower into a higher pH interval.

3. The duration of pH exposure expressed as the longest time the pH remained
at a pH interval during the monitoring period.
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4. Duration-frequency of pH exposure expressed as the number of times the
pH remained at a pH interval for longer than 5 minutes.

Using discriminant analysis, a scoring system based on 16 of these parameters
can completely differentiate the gastric pH profile of normal volunteers from pa-
tients with classic duodenogastric reflux disease. When applied prospectively, this
scoring system was superior to DISIDA scanning with CCK stimulation in the di-
agnosis of excessive duodenogastric reflux and detected the disease with a sensitiv-
ity of 90% and a specificity of 100%.78

Ambulatory 24-hour gastric monitoring can also be used to evaluate the gastric
secretory state of the patient. This is of particular value since the role of gastric acid
secretion in the pathogenesis of GERD is well documented and it has recently been
shown that 28% of patients with objectively proved GERD had gastric hyper-
secretion.77 To do so, the frequency distribution and the cumulative frequency dis-
tribution graphs of the pH data of the patient are plotted against the range (5th to
95th percentiles) of the same graphs obtained in 50 healthy volunteers (Fig. 2-25).
In our experience, this approach correlates well with the data obtained by tradi-
tional gastric secretion studies.79

Evaluation of gastric emptying on the basis of the postprandial alkalinization of
the gastric pH record is a new concept that evolved from multiple-probe gastric pH
monitoring during gastric emptying studies with radiolabeled meals. These studies
demonstrated a good correlation between the emptying of oatmeal and the dura-
tion of the postprandial plateau and decline phases of the gastric pH record.79 A
prolonged postprandial alkalinization of the pH in the corpus may therefore indi-
cate delayed gastric emptying of solids.

Time "pH below"

2.4 3 3.6 4.2
pH threshold

4.8 5.4 6.6

Fig. 2-25 Cumulative frequency distribution of recorded gastric pH values during the supine pe-
riod. The shaded area represents the 5th and 95th percentiles of 50 healthy volunteers and the solid
line shows the median. Patient M.G. (o) with a duodenal ulcer had a shift of the median values above
the normal range, suggesting gastric acid hypersecretion. Patient B.C. (+) had a shift of the median
values below the normal range, indicating hypochlorhydria. (From Stein HJ, DeMeester TR, Hinder
RA. Outpatient physiologic testing and surgical management of foregut motility disorders. Curr
Probl Surg 24:418-555, 1992.)



Preoperative Assessment of Esophageal Function 53

COMPLETE FOREGUT OUTPATIENT PHYSIOLOGIC
MONITORING

The development of miniaturized pH electrodes, electronic pressure transduc-
ers, and fiberoptic probes and the introduction of portable digital data recorders
with large storage capacities have recently made possible prolonged monitoring of
luminal pH, bilirubin concentration, and motor activity of the foregut in an out-
patient environment (see Fig. 2-15). Ambulatory 24-hour monitoring of foregut
pH, motility, and bilirubin concentration overcomes the limitations of the standard
tests classically used to assess foregut function. It allows the recording of foregut
function under physiologic conditions over a complete circadian cycle. This in-
creases the probability of recording disordered motility and episodes of sponta-
neous gastroesophageal or duodenogastric reflux. It allows quantitation of the
observed abnormalities and their direct correlation with spontaneously occurring
symptoms. With the use of modern solid-state recording technology and comput-
erized reading, prolonged foregut monitoring over periods of 24 hours has become
safe to perform and easy to analyze. Broad clinical application of this new technol-
ogy will replace the series of laboratory tests classically required to thoroughly eval-
uate foregut function. This new technology puts tools into the surgeon's hand to
evaluate complex foregut problems within the office and places surgical therapy of
functional abnormalities of the foregut on a more scientific basis.
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Tailored Antireflux Surgery
Jeffrey H. Peters, M.D. • Werner K.H. Kauer, M.D.
Tom R. DeMeester, M.D.

Antireflux surgery is different from the surgery to extirpate a diseased organ
whose function is of no concern since it will be destroyed with its removal. Rather,
antireflux surgery is designed to improve the function of an organ that will remain
in the patient, that is, to provide complete and permanent relief of all symptoms
and complications of gastroesophageal reflux secondary to an incompetent cardia.
Successful surgery for antireflux disease requires tailoring of the surgical approach
to the underlying physiology. Options include open and laparoscopic Nissen
fundoplication, transthoracic approaches, partial fundoplications, such as the Bel-
sey Mark IV, and esophageal lengthening procedures. Poor results are frequently
based on an inappropriate procedure performed without consideration of underly-
ing physiologic and anatomic abnormalities.

Most patients with gastroesophageal reflux disease (GERD) are treated medi-
cally for years (Fig. 3-1) and, at the time the patient is referred for surgery, the dis-

100 n=50

0

Fig. 3-1 Years of medical treatment in 50 patients referred for antireflux surgery. The mean time
patients were treated medically prior to referral for surgical therapy was 4.5 years.
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ease has often progressed to include functional and anatomic foregut alterations.
Abnormalities of esophageal motility,1 shortening of esophageal length, and the
presence of a stricture or Barrett's metaplasia2 are common. Antireflux surgery in
this setting is particularly challenging, and when adjustments are not made for
these abnormalities, the results can be less than satisfactory.

Antireflux surgery in patients with end-stage reflux disease often results in
a high percentage of unsatisfactory results compared to patients with early dis-
ease.3"6 Failure to use a tailored approach resulted in a long-term outcome of only
65% with good or excellent results. Salama and Lament4 reported that the clinical
success of a Belsey fundoplication was 90% in patients with no esophagitis com-
pared to 50% in patients with grade IV esophagi tis or stricture. Similar results were
pointed out by Skinner and Belsey7 in their original description of the Belsey par-
tial fundoplication in which a 40% recurrence rate was reported in patients who
had esophageal stricture and shortening. Appropriate physiologic assessment prior
to antireflux surgery becomes particularly important with the growing enthusiasm
for minimally invasive techniques. Widespread application of laparoscopic Nissen
fundoplication in all patients without objective assessment of deficits in esophageal
length or function will likely lead to poor results in a significant number of patients
with advanced disease.

PATIENT ASSESSMENT PRIOR TO THE OPERATION

Body habitus. Patients who are judged clinically to be obese are best ap-
proached through the chest to maximize surgical exposure.

Esophageal motility. Esophageal manometry should be performed in all pa-
tients prior to antireflux surgery.8 Contraction amplitudes below the 5th percentile
of normal at the same level of the esophagus are considered a failed contraction.
Contraction velocities between two contraction peaks of 20 cm/sec or more are
considered to be simultaneous rather than peristaltic. Using these definitions, fail-
ure of esophageal body function can be identified by the presence of a contraction
amplitude below 20 mm Hg in one or more of the three lowest 5 cm esophageal
segments or a prevalence of more than 20% simultaneous waves through these seg-
ments.

Endoscopy. Fiberoptic endoscopic examination is used to measure the position
of the diaphragmatic crura, the location and distinctiveness of the squamocolumnar
junction, and the presence of mucosal injury. Esophagitis is scored as grade I for an
erythematous and friable mucosa, grade II for linear erosions, and grade III for
deeper and wider linear erosions with islands of edematous mucosa between ero-
sive furrows. Grade I esophagi tis is considered subjective and should not be in-
cluded as a complication for the purposes of procedure selection. An esopha-
geal stricture is defined by the inability to pass a 36 F endoscope with ease. The
diagnosis of Barrett's esophagus is made when histologic examination confirms
specialized columnar-type epithelium above the anatomic gastroesophageal junc-
tion.
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Esophageal length. Esophageal length can be assessed using video radiographic
contrast studies and endoscopic findings. The esophageal length is considered too
short for an abdominal approach if there is a hiatal hernia that fails to reduce in the
upright position on the video barium esophagram, or if there is greater than 5 cm
measured on endoscopy between the diaphragmatic crura, identified by having the
patient sniff, and the gastroesophageal junction.

SELECTION OF PATIENTS FOR ANTIREFLUX SURGERY

Many internists and surgeons are reluctant to advise surgery in the absence of
demonstrable esophagitis. However, antireflux surgery can be considered in a
symptomatic patient provided the disease process has been objectively documented
by 24-hour pH monitoring, particularly in patients who have become dependent on
therapy with proton pump inhibitors.9 Indeed, investigations of the natural history
of GERD in the absence of esophagitis have demonstrated return of symptoms in
the majority of patients following cessation of medical therapy.10

An incompetent lower esophageal sphincter (LES) is a significant factor pre-
dicting failure of medical therapy. Lieberman11 compared symptomatic relapse in
patients on long-term medical therapy. Patients with a mechanically incompetent
LES (mean pressure, 4.9 mm Hg) did not respond well to medical therapy and usu-
ally developed recurrent symptoms within 1 to 2 years of the onset of therapy.11

This study suggests that patients with deficient LES do not respond well to medi-
cal therapy, often relapse, and should be considered for an antireflux operation, re-
gardless of the presence or absence of endoscopic esophagitis. If the LES is normal,
evidence of gastric acid hypersecretion or delayed gastric emptying should be
sought. We are cautious about performing fundoplication in patients with a normal
LES. Such patients are often "upright" refluxers who are chronic air swallowers and
do not do as well following antireflux surgery.

Young patients with documented reflux disease and a defective LES are also ex-
cellent candidates for antireflux surgery. They invariably require long-term medical
therapy for control of their symptoms and many go on to develop complications of
the disease. Furthermore, Coley et al.12 have shown a cost advantage for surgery
over medical therapy in patients younger than 49 years of age.

Endoscopic esophagitis in a symptomatic patient with a mechanically defective
LES should raise the question of surgical therapy. These patients are prone to a re-
lapse of their symptoms while receiving medical therapy.13 Esophagitis is visualized
endoscopically and usually classified by some modification of Savary and Miller's
grading system.14 In addition, the severity of the esophagitis is useful as a predictor
for response to medical therapy.15 Reports of the response rates of erosive esopha-
gitis to medical treatment have been less than satisfactory. Hetzel et al.15 reported
a 97% healing rate of grades I and II esophagitis after 4 weeks of treatment with 40
mg omeprazole daily, but only 88% and 44% of grades III and IV, respectively,
healed. If the patient responds symptomatically to medical therapy, but endoscopic
esophagitis persists, surgery should be performed. Without surgery, these patients
can progress to Barrett's esophagus and esophageal body function may deteriorate
while on therapy.16
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The development of a stricture in a patient with a mechanically ^defective
sphincter represents a failure of medical therapy and is an indication for a surgical
antireflux procedure. In addition, a stricture is usually associated with loss of esoph-
ageal contractility.17 Prior to surgery, a malignant etiology of the stricture should
be excluded and the stricture progressively dilated up to a 60 F bougie. When fully
dilated, the relief of dysphagia is evaluated and esophageal manometry is performed
to determine the adequacy of peristalsis in the distal esophagus. If dysphagia is re-
lieved and the amplitude of esophageal contractions is adequate, an antireflux pro-
cedure should be performed. If the amplitude of esophageal contractions is poor,
caution should be exercised in performing an antireflux procedure with a complete
fundoplication and a partial fundoplication should be considered.

Barrett's columnar-lined esophagus is almost always associated with a severe
mechanical defect of the LES and often poor contractility of the esophageal
body.18'19 Patients with Barrett's esophagus are at risk because of a progression of
the mucosal abnormality in the esophagus, formation of a stricture, hemorrhage
from a Barrett's ulcer, and the development of adenocarcinoma.20 A surgical anti-
reflux procedure may arrest the progression of the disease, heal ulceration, and re-
solve strictures.21 If severe dysplasia or intramucosal carcinoma is found on mucosal
biopsies, an esophageal resection should be done.22

FACTORS TO CONSIDER PRIOR TO ANTIREFLUX SURGERY

Prior to proceeding with an antireflux operation, several factors should be eval-
uated. First, the propulsive force of the body of the esophagus should be evaluated
by esophageal manometry to determine if it has sufficient power to propel a bolus
of food through a newly reconstructed valve23 (Fig. 3-2). Esophageal body motor
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function is commonly altered with advanced stages of GERD1 (Fig. 3-3). Patients
with normal peristaltic contractions have a good result after a 360-degree Nissen
fundoplication. When peristalsis is absent, severely disordered, or the amplitude of
the contraction is below 20 mm Hg, the Belsey two thirds partial fundoplication is
the procedure of choice.24

Second, anatomic shortening of the esophagus can compromise the ability to
do an adequate repair without tension and lead to an increased incidence of break-

Fig. 3-3 Median contraction amplitude (A) and frequency of nonperistaltic contractions (B) on 24-
hour ambulatory esophageal motility monitoring in patients with GERD and various degrees of mu-
cosal injury. (From Stein HJ, Eypasch EP, DeMeester TR, et al. Circadian esophageal motor function
in patients with gastroesophageal reflux disease. Surgery 108:773, 1990.)
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Fig. 3-4 Length of esophagus in patients with GERD compared to normal subjects. Esophageal
length progressively shortens as complications of the disease become more severe.

down or thoracic displacement of the repair (Fig. 3-4). Esophageal shortening is
identified radiographically by a sliding hiatal hernia that will not reduce in the up-
right position, or is more than 5 cm long when measured between the diaphrag-
matic crura and gastroesophageal junction on endoscopy. In the presence of a short
esophagus, the motility of the esophageal body must be carefully evaluated and, if
inadequate, a partial fundoplication in conjunction with gastroplasty should be per-
formed. Patients who have motility evidence of more than 50% interrupted or
dropped contractions, or a history of several failed previous antireflux procedures,
should be considered for esophageal resection.

Third, the surgeon should specifically question the patient for complaints of
epigastric pain, nausea, vomiting, and loss of appetite. In the past, these symptoms
were accepted as part of the reflux syndrome, but it is now known that they can be
caused by excessive duodenogastric reflux, which occurs in approximately one third
of patients with GERD.2 This problem is most pronounced in patients who have
had previous upper gastrointestinal surgery, particularly cholecystectomy, although
this is not always the case.25 In such patients, the correction of only the incompe-
tent cardia may result in a disgruntled individual who continues to complain of nau-
sea and epigastric pain on eating. In these patients, 24-hour pH monitoring of the
stomach may help to detect and quantitate duodenogastric reflux.26 The abnormal-
ity can also be documented with a 99mTc-HIDA scan when excessive reflux of ra-
dionuclide from the duodenum into the stomach can be demonstrated.27 Antireflux
surgery may reduce duodenogastric reflux by improving the efficiency of gastric
emptying.28 If surgery is necessary to control gastroesophageal reflux and if severe
duodenogastric reflux is present, consideration should be given to performing a bile
diversion procedure.29
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Fig. 3-5 Changes in gastric emptying of a semisolid meal following Nissen fundoplication. The
shaded area represents the 10th and 90th percentiles of normal. (From Hinder RA, Stein HJ, Brem-
ner CG, DeMeester TR. Relationship of a satisfactory outcome to normalization of delayed gastric
emptying after a Nissen fundoplication. Ann Surg 210:458-465, 1989.)

Fourth, approximately 30% of patients with proved gastroesophageal reflux on
24-hour pH monitoring have hypersecretion on gastric analysis, and 2% to 3% of
patients who have an antireflux operation will develop a gastric or duodenal ulcer.30

These factors may modify the proposed antireflux procedure in patients with active
ulcer disease or documentation of previous ulceration by the addition of a highly
selective vagotomy.

Finally, delayed gastric emptying is found in approximately 40% of patients
with GERD and can contribute to symptoms after an antireflux repair.31 Usually,
however, mild degrees of delayed gastric emptying are corrected by the antireflux
procedure and there is a need for an additional gastric procedure only in patients
with severe emptying disorders28 (Fig. 3-5).

SELECTION OF SURGICAL APPROACH
Requirements for Antireflux Surgery

The requirements for antireflux surgery include (1) documentation of patho-
logic esophageal acid exposure on 24-hour pH monitoring, and (2) a mechanically
defective LES.

If 24-hour esophageal pH monitoring is normal in a patient with unequivocal
endoscopic esophagitis, the possibilities of alkaline, drug-induced, or retention
esophagitis should be considered.32 Patients with increased esophageal exposure to
gastric juice in whom the sphincter is manometrically normal should be evaluated
for a gastric or esophageal cause of reflux. Approximately 40% of these patients
have gastric acid hypersecretion and respond to more aggressive antisecretory ther-
apy. Patients with increased esophageal acid exposure, a mechanically defective
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sphincter, and no complications of the disease should be given the option of sur-
gery as a cost-effective alternative.12'33

The goal of surgical treatment for GERD is to relieve the symptoms of reflux
by the permanent restoration of cardioesophageal competence. This should be
done without inducing dysphagia, which can occur when the outflow resistance of
the reconstructed cardia exceeds the peristaltic power of the body of the esophagus.
Achievement of this goal requires an understanding of the natural history of
GERD, the status of the patient's esophageal function, and the selection of the ap-
propriate antireflux procedure. We have based the selection of the surgical ap-
proach on body weight and an assessment of esophageal contractility and length. A
transabdominal approach is used in nonobese patients with normal esophageal
contractility and length. Obese patients or those with poor contractility or ques-
tionable esophageal length are approached transthoracically Those with weak
esophageal contractions and/or abnormal wave progression are treated with a par-
tial fundoplication to avoid the increased outflow resistance associated with a com-
plete fundoplication. If the esophagus is short after it is mobilized from diaphragm
to aortic arch, a Collis gastroplasty is done to provide additional length and avoid
placing the repair under tension. These patients are approached transthoracically
and the length of the esophagus is again assessed after it is mobilized from the dia-
phragmatic hiatus to the aortic arch. The gastroesophageal junction is marked with
a stitch, and if the length of the esophagus is insufficient to place a repair beneath
the diaphragm without tension, the esophagus is considered to be short (Fig. 3-6).

In the majority of patients who have good esophageal contractility and normal

Fig. 3-6 Decision-making algorithm for tailored antireflux surgery.
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esophageal length, the Nissen fundoplication is the procedure of choice for a pri-
mary antireflux repair. Experience and randomized studies have shown that the
Nissen fundoplication is an effective and durable antireflux repair with minimal
side effects while providing relief of reflux symptoms in 91 % of patients for at least
10 years.34 This is accomplished by restoring normal mechanical characteristics to
a defective LES. Comparison of Nissen fundoplication to both symptomatic and
continuous medical therapy in a recent Veterans Administration cooperative trial
resulted in the conclusion that surgery was superior to medical therapy in every
outcome measure used.35 Furthermore, these results were consistent across the
spectrum of institutions and surgical expertise encountered in this multi-institu-
tional study, refuting arguments suggesting that antireflux surgery is only appro-
priate in the hands of esophageal specialists.36

RESULTS OF A TAILORED APPROACH

We have reviewed the outcome of such a selective approach in 104 patients with
a wide spectrum of disease.37 Our experience suggests that in approximately 65%
of patients referred for surgery, a transabdominal Nissen fundoplication is the most
suitable treatment. The remaining 35% of patients are best treated with an anti-
reflux procedure tailored to the underlying abnormalities. Despite the presence of
advanced disease in one third of the patients, this approach resulted in a clinical
outcome similar to patients with early and less progressive disease (Table 3-1). Of
interest, patients selected for a Belsey partial fundoplication because of poor motil-
ity in the presence of normal esophageal length benefited the least. This suggests
that in patients with reflux disease a motility disorder in the presence of a normal
esophageal length may be primary, rather than secondary, to the reflux disease.

The ideal therapy of GERD can be viewed conceptually along the continuum
depicted in Fig. 3-7. The majority of patients requiring treatment have a relatively
mild form of disease and respond to antisecretory medications. Patients with more
severe forms of disease, particularly those with risk factors predictive of medical
failure, or those who develop recurrent or progressive disease, should be considered
for early definitive therapy. Laparoscopic Nissen fundoplication provides a long-

Table 3-1 Clinical outcome in 104 patients following a selective approach
to antireflux surgery

Procedure No. of Patients Cured Patients Failed Patients % Cured

TAN/LN
TTN
Belsey
Collis-Belsey

49
20

7
9

85

44
19
4
8

75

5
1
3
1

10

90
95
57
88

89

TAN/LN = transabdominal Nissen/laparoscopic Nissen; TTN = transthoracic Nissen.
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Fig. 3-7 Conceptual schema of the individual treatment at each stage of the spectrum of GERD.

term cure in the majority of these patients, with minimal discomfort, and an early
return to normal activity. Patients who present with long-standing disease associ-
ated with poor esophageal function, a short esophagus, or stricture formation
should undergo an open antireflux procedure tailored to their underlying anatomic
and physiologic abnormalities. Finally, if the disease has progressed to frank esoph-
ageal failure, dysplastic Barrett's metaplasia, or esophageal adenocarcinoma, an
esophagectomy will likely be required.
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Barrett's Esophagus: Pathophysiology
and Management
Geoffrey W.E. Clark, F.R.C.S.(Ed)

There has been an extraordinary increase in the incidence of esophageal adeno-
carcinoma in recent years1-2 (Fig. 4-1). Barrett's esophagus is the only well-docu-
mented risk factor for the development of this cancer, which explains the renewed
interest in this premalignant condition. Barrett's metaplasia is accepted to be the
consequence of chronic gastroesophageal reflux disease (GERD), which links this
common malady with one of the most lethal carcinomas. This chapter focuses on
the new developments in understanding the pathophysiology of Barrett's esopha-
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Fig. 4-1 The rising incidence of adenocarcinoma of the esophagus per 100,000 population in the
United States reported by the SEER program for the years 1976 through 1987. (Personal communi-
cation: Dr. W. J. Blot, Biostatistics Branch, National Cancer Institute, NIH, Suite 431, Bethesda, MD
20892.)
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gus, reviews the criteria for diagnosis, and addresses the controversies in manage-
ment of benign and dysplastic Barrett's change.

PATHOPHYSIOLOGIC ABNORMALITIES

Patients with benign Barrett's esophagus have a combination of profound ab-
normalities in esophageal function.

Lower Esophageal Sphincter

More than 90% of patients with Barrett's esophagus have a mechanically de-
fective lower esophageal sphincter (LES).3'5 Manometrically, the LES has three
components: (1) the resting sphincter pressure, (2) the overall length of the sphinc-
ter, and (3) the abdominal length. Normal values for each of these components in
our laboratory are: resting pressure <6 mm Hg, overall length <2 cm, and abdomi-
nal length < 1 cm.6 Because resistance to flow is a function of pressure over length,
sphincter incompetence is identified when any of the three components is below
the normal limits. Resting sphincter pressures are lower in patients with Barrett's
esophagus compared to both controls and patients with esophagitis4 (Table 4-1).
Patients with Barrett's esophagus tend to have reduced abdominal and overall
sphincter lengths and often have multiple sphincter defects.4

Esophageal Body Motility

Esophageal body contractility is impaired in patients with Barrett's esophagus
who have lower median contraction amplitudes in the distal esophagus5 (Fig. 4-2)
and an increased frequency of abnormal waveforms (dropped, interrupted, or si-
multaneous waves) compared to normal subjects. The impaired esophageal body
motiliry results in poor clearance of refluxed material and allows prolonged contact
times between the refluxing material and the esophageal mucosa with the produc-
tion of a severe mucosal defect. Mason and Bremner7 suggested that one factor re-

Table 4-1 Manometry of the lower esophageal sphincter*t

Resting pressure (mm Hg)
Overall length (cm)
Abdominal length (cm)

Normals
(n = 33)

16.7 ± 1.0
4.2 ± 0.7
2.6 ± 0.1

Esophagitis
(n = 31)

8.7 ± l.Ot
3.6 ± 0.6^:
1.4 ± 0.1+-

Barrett's
(n - 22)

4.9 ± 0.8§
3.2 ± 0.7*
1.1 ± 0.2*

*Adapted from lascone C, DeMeester TR, Little AG, et al. Barrett's esophagus. Functional assessment proposed
pathogenesis and surgical therapy. Arch Surg 118:543-549, 1983.
fValues are expressed as mean and standard error of mean (SEM).
^Indicates significant difference compared to normal subjects (p <0.05).
§Indicates a significant difference compared to patients with esophagitis.
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sponsible for the length of the Barrett's segment was the severity of the esophageal
body motor abnormality.

Acid Reflux

Most patients with Barrett's metaplasia have abnormal acid reflux into the dis-
tal esophagus,3-5'8-10 which is best detected and quantified by 24-hour esophageal
pH monitoring. Compared to patients with increased esophageal acid exposure but
no columnar metaplasia, both the quality and quantity of the refluxate appear to be
different in patients with Barrett's esophagus. Patients with Barrett's esophagus
demonstrate an increased frequency and duration of reflux episodes compared to
reflux patients with no columnar metaplasia.4'11 There are reports of gastric hyper-
secretion associated with Barrett's esophagus with an elevated basal acid output
compared to controls.12-14 However, other investigators have not reproduced these
findings.15

Alkaline Reflux

The observation that a columnar-lined esophagus can develop after total gas-
trectomy16'17 indicates that reflux of acid is not a prerequisite for the development
of Barrett's esophagus and suggests that irritation of the lower esophagus by the
reflux of duodenal secretions (bile and pancreatic juice) may be as harmful as acid
reflux. Attwood et al.3 first reported an increased esophageal alkaline exposure in
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Fig. 4-2 Distribution of amplitude of esophageal contractions in 41 patients with Barrett's esopha-
gus. The boxes represent the normal range (2.5th to 97.5th percentile) of amplitude for each 5 cm
segment of the esophageal body. In patients with short esophagi, only three or four segments were
able to be measured. • = uncomplicated Barrett's esophagus; x = complicated Barrett's esophagus.
(From DeMeester TR, Attwood SEA, Smyrk TC, et al. Surgical therapy in Barrett's esophagus. Ann
Surg 212:528-542, 1990.)
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patients with Barrett's esophagus, based on observations made with 24-hour esoph-
ageal pH monitoring (measuring an increased time spent with the esophageal pH
>7). This increased alkaline exposure was most pronounced in patients with com-
plicated disease, those with stricture, ulceration, and dysplasia.3 Some investigators
have criticized the recording of esophageal pH >7 as a useful measurement18 and
have failed to identify elevated alkaline exposure in patients with complicated reflux
disease.19 However, prolonged esophageal aspiration studies20-22 have supported the
view that patients with Barrett's esophagus reflux have a complex mixture of acid
and bile.

With the development of the "bile probe" by Bechi et al.,23 a new tool has
emerged that appears to be a more reliable method for the identification of bile
reflux into the esophageal lumen. A fiberoptic cable is connected to a light source
and data logger and is worn on the patient's belt (Bilitec 2000; Synectics Medical,
Dallas, Tex.). The light source emits light at 453 nm, which is close to the maxi-
mum absorbance wavelength of bilirubin. The light is transmitted across a 2 mm
space to a white Teflon reflector that reflects the light back to the probe. In the ab-
sence of bilirubin all the light emitted is reflected back, whereas in the presence of
bilirubin the absorbance of light is directly related to the concentration of biliru-
bin, and the amount of light reflected back to the probe is proportionally reduced.
The cable is passed through the nostril into the esophagus and positioned 5 cm
above the upper border of the LES and the esophageal bilirubin exposure is moni-
tored for 24 hours. With this technique it has been shown that patients with Bar-
rett's esophagus have significantly higher levels of bile reflux into the lower
esophagus compared to healthy controls19'24 (Fig. 4-3). It is of interest to note that
duodenal content has been repeatedly shown to promote the development of
esophageal adenocarcinoma in rats.25-27

The term "alkaline reflux" has been used to describe reflux of duodenal content
into the lower esophagus but may be a misnomer. Recent 24-hour studies with the
combined esophageal bile probe and an esophageal pH electrode have indicated
that bilirubin is frequently present in the esophageal lumen during episodes that
register an acid pH on the pH electrode24'28 (Fig. 4-4).

DIAGNOSIS

There is some controversy regarding the criteria for the diagnosis of Barrett's
esophagus. Three histologic types of Barrett's epithelium have been described: (1)
specialized "intestinal" type with villous architecture and goblet cells, (2) gastric
fundic type with both chief and parietal cells, and (3) cardiac type with simple mu-
cous glands but none of the other features. As there can be difficulty locating the
exact site of the gastroesophageal junction at the time of endoscopy, and since the
lower 2 cm of the esophagus may be lined by simple columnar epithelium in health,
the 3 cm rule for Barrett's esophagus was established. This required that the ab-
normal-appearing mucosa extend at least 3 cm into the esophagus before Barrett's
esophagus is diagnosed.
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The rule is now being challenged based on the following observations:
1. Specialized intestinal-type epithelium is a premalignant metaplastic change,

whereas identification of the junction- or fundic-type columnar metaplasia
in the lower esophagus has considerably lower risk for malignant transfor-
mation, if these latter mucosal types are premalignant at all.

2. Endoscopic measurements of the location and length of columnar epithe-
lium may be unreliable. In a multicenter controlled trial measurements of
the length of Barrett's mucosa were not reproducible, even when performed
by the same investigator only 6 weeks later.29

3. The presence of specialized metaplastic change at the gastroesophageal
junction zone may not be apparent to the endoscopist. Such segments of cy-
tologic change may be restricted to the area juxtaposed to the squamo-
columnar junction and can only be diagnosed if biopsies are routinely taken
from the gastroesophageal junction zone. Such biopsies are obtained with
the retroflexed endoscope, although antegrade biopsies may also identify
unsuspected Barrett's esophagus in this region. In a study of 87 patients with
symptoms of GERD, biopsies from this location revealed five patients with
unsuspected specialized intestinal metaplasia localized to the cardioesopha-
geal junction zone, one of whom had high-grade dysplasia.30 In none of the
patients was the diagnosis of Barrett's esophagus suspected by the traditional
antegrade examination, and the overall prevalence of Barrett's esophagus
was increased from 18% to 24%. Zeroogian et al.31 have reported similar
findings of a high prevalence of short-segment Barrett's esophagus in pa-
tients in whom the gastroesophageal junction zone was routinely biopsied.

4. Short tongues of specialized intestinal metaplasia (<3 cm in length) may
give rise to dysplastic change and adenocarcinoma.32 In a study of 100 pa-
tients undergoing esophagogastrectomy for adenocarcinoma,33 42% of tu-
mors located at the gastroesophageal junction were associated with special-
ized intestinal metaplasia. In most cases the Barrett's mucosa demonstrated
dysplastic change, suggesting a Barrett's esophagus etiology. The length of
Barrett's change associated with tumors at the gastroesophageal junction
tended to be shorter (2.7 ± 1.8 cm) than that found associated with more
proximal esophageal adenocarcinomas (7.3 ± 3.4 cm).

We investigated esophageal function in patients who had "short-segment" Bar-
rett's mucosa, that is, specialized intestinal metaplasia measuring 3 cm or less on en-
doscopic examination. Fifty healthy volunteers, 29 patients with short-segment
Barrett's esophagus, and 35 patients with extended Barrett's metaplasia were stud-
ied by esophageal manometry and 24-hour esophageal pH monitoring. Patients
with short-segment Barrett's esophagus had a lower prevalence of a mechanically
defective LES than patients with extended Barrett's esophagus (Fig. 4-5). Eighty-
five percent of patients with short-segment Barrett's esophagus had increased
esophageal acid exposure compared to 100% of those with extended Barrett's
esophagus. Patients with short-segment disease had increased esophageal acid ex-
posure compared to controls (Fig. 4-6), but spent less time at an acid pH than pa-
tients with more extensive Barrett's change. All lengths of Barrett's mucosa were
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Fig. 4-5 Prevalence of a mechanically defective lower esophageal sphincter. * = p <0.01 vs. normals;
** = p <0.01 vs. normals and patients with short-segment Barrett's esophagus.

PERCENT TIME pH <4

Normals Barrett's < 3 cm Barrett's > 3 cm

Fig. 4-6 Percent of the total time the esophageal pH was below 4 in each of the study groups. There
was a significant difference between the groups (Kruscal Wallis, x2 = 82.8, 2 df, p <0.01). * =
significant difference vs. normals (Mann-Whitney, p <0.01); ** = significant difference vs. normals
and patients with short-segment Barrett's syndrome (Mann-Whitney, £ <0.01).
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Complications: ulcer, stricture, dysplasia

Fig. 4-7 Prevalence of complications and length of Barrett's mucosa. Longer lengths of Barrett's
esophagus were more commonly associated with complications (x2 = 10.9, 3 df, p <0.01).

associated with a profound reduction in the contraction amplitudes in the distal
esophagus. Complications (stricture, ulcer, and dysplasia) were more commonly as-
sociated with longer lengths of Barrett's change (Fig. 4-7). However, patients with
short-segment Barrett's mucosa must be considered to have a premalignant condi-
tion because 17% had dysplasia.

Short-segment Barrett's esophagus appears to be commonly associated with
GERD. The presence of a competent LES may restrict the extent of the metaplas-
tic process to the gastroesophageal junction. Short segments of specialized intesti-
nal metaplasia appear to be premalignant in nature. It is proposed that the 3 cm rule
represents a restrictive definition of Barrett's esophagus. The identification of spe-
cialized intestinal mucosa in any biopsy is sufficient grounds for making a diagno-
sis of Barrett's esophagus independent of the extent of the endoscopically observed
abnormalities. Such a diagnosis carries with it a premalignant potential and the
need for surveillance.

PREMALIGNANT POTENTIAL

Barrett's esophagus is a premalignant lesion. Patients are at an increased risk of
developing adenocarcinoma that is between 30 and 125 times higher than that of
the normal population. Figures estimating the risk of malignancy in patients with
Barrett's esophagus are best established by prospective studies. Hameeteman et al.34

cited the highest risk with 5 of 50 patients followed up for a mean duration of 5.2
years developing esophageal adenocarcinoma. That is equivalent to an incidence of
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Table 4-2 The risk of benign Barrett's esophagus progressing to adenocarcinoma

Authors

Hameeteman et al.34

Robertson et al.35

Sprung et al.36

Spechler et al.37

VanDerVeen et al.38

Cameron et al.39

Iftikhar et al.40

No. of
Cases

50
56
41

105
155
104
102

Mean Duration
of Follow-Up

(years)

5.2
2.8
NS
3.3
4.4
8.5
4.4

No. of Cases of
Esophageal

Adenocarcinoma

5
3
2
2
4
2
4

Incidence
(patient years)

1:52
1:56
1:81
1:175
1:170
1:441
1:115

Risk

X125
X62

X40
X30
X3JO
x30

NS = not significant.

1 in 52 patient years of follow-up. Several prospective studies reported the risk of
developing esophageal adenocarcinoma in patients with Barrett's esophagus (Table
4-2).

ENDOSCOPIC SURVEILLANCE

Patients with Barrett's esophagus are at an increased risk for the development
of esophageal adenocarcinoma that is 30 to 125 times that of the normal population
and, expressed as adenocarcinomas per 100,000 patients with Barrett's esophagus
per year, is on the magnitude 500 per 100,000 cases. It is currently recommended
for patients with Barrett's esophagus who are medically fit to be enrolled in a sur-
veillance program and undergo annual endoscopy examination with multiple biop-
sies. An acceptable protocol for these purposes requires four biopsies, one from
each quadrant of the esophagus, and for every 2 cm along the visible length of the
Barrett's mucosa, with additional biopsies from any abnormal-appearing area. Pa-
tients with low-grade dysplasia should be screened at 6-month intervals. If high-
grade dysplasia is confirmed by two experienced pathologists, esophageal resection
should be considered unless the patient is medically unfit. In that case continued
surveillance is undertaken every 3 months until adenocarcinoma is diagnosed.

MANAGEMENT
Barrett's Esophagus Free of Dysplasia

The diagnosis of Barrett's esophagus is usually made during investigation of pa-
tients with symptoms of GERD. The majority will initially be treated with medical
therapy using H2 receptor blockers or the proton pump-inhibitor omeprazole. De-
spite the widespread and liberal prescribing of these powerful acid-suppressing
drugs, there continues to be a substantial number of patients with Barrett's esopha-
gus resistant to medical therapy. The major reason is because medical therapy does
not address the underlying problem, which is a mechanically defective LES, and the
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regurgitation of gastric juice continues unabated. Because drug therapy is focused
on acid suppression, a potential problem is the continued reflux of alkaline material
(duodenal juice containing bile and pancreatic enzymes). As already mentioned, in-
creased esophageal alkaline exposure is associated with complications in Barrett's
esophagus, including stricture, ulcer, and dysplasia, and may explain why 10% to
20% of patients with GERD fail to heal mucosal injury despite profound acid sup-
pression.41'42

Criteria for an antireflux operation in patients with uncomplicated Barrett's
esophagus are a mechanically defective LES on stationary manometry and in-
creased esophageal acid exposure on 24-hour esophageal pH monitoring. An anti-
reflux procedure is preferred in patients with Barrett's esophagus since the
operation corrects the mechanical problem, restores LES function, and abolishes
reflux of all gastric and duodenal content into the esophagus, thereby preventing
repetitive injury to the Barrett's mucosa and the normal esophageal mucosa.5 An
antireflux procedure is superior to medical therapy in the management of compli-
cated reflux disease.43 Further, Nissen fundoplication is the only therapy that has
been shown to be effective in the long-term control of reflux disease.44

It seems prudent for patients with Barrett's esophagus to remain in an endo-
scopic surveillance program following antireflux surgery since there is no reliable
evidence to indicate that the Barrett's mucosa will regress. However, the important
question is whether the antireflux procedure can prevent progression of the Bar-
rett's mucosa. There are several reports of adenocarcinoma developing in Barrett's
esophagus after antireflux operations but none included efforts to exclude dysplasia
before surgery or to document the effectiveness of the repair after surgery.
Whether a properly functioning antireflux repair can indeed reduce the rate of ma-
lignant progression in Barrett's esophagus awaits confirmation. One prospective
registry showed that medical therapy was associated with a significantly higher inci-
dence of dysplasia and adenocarcinoma than surgical therapy.45

Barrett's Esophagus With Low-Grade Dysplasia

Patients who are diagnosed as indefinite for dysplasia or as low-grade dysplasia
should undergo a repeat endoscopic examination with meticulous examination of
the Barrett's epithelium and documentation of the location of any areas of mucosal
irregularity. Biopsies should be obtained along the length of the mucosa in the stan-
dard fashion and the location of each biopsy should be recorded. Following exam-
ination of the histologic specimens, the presence and extent of the dysplastic
change can be documented. Because inflammatory atypia can be confused with low-
grade dysplasia, patients who have not been treated for their reflux disease should
receive a 3-month course of intensive acid suppression with omeprazole, 20 to 40
mg daily, to reduce the active inflammation. After this course of treatment, endos-
copy should be repeated and the esophagus should be extensively biopsied, paying
particular attention to areas previously reported to show dysplastic change. If the
low-grade dysplasia persists, the patient should undergo an antireflux procedure
followed by endoscopic surveillance with multiple biopsies every 6 months.
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Barrett's Esophagus With High-Grade Dysplasia

High-grade dysplasia is a sinister finding. It is presently the best available
marker of patients with Barrett's esophagus who will develop adenocarcinoma or
who are already harboring an invasive carcinoma. An aggressive approach to these
patients is recommended. Experienced surgeons have been struck by the difficulty
in the differentiation of high-grade dysplasia from adenocarcinoma on the basis of
endoscopic biopsy examination. Several studies46"49 have indicated that up to 50%
of patients who undergo esophagectomy for high-grade dysplasia already have in-
vasive adenocarcinoma. In our experience of nine patients who were operated on
with a diagnosis of high-grade dysplasia, five (55%) had unexpected invasive adeno-
carcinoma in the resected specimen.50 Despite obtaining a considerable number of
preoperative biopsies, the presence of invasive adenocarcinoma was frequently
missed. Patients with mucosal abnormalities were more likely to have adenocarci-
noma, but a normal-appearing Barrett's mucosa did not indicate the absence of un-
derlying adenocarcinoma.

Some authors have preferred a conservative approach to the management of
high-grade dysplasia because surgical therapy has been considered to have a high
morbidity and, in a few cases, mortality has occurred in patients who were free from
invasive cancer in the resected specimen.51-53 Fundamental to this hypothesis is the
ability to distinguish high-grade dysplasia from early adenocarcinoma by endo-
scopic biopsy. Other concerns with continued surveillance for high-grade dysplasia
are that the majority of patients will progress to adenocarcinoma within a relatively
short period of time, thereby negating the rationale for continuing surveillance.

100

80

60

40

% Survival

Non Surveyed (n=35)

10 20 30
Months

40 50 60

Surveyed
Non Surveyed

17
35

9
22

5
9

4
3

2
2

1
1

Fig. 4-8 Survival after esophageal resection in endoscopically surveyed and nonsurveyed patients.
There was a significant difference between the groups (log rank \2 = 5.8,p <0.05). Bars indicate stan-
dard errors of the mean. Surveyed group included 13 patients with adenocarcinoma and four with
high-grade dysplasia. The number of patients at each year of follow-up are shown in the key box.
(From Peters JH, Clark GWB, Ireland AP, et al. Outcome of adenocarcinoma arising in Barrett's
esophagus in endoscopically surveyed and nonsurveyed patients. J Thorac Cardiovasc Surg 108:813-
822, 1994.)
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Hameeteman et al.,34 in a prospective study, reported on five patients with Barrett's
adenocarcinoma who progressed from low-grade to high-grade dysplasia prior to
the development of cancer. The time interval from low-grade dysplasia to carci-
noma was only 1.5 to 4 years. High-grade dysplasia is considered to be a marker for
early esophageal adenocarcinoma and patients who are medically fit should un-
dergo esophagectomy with anticipation of permanent cure of the disease. Contin-
ued surveillance should be reserved for older patients and those with coexisting
medical conditions in whom resection would only be undertaken if adenocarci-
noma develops.

Endoscopic surveillance for patients with Barrett's esophagus followed by early
surgical resection for high-grade dysplasia or intramucosal adenocarcinoma is an
effective management policy since such patients have an improved outcome com-
pared to patients with newly recognized Barrett's carcinomas who were not under
surveillance. Esophageal resection was performed in 52 patients for either high-
grade dysplasia or adenocarcinoma arising in Barrett's esophagus.50 The patients
were divided into two groups: (1) 17 patients who had been referred for surgical
consultation after a diagnosis of high-grade dysplasia or adenocarcinoma had been
made during endoscopic surveillance; and (2) 35 patients who were not part of an
endoscopic surveillance program and who developed a de novo adenocarcinoma. A
significant survival advantage was obtained in those patients in the surveyed group
compared to nonsurveyed patients (Fig. 4-8).
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Video-assisted laparoscopic surgery has changed the approach to many prob-
lems in general surgery and the encouraging results obtained with laparoscopic
cholecystectomy and appendectomy have led many surgeons to apply minimally in-
vasive access to more surgical procedures. Results comparable with those of the
corresponding open techniques, but with less surgical trauma, shorter hospitaliza-
tion, lower morbidity, and a shorter convalescence, have been obtained after lap-
aroscopic removal of common bile duct stones,1 repair of groin hernias,2 large and
small bowel resection,3'4 and myotomy of the esophagus.5 Among the new surgical
procedures, laparoscopic antireflux surgery has gained widespread popularity since
its first report in 19916 and is no longer in the experimental phase.

Gastroesophageal reflux symptoms are very common, but abnormal esophageal
acid exposure as assessed by 24-hour pH monitoring7 is only found in 65% of
symptomatic cases. Of these patients 50% to 60% have a manometrically defective
lower esophageal sphincter (LES)8 and form a subset that benefits from surgical
treatment.9'10 Unfortunately, many surgeons now practicing laparoscopic antireflux
surgery lack previous experience with the corresponding open type of antireflux
surgery. Approach and mobilization of the intra-abdominal esophagus are feasible
laparoscopically in the absence of previous abdominal surgery and excessive esoph-
ageal shortening.6'11 Large hiatal or paraesophageal hernias can be reduced into the
abdomen by expert hands using "dedicated" instruments. A high degree of hands-
on skills, confidence with laparoscopic imaging, and specific surgical supplies are
needed during the laparoscopic hiatus preparation and fundoplication, making this
advanced laparoscopic surgery. When the indications for surgical treatment are
correct and the surgical steps of conventional operations are fully respected, lap-
aroscopic correction of gastroesophageal reflux produces results comparable with
those of the corresponding open procedure. A good knowledge of the pathophysi-
ology of gastroesophageal reflux disease (GERD), additional skills beyond those ac-
quired in performing laparoscopic cholecystectomy, and experience with all aspects
of open antireflux surgery are consequently essential.

83
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GENERAL PRINCIPLES OF ANTIREFLUX SURGERY AND
PATIENT SELECTION FOR LAPAROSCOPIC TREATMENT

As in the case of open surgery, the indication for laparoscopic antireflux repair
remains a documented abnormal exposure of the distal esophagus to gastric acid,
with or without hiatal hernia, which occurs more often in patients with a defective
LES.8 Patients usually have a history of at least 6 months of medical, dietary, and
postural therapy. Surgery is required if symptoms recur when the treatment is
stopped or if symptoms and esophagitis fail to respond to acid suppressants. Diag-
nostic workup includes endoscopy with multiple biopsies, barium swallow, esopha-
geal manometry, and 24-hour pH monitoring. In selected cases, gastric emptying
studies are also useful. Endoscopy evaluates mucosal damage of the distal esopha-
gus and, in association with esophagography, provides information on the presence
and type of hiatal hernia and on any complications, such as peptic stricture. Sta-
tionary manometry measures the resting tone and length of the LES and the de-
gree of esophageal motor dysfunction. Together with 24-hour pH monitoring of
the distal esophagus, manometric study enables a functional evaluation of the dis-
ease and establishes the indication for surgery.

The aim of laparoscopic antireflux repair is to reduce any hiatal hernia and treat
the reflux problem by restoring cardia competency, increasing its mechanical func-
tion, and allowing for normal swallowing, belching, and vomiting. These goals are
also achieved via the laparoscopic approach by creating a plication around the dis-
tal esophagus after repositioning an adequate length of distal esophagus into the ab-
domen.10 On the basis of experience with open antireflux surgery, the laparoscopic
fundoplication constructed using the gastric fundus, hepatic round ligament (teres
ligament), or prosthetic silicon materials has recently been proposed.6'12'16 Since the
operation should enable the new sphincter to relax, the best tissue to use for an
antireflux plication is the gastric fundus, which is able to relax synchronously with
the LES in response to deglutition.17 To prevent postoperative dysphagia, the pli-
cation should not increase the new sphincter's resistance during relaxation, which
could overcome the strength of the peristaltic contractions and cause food im-
paction. Sphincter resistance is determined by the length, shape, and caliber of the
plication. A 2 cm long total (or partial in the case of defective peristalsis) gastric
fundoplication, fashioned around a 50 to 60 F dilator inserted in the esophagus, is
the recommended technique.9'14 Surgical correction must also guarantee that the
new sphincter is kept inside the abdomen without tension. Closure of the dia-
phragmatic crura with one to three sutures usually prevents the fundoplication
from slipping into the chest (Fig. 5-1). When there is too much tension, or the
esophagus is short, it is worth considering making the esophagus longer (such as
the Collis gastroplasty) and converting the operation to an open procedure. Con-
version to laparotomy must not be considered as a failure and the laparoscopic sur-
geon must avoid the temptation to simplify well-established techniques to expedite
laparoscopic completion. Uncontrollable bleeding and esophageal or gastric perfo-
ration are the most common indications for conversion. Difficulty in taking down
the short gastric vessels, inadequate proximal gastric mobilization, or difficulty in
repositioning the esophagogastric junction below the hiatus add the risk of wrap-
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Fig. 5-1 Nissen fundoplication slipping into the chest in a case of inadequate closure of the dia-
phragmatic crura.

ping the stomach instead of the esophagus and should prompt the laparoscopic sur-
geon to convert to laparotomy. The laparoscopic surgeon must avoid the creation
of tight wraps, which increase the likelihood of postoperative dysphagia or gas bloat
and the recurrence of symptoms caused by fundoplication dysfunction.

The total posterior gastric fundoplication (Nissen) is currently the most-per-
formed laparoscopic antireflux procedure6-13'14 (Table 5-1). Laparoscopic 270-de-
gree posterior (Tbupet) and anterior (Dor) gastric hemifundoplications have proved
effective in patients with GERD complicated by poor esophageal body function14

and in patients with achalasia after extramucosal Heller's myotomy has been per-
formed.5 The laparoscopic placement of the Angelchick silicon prosthesis16 or the
creation of an antireflux mechanism using the hepatic round ligament instead of the
gastric fundus15 are also used to control abnormal gastroesophageal reflux.

EQUIPMENT

The imaging system used in laparoscopic antireflux procedures consists of a 10
mm 0-degree laparoscope. A 10 mm 30-degree optic can be used when vision of the
left and right lateral aspects of the intra-abdominal esophagus must be improved to
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t~^ ^^ r̂ i C3 cz^ 'r~* P Î PNI oo oo r~^ r~^ r^ t/~^ r^^ t^ \o r^j *-o '~~i i/*
t"^ C) ON CO ON ON ON ON OO ON OO ON ON ON ON CO OO ON ON ON O

' ' r^1 J* ' '""' r^ l-̂ ~i ~1 A rr^ f^ î ' '
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complete dissection from the diaphragmatic crura. Under general anesthesia and
with the patient in the lithotomy reversed Trendelenburg position, pneumoperi-
toneum is established at 10 to 12 mm Hg using a Veress needle or open Hasson
technique. Five trocars are required, but their positioning varies according to which
technique is being used. Fig. 5-2 illustrates the trocar sites during the laparoscopic
Nissen and Toupet techniques. The laparoscope is inserted through a 10 mm tro-
car positioned in the midline, three to four finger breadths above the umbilicus
(No. 1). A second 10 mm trocar, inserted on the right side just above the midpoint
of the hemitransverse umbilical line, is for the three finger breadths liver retractor
(No. 2). A 5 mm trocar, positioned on the left side at the same level as the second
trocar, but more laterally on the anterior axillary line, is for a clamp that pulls down
the stomach during esophageal dissection and proximal gastric preparation (No. 3).
Two other trocars, one 5 mm and one 10 mm, represent the two operative ports.
The first is introduced just below the xiphoid, 1 cm to the right of the midline
(No. 4), and the second is inserted at the same level as the No. 3 trocar in the mid-
point between the No. 3 and No. 1 trocars (No. 5). All laparoscopic antireflux tech-
niques use both standard and specifically designed instruments. Atraumatic forceps
and clamps ensure manipulation, whereas dissection is performed using graspers,
hooks, or scissors with electrocautery. Some of these instruments have a finger-con-
trolled shaft rotation that permits turning of the distal tip without abnormal twist-
ing of the wrist. A new reticulator version of graspers permits articulation of the
instrument's distal tip to an angle greater than 90 degrees and is useful during
fundoplication because it facilitates the passage of the gastric fundus through the
window created behind the dissected esophagus.

Fig. 5-2 Position of trocars during laparoscopic Nissen and Toupet procedures.
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Fig. 5-3 Extracorporeal knot tying uses monofilament sutures by fashioning a hemikey introduced
into the abdomen by a special knot pusher. To guarantee effective tying, five to six knots are neces-
sary.

An efficient high-flow irrigator/aspirator unit is required to control bleeding
and preserve a clean operative field. Short gastric vessels or other possible sources
of bleeding can easily be clipped using Endo Clip applicators. Intracorporeal su-
turing and knot tying are among the advanced operative skills that laparoscopic sur-
geons must master. Standard or specifically designed needle holders are used, and
nonabsorbable suture materials with short and straight needles are specifically cus-
tomized. Wrap fixation can be simplified, however, by an extracorporeal knot-tying
technique that uses a special knot pusher (Fig. 5-3), or by using agraffes stapled be-
tween the two limbs of the fundoplication.

TECHNIQUES
Laparoscopic Nissen Fundoplication

The laparoscopic Nissen procedure is generally performed via the five (two 5
mm and three 10 mm) transabdominal ports positioned as described above, follow-
ing the establishment of pneumoperitoneum, using a Veress needle introduced
through an incision on a level with the No. 1 trocar site or the Hasson cannula
when adhesions from previous surgery are expected. The surgeon stands between
the patient's legs and handles the instruments through the two operative ports
(Nos. 4 and 5), while the assistant on the right side holds the laparoscope and re-
tracts the liver. The assistant on the left side retracts the stomach during esopha-
geal dissection and raises the esophagus during access to the area behind the
esophagus. This assistant also helps the surgeon during suturing procedures.
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Fig. 5-4 Mobilization of the esophagus allows for the creation of a posterior window in the con-
nective tissue just inferior to the left diaphragmatic cms. The posterior vagus nerve must be identified
and separated from the posterior aspect of the esophagus.

The first step in the operation consists of vertically dividing the gastrohepatic
ligament over a short distance along the upper lesser curvature of the stomach us-
ing the electrocautery hook and taking care to preserve the hepatic branches of the
vagus nerve and to avoid bleeding from any aberrant left hepatic artery. Retraction
of the stomach to the left side exposes the right diaphragmatic cms, which is dis-
sected by gently incising the overlying peritoneum with the electrocautery hook or
scissors. The right cms is dissected from the esophagus to give access to the poste-
rior esophagus and to identify the crossing of the diaphragmatic crura. A similar
dissection of the left cms is made after retraction of the stomach to the right side.
The esophagus is elevated with a plastic tube to create a posterior window in the
connective tissue just inferior to the left diaphragmatic cms (Fig. 5-4). Access to
the cavity above the gastric fundus, which in the case of hiatal hernia is located in
the mediastinum, is gained by gentle dissection that must not be extended too far
upward to avoid damage to the left pleura, which would cause pneumothorax, me-
diastinal air tracking, and a subcutaneous neck emphysema. During this stage of the
operation, dissection must not be performed too close to the posterior wall of the
stomach and esophagus to avoid perforation. When the window behind the esoph-
agus is created, the next step is to identify and dissect the right vagus nerve from
the posterior wall of the esophagus because the gastric wrap must be positioned be-
tween the anterior aspect of the nerve and the posterior wall of the esophagus. A 50
to 60 F dilator is inserted in the esophagus prior to hiatoplasty, which consists of
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Fig. 5-5 Hiatoplasty involves one to three stitches passed from the left to the right diaphragmatic
cms to allow crural closure. This step must be completed when a 50 to 60 F bougie is introduced into
the esophagus to avoid esophageal dysphagia.

crural closure behind the esophagus and in front of the posterior vagus nerve, by
means of one to three 2-0 monofilament sutures passed from the left to the right
side through the muscle fibers of the diaphragmatic crura and tied using the extra-
corporeal knot-tying technique. The stitches must be passed and tied gently to
avoid esophageal stricture and to ensure a crural closure sufficient to prevent the
gastric fundoplication from slipping into the chest when the intraesophageal bougie
is removed (Fig. 5-5).

The next step in the procedure involves mobilization of the upper 10 cm of the
greater curvature of the stomach by clipping and dividing short gastric vessels and
peritoneal attachments to the spleen and diaphragm (Fig. 5-6). This is not always
necessary because the proximal part of the fundus often has long vascular and peri-
toneal attachments that do not interfere with fundoplication fashioning. In such
cases, attention must be paid to avoid interposing the gastric fat pad between the
esophagus and the gastric fundus because this would encourage slipping of the gas-
tric wrap on the esophagus, especially when the Nissen-Rossetti technique is used.
Following the reinsertion of the intraesophageal dilator, the mobilized gastric fun-
dus is grasped with a clamp and passed through the window behind the esopha-
gus from left to right to create a wrap around the intra-abdominal esophagus (Fig.
5-7). According to the classic Nissen technique, the gastric wrap must be total, that
is, 3 60 degrees and 2 to 4 cm long. The limbs of the fundoplication should be fixed
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Fig. 5-6 The short gastric vessels are frequently clipped and divided to mobilize the gastric fundus
necessary for fundoplication.

Fig. 5-7 The mobilized gastric fundus is grasped and passed through the window created behind
the esophagus.
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Fig. 5-8 The Nissen-Rossetti technique consists of creating a short loose posterior fundoplication
that is not fixed to the anterior wall of the esophagus.

Fig. 5-9 One to two stitches passed through the wrap's left hemivalve and the anterior surface of the
gastric body prevent gastric "telescoping" phenomenon.
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with two or three sutures that pass through the anterior muscular wall of the esoph-
agus. Knots can be tied either with the extracorporeal technique, using 2-0 long
monofilament sutures, or with the intracorporeal technique, which uses 2-0 short
silk sutures. Some authors use a single U-shaped stitch of 2-0 monofilament suture
with two Teflon pledgets on the outer surface of each limb of the wrap to fix the
fundoplication, plus two simple 2-0 monofilament sutures placed above and below
the U stitch.12 We prefer to fashion the fundoplication according to the Rossetti
modification, which consists of a loose, floppy, 2 cm long total posterior gastric
wrap that is not fixed to the anterior esophageal wall (Fig. 5-8). Gastric wrap "tele-
scoping" is prevented by fixing the lower part of the wrap's left hemivalve to the an-
terior surface of the gastric body with one or two additional stitches (Fig. 5-9).
Fundoplication tightness is controlled by replacing the dilator in the stomach. Fi-
nally, intraperitoneal liquids are aspirated and the pneumoperitoneum is released.
Removal of the transabdominal ports is followed by closure of the small cutaneous
incisions. Major defects in the muscle layers of the abdominal wall must be closed
with absorbable transfascial sutures to avoid postoperative hernia formation.

Laparoscopic Toupet Fundoplication

Chronic gastroesophageal reflux may cause defective peristalsis in the esopha-
geal distal body. Some patients with endoscopic grade II esophagitis show esopha-
geal contractions with amplitudes below 30 mm Hg, while patients with more
severe reflux esophagitis, Barrett's esophagus, or peptic stricture may present with
no motility along the entire esophageal body.37 Because Nissen fundoplication may
also aggravate preexisting poor esophageal body function and dysphagia,38 a poste-
rior 270-degree gastric fundoplication, which can also be completed through a lap-
aroscopic access, has been recommended to correct pathologic gastroesophageal
reflux in patients with defective peristalsis.

The operative procedure is similar to the Nissen fundoplication, except that the
posterior gastric wrap does not require fundus mobilization from the spleen. The
fundoplication should be 3 to 4 cm long and fixed to the right and left margins of
the anterior wall of the esophagus with two or three 2-0 monofilament sutures on
each side, tied using the extracorporeal knot-tying technique (Fig. 5-10). This pro-
cedure emphasizes the angle of His and increases LES resting tone, albeit to a
lesser degree than the Nissen technique.

Laparoscopic Dor Fundoplication

Dor fundoplication consists of an anterior gastric hemifundoplication that is
usually performed to prevent iatrogenic gastroesophageal reflux in patients with
primary esophageal achalasia after extramucosal Heller's myotomy.39 Since dissec-
tion is limited during myotomy to the anterior wall of the esophagus, this antireflux
procedure seems to be the most suitable, partly because it does not require wide
dissection and because it protects the esophageal mucosa exposed by the myotomy.
The procedure can be performed laparoscopically by suturing the anterior wall of
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Fig. 5-10 Toupet fundoplication is a posterior 270-degree wrap. The gastric fundus is fixed to the
lateral margins of the esophagus.

Fig. 5-11 The Dor operation is an anterior 180-degree fundoplication performed after myotomy for
esophageal achalasia. The wrap is fixed to the lateral edges of the myotomy on both sides.

the gastric fundus, which is not mobilized from the spleen, to the edges of the my-
otomy with three nonabsorbable sutures on each side. The upper stitch includes the
diaphragmatic crus and prevents the fundoplication from slipping into the chest
(Fig. 5-11). The trocars are positioned in more or less the same way as for the other
classic antireflux procedures, except that the trocar for the optic is located higher,
on the midpoint of the xiphoid-umbilical line, so that the myotomy can be extended
proximally into the mediastinum.

Laparoscopic Ligamentum Teres Cardiopexy

This original technique, described by Narbona-Arnau40 and adapted for lap-
aroscopy by Nathanson, Shimi, and Cuschieri15 with some modifications regarding
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Fig. 5-12 Cardiopexy fashioned using the hepatic round ligament.

blood supply preservation of the ligament, has proved effective in achieving LES
competence by lengthening its intra-abdominal segment, restoring the angle of
His, and increasing the pressure in the high pressure zone. The procedure requires
five trocars, two 11.5 mm and three 5.5 mm. The two 11.5 mm trocars are inserted
just above the umbilicus, one on the right and one on the left, along the linea semi-
lunaris. They are used for the insertion of the laparoscope and clip applicator.
Three 5.5 mm trocar ports are used for the operating instruments. One is placed
just below and to the right of the xiphoid process, one to the right of the midline
halfway between the subxiphoid and the right 11.5 mm trocar, and one close to the
lower end of the left costal margin.

The technique makes use of the round hepatic ligament to construct an intra-
abdominal segment at the esophagogastric junction. This acts as a flutter valve
when the anterior and posterior walls are apposed by intra-abdominal pressure
rises. The first step is mobilization of the round hepatic ligament with preservation
of its blood supply from the liver and peritoneal attachments, followed by mobi-
lization of the intra-abdominal esophagus and fashioning of the cardiopexy using
the round ligament (Fig. 5-12).

Laparoscopic Placement of the Angelchick Prosthesis

Trocar positioning and the mobilization of the intra-abdominal esophagus are
the same as for the laparoscopic Nissen procedure. The silicon prosthesis is intro-
duced through the No. 1 access after removal of the Hasson cannula. If the hiatal
opening is large enough, a hiatoplasty is performed to prevent prosthesis herniation
into the mediastinum. The prosthesis is passed through the window created behind
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Fig. 5-13 The Angelchick prosthesis is placed laparoscopically as during open surgery.

the esophagus by posterior dissection. The vagus nerve can be left on the inside or
outside of the prosthesis, which is then placed in the required position at the esoph-
agogastric junction. A dilator bougie is inserted in the esophagus before intracor-
poreal tying of the Dacron straps with four knots. One or two metal clips are used
to prevent the ends of the straps from coming undone. Some surgeons also secure
the strap knot to the fatty tissue on the anterior surface of the stomach using an
EndoLoop tie of absorbable material to prevent any dislocation of the prosthesis16

(Fig. 5-13).

POSTOPERATIVE MANAGEMENT

Antireflux laparoscopic surgery offers a shorter postoperative course than con-
ventional open laparotomy. In our experience, after an initial learning phase, dur-
ing which the laparoscopic surgeon becomes familiar with the technique, post-
operative management becomes standardized and free of complications. Postoper-
ative antibiotics are not necessary. A preoperative short-term antibiotic prophylaxis
is generally provided at the induction of anesthesia. No drains are placed unless
there are intraoperative complications. A nasogastric tube is positioned and re-
moved on the first or second postoperative day after a radiographic contrast study.
Some authors do not use a nasogastric tube.4'19 Patients are allowed to eat and are
discharged on the third or fourth day with instructions to eat only soft foods. A
mild transient dysphagia is usually present during the first month. Patients are seen
1 and 12 months after surgery for a clinical evaluation, and at 6 and 24 months for
a full evaluation, including endoscopy, esophageal manometry, and 24-hour pH
monitoring.



Laparoscopic Approach to Gastroesophageal Reflux Disease 97

CASE SERIES AND RESULTS

Between June 1992 and December 1994, 24 patients with GERD diagnosed by
esophageal 24-hour pH monitoring were selected for laparoscopic antireflux sur-
gery. In three patients (12.5%), conversion to laparotomy was necessary to deal ade-
quately with two paraesophageal hernias and one hiatal hernia. Nineteen Nissen-
Rossetti and two Toupet procedures were performed. The average duration of the
operation was 182 minutes (range, 118 to 243 minutes). Five patients had no endo-
scopic esophagitis, two had grade I esophagitis, seven had grade II, four had grade
III, and three had Barrett's esophagus. No patient had a peptic stricture. Hiatal her-
nia was present in 17 patients, one of whom had an enormous mixed (hiatal plus
paraesophageal) gastric herniation. No intraoperative major complications oc-
curred during esophageal dissection, gastric mobilization, and wrap fashioning. A
Silastic drain was positioned in the splenic region in five cases, at the cardia in four,
and in the subhepatic region in two cases. Morbidity included two cases of slipped
Nissen, one of which required an open reoperation on the third postoperative day,
one case of dynamic ileus (treated conservatively), one case of pneumonia (requir-
ing 13 days of hospitalization), one case of paroxysmal atrial fibrillation, which was
converted pharmacologically with amiodarone (Cordarone) infusion, and two cases
of transient subcutaneous emphysema of the chest and cervical region (Fig. 5-14).
Antibiotics were used only for the patient who developed pneumonia. The use of
analgesic drugs was limited and in the majority of cases was unnecessary. A naso-
gastric tube was routinely positioned in the first 19 patients and was avoided in the

35
I Mean [HI Minimum S Maximum

Fig. 5-14 Some aspects of the postoperative course in 21 patients undergoing laparoscopic Nissen-
Rossetti fundoplication. In two patients (9.5%), no nasogastric tube was positioned. In 10 patients
(48%), abdominal drainage was unnecessary. Five patients (24%) required no pain-relief medication
in the postoperative period. Hospitalization was brief and a complete recovery to normal activity was
achieved in 2 weeks.
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Fig. 5-15 A significant increase in LES resting pressure was obtained with the laparoscopic Nissen-
Rossetti repair in the 16 patients who had postoperative manometry (left). A significant decrease in the
total percentage time of esophageal acid exposure was demonstrated with 24-hour esophageal pH
monitoring (right).

last two patients. The return to bowel transit and natural feeding was exceptionally
good. The average hospital stay was 6 days (range, 3 to 13 days) with a mean con-
valescence of 17 days (range, 7 to 30 days) calculated on the basis of the time re-
quired to return to work or normal activity. A clinical follow-up of the 21 patients
at a mean of 9.5 months (range, 1 to 25 months) was made. Two patients had se-
vere dysphagia and one was reoperated on after 3 months by laparotomy because of
an excessively tight hiatus. The other was successfully treated by means of two
pneumatic dilations. No recurrent reflux symptoms were recorded (see Table 5-1).
Repeated manometry and pH-monitoring, after a mean follow-up period of 7
months (range, 1 to 25 months), was performed on 16 patients. All patients had a
significant increase in LES resting tone after laparoscopic surgery and there was no
abnormal esophageal acid exposure (Fig. 5-15). Improved esophageal body motility
and complete regression of esophagitis after a laparoscopic Toupet fundoplication
was seen in one of the two patients who had preoperative esophageal peristaltic dys-
function. Endoscopy performed prior to postoperative functional studies in the 16
patients who completed the follow-up showed no signs of recurrent hiatal hernia or
macroscopic esophagitis. The follow-up in one patient with Barrett's esophagus
showed no regression.

DISCUSSION

Despite the recent introduction of new acid suppressants such as omeprazole,
surgery still competes well with medical therapy for the treatment of GERD.41 The
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Table 5-2 Number of operations per year

Author Laparotomy Era Laparoscopic Era

Collard et al.12'44

DeMeester et al.43

DelGenio et al.27

Siewert et al.45

Ancona and Peracchia et al.33>34>46'47

Jamieson et al.24>48

Hinder etal.14-49

Boulez et al.32

Cadiere et al.23

Dallemagne et al.6'19

23
24
12
14
11
10
15
?
p
p

26
23
15
18
12
62
76
53
59

143

indications for surgery, manometrically detected LES deficiency and abnormal gas-
troesophageal reflux on 24-hour pH-monitoring, must be clearly defined. There
are numerous antireflux techniques, but the Nissen procedure is probably superior
for long-term reflux control.10'42'43 Results after the laparoscopic approach were
very similar to those of the open procedure and the technique used was the same as
for the conventional open Nissen operation. Reports of published series of the lap-
aroscopic treatment of GERD confirm that total posterior fundoplication (Nissen)
is certainly the preferred procedure, albeit with technical variations from one sur-
geon to another. The rate of conversion to open surgery varies from 0% to 25%
and this variability probably depends not only on the experience of the surgeon, but
also on different attitudes to the possible need for conversion. Some surgeons re-
port on the use of the laparoscopic approach to treat difficult cases with giant hi-
atal or paraesophageal hernias and convert to open surgery only in the event of
uncontrollable intraoperative complications. Others convert to laparotomy more
frequently, especially when anatomic difficulties prevent the completion of the pro-
cedure to perfection. Table 5-2 provides data from the literature and shows the dif-
ference in the number of antireflux operations performed yearly before and after
the introduction of laparoscopy by various authors. Some authors continue to per-
form a similar number of operations each year, whereas others show a significant
increase in the total number of antireflux repairs performed since the introduction
of the laparoscopic technique. This increase could be related to a referral pattern
to particular centers for less invasive treatment, or to a broadening of the indica-
tions for laparoscopic treatment.

Despite a significant decrease in the operative time with increasing experi-
ence,14'19'24 the average duration of laparoscopic procedures is longer than the cor-
responding laparotomy techniques. The longer duration of the procedure does not
seem to influence the morbidity and postoperative course, in which pain and dis-
comfort are minimal and hospital stay and convalescence are shorter. The literature
describes only a few cases of wound contamination after laparoscopic surgery, thus
justifying the abandonment of the systemic use of postoperative antibiotic therapy.
A preoperative short-term prophylaxis with 2 gm intravenous ceftriaxone is given
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Table 5-3 Complications of laparoscopic antireflux surgery (1012 operations)

No. of Patients %

Subcutaneous emphysema
(chest and neck)

Pneumothorax
Esophageal/gastric perforation
Pneumonia
Bleeding
Pulmonary embolism
Wrap slipping
Ileus
Cardiac arrhythmias
Intra-abdominal abscess
Other

Urinary infections
Pleural effusion
Wrap necrosis
Aspiration
Necrosing pancreatitis
Bacteremia with jaundice
ARDS

30

13
10
9
8
7
4
3
1
1
8
2
1
1
1
1
1
1

94

2.9

1.3
1.0
0.9
0.8
0.7
0.4
0.3
0.1
0.1
0.8

9.3

at the induction of general anesthesia. Judging from the larger case series,14'19-24 the
use of a nasogastric tube to prevent dilation linked to gastric paresis is also being
discontinued. On the other hand, 12- to 24-hour nasogastric tube aspiration pre-
vents gastric distention prior to the recovery of bowel movements and limits vom-
iting and excessive tension on the fundoplication. Drains are used only in the event
of the risk of bleeding or iatrogenic tissue damage and only for very brief periods.
Table 5-3 lists the most common complications of laparoscopic antireflux surgery
in a series of 1012 operations, 981 of which (97%) were Nissen or Nissen-Rossetti
procedures. The remaining 3 % included a teres cardiopexy in nine cases, a Toupet
procedure in 10 cases, a Dor procedure in 10 cases, and a Lortat-Jacob procedure
in two cases.* Subcutaneous emphysema located in the chest and cervical regions in
2.9% of cases was due to carbon dioxide trapped in the mediastinum during dis-
section of the hiatal region when a window was made behind the esophagus. This
emphysema is sometimes very severe and deforming, but is always transient and
usually resolves spontaneously.20'30 Pneumothorax occurred in 1.3% of patients and
was linked to left pleural damage during dissection and hernia reduction. It may be
minimal and recede spontaneously, but sometimes requires a chest aspiration tube.
Moderate bleeding occurs during cardia dissection and is generally easy to control
laparoscopically, but can sometimes be severe and may require conversion to lap-
arotomy, especially when it is from an aberrant left hepatic artery during right crus

*References 12, 14, 19, 20, 23-25, 28, 30, 35, and 36.
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dissection or from the gastrosplenic vasa brevia during gastric fundus mobilization.
Perforation of viscera is another important cause of morbidity. There are no re-
ports of organ damage caused by the insertion of trocars during laparoscopic anti-
reflux procedures. Perforation generally occurs during the operative phases and
involves the posterior aspect of the esophagus at the cardia during the creation of
the posterior window, the stomach during fundus mobilization, the passage of the
fundus behind the esophagus to create the wrap, or when the stomach is pulled
down with traumatic forceps. The rare cases of pulmonary embolism reported af-
ter laparoscopic antireflux operations may not justify the routine use of low-dose
heparin as prophylaxis for deep venous thrombosis, except for patients at risk.
Other complications, which occur in a very small percentage of cases, are not
strictly linked to the operative stages of the laparoscopic antireflux repair. In all
published case series, hospitalization is brief. In the absence of complications, it
never exceeds the fourth or fifth postoperative day. The average percentage of suc-
cess of the various antireflux procedures in 21 series, including 1513 patients,
amounts to 92.8% (range, 77% to 100%) (see Table 5-1). These results confirm the
efficacy of the laparoscopic treatment of GERD. However, in most of the series,
satisfactory results have been reported only on a subjective, clinical basis, without
evaluation of the functional effects of the various antireflux plications. In our series,
all patients underwent postoperative manometric and pH-monitoring studies that
demonstrated an increase in LES pressure and a decrease in esophageal acid expo-
sure, with complete regression of endoscopic esophagitis. In our opinion, post-
operative results must always be considered in the light of functional studies,
including postoperative manometry and 24-hour pH monitoring, especially in the
long-term follow-up.
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Infectious Esophagitis: Etiology, Diagnosis,
and Treatment
Fabrizio Parente, M.D. • Gabriele Bianchi Porro, M.D.

Infectious esophagitis has been recognized for decades, but has only recently
received direct attention in the medical literature. The condition is uncommon in
immunoconipetent subjects and, until the advent of endoscopy, could not be diag-
nosed antemortem with certainty, but could be suspected on the basis of radio-
graphic findings. Flexible esophagoscopy permits direct visualization and biopsy of
the esophagus. With the advent of immunosuppressive therapy, opportunistic in-
fections of the esophagus have become more frequent. Knowledge of these condi-
tions has escalated since the emergence of the human immunodeficiency virus
(HIV) infection and its related diseases. Today, esophageal infections constitute one
of the major causes of morbidity in patients with acquired immunodeficiency syn-
drome (AIDS) and have stimulated continued interest in their diagnosis and treat-
ment.

This chapter summarizes the etiology of infectious esophagitis in immuno-
competent and immunodeficient hosts, discusses the diagnostic strategies currently
available, and reviews the recent advancements in treatment and prophylaxis.

ESOPHAGEAL INFECTIONS IN THE CONTEXT OF AIDS

Infections of the esophagus are very common in patients with HIV infection.
Both retrospective1-2 and prospective3-5 studies have documented that 21% to 35%
of HlV-infected patients complain of esophageal symptoms (mainly dysphagia and
odynophagia) that are for the most part sustained by infections. They are impor-
tant not only because of their frequency, but also because if untreated they may se-
verely compromise the nutritional status of these patients and may be responsible
for life-threatening complications. In addition, the development of an opportunis-
tic esophagitis may be a marker of a poor prognosis, reflecting a more severe un-
derlying immunodeficiency.3-6'7 Almost all of these conditions are now potentially
treatable so the correct diagnosis has important clinical implications.
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Etiology

The complete spectrum of opportunistic pathogens that may be responsible for
esophageal infection in HIV-infected patients is reported in Table 6-1. It must be
emphasized that only anecdotal reports exist for many of these infections (especially
the bacterial and parasitic) and most of the infections are sustained by fungi or
viruses.

Esophageal Candidiasis

Candida esophagitis is the most frequent infection of the esophagus in patients
with AIDS. In three large prospective studies on the frequency of esophageal dis-
eases in HIV-infected patients referred to gastroenterologists for dysphagia and

Table 6-1 Spectrum of organisms responsible for esophageal infections
in HIV-infected patients

Fungal Bacterial

Candida albicans Gram-positive coccobacilli
Candida krusei Actinomycosis
Candida glabrata Mycobacterium avium-intracellulare
Candida parapsilosis Mycobacterium tuberculosis
Candida guilliermondii
Histoplasmosis Protozoal
Exophiala jeanselmei Cryptosporidium

Pnenmocystis carinii
Viral

Cytomegalovirus (CMV)
Herpes simplex virus (HSV)
Epstein-Barr virus
Human immunodeficiency virus (HIV)

Table 6-2 Frequency of the major esophageal lesions in HIV-infected patients

No. of No. of
No. of No. of No. of Kaposi's Noninfectious No

Candida sp CMV HSV Sarcoma Ulcerations Lesions
Authors Year (%) (%) (%) (%) (%) (%)

Connolly et al.3

(n = 48)
Bonacini et al.5

(n = 110)
Parente et al.8

(n = 49)

1989

1991

1991

38 (79)

57 (52)

24 (49)

4 (8)

31 (28)

5(10)

4 (8)

10 (9)

8(16)

7(15)

1 (1)

1 (2)

3 (6)

6(18)

8(16)

4 (8)

37 (34)

5(10)

CMV = cytomegalovirus; HSV = herpes simplex virus.
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odynophagia,3'5'8 Candida esophagitis accounted for 49% to 79% of the symptoms
(Table 6-2). However, 20% to 25% of patients had multiple diagnoses, mainly co-
infection with Candida species and viruses.

Although C. albicans is the most common fungal pathogen, other Candida spe-
cies, including C. glabrata, C. Krusei, and C. guilliermondii, have been reported in
oroesophageal diseases.9 Other reported fungal organisms resulting in symptomatic
esophagitis include Histoplasma capsulatum10 and Exophiala jeanselmei.u

Viral Esophagitis

Viral infections represent the second most common cause of esophagitis in the
HIV-positive population. Members of the herpes virus family may sustain esopha-
geal infections, including cytomegalovirus (CMV), herpes simplex virus (HSV),
and Epstein-Barr virus. CMV infection has been reported in 10% to 28% of HIV-
infected patients complaining of esophageal symptoms3'5'8 and is frequently associ-
ated with an extraesophageal localization (retinitis, colitis).12 HSV esophagitis
(mainly caused by HSV type 1), which is not exclusive to immunosuppressed pa-
tients, is less common and is diagnosed in approximately 10% of HIV-infected
patients (Table 6-2). Epstein-Barr virus has also been reported as a cause of esoph-
agitis in these patients. DNA in situ hybridization studies revealed Epstein-Barr
virus infection in five patients with esophageal ulcers.13 However, additional stud-
ies are needed to evaluate the clinical relevance of this infection.

Esophageal ulcerations have also been described in patients with seroconver-
sion to HIV14'15 These patients present with a "flu-like" illness and associated dys-
phagia or odynophagia. Endoscopic evaluation may reveal esophageal ulcers in
which no specific pathogen can be identified. Since retroviral particles were re-
vealed by electron microscopic examination of esophageal mucosal specimens, HIV
has been suggested as the primary cause of these ulcers.

Bacterial Esophagitis

Bacteria appear to be an unusual cause of esophageal disease in patients with
AIDS, although they may be responsible for esophagitis in patients with hemato-
logic malignancies and diabetes. Invasive gram-positive bacteria have been found in
one patient with AIDS presenting with odynophagia and erosive changes of the dis-
tal esophagus.16

Despite the common occurrence of pulmonary and systemic infection, Myco-
bacterium avium-intracellulare has been reported infrequently as a cause of esopha-
geal symptoms17 and M. tuberculosis is also rarely responsible for esophageal
infection in AIDS patients.18

Protozoal Esophagitis

Despite the high frequency of protozoal infections of the gastrointestinal tract
in HIV-infected patients, protozoal esophagitis has been reported infrequently.
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The causative pathogens identified include Cryptosporidium19 and Pneumocystis
carinii.20

Other Conditions

Idiopathic chronic esophageal ulcers a^e being recognized more frequently in
patients with AIDS. By definition, an esophageal ulceration in the setting of an
HIV infection may be considered idiopathic only when thorough histopathologic
examination of biopsy specimens from the lesion has excluded other causes. Re-
cently Kotler et al.21 reported on 12 cases of chronic idiopathic ulcers in patients
with AIDS. HIV was found in all ulcers through the use of a combination of RNA
in situ hybridization, immunohistochemistry, and antigen capture enzyme-linked
immunosorbent assay of tissue homogenates, suggesting that these ulcers are
caused by a direct cytopathic effect of HIV infection.

Diagnosis
Clinical Findings

Esophageal infections are usually manifested by the presence of esophageal
symptoms, specifically dysphagia or odynophagia. There is not a clear relationship
between the type of esophageal symptom and the cause of infectious esophagitis,3'5

although the abrupt onset of odynophagia in the absence of dysphagia, as well as a
spontaneous recurrent substernal pain, is more suggestive of ulcerative esophagitis
(viral; idiopathic).22 In contrast, patients with Candida esophagitis, when symptom-
atic, tend to present with dysphagia alone or dysphagia and odynophagia. In rare
cases, the initial manifestation of an infectious esophagitis may be a complication
such as acute upper gastrointestinal bleeding23 or spontaneous esophageal perfora-
tion.24

Evaluation of the oropharynx may provide clues to the underlying esophageal
infection, and oropharyngeal candidiasis may be a marker for concomitant esopha-
geal disease, especially when associated with esophageal symptoms. Large reported
series have shown that the positive predictive value of oral thrush and dysphagia or
odynophagia for candidal esophagitis varies from 71% to 100%.3'5'25 However, in
our experience, oropharyngeal candidiasis is often absent in patients who have re-
ceived topical antimngals and candidal esophagitis (especially grades I and II) may
be completely asymptomatic. Therefore, although the presence of oral thrush in an
HIV-infected patient with esophageal symptoms is highly suggestive of esoph-
ageal candidiasis, this association cannot always be considered diagnostic. In ad-
dition, 20% to 25% of HIV-infected patients with esophageal symptoms have
multiple diagnoses, mainly coinfection with Candida sp and other treatable vi-
ruses.3'5'8

Oral and perioral herpetic infection may suggest underlying HSV esophagitis
in HIV-infected patients who complain of esophageal symptoms, but the frequency
of this association is variable.
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Diagnostic Procedures
Serology

Although serologic tests for Candida, CMV, and HSV infection are currently
available, they play no role in the diagnosis of esophageal infections. The rate of
seropositivity for CMV and HSV is very high, especially in homosexual men in
whom it may approach 100%. Therefore, a positive serologic test is too nonspecific
to give a diagnostic clue.

Radiography

Double-contrast barium esophagography has a high sensitivity (over 80%) in
detecting esophageal lesions and the radiographic appearance of the most common
opportunistic causes of esophageal diseases have been well described.26 However,
the radiographic abnormalities are often nonspecific and endoscopy with biopsies
and/or brushing is necessary to make a definite diagnosis. This has been well doc-
umented in a recent study by Connolly et al.,27 who compared double-contrast
esophagography prospectively with endoscopy in 43 HIV-infected patients who
had esophageal symptoms. The barium esophagogram was interpreted as abnor-
mal in only 50% of patients who had an esophageal-established diagnosis (endos-
copy and biopsies) and in only 25% of the cases was the radiologic diagnosis
correct.

Endoscopy With Biopsies and Cultures

There is no doubt that esophagoscopy, which provides direct visualization of
the esophageal mucosa, as well as the ability to obtain specimens for histology,
cytology, and cultures, constitutes the gold standard in the diagnosis of esophageal
infections. Initially, there was some hesitation regarding the use of standard endo-
scopes in HIV-infected patients because of the possibility of HIV transmission
through contaminated endoscopes and the potential exposure of endoscopic per-
sonnel. The standardization of disinfection procedures, along with the use of en-
doscope-washing machines and protective measures for endoscopy personnel, has
eliminated these concerns.28

Esophageal candidiasis at endoscopy is suggested by the presence of white
plaques with hyperemia, occasionally accompanied by ulcerations. According to
Kodsi et al.,29 the endoscopic appearance may be characterized as follows: grade I,
few raised plaques up to 2 mm in size with hyperemia, but no ulceration; grade II,
multiple raised plaques greater than 2 mm with hyperemia, but no ulcerations;
grade III, confluent, elevated plaques, involving almost all of the mucosa, with
hyperemia and ulcerations; and grade IV, similar to grade III, but with no spared
mucosa and with a narrowed lumen. Although the endoscopic appearance is char-
acteristic, definite confirmation can be made by finding Candida sp pseudohypha on
biopsy and/or brushings. Direct examination of smears obtained by brushing has
been reported to be more sensitive than histology in the diagnosis of candidiasis
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and this is probably due to the possibility of mycelium losses during the processing
of fixed and embedded biopsy specimens.25

Endoscopic findings in CMV esophagitis are variable. In most of the cases soli-
tary or multiple large ulcerations, mainly in the middle upper esophagus, are visi-
ble, but sometimes exudative esophagitis and polypoid masses can be found.5'8 The
need to detect characteristic large intranuclear inclusions on biopsy specimens to
make the diagnosis is debatable. According to some authors, this manifestation is
an essential hallmark of this type of esophagitis, and biopsies should be taken from
the ulcer bed instead of from the edges because CMV infects stroma cells rather
than epithelial cells.30 In contrast, other authors do not consider this to be a condi-
tion "sine qua non" but consider a positive viral culture associated with endoscopic
lesions sufficient to make a diagnosis of CMV esophagitis.5 However, viral cultures
are difficult to perform, require several days to read positive, and positivity may
simply result from viremia, with blood contamination from the biopsy specimen.

HSV esophagitis typically results in multiple shallow ulcerations, although the
lesions may be confluent, causing an extensive erosive esophagitis that may be dif-
ficult to differentiate from other types of esophagitis (i.e., CMV or Candida). Vesi-
cles are rarely seen. The definite diagnosis depends on mucosal biopsy and culture
or cytologic examination of esophageal brushings from these lesions.31

Chronic idiopathic esophageal ulcers are usually giant and deep ulcers (>2 cm),
located in the middle upper esophagus, that may appear endoscopically similar to
CMV ulcerations. By definition, their diagnosis requires that a thorough histo-
pathologic examination of biopsy specimens taken from the lesion is negative for
infectious or neoplastic causes.21

Blind Esophageal Brushing

A minimally invasive technique has recently been proposed for the diagnosis of
Candida esophagitis. A sterile brush is inserted through, and extended along, a naso-
gastric tube positioned in the esophagus, which makes it possible to obtain esoph-
ageal brushings that can be evaluated both cytologically and with appropriate
fungal staining. When compared to parendoscopic brushing, this technique re-
vealed comparable sensitivity for the diagnosis of Candida esophagitis.32 It is, how-
ever, not useful in the diagnosis of other concomitant esophageal disorders or viral
infections.

Treatment
Candida Esophagitis

Topical antifungals (i.e., nystatin) have some efficacy against oropharyngeal
candidiasis but are less likely to cure esophageal infection. Recently, a small open
trial on 25 men with AIDS showed that clotrimazole vaginal tablets taken orally are
effective against Candida esophagitis.33 Oral miconazole, supplied in a gel formu-
lation, also appeared to be efficacious in a small study.34 Further confirmation is
needed before these treatments can be recommended for routine use. At present,
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Table 6-3 Recommended regimens for treatment of common esophageal infections

Infection Treatment

Candidiasis Ketoconazole (200 to 400 mg/day)
Fluconazole (100 to 150 mg/day) X 21 days
Itraconazole (100 mg/day)
Amphotericin B (0.3 mg/kg/day) maximum total dose 500 mg

Herpes simplex virus Acyclovir (IV: 15 mg/kg/day; PO: 200 to 400 mg 5xday) X 14 to 21 days

Cytomegalovirus Ganciclovir (induction: 5 mg/kg/b.i.d. X 14 to 21 days; maintenance:
6 mg/kg/day, 5 to 7 days/week)

Foscarnet (60 mg/kg/day q8h or 90 mg/kg/b.i.d. X 14 to 21 days)

the most commonly used agents for Candida esophagitis in patients with AIDS are
ketoconazole and fluconazole (Table 6-3). Ketoconazole in a daily dosage of 200 to
400 mg has been shown to be very effective in the short-term therapy of esopha-
geal candidiasis in many uncontrolled series, with success rates of 50% to 70% af-
ter 3 to 4 weeks of therapy.22 The efficacy of fluconazole (in daily dosage of 100 to
150 mg) against ketoconazole has been confirmed recently in a large, double-blind,
multicenter comparative trial.35 After 8 weeks of therapy, 100 mg/day of flucona-
zole resulted in a significantly higher rate of both symptomatic improvement (85%
vs. 65%), endoscopic cure of esophageal candidiasis (91% vs. 52%), and a faster res-
olution of esophageal symptoms than 200 mg/day of ketoconazole. Both agents
proved to be safe and well tolerated. A new azole congener, itraconazole, has re-
cently become available. Smith et al.36 compared 200 mg itraconazole, given once
daily, with 200 mg ketoconazole, given twice daily, in the short-term therapy of
both oropharyngeal and esophageal candidiasis. After 4 weeks of therapy the clini-
cal response rate was 93% for both groups, but itraconazole was better tolerated.
Only one patient discontinued itraconazole for toxicity compared to five patients
taking ketoconazole. Treatment failures of short-term oral antifungals can occur,
although the frequency and mechanisms are poorly understood. In a recent report,8

almost all patients with esophageal candidiasis refractory to standard doses of oral
ketoconazole or fluconazole subsequently improved with stronger antifungal ther-
apy (increasing daily doses of fluconazole, intravenous fluconazole, or amphotericin
B). Due to its high toxicity, it is usual to reserve amphotericin B for those patients
who do not respond to high-dose intravenous fluconazole.

Virtually all patients with AIDS experience a relapse of esophageal candidiasis
within 12 months from the first episode.37 Given the efficacy of the prophylactic
regimen with ketoconazole and fluconazole in immunosuppressed patients under-
going chemotherapy, antifungal prophylaxis may also be considered for HlV-in-
fected patients after the resolution of the first episode of candidiasis. A recent study
has confirmed that low doses of ketoconazole (200 mg/day) and fluconazole (50
mg/day) are effective in reducing the recurrence rates of esophageal candidiasis in
patients with AIDS. However, relapses were frequently not responsive to full doses
of the same antifungals, probably because of the development of resistant Candida
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organisms.37 Therefore, the potential benefit of a prophylactic antifungal regimen
must be evaluated against the risk of inducing resistance and the high cost of treat-
ment. At present, in our experience, a maintenance antifungal treatment can be
suggested only for patients with proved frequent symptomatic relapses.

Cytomegalovirus Esophagitis

Two parenteral agents have proved to be effective in the treatment of CMV in-
fection, ganciclovir and foscarnet. Uncontrolled studies have shown that the re-
sponse rate to ganciclovir for all forms of CMV gastrointestinal infections is
approximately 79%.38 In the largest uncontrolled series reported on foscarnet and
ganciclovir,39 the response rate was similar (77%). Foscarnet also appeared to be
efficacious in patients whose gastrointestinal disease failed to respond to ganciclo-
vir.40 The preliminary results of a multicenter Italian study comparing ganciclovir
with foscarnet in the treatment of CMV esophagitis were recently reported.41 Af-
ter 21 days of therapy, endoscopic improvement was observed in 73% of patients
treated with foscarnet and 78% of patients treated with ganciclovir. Symptomatic
relief was also similar with both drugs (91% and 89%, respectively) and no
significant difference in the rate of side effects was noted. Therefore, given the dif-
ferent toxicity of the two compounds, the choice of anti-CMV drug should be in-
dividualized. Patients with impaired renal function or those receiving nephrotoxic
drugs are better treated with ganciclovir. By contrast, for patients with neutropenia,
foscarnet should be given as the drug of choice.

HS V Esophagitis

This infection is not exclusive to imrnunosuppressed patients, but can occur in
otherwise healthy individuals. In these patients the disease is usually self-limiting
and complete symptom resolution occurs within 10 to 12 days from the onset. In
HIV-infected patients, it is more severe and requires specific antiviral therapy. The
standard course of therapy with acyclovir in these patients appears to be effective,3'8

but the need for prophylactic therapy after a successful acute course is debatable.
Currently, these patients are treated with intravenous acyclovir for 3 weeks or un-
til symptom resolution and then maintained with clinical observation only.

Idiopathic Esophageal Ulcers

These ulcers appear to be responsive, at least in the short-term period, to high-
dose systemic steroid therapy. In a recent series of 12 patients with AIDS and
chronic idiopathic esophageal ulcers, oral or intravenous steroids produced pain re-
lief and weight gain in 10 patients.21 On the basis of this and his own experience,
Wilcox22 has proposed the use of short-term oral steroids (a 1-month course of
prednisone, 40 mg/day, tapering to 10 mg/wk) in patients with well-established id-
iopathic ulcers. Such short-term treatment therapy with steroids has not increased
the incidence of other systemic or local infections.
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INFECTIONS IN IMMUNOCOMPETENT HOSTS

Infectious esophagitis in immunocompetent subjects is unusual. The most
commonly reported infections in the absence of any predisposing factor are prob-
ably HSV and Candida esophagitis. Shortsleeve and Levine42 reported recently on
a series of five otherwise healthy male patients with HSV esophagitis and no un-
derlying immunologic problems. In all patients the predominant clinical manifes-
tation was acute dysphagia that developed after a "flu-like" prodromal syndrome.
All patients had an acute self-limiting illness, with complete symptom resolution
within 10 to 12 days from the onset.42

Another infection that may occur in apparently healthy individuals is esopha-
geal candidiasis. In most cases, however, some local or systemic factors predispos-
ing to the infection may be recognized, including antibiotic treatment, the use of
inhaled corticosteroids, and the use of potent antisecretory drugs (H2 blockers, pro-
ton pump inhibitors). Alcoholism, malnutrition, and advanced age have also been
associated with an increased risk of developing Candida esophagitis,43 although
these conditions probably predispose to infection through immunologic changes.
Esophageal motility disorders may also predispose to candidiasis. Approximately
one third of patients with scleroderma who undergo endoscopy have esophageal
candidiasis.44 Other disorders associated with candidiasis are diabetes mellitus,
achalasia, and all the causes of esophageal obstruction.45 The management of can-
didiasis in these individuals does not significantly differ from that of patients with
HIV infection, although the response rate to antifungals tends to be higher and the
recurrence rate is lower.

Another rare infection of the esophageal mucosa in the nonimmunocompro-
mised host is M. tuberculosis. It is generally secondary to oral ingestion of the bacte-
ria or to the involvement from adjacent infected mediastinal lymph nodes.

Recently, Mokoena et al.46 reported on 11 cases of esophageal tuberculosis seen
over a period of 18 years. The most common presenting symptom was dysphagia
(nine cases), although two patients presented with massive hematemesis. The most
important differential diagnosis was esophageal carcinoma because endoscopy re-
vealed an ulcerating mass or polypoid tumor in 30% of the cases. Diagnosis was
made by endoscopic esophageal biopsy in 50% of the cases and either biopsy of as-
sociated mediastinal or cervical lymph node masses or the presence of acid-fast
bacilli in the sputum. Of the 10 patients who were managed by conventional anti-
tuberculosis drug treatment, nine had an uneventful recovery, but one died from
hemorrhage from an aorta-esophageal fistula.

INFECTIONS IN OTHER IMMUNOSUPPRESSED PATIENTS

Patients with malignancy and those receiving organ transplantation are usually
immunosuppressed and are at risk for opportunistic esophageal infections, al-
though the latter are less frequent than infections in other organs (i.e., pneumoni-
tis). Esophageal infections in these populations are mainly caused by Candida sp,
CMV, and HSV Prospective studies in diabetics undergoing renal transplantation
reported a 2.2% incidence of Candida esophagitis,47 but no significant correlation
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was established between the dosage of immunosuppressive agents and the fre-
quency of esophageal infection. Another prospective study on liver and renal trans-
plant recipients undergoing endoscopy for dysphagia or odynophagia found viral
esophagitis in 11% of patients, with an equivalent percentage of CMV and HSV48

The treatment of esophageal infection in this setting follows the protocol adopted
for HIV-infected patients. However, long-term suppressive therapy with antiviral
agents in transplantation recipients is rarely necessary because the leukocyte count
returns to normal after chemotherapy or reduction of immunosuppressive agents.
Moreover, all of the potential measures to prevent CMV infection in patients un-
dergoing transplantation should be adopted. These measures include testing for
CMV of both the donor and the recipient and antiviral prophylaxis (ganciclovir,
5 mg/kg twice daily for 5 days, then once daily for 100 days) for seropositive recip-
ients or those who receive organs from seropositive donors.49

RECOMMENDATIONS FOR DIAGNOSIS AND TREATMENT IN
THE HIV SETTING

In HIV-infected patients with esophageal symptoms, the initial evaluation
should include (1) an adequate characterization of symptoms (dysphagia, odyno-
phagia, retrosternal pain, symptoms suggestive of reflux), as well as the evaluation
of their severity; (2) a determination of the severity of immunodeficiency state (if
the CD4 count is less than 100, an opportunistic esophageal infection is highly
probable); (3) the presence of oral thrush, which may be suggestive of Candida
esophagitis; and (4) the use of potentially esophagotoxic drugs (i.e., zidovudine,
tetracycline).

Given these factors and taking into account the great preponderance of Candida
esophagitis over the other forms of infection, the following guidelines are sug-
gested. For patients presenting with mild to moderate esophagitis, and especially if
they have a concomitant oral thrush, an empiric short-course treatment with anti-
fungal medication (ketoconazole, fluconazole) is indicated. If rapid symptomatic re-
lief occurs, treatment should be continued for at least 14 to 21 days to eradicate the
infection. If symptoms persist after 8 to 10 days of therapy, an upper gastrointesti-
nal endoscopy should be done to provide a definite diagnosis. In patients pre-
senting with severe dysphagia or odynophagia, and oral intake is limited,
esophagoscopy should be performed at an early stage to make a diagnosis and be-
gin appropriate therapy.
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The aim of treatment of esophageal achalasia is to improve symptoms and re-
store the transit of saliva and food by reducing the resistance of the lower esopha-
geal sphincter (LES). At present, such an end point can only be reached with
pneumatic dilation or with extramucosal myotomy. Proponents of the endoscopic
treatment have emphasized that the dilation does not require general anesthesia
and can be performed on an outpatient basis, with a quick recovery.1 However, the
recent development of minimally invasive surgery has renewed the interest in
the surgical therapy of achalasia.2 Today, esophageal myotomy is feasible through
the thoracoscopic or the laparoscopic approach and is gaining favor as the initial
treatment of choice of the disease. Because of the ease of including an antireflux
procedure, the laparoscopic approach is becoming increasingly popular.

Since the laparoscopic esophageal myotomy can be hazardous because of the
loss of tactile perception, we have devised a technique that allows gentle distention
of the esophagogastric junction using a balloon dilator inserted in the esophageal
lumen through the operating channel of a video endoscope.3'4 The endoscope is
helpful in the identification of the esophagogastric junction, in the performance of
the myotomy, and to control its completeness. The technique and the early results
of the laparoscopic Heller-Dor procedure are presented.

PATIENTS AND METHODS

From January 1992 to December 1994, a laparoscopic treatment of esophageal
achalasia was attempted in 36 patients. There were 19 men and 17 women, with a
mean age of 40 years (range, 14 to 65 years). Seven patients had previously under-
gone one or more unsuccessful sessions of pneumatic dilation of the cardia. Pre-
operative workup included a barium swallow study, esophagoscopy, and esophageal
manometry. Patient follow-up consisted of a clinical and radiographic evaluation 1
to 2 months after surgery and esophageal manometry within the first year post-
operatively. Subsequent outpatient visits were scheduled every year.
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SURGICAL TECHNIQUE

The laparoscopic approach must fulfill some important technical principles that
have been used in open surgery for several years5: minimal dissection of the hiatal
attachments; complete division of the longitudinal and circular muscle fibers for at
least 6 cm of the esophagus; extension of the myotomy for at least 2 cm onto the
stomach; construction of a partial mndoplication to prevent gastroesophageal re-
flux; and healing of the edges of the myotomy.

The patient is placed on the operating table in a 20- to 30-degree reverse Tren-
delenburg lithotomy position. The surgeon stands between the patient's legs. Once
the pneumoperitoneum is established, the abdominal cavity is entered through a 10
mm disposable trocar placed in the left upper quadrant approximately at the level
of the midclavicular line (initially for the scope, then used as an operating port).
Four additional ports are then placed under direct vision: (1) a 10 mm trocar in the
midline 4 to 5 cm above the umbilicus (scope); (2) a 10 mm trocar in the right hypo-
chondrium (liver retraction); (3) a 5 mm trocar in the midline just below the
xiphoid (grasping and dissecting); and (4) a 5 mm trocar in the left upper quadrant
along the axillary line (stomach grasping and retraction). Either a direct or a
30-degree scope can be used. Although the angled scope can provide a better
view of the hiatal region, the direct scope has always proved suitable in our experi-
ence. After trocar placement, an esophagoscope is introduced in the esophageal
lumen and a guidewire is advanced through the operating channel into the stom-
ach.

After incision of the phrenoesophageal membrane, dissection is limited to the
anterior aspect of the esophagus and the superior part of diaphragmatic crura. Care
is taken not to injure the anterior vagus nerve and its hepatic branch. A low-
compliance 30 mm balloon dilator (Rigiflex; Microvasive, Watertown, Mass.) is
introduced under endoscopic control over the wire and positioned at the esophago-
gastric junction. The correct position of the balloon is checked by placing the en-
doscope 2 to 3 cm above the cranial margin of the dilator. A gentle inflation of the
balloon, keeping a pressure of less than 1 psi, allows mild distention of the lower
esophagus and cardia. Myotomy is begun with the hook on the anterior aspect of
the distal esophagus. The muscle fibers are divided and the submucosal plane is
reached. Bleeding is minimal, so coagulation should be used at a very low voltage.
By lifting the right edge of the myotomy, the muscular layer is dissected from the
submucosa and the myotomy is extended cranially for approximately 6 cm. This
maneuver is performed using gentle curved endoscopic scissors. Alternate inflation
and deflation of the dilator are useful to dissect free the anterior hemicircumference
of the submucosa, to divide all residual circular muscular fibers that are easily
identified by balloon distention, and to provide transillumination through the en-
doscope. The myotomy is extended caudally with the hook for 2 cm below the car-
dia and is directed toward the left anterolateral aspect of the esophagogastric
junction, which helps in the identification of the proximal oblique muscular fibers
of the stomach, which must be transected. After completion of the myotomy and
removal of the dilator, video endoscopy is performed to check for completeness of
the myotomy and for mucosal integrity.
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The anterior fundoplication is then constructed. The anterior fundic wall is su-
tured first to the left and then to the right muscular edge of the myotomy with
three interrupted stitches for each side (2-0 Ti-Cron for intracorporeal and 3-0
Prolene for extracorporeal knotting). The proximal suture of the right side also in-
cludes the superior part of the right cms. A nasogastric tube is left in place until the
second postoperative day and removed after a Gastrografin swallow study has
shown a good esophageal transit and no evidence of leaks.

RESULTS

Based on radiographic criteria, patients were classified as having grade I (n =
7), grade II (n = 25), or grade III (n = 4) achalasia. There were three conversions
to laparotomy. In two patients there was a mucosal tear, which occurred in one pa-
tient because of hypertrophy of the left lobe of the liver that made exposure of the
hiatus difficult.

In the remaining 3 3 patients, the mean duration of the laparoscopic procedure
was 140 minutes. There was no operative mortality. A mucosal tear was promptly
repaired with fine sutures and did not require conversion in three patients who had
previously undergone pneumatic dilations of the cardia.

The postoperative course was uneventful in all but one patient in whom a
hemorrhage from a stress gastric ulcer occurred. The Gastrografin swallow study,
performed on the second postoperative day in all but three patients, showed satis-
factory esophageal emptying and the reappearance of the gastric air pocket. In the
three patients with a mucosal tear, the radiographic study was postponed to the sev-
enth postoperative day and was normal.

The clinical result of the operation was satisfactory in all but one patient. At a
mean follow-up time of 13 months (range, 3 to 27 months), the only patient with
recurrent dysphagia was successfully treated by pneumatic dilation of the cardia.

Postoperative barium swallow study 1 to 2 months after surgery showed a re-
duction of the mean diameter of the esophageal lumen from 49 to 29 mm. Esoph-
ageal manometry was performed in 20 patients 1 to 12 months after the operation.
The LES tone decreased from 31 to 12 mm Hg and the LES residual pressure de-
creased from 15 to 4 mm Hg. It is of interest to note that mean postoperative LES
tone obtained with the laparoscopic procedure is comparable to that obtained after
open surgery in our institution.

DISCUSSION

The transabdominal esophageal myotomy combined with an anterior fundopli-
cation is one of the most commonly performed procedures for the treatment of
esophageal achalasia. The long-term results of this operation have shown relief of
dysphagia in over 90% of patients and a less than 10% incidence of postoperative
gastroesophageal reflux.5-8

As soon as the advantages of laparoscopic surgery in terms of postoperative
comfort and patient satisfaction became evident, we decided to apply the same
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principles of open surgery to the minimally invasive approach. However, esopha-
geal myotomy is more difficult to perform laparoscopically because of the absence
of tactile perception. This may lead to an increased risk of incomplete myotomy
and mucosal tear. In an attempt to make the procedure safer, we devised a new
method, the intraoperative balloon distention of the esophagogastric junction, to
ease the myotomy.

As it was our policy in open surgery, dissection of the cardia is limited to the
anterior aspect of the esophagogastric junction because we consider the preser-
vation of the anatomic relationships to be of the utmost importance to prevent
postoperative gastroesophageal reflux. Endoscopy and balloon distention allow
identification and division of the residual circular muscle fibers after myotomy is
performed. The distention of the cardia decreases the amount of bleeding, thus the
need for electrocoagulation, which is always hazardous at this time, is minimized.

A crucial point in the technique is the extension of the myotomy onto the
stomach. Incompleteness of the myotomy at this site leads to persistent or recur-
rent achalasia. Technically, this is the most demanding part of the operation. The
hook is the most suitable instrument to divide the muscle component of the ante-
rior gastric wall. The changing direction of the muscular fibers, from circular in the
esophagus to oblique at the cardia, can better be visualized following esophago-
scopic transillumination and mild pneumatic distention of the cardia. Bleeding is
also more pronounced at this point of the operation and coagulation must be ef-
fective. The addition of a Dor fundoplication provides further protection against
postoperative reflux. Moreover, the wrap helps in the prevention of reapproxima-
tion of the muscular edges of the myotomy, which could result in late symptomatic
recurrence.9

An interesting finding in this study is that the laparoscopic Heller-Dor opera-
tion gives similar functional results compared to the open procedure. The fact that
the mean postoperative resting pressures of the LES are comparable indicates that
the same technical principles have been applied and the same physiologic changes
have been induced using the two surgical methods.

CONCLUSION

Minimally invasive surgery has added a new dimension to the treatment of
achalasia. The laparoscopic myotomy combined with a Dor fundoplication is feasi-
ble and safe, provided that the same technical principles already applied in open
surgery are closely observed. Conversion to laparotomy must be considered if ex-
posure is difficult or if a large mucosal perforation occurs. Intraoperative balloon
distention of the cardia may facilitate the procedure and increase its safety.

The preliminary clinical and functional results show the effectiveness of this
operation. The main advantages of the laparoscopic approach over the open pro-
cedure are the excellent view of the operative field because of the magnifying effect
of the telescopic camera and the reduced operative trauma leading to increased pa-
tient acceptance of the operation. Laparoscopic surgery may therefore become the
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first option in the treatment of esophageal achalasia because it offers comparable
results to the open approach with minimal morbidity and discomfort.
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The characteristic abnormality in esophageal motor disorders is the presence of
deranged transport of a bolus from the esophagus into the stomach in the absence
of a mechanically obstructing lesion or the presence of spontaneous contractile ac-
tivity. The purpose of surgery in esophageal motor disorders is to relieve the
outflow obstruction imposed by a nonrelaxing lower esophageal sphincter (LES),
to abolish simultaneous contractions in the esophageal body, or to resect an esoph-
ageal diverticulum that has developed in response to the motor disorder. The deci-
sion to offer surgical treatment for motor disorders is complex and requires a thor-
ough understanding of their pathophysiology.

Patients commonly present with dysphagia, chest pain, regurgitation, or pul-
monary symptoms. Depending on which symptom is dominant, the cause may be
wrongly attributed to cardiac, gastric, or pulmonary disease. If no such cause is de-
tected on initial investigation, the patient may be dismissed with a diagnosis of anx-
iety or stress-related disorder. Many of these elementary mistakes may be avoided
by taking a careful and detailed history. Subsequent investigation is directed toward
excluding a structural cause by barium radiography and endoscopy and defining the
nature and extent of the physiologic dysfunction by manometric studies.

Dysphagia is the primary symptom of esophageal motor disorders. Its percep-
tion by the patient is a balance between the severity of the underlying abnormality
and the adjustment made by the patient in altering his or her eating habits. Because
the adjustment is initially unconscious, detailed questioning is required to uncover
its extent (e.g., whether the patient requires liquids with the meal, limits the type
of food eaten, cuts food into small pieces, is the last to finish, interrupts a meal to
regurgitate, or has been admitted to the hospital for food impaction). It is also im-
portant to distinguish vomiting from regurgitation because the patient may mislead
the clinician by describing the regurgitation of bland-tasting recently ingested food
as vomiting. In addition, a history of weight loss should be sought. These assess-
ments help to quantitate the dysphagia and provide a measure of the extent to
which the disorder has interfered with the patient's physical and social health. They
are also important in determining the indications for, and assessing the outcome of,
surgical therapy.

Patients whose primary symptom is chest pain are usually referred only after
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cardiac evaluation has excluded organic heart disease. An esophageal source is usu-
ally only considered when the chest pain accompanies eating or if dysphagia is pres-
ent. Because dysphagia causes subconscious adaptation in eating habits, it may not
be volunteered by the patient unless specifically questioned. Occasionally, primary
motor disorders cause primary respiratory complaints such as nocturnal choking
and aspiration, but these symptoms tend to be common in advanced disease when
the diagnosis is more obvious.

Table 8-1 Current classification of esophageal motility disorders

Primary esophageal motility disorders Secondary esophageal motility disorders

Achalasia, "vigorous" achalasia Collagen vascular diseases: Progressive systemic
Diffuse and segmental esophageal spasm sclerosis, polymyositis and dermatomyositis,
Nutcracker esophagus mixed connective tissue disease, systemic lupus
Hypertensive lower esophageal sphincter erythematosis, etc.
Nonspecific esophageal motility disorders Chronic idiopathic intestinal pseudo-obstruction

Neuromuscular diseases
Endocrine and metastatic disorders

Table 8-2 Characteristics of the primary esophageal motility disorders
on standard manometry

Achalasia
Incomplete lower esophageal sphincter relaxation (<75% relaxation)
Aperistalsis in the esophageal body
Elevated lower esophageal sphincter pressure (>26 mm Hg)
Increased intraesophageal baseline pressures relative to gastric baseline

Diffuse esophageal spasm

Simultaneous (nonperistaltic contractions) (>20% of wet swallows)
Intermittent normal peristalsis
Repetitive and multipeaked contractions
Spontaneous contractions
Contractions of increased amplitude and duration

Nutcracker esophagus
Mean peristaltic amplitude in the distal esophagus >180 mm Hg
Normal peristaltic sequence

Hypertensive lower esophageal sphincter

Elevated lower esophageal sphincter resting pressure (>26 mm Hg)
Normal lower esophageal sphincter relaxation
Normal peristalsis in the esophageal body

Nonspecific esophageal motility disorders

Decreased or absent amplitude of esophageal peristalsis
Increased number of nontransmitted contractions
Abnormal waveforms
Normal mean lower esophageal sphincter pressure and relaxation
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CLASSIFICATION OF ESOPHAGEAL MOTOR DISORDERS

Esophageal motor disorders are classified as either primary or secondary.1 The
cause of the underlying defect in primary motor disorders is not known. There are
four named categories of primary esophageal motor disorders: (1) achalasia, (2) dif-
fuse esophageal spasm, (3) nutcracker esophagus, and (4) hypertensive LES. A fifth
category, nonspecific esophageal motor disorder (NEMD), is used to describe pa-
tients whose motility patterns are clearly outside the normal range, but do not fit
into one of the specific categories (Table 8-1). This classification is based on the as-
sessment of 10 wet swallows during stationary manometry (Table 8-2). The more
physiologic technique of ambulatory manometry assesses about 100 times as many
waves under a variety of physiologic conditions and may in the future be able to
classify motor disorders more clearly.2'3 Secondary motor disorders are caused by
an underlying connective tissue or muscle disease affecting the esophagus, such as
scleroderma or dermatomyositis. The clinical and manometric features of these dis-
orders are described in Chapter 1. This chapter describes only those features rele-
vant to surgery.

ACHALASIA

Achalasia is the best known primary motility disorder of the esophagus. It is
characterized by failure of esophageal body peristalsis and incomplete relaxation of
the LES (Fig. 8-1). It is generally thought to be caused by neuronal degeneration

SwaSow microphone

Channel 1

Channel 2

Channel 3

Channel 4 (In LES)

Gastric

Channel 5 (in stomach)

Fig. 8-1 Motility record demonstrating failure of the sphincter to relax on swallowing and elevation
of intraluminal esophageal pressure and aperistalsis in the body of the esophagus.
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Fig. 8-2 Barium esophagogram showing a markedly dilated esophagus and characteristic "bird's
beak" in achalasia. (From Waters PF, DeMeester TR. Foregut motor disorders and their surgical
treatment. Med Clin North Am 65:1244, 1981.)

in the myenteric plexus of the esophageal wall, causing aperistalsis, and loss of ac-
tivity of inhibitory neurons in the LES leading to incomplete LES relaxation. The
cause of the neuronal degeneration is obscure. There is some evidence that previ-
ous infection with varicella-zoster virus may be responsible. In experimental ani-
mals, the disease has been reproduced by destruction of the nucleus ambiguus and
the dorsal motor nucleus of the vagus. However, there is some experimental evi-
dence that incomplete obstruction at the gastroesophageal junction may produce a
condition with the radiologic and rnanometric features of achalasia.4 This corre-
sponds to the clinical situation where features of achalasia develop in response to
an infiltrating tumor of the cardia (pseudoachalasia) or after a tight Nissen rnndo-
plication or Angelchick prosthesis. This evidence suggests that loss of LES relax-
ation is a primary phenomenon and the degeneration of the esophageal body is
secondary. The corollary to this view is that early diagnosis and definitive treatment
is important in limiting or even reversing esophageal body deterioration.

Regardless of the initiating factor, the combination of a nonrelaxing sphincter,
which causes a functional holdup of ingested material in the esophagus, and eleva-
tion of intraluminal pressure from repetitive pharyngeal swallowing results in dila-
tion of the esophageal body. With time, the functional disorder results in anatomic
alterations that are seen on radiographic studies as a dilated esophagus with a ta-
pering, beak-like narrowing of the distal end (Fig. 8-2). There is usually an air fluid
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Fig. 8-3 Barium esophagogram of patient with diffuse esophageal spasm showing the "corkscrew"
deformity.

level in the esophagus, the height of which reflects the resistance imposed by the
nonrelaxing sphincter. A hazy pattern within the esophagus suggests retained food
particles. As the disease progresses, the esophagus becomes greatly dilated and tor-
tuous.

A subgroup of patients with otherwise typical features of classic achalasia have
simultaneous contractions of the esophageal body that can be of high amplitude.
This manometric pattern has been termed "vigorous achalasia" and chest pain
episodes are a common finding in these patients. Differentiation of vigorous acha-
lasia from diffuse esophageal spasm can be difficult. In both diseases barium stud-
ies may show a corkscrew deformity of the esophagus and diverticulum formation
(Fig. 8-3).

Treatment Options

It is generally agreed that drug treatment of achalasia is ineffective. The only
treatments in widespread use are surgical myotomy, balloon dilation, and more re-
cently, botulinum toxin injection. All treatments aim to reduce outflow resistance
by dividing, stretching, or paralyzing the LES. The most novel treatment, injection
of the LES with botulinum toxin via the flexible endoscope, is an attractive option
in that it is truly minimally invasive and of low cost, but the published results are of
very small series of patients followed up for short periods of time.5 Thus its ulti-
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mate role remains to be evaluated. The mainstay of treatment for achalasia is there-
fore either surgical myotomy or balloon dilation. Only one randomized trial has
compared myotomy with dilation and this showed a clear advantage for surgery.6

This trial was criticized because the dilations were not performed in what is now
the standard manner. However, there are several nonrandomized comparisons in
the literature, all of which come to the same conclusion.7'8 Balloon dilation has the
advantage because it is performed on an outpatient basis and requires no general
anesthetic. Its cost is therefore low. However, there is a substantial risk of perfora-
tion (5% to 8%). When perforation does occur, it may respond well to nonopera-
tive therapy, but if a subsequent myotomy is necessary, the fibrosis surrounding the
healed perforation makes the procedure much more difficult. The chief advantage
of myotomy is a more uniform relief of dysphagia because of the more exact dis-
ruption of the LES. This is especially true in younger patients, many of whom re-
spond poorly to dilation. Any form of treatment that reduces LES resistance
sufficiently to provide relief of dysphagia may increase the risk of pathologic gas-
troesophageal reflux. The long-term incidence of gastroesophageal reflux after my-
otomy is probably higher than after dilation, but comparative studies with 24-hour
esophageal pH monitoring are lacking.9

Myotomy of the LES is recommended as the primary treatment of achalasia
unless the patient is very elderly or suffers from serious comorbid illness making
administration of a general anesthetic hazardous.

Myotomy of the Lower Esophageal Sphincter

Four important principles are followed when surgical myotomy of the LES is
performed: (1) minimal dissection of the cardia, (2) adequate distal myotomy to
reduce outflow resistance, (3) prevention of postoperative reflux, and (4) preven-
tion of rehealing of the myotomy site. These principles are followed regardless of
whether the myotomy is performed thoracoscopically, by open transthoracic route,
or through the abdomen. From a practical standpoint, there are two major contro-
versies, specifically, the extent of the myotomy and whether to add an antireflux
procedure.

The proximal limit is determined by the manometric findings. In typical acha-
lasia, where there are no active contractions in the esophageal body, the myotomy
extends proximally to just above the LES, approximately 6 cm above the gastro-
esophageal junction. If simultaneous esophageal contractions are associated with
the sphincter abnormality, so-called vigorous achalasia, the myotomy should extend
over the distance of the motility abnormality as mapped by the preoperative motil-
ity study. Failure to do this may result in continuing dysphagia and a dissatisfied pa-
tient.

The distal extent of the myotomy and the addition of an antireflux procedure
are closely related issues and to some extent depend on the surgeon's philosophy.
Some surgeons, to be sure that the myotomy is adequate, extend it well beyond the
gastroesophageal junction, recognizing that this may predispose to postoperative
gastroesophageal reflux.10 Those surgeons add an antireflux procedure, usually by a
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partial fundoplication, which may be either anterior (Dor) or posterior (Tou-
pet).11'12 Donahue et al.,13 who developed the so-called "floppy Nissen," recom-
mend a floppy full 360-degree wrap after myotomy. However, the experience of
most other surgeons is that a complete 360-degree wrap imposes too great an ob-
struction for the aperistaltic esophageal body to overcome, and long-term recur-
rence of dysphagia is likely.14 In contrast to this view, Ellis, Crozier, and Watkins15

argue that a myotomy extending only a few millimeters onto the stomach, coupled
with minimal dissection of the perihiatal attachments of the cardia, allows a satis-
factory compromise between reduction of LES resistance and reflux protection.

These two issues are relevant to thoracoscopic myotomy because definition of
the distal extent of the myotomy is enhanced by the magnified thoracoscopic im-
age and aided by simultaneous endoluminal endoscopy. However, the addition of
an antireflux procedure is much more difficult than at open myotomy.16 Conse-
quently, most reports of thoracoscopic myotomy, including our own, have adopted
the philosophy of limited myotomy and minimal perihiatal dissection to provide
adequate antireflux protection.

Technique

The procedure is performed with the patient in the right lateral decubitus po-
sition and with the surgeon standing on the left side of the table facing the patient's
back. A double-lumen endotracheal tube is used to allow selective ventilation of the
right lung. An assistant is available to pass the flexible upper gastrointestinal endo-
scope into the esophagus for simultaneous visualization of the myotomy.

Port placement. A four-port technique is employed in addition to a small
(1-inch) incision along the left costal margin for placement of retracting instru-
ments (Fig. 8-4). A 10 mm port placed posterior to the scapula in the fourth inter-
costal space is used for the camera. Meticulous hemostasis is important when the
trocar holes are made. Bleeding from the trocar sites is common and very trouble-
some during the procedure, particularly from the camera port. Air is allowed to en-
ter the thorax and the left lung is slowly deflated, with some assistance from the
shaft of the telescope. A second 10 mm port is placed high and anterior in the sec-
ond or third intercostal space at the anterior axillary line. A Babcock clamp placed
through this port is used as a lung retractor following incision of the inferior pul-
monary ligament. The surgeon's right-handed port is placed at the midaxillary line
in the sixth or seventh intercostal space. The position should be such that the elec-
trocautery hook placed through the right-handed trocar is directly above the
esophagus and not approaching it from an angle. If this trocar is placed too high,
there may be difficulty in performing the myotomy near the gastroesophageal junc-
tion. The surgeon's left-handed trocar is placed low, inferior and posterior, above
the diaphragm in the ninth or tenth intercostal space. Finally, a single 2-inch inci-
sion is made along the left costal margin directly above the esophagus for place-
ment of three instruments: a fan retractor to displace the diaphragm inferiorly, a
long vein retractor to retract the crura superiorly, and a suction irrigation device.



130 Modern Approach to Benign Esophageal Disease

Fig. 8-4 A, Patient and surgeon positioning for thoracoscopic esophageal myotomy. B, Trocar
placement. Four 10 mm thoracoports and a single 2- to 3-inch incision are used.

With selective ventilation of the right lung, it is not necessary to insufflate the left
hemithorax. One of the advantages of thoracoscopy is that air-tight ports are not
necessary, thus allowing small incisions and the placement of standard instruments.
We have found that a 30-degree telescope is preferable to a 0-degree scope.

Retraction. Proper retraction and exposure of the esophagus and hiatus are crit-
ical to the dissection and require some attention at the outset. The diaphragm
should be strongly displaced inferiorly using the large fan retractor, thus exposing
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Fig. 8-5 Thoracoscopic esophageal myotomy illustrating the exposure obtained with video-assisted
technology. This allows the traditional myotomy of the esophageal lower sphincter or body to be per-
formed without a thoracotomy. The diaphragm is forcefully retracted toward the abdomen with a fan-
shaped retractor inserted through a small incision along the left costal border. The left lower lung is
retracted superiorly and anteriorly by a Babcock clamp placed in a high anterior port.

the esophageal hiatus. Identification and dissection of the esophagus is aided by the
concomitant use of an endoscope within the esophageal lumen, allowing displace-
ment of the esophagus to the left. In patients with achalasia the esophagus is often
dilated and easily seen. The mediastinal pleura overlying the terminal esophagus is
divided sharply with scissors and the inferior pulmonary ligament divided for 2 to
3 cm. A Babcock clamp placed through the high anterior port is used to retract the
left lung toward the superior thorax (Fig. 8-5).

Initial dissection. The dissection is consciously kept to a minimum, preserving
normal hiatal structures. The phrenoesophageal membrane is incised, allowing
placement of a long vein retractor underneath the crural arch and retraction of the
crura away from the esophagus. The gastric serosa usually becomes evident and is
recognized by its more distinct white color. No attempt is made to mobilize any
portion of the stomach because only visualization of the gastroesophageal junction
is necessary (Fig. 8-6).

The myotomy. The myotomy is begun 2 to 3 cm above the gastroesophageal
junction and performed with a L-hook electrocautery probe (Fig. 8-7). The magni-
fication of the telescope usually allows clear visualization of the longitudinal and
circular muscle fibers. Insufflation through an intraluminal flexible endoscope al-
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Fig. 8-6 Videoscopic view of the initial dissection for myotomy of the LES. The pleura overlying
the lower esophagus is being incised.

Fig. 8-7 The initial dissection is continued by dissecting the crura of the diaphragm at the gastro-
esophageal junction.
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Fig. 8-8 The myotomy is begun 1 to 2 cm above the gastroesophageal junction and carried out with
an L-hook electrocautery instrument. Note the intraluminal endoscope is an aid in defining the gas-
troesophageal junction. The inset demonstrates collapse of the mucosa as suction is applied via the
endoscope just prior to the application of electrocautery.

lows the mucosa to pouch out between the cut ends of the muscle, clearly outlin-
ing the myotomized segment. In addition, the endoscope within the lumen of the
esophagus can be used to help prevent mucosal injury by applying suction to col-
lapse the mucosa prior to using the electrocautery. Once the esophageal mucosa is
clearly identified, the myotomy is carried distally with an electrocautery probe or
scissors. The inferior extent of the myotomy is carefully judged through the endo-
scope. The myotomy is discontinued when it has reached the endoscopic gastro-
esophageal junction and the spasm of the valve commonly associated with achalasia
is alleviated (Fig. 8-8).

Closure. At the completion of the procedure the dependent portion of the left
chest is filled with water and air is insufflated through the endoscope to check for
esophageal mucosal integrity (Fig. 8-9). A small-caliber chest tube is placed and the
left lung is reinflated under direct vision. All trocars are removed and the wounds
are closed in a two-layer fashion.

Postoperative Care

A nasogastric tube is not necessary. Its placement is potentially hazardous fol-
lowing myotomy. A video contrast esophagogram is performed the day following
surgery and, if it is acceptable, the patient is allowed liquids. Hospital stay in the
absence of comorbid disease is generally 2 to 3 days.
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Fig. 8-9 Following completion of the myotomy the lower chest and esophagus are irrigated with
water. The integrity of the esophageal mucosa is checked by insufflating air through the intraluminal
endoscope.

Results

Critical analysis of the results of therapy for motor disorders of the esophagus
requires objective measurement. Almost all patients experience immediate im-
provement in dysphagia. However, the use of symptoms alone as an end point to
evaluate therapy may be misleading. Just as in the initial evaluation, the propensity
of patients modifying their diet to avoid difficulty swallowing is often underesti-
mated, making an assessment of results based on symptoms unreliable. Objective
evidence early in the postoperative course may indicate the probability of future re-
currence of symptoms. A satisfactory decrease in outflow resistance should there-
fore be included in any careful evaluation of treatment results.

A variety of objective measurements may be used, including reduction in LES
pressure, esophageal baseline pressure, and scintigraphic assessment of esophageal
emptying time. Of these, the most widely studied is the reduction in LES pressure.
Eckardt, Aignherr, and Bernhard17 recently investigated whether the effect of pneu-
matic dilation in patients with achalasia could be predicted on the basis of objective
measurements. Postdilation LES pressure was the most valuable measurement for
predicting long-term clinical response. A postdilation sphincter pressure less than
10 mm Hg predicted a good response. Fifty percent of the patients studied had
postdilation sphincter pressures between 10 and 20 mm Hg, with a 2-year remis-
sion rate of 71%. They noted that 16 of 46 patients were left with a postdilation
sphincter pressure of greater than 20 mm Hg and had an unfavorable outcome.
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Open surgery. The study of Csendes et al.6 showed that myotomy was associ-
ated with a significant increase in the diameter at the gastroesophageal junction and
a decrease in esophageal body diameter in the midesophagus on follow-up radio-
graphic studies. Further, there was a greater reduction in sphincter pressure and
improvement in the amplitude of esophageal contractions following myotomy. Of
interest, 13% of patients regained some peristalsis after dilation compared to 28%
after surgery. These findings were shown to persist over 5 years of follow-up at
which time 95% of those treated with surgical myotomy had a satisfactory out-
come. Of those who received dilation, only 54% were doing well, 16% required
redilation, and 22% eventually required surgical myotomy to obtain relief.

Bonavina et al.11 reported good to excellent results with transabdominal my-
otomy and Dor fundoplication in 94% of patients after a mean follow-up time of
5.4 years. Eighty-one of 193 patients underwent postoperative 24-hour esophageal
pH study and only 8.6% of these demonstrated abnormal esophageal acid exposure.
Recovery of peristalsis in the esophageal body, as reported by Csendes et al.,6 was
noted in several patients who volunteered for follow-up manometry. This would
suggest that the deterioration of esophageal body function in patients with achala-
sia is secondary to the outflow obstruction of the hypertensive, nonrelaxing LES
and is reversible if the obstruction is completely and promptly relieved. Stipa et al.18

also reported good to excellent long-term results for myotomy in 85% of 101 pa-
tients with achalasia after a median follow-up time of approximately 10 years. No
operative mortality occurred in either of these series, attesting to the safety of the
procedure.

Thoracoscopic myotomy. Early experience with endosurgical esophageal my-
otomy is encouraging. Pellegrini et al.16 have reported on 17 patients. Fifteen un-
derwent a thoracoscopic approach and two were approached laparoscopically.
Postoperatively, the mean LES pressure was 10 mm Hg, compared with 32 mm Hg
preoperatively. Most patients were fed on the second postoperative day, and the av-
erage hospital stay was 3 days. There were no deaths or major complications. The
relief of dysphagia was graded as excellent in 12 patients, good in two patients, fair
in two patients, and poor in one patient.16 Their subsequent report of 22 patients
showed that in the first three patients, the myotomy was incomplete and re-
myotomy was required. One patient developed a paraesophageal hernia 6 months
postoperatively, emphasizing the need for minimal dissection of the cardia.19

Our own experience with thoracoscopic myotomy of the LES includes 12 pa-
tients. Two patients have required conversion to open surgery. The first patient was
converted to inspect the dissection and a second because of a small perforation at
the gastroesophageal junction made just after the completion of the myotomy. This
was recognized immediately and repaired through a thoracotomy with no post-
operative problems. The median age of these patients was 65 years (range, 30 to 83
years). The average duration of thoracoscopic surgery was 223 minutes and the av-
erage length of hospitalization was 4 days.

Excellent to good symptomatic results were achieved in the majority of patients
(Fig. 8-10). Physiologic studies revealed a significant reduction in mean LES pres-
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clinical stage

Preop Postop

Fig. 8-10 Mean values for the clinical stage of patients before and after thoracoscopic esophageal
myotomy.

Fig. 8-11 Mean LES pressures before and after thoracoscopic esophageal myotomy. * = p <0.05 vs.
preoperatively.

sure (Fig. 8-11) but little change in sphincter length (Fig. 8-12). The manometric
effect of myotomy can be illustrated by using three-dimensional reconstructions of
the LES20 (Fig. 8-13). Based on these early results, the symptomatic and objective
outcome of thoracoscopic myotomy is equivalent to that of open surgery, and it is
associated with the standard advantages of the minimally invasive approach.
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Fig. 8-12 Mean LES total and abdominal lengths before and after thoracoscopic esophageal my-
otomy.

(b)

Fig. 8-13 Three-dimensional "wireframe" representation of the LES in a patient with achalasia be-
fore treatment (a) and after thoracoscopic myotomy (b).

DIFFUSE AND SEGMENTAL ESOPHAGEAL SPASM

This esophageal motor disorder is characterized clinically by substernal chest
pain and/or dysphagia. Diffuse esophageal spasm differs from classic achalasia in
that it is primarily a disease of the esophageal body, produces a lesser degree of dys-
phagia, causes more chest pain, and has less effect on the patient's general condi-
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tion. True diffuse esophageal spasm is a rare condition, occurring approximately
five times less frequently than achalasia.

The etiology and neuromuscular pathophysiology of diffuse esophageal spasm
are unclear. The basic motor abnormality is rapid progression of contractions down
the esophagus secondary to an abnormality in the latency gradient. Hypertrophy of
the muscular layer of the esophageal wall and degeneration of the esophageal
branches of the vagus nerve have been observed in this disease, although the latter
is not a constant finding.21-22 Manometric abnormalities in diffuse esophageal spasm
may be present in the total length of the esophageal body, but are usually confined
to the distal two thirds. In segmental esophageal spasm the manometric abnormal-
ities are confined to a short segment of the esophagus.

The classic manometric finding in these patients is the frequent occurrence of
simultaneous and repetitive esophageal contractions that may be of abnormally
high amplitude or long duration. Key to the diagnosis of diffuse esophageal spasm
is that the esophagus must retain a degree of peristaltic performance in contrast to
that seen in achalasia. A criterion of 20% or more simultaneous contractions in 10
wet swallows has been used to diagnose diffuse esophageal spasm.23 This figure is
arbitrary and often debated. A different approach to the identification of a patient
with diffuse esophageal spasm, based on the more physiologic ambulatory manom-
etry, has recently been proposed.2 Discriminate analysis has identified a series of ab-
normalities on the ambulatory motility record of patients with classic diffuse
esophageal spasm. A composite score based on these parameters of the ambulatory
motility record has allowed diagnosis of the disease with a sensitivity of 90% and a
specificity of 100%. When applied prospectively, this scoring system identified se-
verely deteriorated esophageal motor function in symptomatic patients despite the
absence of the classic motility abnormalities of diffuse spasm on standard manom-
etry.

The LES in patients with the disease usually shows normal resting pressure and
relaxation on swallowing. A hypertensive sphincter with poor relaxation may also
be present. In patients with advanced disease the radiographic appearance of ter-
tiary contractions appears helical and has been termed "corkscrew esophagus" or
"pseudodiverticulosis." Patients with segmental or diffuse esophageal spasm can
compartmentalize the esophagus and develop an epiphrenic or midesophageal di-
verticulum.

Myotomy of the Esophageal Body

A long esophageal myotomy is indicated for dysphagia caused by any motor dis-
order characterized by segmental or generalized simultaneous contractions in a pa-
tient whose symptoms are not relieved by medical therapy. Such disorders include
diffuse and segmental esophageal spasm, vigorous achalasia, and nonspecific motil-
ity disorders associated with a mid- or epiphrenic esophageal diverticulum. The re-
cent introduction of 24-hour ambulatory motility monitoring has greatly aided the
identification of patients with symptoms of dysphagia and chest pain who might
benefit from a surgical myotomy.
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The decision to operate rests on a balance of the patient's symptoms, diet,
lifestyle adjustments, and nutritional status, with the driving force being the op-
portunity to improve the patient's swallowing disability. A long myotomy will abol-
ish the simultaneous waves, leading to an improvement if these waves were
responsible for the chest pain and dysphagia. However, the myotomy will also abol-
ish the beneficial peristaltic waves, and therefore also carries the risk of increasing
the dysphagia. If ambulatory motility monitoring shows that more than 70% of the
waves are simultaneous, the loss of the few remaining peristaltic waves is likely to
be counterbalanced by the beneficial abolition of simultaneous waves. This shifts
the balance in favor of myotomy.24 Patients whose only symptom is chest pain do
not often have a good result after surgical myotomy.

In patients selected for myotomy of the esophageal body, preoperative manom-
etry is essential to determine the proximal extent of the motor abnormality. The
myotomy should extend distally across the LES because the resistance of a normal
LES may still be too great for the myotomized esophageal body to overcome.

Technique

The technique of long esophageal myotomy is similar to that of myotomy lim-
ited to the LES, except that the lung tends to flop over the esophageal body and
must be more extensively retracted. Proper positioning of the patient is critical in
permitting lung retraction. A prone position is ideal because it allows the left lung
to fall forward away from the esophagus. However, if subsequent conversion to tho-
racotomy becomes necessary, repositioning and redraping are required. We prefer
to place the patient in the right lateral decubitus position and then roll the patient
45 degrees toward the prone position. A beanbag and tape are used to secure the
patient. The table is rolled the remaining 45 degrees so that the patient ends up in
almost a prone position. If thoracotomy becomes necessary, the table can be rolled
back to the lateral position so that access can be performed without difficulty. Prone
positioning is the key element, allowing simple retraction of the left lung and thus
a long myotomy.

Port placement and the initial dissection are identical to that of a LES my-
otomy. With suitable lung retraction, the myotomy is performed through all mus-
cle layers, extending distally to the endoscopic gastroesophageal junction and
proximally on the esophagus over the distance of the manometric abnormality (Fig.
8-14). The muscle layer is dissected from the mucosa laterally for a distance of 1
cm. Care must be taken to divide all minute muscle bands, particularly in the area
of the gastroesophageal junction.

The presence of an epiphrenic diverticulum complicates the thoracoscopic pro-
cedure. Dissection of the neck of the diverticulum and division through an endo-
scopic linear stapler may be possible, but it is often difficult to obtain the correct
angle for the stapler, even if it possesses a reticulating device. Once excised, the
overlying muscle is closed with interrupted Prolene sutures and the myotomy is
performed on the opposite esophageal wall. At present we do not hesitate to con-
vert to open thoracotomy if any difficulty is encountered during excision of an
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Fig. 8-14 Videoscopic view of long esophageal myotomy at completion of the myotomy.

epiphrenic diverticulum. If a midesophageal diverticulum is present, the myotomy
is made so that it includes the neck, following which the diverticulum is inverted
and suspended by attaching it to the prevertebral fascia of the thoracic vertebra.

Results

Open long esophageal myotomy. The results of open myotomy for motor dis-
orders of the esophageal body have improved in parallel with the improved pre-
operative diagnosis afforded by manometry.25 Previous published series report
between 40% and 92% symptomatic improvement, but interpretation is difficult
because of the small number of patients involved and the varying criteria for diag-
nosis of the primary motor abnormality. When this is accurately done, 93 % of the
patients had effective palliation of dysphagia after a mean follow-up time of 5 years
and 89% would have the procedure again if it was necessary. Most patients gain or
maintain their weight after the operation. Postoperative motility studies show that
myotomy reduces the amplitude of esophageal contractions to near zero, eliminat-
ing both simultaneous and peristaltic waves. The dysphagia of the patient is likely
to be improved by the procedure only if the benefit of abolishing the simultaneous
waves, and as a consequence their adverse effect on bolus propulsion, exceeds the
adverse effect on bolus propulsion caused by the loss of the peristaltic waves. If not,
the patient is likely to continue to complain of dysphagia and have little improve-
ment from the operation. Thus a delicate balance exists between success and fail-
ure of a long esophageal myotomy, which emphasizes the importance of pre-
operative motility studies.
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Thoracoscopic long esophageal myotomy. Preliminary experience with an ex-
tended thoracoscopic distal esophageal myotomy for the treatment of nutcracker
esophagus has been reported by Cuschieri.26 Of 23 patients, 18 had a good symp-
tomatic result. No major morbidity was encountered. Nasogastric tubes were re-
moved on the first postoperative day and oral feeding was begun on the second
postoperative day. Our own experience includes three such patients, all of whom
showed early symptomatic improvement, but who have not yet had postoperative
physiologic studies.

CONCLUSION

It is clear that the thoracoscopic treatment of esophageal motor disorders is safe
and effective and appears to be comparable to the results of open surgery. Whether
long-term follow-up will confirm the early promising results of thoracoscopic pro-
cedures remains to be seen and will only be demonstrated by careful and thorough
follow-up. Excellent long-term results have been demonstrated with open thora-
cotomy combining myotomy and partial fundoplication and this should continue to
serve as the gold standard for comparison of endosurgical techniques.

Figures 8-4 to 8-12 and 8-14 from Peters JH, DeMeester TR. Thoracoscopic myotomy of the lower
esophageal sphincter and esophageal body. In Peters JH, DeMeester TR. Minimally Invasive Surgery
of die Foregut. St. Louis: Quality Medical Publishing, 1995, pp 83-102.
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Surgery for Esophageal Diverticula
Ernst Eypasch, M.D. • Anthony Barlow, F.R.C.S.

Esophageal diverticula result from an imbalance in the complex and coordi-
nated mechanism of food and saliva transport from the mouth to the stomach. The
typical locations are the hypopharyngeal, midesophageal, and epiphrenic areas.

ZENKER'S DIVERTICULUM

Zenker's diverticulum is an outpouching of the posterior pharyngeal mucosa
through a weak area called Killian's triangle, which is between the inferior con-
strictor and the oblique fibers of the cricopharyngeus muscle. Most cases of
Zenker's diverticulum develop in the midline and present on the left side of the
esophagus.

Different stages in development are stage I, a small barely visible pouch; stage
II, a clearly visible diverticulum; and stage III, a large diverticulum that causes dis-
placement of the pharynx with the esophageal orifice upward and to the side.1'2

Some authors question the clinical relevance of minimal diverticula.3

History and Epidemiology

Abraham Ludlow from Bristol was the first to describe a pharyngeal diverticu-
lum and Friedrich Albert Zenker from Munich, whose name became associated
with the condition, described a series of 23 cases.4

The prevalence of the entity is estimated to be 1 in 1500 individuals.5 It is the
most frequent esophageal outpouching (approximately 70% of all diverticula) and
occurs more commonly in the sixth to eighth decades of life.2

Anatomy and Physiology

Swallowing, once initiated, is entirely a reflex action. Food, which is taken into
the mouth, is propelled by a cylindrical pump action toward the esophagus. The
tongue functions as a piston, completely filling the oropharyngeal cylinder and dis-
placing the bolus back into the hypopharynx. This produces a rise in the luminal
pressure and causes a pressure gradient between the pharynx and the negative intra-
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thoracic environment. The cricopharyngeal esophageal sphincter relaxes in concert
with the pressurization of the pharynx and the bolus of food is literally pulled into
the esophagus, moving very rapidly through this region.6

The pathogenesis of diverticula is still not completely resolved. Many authors
describe functional abnormalities that sound very "logical." Premature contrac-
tions, incomplete relaxations, incoordinated intraluminal pressure rises, and func-
tional obstructions have been described, but it is not yet clear whether these phe-
nomena are the cause or the result of the condition.

Proponents of an anatomic explanation stress that the diverticulum is an ana-
tomic abnormality that leads to functional consequences.3 Because of the fixation
of the pharyngeal muscles to the base of the skull and the downward movement of
the larynx in erect mammalians, Killian's triangle may vary in size and thus predis-
pose to pouch formation.

Lerut et al.7 collected morphologic and functional data on the muscles of the
cricopharyngeal area and performed functional studies to interpret the clinical re-
sults. Operative and autopsy specimens of the cricopharyngeal muscle, the upper
esophageal sphincter, and sternocleidomastoid muscle of patients with Zenker's di-
verticulum were compared to similar specimens from normal controls. Gross
pathologic abnormalities could be demonstrated in the musculature of patients,
such as changes of fiber type, hypertrophy, atrophy, necrosis, and changes of the
cellular muscle structure. Physiologic contractility studies in tubocurarine chloride
solutions showed an altered contraction pattern in patients with diverticula. Lerut
et al.7 observed a change from type II fiber (short, fast, forceful contraction) to type
I fiber (sustained, tonic, slow, less forceful contraction). However, it is unclear
whether this experimentally observed change has a neurogenic or myogenic origin.

Functional and Diagnostic Imaging Studies

Anatomic asymmetries, movement of the pharynx during swallowing, and the
inertia of recording systems make manometric evaluation of the cricopharyngeal
area difficult and the results controversial.6 Although the experiments done by
Lerut et al.7 are important, we are convinced that manometric studies of the mus-
cles in the normal physiologic environment in vivo give clues to the underlying
functional abnormalities (Table 9-1). The most convincing data have been pre-
sented by Bonavina et al.6 and Migliore et al.13

In 1985 Bonavina et al.6 showed that pharyngeal diverticula are only the tip of
the iceberg and that a tailored surgical approach is effective. By means of esopha-
geal manometry, pharyngeal pump failure, failure of cricopharyngeal relaxation-
coordination, and cricopharyngeal hypertension were described as the main func-
tional disorders associated with pharyngoesophageal dysphagia.

Migliore et al.13 found that the resting tone of the upper esophageal sphincter
in patients with Zenker's diverticulum was lower than normal, but the closing pres-
sure and the duration of the postrelaxation contraction were higher. A similar find-
ing was reported for the hypercontracting lower esophageal sphincter (LES).14
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Table 9-1 Manometric abnormalities in patients with Zenker's diverticulum

Authors Year Abnormalities

Kodicek and Creamer8 1961 No abnormality found
Ellis et al.9 1969 Sphincteric coordination abnormalities
Hunt et al.10 1970 Elevated sphincter resting pressure
Pedersen et al.11 1973 No abnormality found
Knuffetal.12 1982 No abnormality found
Bonavina et al.6 1985 Pharyngeal pump failure, failure of crico-

pharyngeal relaxation, pharyngoesophageal
incoordination, cricopharyngeal hypertension

Migliore et al.13 1994 Postrelaxation contraction, sphincteroesophageal
incoordination

Migliore et al.13 also detected pharyngoesophageal incoordination but stressed that
sphincteroesophageal incoordination was an important phenomenon. Patients with
diverticula therefore have stronger and longer-lasting upper esophageal peristaltic
contractions.

In addition to functional esophageal studies, the further diagnostic workup in-
cludes x-ray studies for the exact location of the diverticulum. Endoscopy is needed
to rule out an occasional rare cancer in diverticula (prevalence, 3%).!

A complete preoperative neurologic status of the cranial nerves is advisable to
exclude laryngeal nerve palsy or other neurologic deficits (pharyngeal paralysis)
that might lead to poor operative results.

Indication for Surgery

Surgery is needed to relieve the patient's symptoms of dysphagia, regurgitation,
pain, coughing, weight loss, bad breath, and to eliminate the danger of aspiration
and life-threatening pneumonia, especially in elderly patients. It is assumed that the
larger the diverticulum, the more pronounced the symptoms of the patients should
be.7

Surgical Approach

The historical development of interventions for Zenker's diverticulum began
with external drainage (Bell in 1816, Nicoladoni in 1877, Wheeler in 1892, von
Bergmann in 1892, and Kocher in 1892),l extended to imagination, then to exci-
sion, diverticulopexy, endoscopic diverticulostomy,15'16 and finally cricopharyngeal
myotomy.1'17'18 Two-stage operations were in fashion in the second decade of this
century (Goldmann in 1909, Murphy in 1916, and Judd in 1918).* These operations
established a controlled fistula. The diverticulum was first closed, ligated, or at-
tached to the skin before it was subsequently drained to the outside. At the time,
these operations were able to reduce morbidity and mortality considerably. The
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modern era of antibiotic treatment initiated the comeback of one-stage operations
(Sweet17 in 1947 and Payne and Clagett18 in 1960). Aubin19 in 1936 was the first to
suggest resection of a portion of the cricopharyngeal muscle, a technique that later
became the standard method to treat the underlying functional disorder.20

Diverticulectomy

Simple excision of a hypopharyngeal diverticulum, originally the standard pro-
cedure, is still practiced in patients today.17'18-21 However, it does not address the
underlying functional problem. A longitudinal incision along the anterior border of
the left sternocleidomastoid muscle is used to expose the pharynx and cervical
esophagus. The sternocleidomastoid muscle and carotid sheath are retracted later-
ally and the trachea and larynx medially. Care is taken not to injure the recurrent
laryngeal nerve. The diverticulum is dissected free from the surrounding tissue and
the neck of the diverticulum is clearly demonstrated. Using a 60 F bougie or an en-
doscope, the original diameter of the esophagus is carefully preserved to avoid nar-
rowing the esophagus and causing stenosis. The diverticular sac is removed with a
conventional or endoscopic linear stapling device.22 Laparoscopic instruments have
the advantage of requiring less space and smaller incisions.23 The cervical wound is
closed without drainage and oral alimentation is begun the following day.

The mortality and morbidity of the procedure are considerable due, in part, to
the old age and poor physiologic status of the patients. Mortality rates range from
0.4% to 8.3%18'24 and morbidity rates vary from 6% to 53%.

Typical complications are recurrent nerve injury with difficulties in phonation,
Horner's syndrome, hematoma, and septic complications such as abscess, wound
infection, mediastinitis, and fistula. The recurrence rate of simple diverticulectomy
depends on the length of follow-up and whether symptomatic and asymptomatic
diverticula are included. The high recurrence rate of 16% reported in first post-
operative year in a recent series21 indicates that simple diverticulectomy alone does
not solve the underlying functional problem.

Myotomy and Diverticulectomy or Diverticulopexy

A better understanding of pharyngoesophageal physiology and improved re-
sults after follow-up led to the use of cricopharyngeal myotomy.6'25-28 Using a simi-
lar approach to diverticulectomy, the fibers of the cricopharyngeal muscle, located
inferior to the neck of the diverticulum, are divided down to the mucosa. The my-
otomy is extended cephalad to the diverticular neck by dividing 1 to 2 cm of the in-
ferior constrictor muscle of the pharynx and caudally by dividing the muscle fibers
of the cervical esophagus for a length of 4 to 5 cm. When complete, the mucosa
bulges freely through the myotomized muscle without being restricted by small
bands. As a consequence of the myotomy, most small diverticula disappear so that
myotomy alone will suffice. Those diverticula that do not disappear can be excised
or suspended to the prevertebral fascia or to the pharynx as cranially as possible.
This largely avoids the typical septic complications that develop when the mucosa
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is breached. Therefore, if anatomically possible, diverticulopexy rather than diver-
ticulectomy is the preferred approach. Up to 85% excellent results can be expected
using this technique, especially when manometric abnormalities have been demon-
strated.6 The recurrence rate in large series is approximately 5%.27

Endoscopic Sphincterotomy

The endoscopic approach to diverticula has been resurrected by the recent
availability of linear stapling devices for laparoscopic surgery.2'16'17'22 Originally de-
scribed by Mosher15 in 1917, the endoscopic procedure of esophagodiverticulos-
tomy (dividing the common wall between the diverticulum and the esophageal
lumen) was applied successfully in 100 patients by Dohlmann and Mattsson.16 De-
spite the elegance of the procedure because of its brevity and simplicity, the in-
herent problems are the risk of mediastinal infection and the need for multiple
procedures to relieve symptoms in a considerable number of patients.24 Broader ap-
plication of endoscopic stapling devices with better prevention of cervical or medi-
astinal infection may improve the results of endoscopic esophagodiverticulostomy.

In summary, several surgical options for the treatment for Zenker's diverticu-
lum are available. We use open cricomyotomy and diverticulopexy as the procedure
of choice. A randomized trial comparing this approach to endoscopic technique is
now timely. The relevant end points for such a trial would be safety, feasibility, ben-
efit, and level of discomfort for the patient.

ESOPHAGEAL BODY DIVERTICULA

The underlying functional disorder in midesophageal or epiphrenic diverticula
still must be fully elucidated. The term "esophageal folklore" has been used to de-
scribe functional studies.29 Preoperative physiologic studies are, however, essential
because resection of a diverticulum without prior knowledge of the pathophysiol-
ogy and without performing a concomitant long myotomy almost invariably leads
to recurrence. Midesophageal or epiphrenic diverticula occur less frequently than
hypopharyngeal diverticula with a ratio of 1 to 5.30 The lower prevalence is, in part,
due to the fact that only a minority of them (20% to 25%) are symptomatic or are
even detected.31

Anatomy and Physiology

Originally Mondiere32 suggested that pulsion diverticula were mucosal hernia-
tions through the muscular wall and caused a certain degree of obstruction leading
to characteristic symptoms.31 The introduction and improvement of manometry
techniques revealed that some form of motility disorder is at least in part a causal
factor. This motor abnormality produces a functional distal obstruction together
with an intraluminal pressure rise. The latter are recorded manometrically as
pathologic contractions of varying morphology. Achalasia, diffuse esophageal
spasm, or related motor disorders, such as nutcracker esophagus, or severe non-
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specific motility disorders may be the underlying cause or common denominator of
this condition. Surprisingly, only a minority of these patients develop divertic-
ula.33'34

It has become the principle of modern functional surgery to identify the under-
lying disorder and to tailor the surgical intervention to treat the disease in an opti-
mal and effective manner.35'36

Symptoms

The spectrum of symptoms of esophageal diverticula is very broad.30'37 In the
majority of patients, the diverticulum is an incidental finding on a barium swallow
examination or upper gastrointestinal endoscopy. These patients often report no
symptoms or have mild dysphagia. Other patients may complain of incapacitating
symptoms, such as severe dysphagia, chest pain, food retention, bad breath, regur-
gitation, and aspiration, which can lead to life-threatening pneumonia. The degree
of neuromuscular dysfunction and the size of the diverticulum do not seem to cor-
relate well with symptoms.

Functional and Imaging Diagnostic Studies

DeMeester35 demonstrated that better functional esophageal studies, such as
stationary and ambulatory esophageal manometry and pH-monitoring of the fore-
gut, lead to better results of surgery. Barium swallow is usually the initial step to
diagnose suspected esophageal diverticulum and segmental spasm with compart-
mentalization of the esophagus. It may provide some clues as to the associated mo-
tility disorder and will exclude other lesions such as cancer or stricture. Endoscopy
is the next step to evaluate the condition because it allows more detailed inspection
of the size, location, and mucosal status of the diverticulum. Preoperative manom-
etry is the key diagnostic test to identify motor disorders of the esophageal body or
lower sphincter. Diffuse esophageal spasm, vigorous achalasia, and nonspecific mo-
tor disorders are commonly associated with diverticula.

In most patients with a diverticulum, an abnormality of the esophageal body or
lower sphincter can be identified manometrically23 (Table 9-2). The recent in-

Table 9-2 Manometric abnormalities in patients with esophageal body diverticula

Authors Year Abnormalities

Evander et al.34

Mulder et al.31

Eypasch et al.38

Streitz et al.39

Altorki et al.37

1986

1989
1992
1992
1993

Simultaneous, tertiary, repetitive contractions and
aperistalsis

Achalasia-like pattern
Simultaneous and repetitive contractions
Simultaneous and prolonged contractions
Patterns like achalasia, diffuse spasm, and

hypertensive lower sphincter
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troduction of 24-hour ambulatory esophageal manometry has greatly simplified the
identification of motility disorders in patients with chest pain and dysphagia.40

The motility abnormality may be intermittent and can therefore be missed by sta-
tionary manometry but is detected with the continuous ambulatory recording tech-
nique. Twenty-four-hour esophageal pH monitoring is essential to rule out patho-
logic gastroesophageal reflux.

Treatment

The principle of modern functional esophageal surgery is to identify the under-
lying motility disorder and to tailor the surgical intervention accordingly.35 Surgi-
cal interventions have a clear-cut indication and are based on physiologic data about
the underlying motor disorder.38 The decision to operate depends on the balance
of the patient's symptoms, diet, lifestyle adjustments, and nutritional status.

"Masterful inactivity" in asymptomatic or mildly disturbing diverticula is a
good practice.29 Large pouches with the threat of aspiration, especially in the el-
derly and less compliant patients, require surgical treatment.37 In the era of tho-
racoendoscopic techniques, surgery for a benign condition that usually does not
threaten the patient's life must not become a playground for hyperactive surgeons.41

Endoscopic staplers and devices must not become a temptation to widen the indi-
cation for surgery because this inevitably results in a bad outcome for some pa-
tients.

Surgical Approach

The preoperative preparation of the patient includes careful emptying of large
diverticula by nasogastric aspiration to avoid aspiration during the induction of
anesthesia.

We recommend the following standardized transthoracic approach.38 Preoper-
ative imaging studies are mandatory to locate the side of the diverriculum exactly
because this dictates the side of thoracotomy. Usually a left thoracotomy in the
sixth intercostal space is performed. After incision of the mediastinal pleura, the
esophagus is located and the diverticulum is dissected free of surrounding tissue.
Care is taken not to injure the mucosa. A nasogastric tube, a bougie, or an endo-
scope can help to identify the esophagus. Perforation of the esophagus or the di-
verticulum should be avoided. Once the diverticulum is located and isolated, we
prefer to excise it by dividing the neck with a stapling device. A clamp applied on
the diverticulum should avoid spillage of contents into the chest. Smaller mid-
esophageal diverticula may be inverted or suspended to the prevertebral fascia. Af-
ter resection of the pouch, the muscular wall defect is carefully closed using fine
sutures. The mobilized esophagus is rotated and a long myotomy is performed on
the opposite side of the diverticulum, extending from the aortic arch down to the
stomach. Physiologic data indicate that distal functional obstruction that leads to a
rise in intraluminal pressure is a major cause of recurrent mucosal herniation. To
relieve obstruction and reduce outflow resistance, the myotomy should extend
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across the lower esophageal sphincter onto the stomach.38 A 2 cm incision is made
in the phrenoesophageal membrane along the left diaphragmatic cms and a flap of
gastric fundus is pulled into the chest. The fat pad on the exposed gastroesophageal
junction is removed and the myotomy is extended distally for 1 to 2 cm below the
junction. The cardia is reconstructed by suturing the tongue of gastric fundus to
the margins of the myotomy for a distance of 4 cm in an attempt to provide ade-
quate antireflux control. Different approaches spare the lower sphincter if it func-
tions normally on manometric evaluation.39

RESULTS OF SURGICAL TREATMENT

An overview of recent series of patients with esophageal diverticula associated
with motor abnormalities underscores the fact that both the disease and the need

Table 9-3 Esophageal diverticula: Results of surgical treatment

Authors Year

Evander et al.34 1986

Mulder et al.31 1989

Streitz et al.39 1992

Eypasch et al.38 1992

D'Ugo et al.42 1992

Peracchia et al.41 1992

Benacci et al.30 1993

Altorki et al.37 1993

Hudspeth et al.43 1993

No. of
Patients Diagnosis Technique

9 Various EMD
Diverticulectomy
Diverticulopexy
Myotomy, AR

4 Achalasia
Diverticulectomy
1/4 Nissen

16 Various EMD
Diverticulectomy
Tailored myotomy

19 Diffuse esophageal spasm
Myotomy, diverticulectomy
Esophagectomy

19 Various EMD
Myotomy

5 Various EMD
Diverticulectomy

33 Various EMD
Diverticulectomy
Diverticulopexv
Myotomy

17 Various EMD
Diverticulectomy
Diverticulopexy
Myotomy, Belsey

9 Various EMD
Diverticulectomy
Myotomy

Grading of Results

7/9 Good

2/9 Occasional sticking

3/4 Good
1/4 Fair

14/16 Excellent
2/16 Good
8/14 Excellent
5/14 Good
1/14 No change

Satisfactory relief

4/5 Excellent
1/5 Reoperation
14/29 Excellent
8/29 Good
5/29 Fair
2/29 Poor

13/14 Excellent

1/14 Poor

9/9 Good/Excellent

EMD = esophageal motor disorder; AR = antireflux procedure.
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for surgical intervention are uncommon* (Table 9-3). Most of the recent series re-
port excellent to good results in 75% to 95% of patients. However, one fourth to
one third of patients are not completely satisfied with the results of the operation,
which indicates a need for further diagnostic and therapeutic refinements. It should
be emphasized that the system of reporting operative results as "excellent, good,
fair, and poor" is very crude and subjective. In some series, a very unfavorable out-
come was reported after conservative treatment of diverticula. This prompted the
authors to advise surgical intervention for diverticula to avoid aspiration and pneu-
monia and life-threatening situations.37 Orringer,29 however, recommends the
"masterful inactivity" approach with respect to mildly symptomatic or asymptom-
atic esophageal diverticula.

CONCLUSION

Unsatisfactory results indicate incomplete understanding of physiology and an
inadequate surgical approach to the disease. Ambulatory recording techniques have
recently become available and have refined the classification of esophageal motor
dysfunction.39'44 Esophageal diverticula may be just a facet of a more complex mo-
tility disorder involving the entire foregut, and further knowledge will help to tai-
lor the surgical treatment to the individual patient. Endoscopic surgery and its
technical innovations such as staplers have opened the door to the treatment of
esophageal diverticula and motor disorders by minimally invasive techniques. The
temptation to treat patients endoscopically and in a presumably elegant way should
not undermine the strict indication for surgery. Just because surgeons have a new
hammer, every esophageal problem must not become a nail.

"References 30, 31, 34, 37-39, and 41-43.
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The voluntary oral phase of deglutition is controlled by the cerebral cortex and
the brain stem. The involuntary pharyngeal phase is regulated by the brain stem.
Dysfunction of the central nervous system or interruption of either sensory or mo-
tor transport pathways at the peripheral level can result in oropharyngeal dyspha-
gia. The clinical presentation may vary and is influenced by the location of the
damage and its extent. Hesitation and inability to initiate swallowing or inability to
move food or liquid from the mouth to the pharyngeal cavity reflects dysfunction
of the tongue, soft palate, or suprahyoid muscles. Poor transport from the pharynx
to esophagus suggests dysfunction at the pharyngoesophageal junction. When
oropharyngeal dysphagia occurs in response to voluntary deglutitions, misdirec-
tion of the food bolus usually causes symptoms by its misorientation: pharyngo-oral
regurgitation, pharyngonasal regurgitation, laryngeal penetration, or tracheo-
bronchial aspiration.

Cricopharyngeal myotomy is the only operation that is documented to decrease
the difficulties in transport from pharynx to esophagus in this difficult category of
oropharyngeal dysphagia patients.

This chapter examines subjective and objective responses of patients with neu-
rologic dysphagia treated by Cricopharyngeal myotomy. In addition, the existing
surgical literature is reviewed and prognostic factors for improvement are iden-
tified.

MATERIAL AND METHODS

Twenty patients (10 women and 10 men) were evaluated for oropharyngeal dys-
phagia resulting from neurologic disease. Symptoms were present for an average
period of 25 months (range, 2 to 84 months). Fifteen patients had sequelae of cere-
brovascular accidents. The remainder of the patient population included one pa-
tient with cerebral and upper cervical spine trauma, one patient with amyotrophic
lateral sclerosis, and one patient with Parkinson's disease. One patient had post-
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operative dysphagia following posterior fossa surgery for an acoustic neuroma. A
final patient had oropharyngeal symptoms from a pseudobulbar palsy. Ages ranged
from 35 to 82 years (average, 68 years). Upper esophageal function was assessed be-
fore and after cricopharyngeal myotomy. Follow-up ranged from 1 to 120 months
(mean, 35 months).

Operation

All patients underwent cricopharyngeal myotomy using a standardized tech-
nique.1 A left cervical oblique incision was used along the anteromedial border of
the sternomastoid muscle (Fig. 10-1). A 36 F mercury bougie was passed into the

Fig. 10-1 A, The pharyngoesophageal junction is everted toward the left. The myotomy is begun
on the right and dissection is carried between mucosa and muscularis. B, A 6 cm myotomy is com-
pleted with proximal and distal transverse transsection, creating a flap of muscle that is resected for
histologic evaluation.
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esophagus and used as a stent. A 6 cm myotomy was performed on the postero-
lateral aspect of the pharyngoesophageal junction. The muscularis along the myot-
omy was dissected free from the submucosa. A flap of muscle was created by
proximal and distal transverse transection and resected for histologic analysis. A
nasogastric tube was left in place for gastric decompression until peristalsis was ob-
served. Penrose drains were used in the thoracic inlet and behind the myotomized
zone. They were left in place for 24 hours. A liquid diet was begun on the first post-
operative day. Patients were usually discharged on the second or third postopera-
tive day.

Radiology

Barium esophagrams were obtained under fluoroscopic observation. Radio-
graphs were obtained with four to six frames printed per second. Identification of
voluntary deglutition, swallowing hesitation, pharyngeal stasis, functional obstruc-
tion and incoordination at the upper esophageal sphincter (UES) level, epiglottic
dysfunction, and tracheal aspirations were recorded.

Manometry

Manometric assessment of the pharyngoesophageal junction was obtained in 16
patients using a perfused system. Both standard recording catheters (10 patients)
and the Dent sleeve probe for the UES (five patients) were used for recording of
the pharyngoesophageal junction before and after the operation. Our standard
recording catheter (Mui Scientific, Toronto, Ontario) is a four-lumen catheter
where each lumen ends in a lateral port. Each port is oriented at 90 degrees and at
5 cm from each other. During recording one port is located in the pharynx, one in
the high pressure zone between the pharynx and the esophagus, and the last two are
in the cervical esophagus. The 6 cm Dent sleeve probe is similarly positioned at the
pharyngoesophageal junction so two ports are in the hypopharynx 2 cm apart from
each other and a distal perfusion channel is in the cervical esophagus. Both systems
are perfused by a pneumohydraulic pump generating a pressure of 15 psi. Relaxa-
tion of the UES is considered complete when the UES resting pressure drops to
within 5 mm Hg of the cervical esophageal baseline. The UES is interpreted as be-
ing coordinated when the UES relaxation period completely encompasses the pha-
ryngeal contraction duration and when the peak pharyngeal contraction concurs
with the nadir of UES relaxation. Mean values recorded during 10 voluntary deglu-
titions were calculated. These values and their standard deviations were compared
before and after the operation.

Radionuclide Hypopharyngeal Emptying Study

Pharyngeal emptying scintiscans were obtained in six patients both pre- and
postoperatively. A single bolus of 0.1 mCi technetium 99m diluted in 10 ml of wa-
ter was used. The percentage of radioactivity retained in the hypopharynx was cal-
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culated at 2, 5, 15, 30, 45, 60, 90, and 120 seconds. The presence of pharyngonasal
and pharyngo-oral regurgitation and tracheobronchial aspiration was computed.

Statistical Analysis

A two-tailed Student's t test for paired values and chi-squared analysis for dis-
continuous values were used when appropriate. Ap value of less than 0.05 was con-
sidered significant.

RESULTS
Clinical Presentation

The clinical findings are summarized in Table 10-1. All 20 patients initially pre-
sented with dysphagia at the oropharyngeal level. Three of the 20 patients were
completely relieved of this dysphagia after the operation and 11 patients were im-
proved. Dysphagia was considered unchanged in six patients. Pharyngo-oral and/or
pharyngonasal regurgitation was observed preoperatively in eight and seven pa-
tients, respectively, and seven patients experienced either complete or partial relief
after surgery. Eighteen of the 20 patients presented with aspiration episodes. After
cricopharyngeal myotomy, 11 patients presented no clinical evidence of aspiration,
while four other patients reported fewer aspiration episodes. Three patients were
not relieved of their aspiration symptoms after surgery. Two of these patients sub-
sequently underwent laryngeal exclusion, and a gastrostomy was performed in the
third patient. There were no postoperative complications and no mortality resulted
from the operation.

Radiology

The radiologic observations are detailed in Table 10-2. Inability to swallow
(apraxia) and delayed bolus propulsion persisted postoperatively in two patients. In
two other patients, oral phase dysfunction became more evident in the postopera-
tive evaluation. Epiglottic dysfunction was initially observed in five patients and it
was seen in six patients postoperatively. Functional obstruction at the UES level
was documented in 16 patients. After the operation, 13 of these 16 patients showed
improved radiologic transit. Only three of 11 patients with pharyngeal stasis on
preoperative esophagrams showed complete emptying after cricopharyngeal myot-
omy. Stasis was recorded in two patients only after the myotomy. Aspiration was
present in nine patients preoperatively and eight patients postoperatively.

Manometry

Table 10-3 details pre- and postoperative manometric results using standard
manometric recordings and the Dent sleeve technique. The pharyngeal resting
pressures, contraction pressures, and contraction duration remained unchanged af-
ter the myotomy. The UES resting pressures and the duration of relaxation were
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Table 10-1 Clinical presentation in 20 patients

Symptoms

Dysphagia
Aspiration
Regurgitations

Pharyngo-oral
Pharyngonasal

Voluntary deglutition
Dysarthria

Preoperative
(n = 20)

20
18

8
7

19
4

Postoperative
(n = 20)

17
7

4
4

18
4

p Value

NS
0.03

NS
NS
NS
NS

NS - not significant.

Table 10-2 Radiologic findings

Observations

Swallowing apraxia
Pharyngeal stasis
Functional obstruction of UES
Epiglottic incoordination
Aspirations

Preoperative
(n = 20)

3
11
16
5
9

Postoperative
(n = 20)

4
10

3
6
8

p Value

NS
NS

0.001
NS
NS

NS = not significant.

Table 10-3 Manometric data

Parameters

Single port

Pharyngeal
Resting pressure (mm Hg)
Contraction pressure (mm Hg)
Contraction time (sec)

Upper esophageal sphincter
Resting pressure (mm Hg)
Contraction pressure (mm Hg)
Relaxation time (sec)
Coordination

Dent sleeve

Upper esophageal sphincter
Resting pressure (mm Hg)

Preoperative
(n = 10)

3.8 ±
21.4 ±
0.8 ±

52.4 ±
73.9 ±

1.8 ±
0.2 ±

56.6 ±

3.9
11.0
0.2

35.0
40.4

1.0
0.3

28.2

Postoperative
(n = 10)

5.3 ±
18.9 ±
0.9 ±

22.8 ±
40.3 ±

1.2 ±
0.1 ±

34.4 ±

5.9
11.6
0.3

17.0
31.3
0.4
0.2

18.8

p Value

NS
NS
NS

0.01
NS
0.04
NS

—

NS = not significant.
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Fig. 10-2 A, Normal contraction of the pharynx with normal relaxation of the UES. B, Very weak
pharyngeal contraction with absent relaxation of the UES in a patient who had a cerebrovascular acci-
dent.

Table 10-4 Hypopharyngeal radionuclide transit study

Observations

Retention at 120 seconds
% Retention

Regurgitation
Pharyngo-oral
Pharyngonasal

Aspiration

Preoperative
(n = 6)

6
16 ± 12

6
4
1
4

Postoperative
(n = 6)

6
14 ± 9

4
4
2
1

both significantly decreased by the operation. The Dent sleeve pressure readings in
five patients showed a decrease in UES resting pressures but no statistical analysis
was attempted because of the limited number of observations. Manometric record-
ing values showed the same variation whether the recordings were made using a
single-port system or the Dent sleeve technique. UES incoordination is a constant
observation and remained unchanged after the operation (Fig. 10-2).

Radionuclide Hypopharyngeal Emptying Study

Six patients had pre- and postoperative emptying scintiscans with liquids (Ta-
ble 10-4). The hypopharyngeal retention of radioactive material over a 2-minute
period is plotted in Fig. 10-3. Hypopharyngeal stasis persisted after surgery. Epi-
sodes of pharyngo-oral and pharyngonasal regurgitation were unchanged. Tracheal
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Fig. 10-3 Liquid-emptying scintiscan at the pharyngoesophageal junction. Hypopharyngeal stasis is
unchanged after myotomy when using a single-liquid bolus.

aspiration seen in four patients before cricopharyngeal myotomy was documented
in one patient after the operation.

DISCUSSION

More than 242 cricopharyngeal myotomies have been reported for the treat-
ment of neurogenic oropharyngeal dysphagia in the English literature. Most of
these studies are case reports and contain little objective data, which makes it
difficult to draw conclusions as to the true efficacy of this procedure. In a recent re-
view of 201 cases, 50% of the patients who were operated on were reported to have
satisfactory to excellent results.2

Stroke is probably the most common neurologic cause of dysphagia. Damage
resulting from a cerebrovascular accident can be varied, provoking a number of
swallowing disorders. Severe persistent dysphagia from lesions localized in one
hemisphere is rare.3-4 Manifestations can be limited to the oral phase with poor lin-
gual control. This inadequate tongue propulsion can affect the early pharyngeal
phase by delaying reflex initiation of a swallow and reducing pharyngeal peristal-
sis.5 Localized lesions of the brain stem can be manifested by isolated pharyngeal
paralysis and UES achalasia.6 Functional recovery is especially good in these pa-
tients. One study recorded normal swallowing in 86% of patients 2 weeks after an
acute unilateral stroke.4

In the surgical literature, 54 patients with persistent oropharyngeal dysphagia
resulting from brain damage caused by vascular lesions were treated by crico-
pharyngeal myotomy.7-25 Damage varied considerably and there was lack of unifor-
mity in the response to surgical treatment. Lacunar lesions of the brain stem and
basilar artery thrombosis were associated with good functional results. Overall, 13
of 54 patients showed excellent results, while 22 were improved. The remainder of
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the group were found to have unchanged symptoms over time. The postoperative
mortality was 12% and was mainly a consequence of cardiopulmonary complica-
tions. Morbidity resulted mostly from continued aspiration.

Of our 20 patients, 80% had cerebral damage from vascular lesions. In this sub-
set of patients, the myotomy seems to alleviate a degree of functional obstruction
caused by the uncoordinated UES. Although radiologic, manometric, and radio-
nuclide evaluations show persistence of dysfunction with pharyngeal stasis, the my-
otomy seems to allow an easier transit of the food bolus toward the cervical
esophagus. The significant decrease in UES resting pressures and the decrease in
opening time of the sphincter during pharyngeal contraction suggest that the my-
otomy results in a decreased resistance to pharyngoesophageal transit.

Five of our 20 patients experienced no change in their symptoms after surgery.
This subgroup of patients included one patient with each of the following condi-
tions: amyotrophic lateral sclerosis, Parkinson's disease, and cerebral and cervical
spine trauma. The two other patients had strokes. One had a lacunar bulbar cere-
brovascular accident and one had a left hemispheric cerebrovascular accident. All
five patients presented with dysarthria and/or absent voluntary deglutition. Our ex-
perience in this regard is supported by others who report that when oral phase dys-
function predominates, the response to cricopharyngeal myotomy is uncertain.6'13

In amyotrophic lateral sclerosis, degeneration of motoneurons in the brain,
brain stem, and spinal cord occurs. Dysphagia results when nerves are damaged, ex-
hibiting deglutition dysfunction mainly of the oral phase and during the early pha-
ryngeal phase. Muscles of the tongue and hypopharynx show progressive signs of
denervation with manifestations ranging from paresis, atrophy, and fasciculations
to complete loss of voluntary deglutition. It has been suggested that the inappro-
priate tongue movement delays the triggering of the swallowing reflex.26 Thus the
pharyngeal phase is incoordinated and the UES is not relaxed. As a result, eating
time is long and laborious. Food and secretions accumulate in the mouth and aspi-
ration invariably occurs. Cricopharyngeal myotomy for amyotrophic lateral sclero-
sis does not consistently help these patients since the oral phase dysfunction
predominates and is not modified by this surgical intervention. Loizou, Small, and
Dalton27 reported an initial improvement in 19 of 25 patients but their operative
mortality was 20%. Lebo, Kwei Sang, and Norris28-29 reported that 6 months after
operation, 50% of their patients still showed progressive amelioration in their swal-
lowing.

Parkinson's disease can also result in deglutition abnormalities characterized by
oral phase dysfunction. Lingual hesitancy and poor control of bolus propulsion to-
ward the pharynx may cause symptoms similar to those of patients with amyotro-
phic lateral sclerosis.30 A good clinical response was obtained in six of seven patients
who underwent cricopharyngeal myotomy.10'19'31

Conflicting results are seen in patients with oropharyngeal dysphagia resulting
from trauma and peripheral nerve lesions. Henderson et al.32 and Mills13 reported
excellent results following myotomy, whereas Aid and Blakeley31 observed little im-
provement. Dysphagia from brain stem compression caused by a tumor or aneu-
rysm was reported to be improved with the ablation of the lesion.13'32
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Response of dysphagia caused by bulbar poliomyelitis, progressive bulbar palsy,
and pseudopalsy treated by cricopharyngeal myotomy has been reported in 14 pa-
tients.* These patients manifested mainly pharyngeal phase disorders. Two showed
excellent results after myotomy, including one patient from our group. Seven pa-
tients were improved and symptoms were unchanged in two patients.

CONCLUSION

What are the most reliable criteria for a successful cricopharyngeal myotomy in
patients with neurogenic dysphagia? Many patients, specifically stroke victims, re-
gain oral feedings without aspiration spontaneously or through feeding reeduca-
tion. Any surgical intervention, including cricopharyngeal myotomy, therefore
should be delayed for at least 6 months after the neurologic event. Cricopharyngeal
myotomy can be undertaken with reasonable expectation for success if the follow-
ing conditions coexist: (1) normal voluntary deglutition; (2) adequate tongue move-
ment; (3) intact laryngeal function and phonation; and (4) absence of dysarthria.
These observations are supported by Bergman and Lewicki6 and Mills,13 who re-
ported that intact voluntary deglutition seems essential, while poor propulsion by
the posterior tongue and hypopharynx reduces the value of myotomy. Moreover,
Wiles38 affirms that cricopharyngeal myotomy is pointless if the cause is essentially
at the oral or early pharyngeal phase. For these reasons, laryngeal diversion or com-
plete laryngectomy with permanent tracheostomy can be the intervention of choice
in patients with severe laryngeal dysfunction and in whom no improvement is an-
ticipated.16 The criteria for selection are based on strict assessment of symptoms,
radiologic and radionuclide transit observations, and manometric evaluation.

'References 14, 17, 18, 20, 21, 27, and 33-37.
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Leiomyoma and extramucosal cysts represent the most common benign masses
of the esophagus. Although leiomyomas occur five times more frequently than ex-
tramucosal cysts,1 it is worthwhile to consider these conditions together because
they are usually submucosal and present similar problems with diagnosis and sur-
gical therapy.

Leiomyomas are smooth muscle cell tumors located in the lower or middle
third of the esophagus. Only approximately 10% are found in the upper esophagus.
The tumor is usually a solitary, encapsulated, round to oval mass between 2 and
5 cm in diameter. Occasionally, it is horseshoe-shaped or circumferential. Multiple
tumors and leiomyomatosis of the esophagogastric junction are uncommon. Tumor
growth is slow. A giant leiomyoma can cause ulceration of the overlying mucosa
and possible bleeding. Reports describing sarcomatous degeneration are anec-
dotal.2

Extramucosal cysts are congenital lesions of mixed embryogenesis and their
classification is controversial. They are usually classified as being either gastroen-
teric, bronchogenic, or esophageal reduplication cysts. The bronchogenic type oc-
curs most frequently and is characterized by a lining of ciliated columnar
epithelium and by the presence of cartilage. The prevailing site of these malforma-
tions is the posteroinferior mediastinum. Extramucosal cysts of the esophagus can
be complicated by intracystic hemorrhage, perforation, or infection. Malignant
degeneration has also been reported.3

Almost one half of the patients with leiomyoma and approximately one third of
those with extramucosal cysts are asymptomatic. The diagnosis of a submucosal
mass can be incidental, although some patients complain of nonspecific symptoms
such as chest pain and dyspepsia. Dysphagia is more common in patients with
leiomyoma.

Modern imaging techniques, such as computed tomography (CT) and endo-
scopic ultrasonography (EUS), allow an accurate evaluation of these lesions, al-
though the differential diagnosis may be difficult in some circumstances. The
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indications for surgical therapy have often been questioned because of the absence
or paucity of symptoms in some patients, the usually benign natural history of the
disease, and the trauma of thoracotomy, which seems disproportionate to a rela-
tively simple operation. Moreover, very little information exists about late results of
surgery.

PATIENTS AND METHODS

Between 1967 and 1994, 66 patients with leiomyoma (group 1) and 11 patients
with an extramucosal cyst of the esophagus (group 2) were treated.

Group 1 consisted of 53 men and 13 women (ratio 4:1), with a mean age of 46
years (range, 19 to 71 years). The main presenting symptoms were dysphagia in 35
patients (53%), heartburn and/or regurgitation in 11 patients (17%), and retro-
sternal pain in 10 patients (15%). Of the remaining 10 patients (15%), eight were
asymptomatic and two had previous episodes of upper gastrointestinal bleeding
from acute erosive gastritis or an active duodenal ulcer. Preoperative workup in-
cluded a barium swallow study and upper gastrointestinal endoscopy in all patients.
Six patients had previously undergone endoscopic biopsy of the leiomyoma else-
where. CT scan and/or EUS were performed in the last 22 patients. Esophageal
manometry and/or 24-hour esophageal pH monitoring were performed only in se-
lected patients who had concomitant esophageal disorders.

Group 2 consisted of six women and five men (ratio 1.2 :1), with a mean age of
40 years (range, 16 to 53 years). Eight patients were symptomatic and complained
of retrosternal or epigastric pain. Three of them also had mild dysphagia for solid
food. The remaining three patients (27%) were asymptomatic and the mass was
discovered incidentally on a routine chest radiograph.

The diagnostic workup included a chest radiograph, barium swallow study,
esophagoscopy, CT scan, and more recently EUS. In two patients with a long-
lasting history of heartburn unresponsive to medical therapy, esophageal manome-
try, 24-hour pH monitoring, and esophageal transit scintigraphy were performed.

RESULTS
Group 1

The leiomyoma was located in the middle third of the thoracic esophagus in 36
patients (55%), in the lower third in 16 patients (24%), in the upper third in 10 pa-
tients (15%), and at the gastroesophageal junction in four patients (6%). Associated
esophageal disorders were found in 19 patients. Fifteen patients (23%) had a hiatal
hernia, four patients (6%) had epiphrenic diverticulum, and three patients (5%) had
achalasia. Erosive esophagitis was documented in three patients with hiatal hernia.

The operation consisted of simple tumor enucleation in 63 patients. The pro-
cedure was initially performed through a conventional surgical approach in 55 pa-
tients. A right thoracotomy was used in 42 cases, a left thoracotomy in five cases,
and a laparotomy in five cases. A right thoracoscopic approach was attempted in the
last eight patients and the enucleation was successfully completed in six cases using
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a four-port technique. Video esophagoscopy was routinely performed to assist the
thoracoscopic procedure with the aim to verify mucosal integrity, step by step, from
inside the lumen.

An additional surgical procedure was synchronously performed during thora-
cotomy or laparotomy in 10 patients with concomitant disorders. Nissen fundopli-
cation was performed in three patients, Heller myotomy with Dor fundoplication
in three patients, diverticulectomy with myotomy and modified Belsey fundoplica-
tion in two patients, and simple diverticulectomy in two patients.

The size of the enucleated tumor ranged between 2 and 10 cm. Five were
horseshoe-shaped tumors. In three patients, multiple adjacent tumors were found.
The muscular layer of the esophagus was approximated in all but two patients. In
the first patient, after enucleation of a 10 X 8 cm leiomyoma, the defect was too
large to allow a tension-free suture. Vicryl mesh was therefore used to prevent mu-
cosal bulging. In the second patient, who was operated on through a thoracoscopic
approach, the muscle was not approximated because of technical difficulties in su-
turing.

In three patients, two women with a diffuse leiomyomatosis of the distal esoph-
agus and a man with a huge leiomyoma at the esophagogastric junction, an esoph-
ageal resection was performed. The alimentary tract continuity was reestablished
by means of intrathoracic esophagogastrostomy at the apex of the chest in two pa-
tients and intrathoracic left colon interposition in one patient.

In all patients, histology showed the typical features of interlaced bundles of
smooth muscle cells with absent mitoses and hypovascularity. Diffuse leiomyo-
matosis was characterized by confluent nodular thickening of the esophagus and
cardia combined with some degree of muscular hypertrophy.

There was no operative mortality. Complications of leiomyoma enucleation
with the open procedure consisted of an intraoperative mucosal tear in seven pa-
tients. Esophageal perforation was more common in patients who had previous en-
doscopic biopsy (three of six patients [50%]) than in those who had not (four of 49
patients [8.1%]; p <0.01). All mucosal lesions were repaired without consequence
using 4-0 Vicryl sutures. One patient required emergency thoracotomy because of
bleeding from an intercostal vessel. In one patient, an esophagopleural leak devel-
oped on the third postoperative day, requiring reoperation and mucosal repair.

The thoracoscopic approach was converted to a formal thoracotomy in two pa-
tients because of the inability to exclude the lung in one patient who had a large
mediastinal goiter and because of a mucosal tear in the other patient in whom no
preoperative biopsy had been performed. One patient in whom the muscle layer
had not been approximated complained of persistent, intractable dysphagia. A bar-
ium swallow study showed a pseudodiverticular mucosal bulging in the middle
third of the esophagus at the level of the enucleation site. Esophageal manometry
demonstrated an area of segmental aperistalsis beginning 29 cm from the nostrils
and extending for a length of approximately 5 cm. Reoperation through a right tho-
racotomy was performed a few months later and consisted of simple approximation
of the muscle edges. Dysphagia resolved and the radiologic and manometric ab-
normalities disappeared.
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Complications of esophageal resection included gastric outlet obstruction re-
quiring pyloromyotomy in one patient after a gastric pull-up and stricture of the
esophagocolic anastomosis requiring multiple dilations.

The median follow-up time was 53 months (range, 12 to 248 months). No re-
currence of leiomyoma was observed. Overall, seven patients (11%) complained of
heartburn and/or epigastric pain responsive to H2 blockers or omeprazole. Four of
those patients had symptoms related to gastroesophageal reflux or duodenal ulcer
prior to the operation. One of these patients had a hiatal hernia and abnormal
gastroesophageal reflux with erosive esophagitis diagnosed before undergoing tho-
racoscopic enucleation of a leiomyoma of the upper third of the esophagus and was
successfully treated with a laparoscopic Nissen-Rossetti fundoplication a few
months later.

In two patients the reflux symptoms appeared after resection of an epiphrenic
diverticulum, myotomy, and partial fundoplication and in one patient after simple
enucleation of a middle third leiomyoma. Twenty-four-hour esophageal pH mon-
itoring showed an abnormal esophageal acid exposure in these three patients who
are currently being treated with H2 blockers.

No late complications developed during a follow-up time of 9 to 15 years in the
three patients who underwent esophageal resection.

Group 2

The mass was located in the posteroinferior mediastinum in 10 patients and in
the upper mediastinum in one patient. In all patients, an extrinsic compression with
intact mucosa was evident on barium swallow examination. In the two patients who
complained of heartburn, the results of esophageal manometry and 24-hour pH
monitoring were normal. The esophageal transit scintigraphy showed delayed
clearance of the radionuclide in the proximal two thirds of the esophagus.

A preoperative diagnosis of extramucosal cyst was quite obvious in five of the
seven patients who were investigated by EUS and CT scan. In the other two pa-
tients, and in two additional patients who underwent CT scan alone, the findings
suggested the diagnosis of leiomyoma because of the high density of the cyst con-
tents.

All patients underwent surgical excision of the mass. A posterolateral thoracot-
omy was used in 10 patients and a thoracoscopy was used in the last patient. Ac-
cording to the site of the mass, six patients underwent left thoracotomy, four
patients underwent right thoracotomy, and one patient underwent right thora-
coscopy using a three-port technique. In all patients the cyst was enucleated with-
out opening the esophageal mucosa. The muscle layers of the esophagus were
bluntly dissected and the edges were approximated by interrupted sutures after re-
moval of the cyst. Only one cyst was external but it was still adjacent to the esoph-
ageal wall.

The diameter of the cysts ranged from 2 to 4.5 cm and most contained a clear,
jelly-like fluid. Histologic examination showed an epithelial lining of the ciliated
columnar type covered by smooth muscle that was often infiltrated by chronic
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inflammatory cells. Cartilage was present in the cyst, which was external to the
esophageal wall.

No postoperative morbidity was recorded. Nine patients were asymptomatic at
a median follow-up time of 2.3 years (range, 13 to 77 months). One patient com-
plained of dyspepsia and occasional regurgitation and vomiting. A barium esopha-
gogram showed a pseudodiverticular defect in the distal esophagus corresponding
to the site of the excised cyst. No esophagitis was found on endoscopy. Twenty-
four-hour esophageal pH monitoring showed an abnormal esophageal acid ex-
posure. Radionuclide examination demonstrated markedly delayed gastric empty-
ing. The patient was treated with H2 blockers and cisapride with satisfactory
results. Another patient complained of persistent dyspepsia. Antral gastritis with
Helicobacter pylori infection was found on endoscopy and the patient was successfully
treated with omeprazole.

DISCUSSION

The results of this study show that the diagnosis of leiomyoma and extramuco-
sal cyst of the esophagus was incidental in 12% and 27% of the patients, respec-
tively. Dysphagia was far more common in patients with leiomyoma.

Once a submucosal mass of the esophagus is suspected on the chest radiograph
or the barium swallow examination, endoscopy should be performed to evaluate the
mucosa. If the mucosa overlying the mass is normal, no biopsies should be taken
because they would complicate surgical removal. In our series, the incidence of
intraoperative esophageal perforation was significantly greater in patients with
leiomyoma who had previously undergone endoscopic biopsy. Parendoscopic nee-
dle biopsy of paraesophageal cysts has been reported,4 but we believe that the aspi-
rate does not provide useful information and the procedure has the potential of
infecting the mass.

Modern imaging techniques are quite reliable for excluding malignancy in pa-
tients presenting with an extramucosal mass of the esophagus. Cancer was not sus-
pected in any of our patients. However, the differential diagnosis between
leiomyoma and extramucosal cyst was not always obvious because of the high den-
sity of the cyst contents. It has been shown that mucinous cysts may present with
fine internal echoes simulating leiomyoma, but with strong acoustic enhancement.5

Finally, imaging techniques may help in the evaluation of the topographic relation-
ships of these masses so that the most appropriate surgical approach can be
planned.

The usual clinical course of leiomyomas and extramucosal cysts is benign and
many patients may remain asymptomatic. The indications for surgical therapy are
based on the presence of symptoms, the size of the mass, the inability to exclude a
malignancy, and the presence of concomitant disease requiring treatment, such as
achalasia or hiatal hernia. Simple endosonographic follow-up has been advocated
for leiomyomas of less than 3 cm in diameter with an echo-homogeneous pattern
and smooth margins.6 Conversely, all presumed cysts should be resected because an
operation can be hazardous when the cyst becomes symptomatic and because a
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definitive diagnosis can be established only on the surgical specimen. Cyst aspira-
tion has been proposed as an alternative to operation, but this method is not rec-
ommended because of the risk of cyst recurrence, which carries a significant
morbidity.7

Surgical enucleation is the treatment of choice for submucosal masses of the
esophagus. An accurate preoperative evaluation is mandatory in these patients to
precisely assess the position of the mass and the clinical relevance of associated
esophageal disorders, which may require a change in surgical strategy.

The conventional surgical approach consists of enucleation of the mass after
splitting the overlying muscle layer. Both vagal nerves should be identified and pre-
served. A plane can easily be found between the mass and the esophageal mucosa,
unless there is inflammation or mucosal damage following endoscopic biopsy. Mu-
cosal integrity should be evaluated using air insufflation through the nasogastric
tube after surgical dissection.

We emphasize the need to approximate the muscle edges of the esophagus af-
ter enucleation of the mass. A pseudodiverticulum has occurred twice in our expe-
rience and may appear in an area of disorganized muscular anatomy, causing
defective propulsive activity of the esophagus and symptoms. This impression is
supported by the immediate restoration of esophageal transit and the reversal of the
manometric abnormalities documented in our patient who underwent thoracotomy
and reconstruction of the muscle layer following thoracoscopic enucleation of a
leiomyoma.

The conventional approach through a formal thoracotomy has the potential of
causing excessive postoperative pain and discomfort to the patient. Moreover, the
hospital stay and the recovery period are prolonged. Recent advances in minimally
invasive surgery have led to a less traumatic approach to benign esophageal disor-
ders. Leiomyoma and extramucosal cysts represent an excellent indication for
video-assisted thoracoscopic enucleation, and the feasibility and the satisfactory
early clinical results of this approach have been clearly documented.8-9 The
videothoracoscopic approach is as effective and safe as in open surgery and has the
advantage of providing a superb and magnified vision of the operative field, thus re-
ducing postoperative discomfort and improving the cosmetic result of the opera-
tion. However, the procedure should only be performed by thoracic surgeons
trained in open surgery and in advanced thoracoscopic techniques.

During thoracoscopic enucleation, permanent transillumination through the
esophagoscope is very useful because it allows step-by-step control of the integrity
of the esophageal mucosa. Esophagoscopy allows air inflation and deflation of the
esophageal lumen, making it easier to identify the border between the mucosa and
the leiomyoma.

Follow-up of the patients is mandatory after removal of leiomyoma or extra-
mucosal cysts, especially in patients with previous history of gastroesophageal
reflux disease (GERD). It has been postulated that the incidence of esophagitis can
increase after excision of the mass because of a decreased propulsive activity of the
esophagus and impairment of the acid-clearing mechanism.10 Suturing the muscle
edges after excision of a submucosal mass of the esophagus may improve the long-
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term outcome of the operation by preserving the propulsive activity of the esopha-
geal body.
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Therapeutic Endoscopy of Benign
Esophageal Diseases
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Therapeutic endoscopy of benign esophageal diseases includes endoscopic
management of Zenker's diverticulum and achalasia, dilation of strictures, removal
of foreign bodies, and ablation of Barrett's epithelium. Intraoperative endoscopy is
now routinely used in association with several surgical procedures performed
through a laparoscopic or thoracoscopic approach.

At present, a variety of complementary or competitive procedures such as bou-
gienage, balloon dilation, and laser treatment are available. However, the optimal
treatment is often achieved with the integration of all endoscopic options related to
the general conditions, stage of the disease, and surgical risk of each patient. Opera-
tive endoscopy of the esophagus does not represent an alternative to surgery and
should be performed in a department where surgical facilities and expertise are
promptly available.

DIVISION OF THE SEPTUM IN ZENKER'S DIVERTICULUM

An endoscopic treatment of the hypopharyngeal diverticulum was proposed
early this century1 in the section of the septum between the diverticulum and the
esophagus. The common wall includes the upper esophageal sphincter. This pro-
cedure has been performed for many years by means of rigid endoscopy and
diathermy or laser.2 Nevertheless, the operative time of this technique is long and
the procedure still entails a relatively high morbidity rate, which is represented
mainly by bleeding, leak, and mediastinitis.

The use of a Weerda diverticuloscope (Karl Storz, Tuttlingen, Germany) and a
modified Endo GIA stapler has recently been proposed.3'4 Stapling of the septum
is an innovative procedure that appears simpler, faster, and safer than electrocoagu-
lation or laser. With a single or double application of the Endo GIA stapler, the
posterior esophageal wall is sutured to the wall of the diverticulum for a length of
30 or 60 mm and the tissue is transected between the two triple-staggered staple
rows. The procedure, which requires a few minutes, is performed under general
anesthesia with nasotracheal intubation. A complete section of the septum to in-
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elude the length of the diverticulum has been made possible by a modification of
the stapler. A shortened distal port is used to insert into the diverticulum.

This procedure is contraindicated in patients with a small diverticulum (3 cm
or less) in whom it is impossible to include the whole length of the upper esopha-
geal sphincter in the stapler. This approach can also prove difficult in patients with
cervical osteoarthritis, because of the inability to extend the neck, and in those with
a reduced opening capacity of the mouth, because of the limited access of the in-
struments.

DILATION OF ACHALASIA

The choice between an endoscopic treatment and surgical cardiomyotomy as
initial treatment of achalasia is still controversial and depends mainly on the stage
of disease, the physician's aggressiveness, and the patient's attitude.

Several studies have suggested that a treatment regimen beginning with dila-
tion is usually effective and has a shorter recovery and less overall cost than initial
cardiomyotomy.5'6 The success and the morbidity rates of pneumatic dilation re-
ported in different series depend on the technical characteristics and diameter of
the balloon and on the experience of the endoscopist. Generally, long-term results
of endoscopic dilation are generally inferior to those of surgery in young patients
and in patients with recurrent achalasia after a first dilation.5 Moreover, cardiomy-
otomy may be technically more difficult after endoscopic dilation because of fibro-
sis of the muscular layers that usually follows forced pneumatic dilation. At present,
pneumatic dilation can be performed as initial treatment of achalasia in old patients
in poor general condition and at high surgical risk.7

Endoscopy can be performed without any preparation only in patients with
grade I disease. When the esophageal diameter is noted to be increased on the ra-
diologic study, a nasoesophageal tube must be placed for 24 hours to allow an ade-
quate washout of residual ingesta. The procedure is generally performed with
conscious sedation, which can be obtained with intravenous administration of mi-
dazolam, diazepam, or propofol. A higher prevalence of perforation has been re-
ported in series in which dilation was performed under general anesthesia.8

Premedication with atropine or hyoscine butylbromide may reduce the lower
esophageal sphincter (LES) pressure, increase the compliance of the cardia to the
balloon, and reduce the effectiveness of the procedure.

Of the several dilators that are available, the Rigiflex balloon (Microvasive, Wa-
tertown, Mass.) is recommended. The main characteristic of this dilator is its low
compliance so that inflation is restricted to its designed diameter (30, 35, and
40 mm). In contrast, the final diameter of many other devices depends on the
inflation pressure, which may significantly increase the risk of perforation. The
Rigiflex dilator is inserted over a guidewire, which may prove useful to place the
balloon across the cardia in patients with a markedly dilated esophagus. Neverthe-
less, in patients with a tortuous sigmoid esophagus, the insertion of the dilator in
the correct position can still be difficult. In such circumstances, the use of a rigid
overtube to straighten the esophagus and allow access to the gastroesophageal junc-
tion may be helpful.9 During dilation the correct position of the dilator must be
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controlled with fluoroscopy or an endoscope inserted beside the catheter with the
tip proximal to the transparent balloon. This latter solution is preferable because it
allows the operator to control the mucosa of the gastric cardia during dilation in
real time. Therefore, any minimal mucosal lesion can be immediately recognized
by direct vision or by the presence of blood. Even a modest bleeding during the
inflation of the balloon must be regarded as a sign of imminent esophageal perfo-
ration requiring immediate deflation of the dilator. The choice of the diameter of
the balloon for the first dilation depends on the size of the patient and the stage of
the disease. Progressive dilation under endoscopic control is always recommended.
In small patients with early disease and a LES resting pressure lower than 25
mm Hg, a 30 mm balloon can be used initially. The 35 mm balloon is usually em-
ployed in all other patients. Once the dilator is in the correct position, the pressure
must be gradually increased to 10 psi and maintained for 1 minute. The dilator is
deflated, pushed into the stomach, and the cardia region is carefully inspected with
the endoscope. The balloon is repositioned and inflated to 15 or 20 psi according
to the patient's compliance and endoscopic findings and maintained for another
minute. A good functional result is usually evident at the end of the procedure when
the gastroesophageal junction appears to be open. When the endoscopic appear-
ance of the cardia is not satisfactory, a further dilation with the same or a larger bal-
loon should be performed during the same endoscopic session. An esophagogram
with water-soluble contrast is usually performed within 24 hours to evaluate the
passage of the contrast media across the cardia and the presence of the gastric air
pocket. The patient is discharged on H2-blocker therapy for 3 weeks to prevent
damage from reflux. Manometry is performed 1 month later.

Esophageal perforation is the main complication of forced pneumatic dilation.
If minimal bleeding occurs, the dilator must be immediately deflated, removed, and
the mucosa washed and inspected. In the presence of an intraparietal mucosal
lesion, a double-lumen nasogastric tube must be positioned under endoscopic con-
trol. An esophagogram with water-soluble contrast should be performed immedi-
ately and medical therapy with antibiotics, H2 blockers, nasogastric aspiration, and
parenteral nutrition should be begun. Conservative treatment of perforation after
pneumatic dilation is usually effective if the lesion is recognized immediately and
promptly managed.10 Surgery is required in patients with full-thickness and larger
lesions, significant bleeding, or peritonitis.

The endoscopic injection of the toxin of Clostridium botulinum in the LES has
been introduced recently in the management of achalasia.u The rationale for this
treatment is because of the specific anticholinergic effect of the toxin, which al-
lows a significant decrease of the sphincter resting pressure. Although promising
results have been reported without major side effects, this technique must be vali-
dated by larger series with a longer follow-up and must still be regarded as investi-
gational.

BENIGN ESOPHAGEAL STRICTURE

Endoscopic dilation is the mainstay in the treatment of benign esophageal stric-
tures following chronic reflux esophagitis, surgical anastomosis, variceal scle-
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rotherapy, webs, and caustic injuries. At present, most of these strictures can be
treated endoscopically in the first instance.12

In patients with stricture from reflux esophagitis, an antireflux repair is indi-
cated after proper dilation to avoid lifelong dilation and medication. Esophageal re-
section is still the treatment of choice for long strictures in patients with reflux or
caustic ingestion or in the presence of Barrett's esophagus with severe dysplasia.13

The technique of endoscopic dilation depends on the radiologic and endo-
scopic characteristics of the stricture rather than its etiology.14 Mercury-filled Ma-
loney bougies were initially used for almost all esophageal strictures. Although this
technique is still widely used, especially in the United States, it is suitable only for
straight and relatively soft strictures.15 Dilation over a guidewire through a scope
has almost completely replaced the use of Maloney dilators, especially in Europe.
The advantage of endoscopic dilation is that an appropriate evaluation of the di-
ameter and the characteristics, including histology, of the stricture can be made be-
fore and after dilation. In addition, complex, tight, and angulated strictures can also
be treated.16

The procedure is usually performed under local pharyngeal anesthesia and con-
scious sedation with intravenous administration of midazolam, diazepam, or propo-
fol. General anesthesia should be avoided because it is important to evaluate the
patient's reactions during the procedure. Antibiotic prophylaxis is indicated in
high-risk patients or in the presence of prosthetic heart valves and vascular shunts.
Preoperative evaluation of the stricture with barium swallow is mandatory. It is also
advisable to use fluoroscopy to aid in the placement of the guidewire in long and
angulated strictures, which are difficult to pass blindly. The use of a pediatric in-
strument of 7.9 mm diameter (Olympus GIF-XP20, Pentax FG-24X) or an ultra-
slim instrument of 5.2 mm diameter (Olympus GIF-N30) allows the successful
management of almost all cases. A larger instrument with a channel of at least
2.8 mm diameter (Olympus GIF-PQ20) must be used when a pneumatic dilation is
planned.

The over-the-wire bougies available are Eder-Puestow (Key-Med), Savary-
Gillard (Wilson Cook), and American Endoscopy (Bard). The Eder-Puestow olives
are more traumatic than the other polyvinyl tubes. Nevertheless, because they are
rigid, their use may still be required as the last resort when all the other endoscopic
options fail. The Savary-Gillard dilators have become very popular because they al-
low a less traumatic dilation and are better tolerated by the patient. They have a
radiopaque band at the point of maximum diameter, which assists with their use un-
der fluoroscopy. American Endoscopy bougies are impregnated with barium sul-
fate, which makes them clearly visible at fluoroscopy, and they are more rigid and
have a shortened tip. All of these dilators are of the "push type," which exert both
axial and radial forces on the stricture. Pneumatic balloon dilators exert the entire
dilating force radially and simultaneously over the entire length of the stenotic seg-
ment.17'18 Theoretically, this should allow a safer and more efficient dilation. The
noncompliant balloon material ensures that the maximum inflation diameter is
achieved and maintained through a wide range of inflation pressures. The balloons
must be inflated with water, which allows a faster and more effective inflation of the
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balloon to its final diameter. The maximal inflation pressure ranges between 25 and
50 psi according to the diameter of the balloon. For fibrotic and tight strictures a
new high-pressure noncompliant dilator is available (Max Force, Microvasive),
which can be inflated up to 150 psi (10 ATM). At present, the two types of balloon
dilators available are through-the-scope (TTS) (Microvasive, Bard) and over-the-
wire (OTW) balloon (Microvasive). The TTS type is introduced through the op-
erative channel of the instrument and allows dilation with real-time endoscopic
control. Angulated and tortuous strictures in which the passage of the deflated dila-
tor is difficult or impossible limit its use. The OTW balloon dilator is similar to the
TTS, but it is provided with a central channel for a guidewire that is passed through
the stricture. To ensure a safe dilation the guidewire should be placed under direct
vision in the antrum for dilation of strictures of the thoracic esophagus and in the
duodenum for dilation of cardiac strictures. The external part of the guidewire is
entrusted to a nurse assistant who is trained to ensure that the wire is kept con-
stantly in place and not allowed to slip in or out. In addition it must be kept taut at
the time of dilation to avoid kinking the wire itself and the dilator. If the stricture
is too narrow to permit the passage even of the pediatric or ultraslim endoscope,
the endoscopist has the choice of either proceeding with the help of fluoroscopy or
using a TTS balloon. The TTS balloon is used for straight strictures and requires
an endoscope with an operating channel of at least 2.8 mm of diameter. The pas-
sage of the guidewire blindly through the stricture under fluoroscopic control is
usually safe and easy. Nevertheless, in patients with extremely angulated strictures,
especially after esophagovisceral anastomosis, the placement of a traditional
guidewire may prove impossible. In these patients, intraoperative radiologic
identification of the stricture must be obtained by injecting some contrast media
through a catheter inserted through the endoscope. Immediately after the contrast
injection, the placement of a biliary J-tip wire with a torque-vise at its proximal ex-
tremity may be attempted. The biliary wire is soft, has a coated surface, and can be
passed through extremely tortuous strictures.

The diameter of the first dilator should be just bigger than the estimated diam-
eter of the stricture. With experience the operator learns to appreciate the "feel" of
the passage through a strictured area. The "rule of three" is recommended when a
number of dilators are used at a single session. The first dilator that meets with re-
sistance determines the stricture size and no more than three successively larger
dilators (with increments of 1 mm or 3 F) should be used. After removal of the last
dilator along with the guidewire, an endoscopic review of the stricture is recom-
mended.

Complications of dilation may be related to anatomic abnormalities, to the
guidewire, and to the technique itself. Anatomic abnormalities, such as the presence
of hiatal hernia or diverticula, or irregular eccentric strictures, which may interfere
with the proper placement of the guidewire, should be evaluated by preoperative
esophagogram. The risk of perforation related to the blind placement of the
guidewire is greater without the use of fluoroscopy and in patients with recent caus-
tic strictures.19 The most common cause of perforation is overdilation and occurs
more frequently with Savary-Gillard bougies and the pneumatic dilator. The feel of
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a resistance is not very reliable when using these dilators and the tightness of the
stricture is often underestimated. It is therefore important to closely follow the
"rule of three."

Identification of high-risk strictures is mandatory to reduce the morbidity by
the use of fluoroscopy.20 Whatever the cause of perforation, it is important to rec-
ognize this complication early because morbidity and mortality are increased by a
delayed diagnosis. Endoscopic evaluation of the stricture at the conclusion of the
dilation allows prompt identification of a mucosal defect. A contrast esophagogram
with water-soluble contrast should be performed immediately when perforation is
suspected.

ESOPHAGEAL WEBS

Esophageal web is a relatively uncommon cause of intermittent dysphagia to
solids. Radiologic and endoscopic findings of a diaphragm are usually characteris-
tic. Endoscopic dilation is the treatment of choice in these patients. This is the only
occasion in which a large-size dilator can be introduced without first passing
smaller dilators.12 A high success rate is reported by the use of a single endoscopic
dilation performed independently of the technique or the dilator. Maloney, Savary-
Gillard, and pneumatic dilators have been used with comparable results. The only
important factor is the size of the dilator, which should not be smaller than 45 or
50 E In a small subset of patients who fail to respond to standard esophageal dila-
tion, endoscopic incision of the stricture can be successfully performed by means of
diathermy or Nd:YAG laser.21

REMOVAL OF FOREIGN BODIES

Removal of impacted esophageal foreign bodies has usually been performed by
means of rigid endoscopy under general anesthesia. Flexible fiberoptic endoscopes
with multiple large-size operative channels (Olympus GIF-2T200) and dedicated
forceps have simplified the management of these patients. With conscious sedation,
foreign bodies can be removed with a high success rate and a negligible morbidity
and mortality.22 Cost is low when compared with rigid esophagoscopy. Sharp and
pointed foreign bodies require the use of a protector hood to place onto the tip of
the instrument or an overtube to improve the safety of the procedure.23 When a
double-channel instrument is not available, the simultaneous use of two flexible en-
doscopes has been also reported.24 Although a higher success rate for the removal
of foreign bodies is still reported for rigid esophagoscopy, a higher complication
rate is to be expected. The flexible fiberoptic endoscopic technique is therefore at-
tempted first.22 If flexible esophagoscopy proves unsuccessful, rigid esophagoscopy
with general anesthesia should be performed.

LASER PHOTOABLATION OF BARRETT'S EPITHELIUM

Barrett's esophagus is widely regarded as a risk factor for adenocarcinoma of the
esophagus.25 Theoretically, regression of Barrett's epithelium might prevent the
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development of dysplasia and cancer. Regression of the metaplastic epithelium has
been reported only sporadically with omeprazole or antireflux surgery. For these
reasons, ablation of Barrett's epithelium with endoscopic laser therapy has been
proposed in addition to acid suppression. Both Nd:YAG and argon dye lasers and
photodynamic therapy have been used with promising results.26-28 At present, these
reports should be regarded as investigational. Further studies with long-term fol-
low-up are needed to assess the role of this treatment in patients with Barrett's
esophagus.

INTRAOPERATIVE ENDOSCOPY IN MINIMALLY INVASIVE
SURGERY

Several surgical procedures on the esophagus have recently been performed
through a minimally invasive approach.29 The laparoscopic or the thoracoscopic
approach has proved to be less traumatic than traditional open surgery, allowing
procedures to be performed in patients with achalasia, leiomyoma, diverticula, and
gastroesophageal reflux. Moreover, the view of the operative field is magnified by
the camera. Nevertheless, the bidimensional view and the lack of tactile perception
may increase the difficulty of some surgical maneuvers.

During thoracoscopic enucleation of esophageal leiomyoma, intraoperative en-
doscopy allows a prompt localization of the tumor. The surgical maneuvers are
clearly seen from inside the esophagus, and this can be helpful in maintaining the
dissection in the layer between the mucosa and the leiomyoma. Moreover, the in-
tegrity of the mucosa can be continuously verified and any minimal tear can be im-
mediately recognized by air leakage in the operative field.30

When a thoracoscopic approach is planned in patients with epiphrenic diver-
ticula, associated with an abnormally high basal pressure of the LES, incoordina-
tion, or incomplete relaxation, a preoperative pneumatic dilation with a Rigiflex
balloon 30 mm of diameter inflated at 10 psi for 1 minute can be performed.31 In-
traoperatively, endoscopy is performed to inflate, deflate, and transilluminate the
diverticulum to make the identification and dissection easier. Any mucosal lesion
can be promptly identified from inside the esophagus because of air leakage in the
operative field. Diverticulectomy is performed by Endo GIA, and the residual lu-
men of the esophagus is verified and calibrated from inside by the endoscope avoid-
ing the risk of an excessive mucosal resection and consequent stenosis. At the end
of the procedure, the esophagus is inflated and the operative field is immersed in
saline solution to verify the integrity of the staple line.

Esophagomyotomy of the LES in patients with achalasia can be successfully
performed through a thoracoscopic or laparoscopic approach. Intraoperative en-
doscopy assists the procedure by distending the gastroesophageal junction with a
Rigiflex dilator of 30 mm of diameter, which is inflated and deflated alternatively at
a pressure that must not exceed 1 to 2 psi. In this way, the esophageal mucosa at the
level of the cardia is displayed and can be easily dissected from the muscular layers.
Before performing the antireflux Dor procedure, the esophageal lumen can be
inflated and the myotomy site checked endoscopically.

In patients with gastroesophageal reflux disease intraoperative endoscopy can
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be helpful only in selected cases to facilitate the identification and the dissection of
the gastroesophageal junction.
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Surgery for gastroesophageal reflux disease (GERD) differs from most surgical
procedures in that it is mechanistic rather than extirpative. As such, the focus of the
procedure is on improving function and providing relief of the symptoms and com-
plications of reflux while permitting normal swallowing in the absence of side ef-
fects such as bloating and the inability to vomit. According to the results of several
recent publications, the modified Nissen fundoplication can be expected to produce
these results in over 90% of patients for up to 10 years,1 exceeding the results
achieved with medical therapy.2

These excellent results, unfortunately, have not been uniformly experienced be-
cause persistent or recurrent symptoms occur in up to 23% of patients.3 These
treatment failures can be traced to problems related to patient selection and choice
of operative procedure, as well as technical errors occurring in the course of the op-
eration. These causes of failure can be prevented in most cases by strict adherence
to well-documented criteria for patient selection and avoidance of undocumented
modifications in technique.

Although the results of remedial operations for persistent or recurrent symp-
toms following failed antireflux procedures are less satisfying than the results fol-
lowing primary operations, careful evaluation and treatment can result in a
satisfactory outcome. When the cause of failure is identified and addressed by ap-
propriate surgical technique, 70% to 85% of patients can be expected to experience
relief of their symptoms.

PREVENTION OF FAILURE OF PRIMARY ANTIREFLUX
PROCEDURES
Errors in Patient Selection

The excellent results that have been achieved in several recent series demon-
strate that when patients are appropriately selected, and procedures are properly
performed, most failures can be prevented. The most important aspect of preven-
tion is ensuring that the patient does, in fact, suffer from gastroesophageal reflux.
To establish this, 24-hour ambulatory esophageal pH monitoring is essential, since
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symptoms have been shown to correlate poorly with the presence of reflux.4 Like-
wise, reliance only on the presence of endoscopic evidence of esophageal injury will
fail to recognize patients who may benefit from symptom control in the absence of
complications. Endoscopic evaluation may also result in subjecting patients with
primary esophageal motor disorders,4 or drug-induced esophageal injury,5 to pro-
cedures that are unnecessary.

To avoid these errors, thorough preoperative evaluation should be performed
in all patients considered for antireflux surgery. Criteria for consideration of pa-
tients for fundoplication include the documentation of pathologic esophageal acid
exposure on pH monitoring, demonstration of a mechanically defective lower
esophageal sphincter (LES), and adequate propulsive motility in the esophageal
body. Patients who have positive pH studies, but normal LES characteristics,
should not undergo antireflux procedures. Rather, a search for other causes of in-
creased esophageal acid exposure should be sought. The presence of delayed gas-
tric emptying, gastric hypersecretion, poor esophageal clearance, or deficiency of
saliva should be identified by appropriate testing.

Errors in Choice of Operative Procedure

Even when careful preoperative evaluation documents the presence of patho-
logic reflux, reflux symptoms may not be relieved, or symptoms of dysphagia may

Symptomatic GERD
+24-hour pH
Mechanically defective sphincter

Endoscopy
Video esophagram
Esophageal motility

Normal length
Normal contractility

Abdominal approach

Open or laparoscopic Nissen

> 5 cm or fixed hernia
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Thoracic approach
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Fig. 13-1 Decision-making algorithm for tailored antireflux surgery.
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emerge, if the proper procedure is not performed. In addition to avoiding an anti-
reflux procedure in patients with primary gastric pathology, specific disorders of
esophageal motility should be sought. This will avoid performing an obstructive
fundoplication, such as a Nissen, in patients with poor motility, the cause of failure
in 5% to 10% of patients4'6 (Fig. 13-1).

Technical Errors

The final reason for persistent or recurrent symptoms following antireflux sur-
gery is technical error. Technical errors include failure to recognize and treat ap-
propriately patients with a shortened esophagus, failure to properly mobilize the
esophagus and fundus adequately to avoid tension, and failure to adhere to the doc-
umented principles of constructing the fundoplication to avoid dysphagia7 (Table
13-1).

Esophageal shortening, usually a manifestation of long-standing reflux disease
and panmural fibrosis, has been shown to be a common cause of failure following
fundoplication. Esophageal shortening may result in incorrect identification of the
gastroesophageal junction, especially when excessive traction is made on the stom-
ach. This results in the placement of the fundoplication around the proximal stom-
ach rather than the gastroesophageal junction. This error is often referred to as a
"slipped Nissen," but in reality is nearly always a misplaced wrap. Prevention of this
problem requires identification of a shortened esophagus preoperatively. Endo-
scopic findings of a 5 cm or more hiatal hernia, or upper gastrointestinal evidence
of a hernia that is not reducible, should alert the physician to the possibility of
esophageal shortening. In these patients, a transthoracic approach should be used
to allow complete mobilization of the thoracic esophagus. If the shortening is se-
vere, a Collis gastroplasty can be added. Failure to identify the gastroesophageal
junction at the time of repair can also result in a misplaced wrap. To avoid this
problem, the esophageal fat pad is a useful landmark and should be mobilized corn-

Table 13-1 Reasons for failure in 65 patients scheduled for remedial surgery for failed
antireflux procedures (70 operations in 65 patients)*

Reasons for Failure No. of Procedures (%)

Placement of wrap around stomach
Disrupted fundoplication
Herniation of repair into chest
Too long or too tight a wrap
Operative damage to lower esophagus
Primary motility disorder of the esophagus
Ineffective but intact repair

*From Collard JM, Peters JH, Kauer WKH, DeMeester TR. Analysis of failed antireflex procedures and deter-
minants of successful remedial operations (unpublished data).
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pletely. Placement of the wrap between the right vagus nerve and the esophagus
helps to ensure that the randoplication is not placed too low.

Disruption of the wrap is the second most common reason for technical failure.
Disruption can occur either as a result of excessive tension or because of postopera-
tive gastric distention and breakdown of the repair. Complete mobilization of the
gastric fundus by division of the short gastric vessels avoids the former; and the use
of pledgets with a U stitch8 prevents the latter.

Herniation of the wrap into the chest is the primary cause of failure in 15% to
20% of patients with failed antireflux repairs. This too can be related to tension,
but more commonly is due to inadequate closure of the hiatus. An intrathoracic
fundoplication is a particularly dangerous situation. Catastrophic complications,
such as ischemia and perforation, or massive hemorrhage can occur.9 To avoid her-
niation of the wrap, the hiatus should be closed with five or six sutures placed be-
hind the esophagus, spaced so that the surgeon's finger just fits into the hiatus
alongside the esophagus.

Finally, two important aspects of construction of the fundoplication deserve
emphasis. The first involves the length of the fundoplication, which should be no
more than 1 to 2 cm. Longer wraps have been shown to be associated with a higher
prevalence of dysphagia.10 Short-term postoperative dysphagia can also be reduced
by calibration of the lumen with a 60 F bougie dilator.

ASSESSMENT OF PATIENTS FOR REMEDIAL
SURGERY

Patients who have recurrent or persistent symptoms following an antireflux
procedure require a comprehensive symptom evaluation and correlation with ana-
tomic and pathophysiologic derangement prior to consideration for remedial sur-
gery.

Symptomatic and Functional Assessment

The most common symptoms are persistent or recurrent heartburn and regur-
gitation, dysphagia, and/or abdominal discomfort occurring during and after meals.
The onset of dysphagia typically occurs soon after a failed antireflux repair and sug-
gests a faulty construction of the fundoplication or the lack of appreciation of a pre-
existing stenosis or motor disorder of the esophageal body. In contrast, heartburn,
which tends to occur later, is more likely to be due to subsequent breakdown of the
repair leading to recurrent reflux.

In addition to a detailed symptomatic assessment, a thorough functional evalua-
tion is essential to determine the cause of the recurrent or persistent symptoms and
to outline the appropriate therapy. Patients who present with persistent or recur-
rent heartburn commonly have abnormal esophageal acid exposure on 24-hour am-
bulatory pH testing as well as mechanically defective sphincters, as is the situation
in patients with untreated gastroesophageal reflux disease. Poor esophageal motil-
ity, incomplete relaxation of the LES, or intra thoracic herniation can all be dem-
onstrated by motility testing in patients who experience dysphagia.
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Anatomic Assessment

A barium contrast study and endoscopic examination are the principal tech-
niques for anatomic assessment prior to remedial surgery. The barium study allows
definition of the patient's anatomy and identifies strictures, wrap disruption, and
paraesophageal herniation.11 Particular importance is placed on the definition of a
short esophagus and the irreducibility of a residual hiatal hernia into the abdomen.
The endoscopic examination complements radiology, providing additional infor-
mation regarding the state of the esophageal and gastric mucosa and allowing as-
sessment of the integrity of the previous fundoplication.12

MANAGEMENT OF FAILED ANTIREFLUX SURGERY
Medical Therapy

Medical management of recurrent heartburn is unlikely to be successful in pa-
tients who have undergone previous antireflux surgery. However, in patients with
severe esophagitis, an aggressive course of medical therapy is warranted even if sur-
gery is planned. Such therapy may allow resolution of esophagitis. Strictures can be
dilated during the course of medical therapy prior to surgery. Esophageal dysmotil-
ity may be related to esophagitis and may improve following treatment, provided
no structural changes have taken place in the esophageal musculature.

Dysphagia is usually due to a mechanical outflow resistance or poor esophageal
motility for which no medical treatment is available. Dilation has been tried in
some patients who have excessively tight ftmdoplications but the results are in gen-
eral discouraging.

Surgical Therapy

Careful assessment of the patient's symptoms and objective evaluation of esoph-
ageal function allow a specific plan of surgical therapy to be selected based on the
underlying pathophysiology, together with the findings at reoperation.

Choice of Operation

The preferred surgical approach in patients with prior failed antireflux opera-
tions is a left thoracotomy. This incision allows simultaneous exposure of the upper
abdomen and chest when the diaphragm is taken down at its periphery. The esoph-
agus can be adequately mobilized through this incision and a gastroplasty can be
added if necessary. The adhesions related to the previous operation are also easily
managed through the exposure provided.

The choice of surgical procedure is tailored to the individual patient. Consid-
eration should be given to the reasons for failure of the primary operation, esoph-
ageal length, and the peristaltic function of the esophagus. Existing gastric
pathology and the presence of end-stage esophageal disease are also important fac-
tors to be considered in planning the procedure.

Patients who have a misplaced wrap ("slipped" Nissen) require a careful assess-
ment of esophageal length. The causes of a misplaced Nissen include unrecognized
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esophageal shortening and incomplete dissection of the gastroesophageal junction.
If the esophagus is found to be short after complete takedown of the old repair, a
Collis-Belsey procedure is recommended. When the fundoplication was simply
placed too low despite an adequate length of the esophagus, the choice of proce-
dure depends on esophageal motility results. A transthoracic Nissen is performed
when peristaltic function is normal. A Belsey fundoplication, which is inherently
less obstructive, is performed in patients with poor esophageal motor function.

A similar approach is used in patients with disruption of a previous fundoplica-
tion, herniation of the wrap into the chest, and/or dysphagia due to an excessively
long or tight fundoplication. In the presence of these technical errors, judgment as
to the cause (esophageal shortening or failure to mobilize the fundus) usually out-
lines specific remedial measures. Again, complete mobilization is accomplished and
a lengthening procedure is added as needed. When an esophageal motor disorder
has been identified as the cause of dysphagia following a primary procedure, reme-
dial procedures are designed to correct the underlying motility problem. A my-
otomy combined with a partial fundoplication is performed in patients with
previously unrecognized achalasia or esophageal spasm. In most cases, however, the
impaired motility consists of a nonspecific motor disorder with decreased ampli-
tude of contractions and frequent incomplete peristaltic sequences. In these pa-
tients no specific therapy exists for the motor disorder and a Belsey fundoplication,
which is less obstructive than a Nissen fundoplication, is the procedure of choice.

Esophageal resection should be considered whenever a patient has extensive
fibrosis with refractory strictures. In these patients, and in those who have failed
two or more prior procedures, results of remedial procedures are less satisfying. Re-
section should also be considered in patients who have recurrent or refractory
symptoms in the presence of Barrett's-type intestinal metaplasia. Restoration of
swallowing function and relief of symptoms are achieved in these patients with the
additional benefit of eliminating the risk of carcinoma and the need for regular en-
doscopic surveillance. To provide long-term durable swallowing function, a colonic
interposition is recommended.13 The use of vagal sparing techniques14 in particular
has resulted in excellent function.

Other resectional procedures are occasionally applicable. Vagotomy and
antrectomy with Roux-en-Y reconstruction has been advocated as an alternative in
complicated situations.15 This effectively eliminates both acid and alkaline reflux.
Although postgastrectomy syndromes may prove troublesome in some patients,
overall results have been satisfactory in properly selected patients, with symptom-
atic improvement in 85% at a median of 4J/2 years of follow-up.

Total gastrectomy may be advisable in patients who have gastric pathology as
the primary cause of reflux, and when inadvertent vagotomy has occurred at the ini-
tial operation. This procedure reliably alleviates both acid and bile reflux and re-
stores swallowing function.

RESULTS OF REMEDIAL PROCEDURES

Application of these principles to the patient with recurrent or persistent symp-
toms following an antireflux procedure results in 70% to 85% satisfactory long-
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Table 13-2 Outcome in 65 patients after first remedial operations with respect to
symptom and esophageal contractility*

Symptom

Heartburn alone
Heartburn and dysphagia
Dysphagia alone
Any symptom with poor esophageal

contractility
Any symptom with good esophageal

contractility
Any symptom with poor esophageal

contractility

Type of
Remedial Procedure

Antireflux
Antireflux
Antireflux
Antireflux

Antireflux

Resection and interposition

No. of
Patients

19
16
15
13

40

6

Percent With
Good Outcomef

95
81
66
61

92

83

*Modified from Collard JM, Peters JH, Kauer WKH, DeMeester TR. Analysis of failed antireflux procedures and
determinants of successful remedial operations (unpublished data).
tAsymptomatic or minor symptoms not requiring treatment.

term results.16 Although these results are slightly less successful than those seen fol-
lowing primary operations, they are nonetheless acceptable. Table 13-2 summarizes
the results of a series of 65 patients undergoing remedial procedures at the Uni-
versity of Southern California.7 The major determinant of outcome appeared to be
the presence of a motility disorder. When present, only 61 % had a satisfactory out-
come following remedial surgery compared to 92 % when esophageal motor func-
tion was normal. Resection may be a better option in patients who have abnormal
motility because this procedure was associated with a good outcome in five of six
patients.

CONCLUSION

Careful symptomatic evaluation, detailed esophageal function studies, and
thorough anatomic assessment is necessary to determine the cause of failure in pa-
tients with failed antireflux surgery. A selective approach to reoperation is applied
by tailoring the procedure performed to the errors that caused the primary failure.
Adherence to the technical principles outlined minimizes the need for reoperation
by avoiding preventable causes of failure.

Although the results of reoperation are in general not as good as those seen fol-
lowing primary antireflux procedures, they are still satisfactory considering the
complicated nature of the abnormality. Resection may be the preferred option for
patients who have dysphagia related to impaired esophageal motility.
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Duodenal diversion is most frequently used after total gastrectomy for recon-
struction of the upper gastrointestinal tract.1'2 Roux-en-Y reconstruction has been
successfully used with an acceptable to excellent long-term quality of life in patients
who have major foregut dysfunction.3'4 The use of total duodenal diversion opera-
tion has, however, been very restricted in benign esophageal disease.5

The possible need for a duodenal diversion in gastroesophageal reflux disease
(GERD) is limited to patients who have a combined foregut functional defect at the
antroduodenal and gastroesophageal junctions.6'7 There is increasing evidence that
GERD can be caused or aggravated by a number of gastric functional disorders,
such as abnormal gastric acidity,8-9 delayed gastric emptying,10 and pathologic duo-
denogastric reflux.6'11 However, the role of duodenogastric reflux in GERD has
been controversial.12-15

BACKGROUND OF ALKALINE REFLUX

Gastroesophageal reflux has been differentiated into acidic, mixed (acidic and
alkaline), and alkaline reflux by use of pH measurements.16 However, the actual pH
value in the esophageal lumen does not distinguish the precise reflux components.
Esophageal pH monitoring is an excellent method to provide information about
acid reflux. However, the pH environment in the esophagus is influenced by saliva,
possibly even bicarbonate secretion from the esophageal mucosa, and acid and al-
kaline fluids, which may reflux from the gastric lumen.17'18 Intraesophageal pH
monitoring is therefore an accurate method only if alkaline components play a mi-
nor role.

Duodenogastric reflux is a physiologic phenomenon.14'19 Since it is difficult to
accurately measure duodenogastric reflux, and since there is so far no "gold stan-
dard" investigation method, a precise and well-accepted borderline between nor-
mal and abnormal remains unknown, even though promising diagnostic tests are
being evaluated.20-24 Excessive or pathologic duodenogastric reflux has been im-
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plied in the development of gastritis, gastric ulcer disease, dyspepsia, and even car-
cinoma.25-29 The effect of pathologic duodenogastric reflux and its toxic compo-
nents on the esophageal mucosa have been demonstrated in patients and in the
experimental model.26"30 Recent studies also suggest that Barrett's epithelium is
caused by combined acid and alkaline gastroesophageal reflux.24'29'30

Although many facts are known about the association of alkaline duodenogas-
tric and gastroesophageal reflux, the therapeutic implications are controversial.
Two main reasons seem to be responsible for this situation.

First, the diagnosis of pathologic duodenogastric reflux, that is, the accurate as-
sessment of this abnormal condition, is very difficult to establish. The detection of
alkaline reflux and/or the detection of its different components have been difficult
and unreliable.15'22'23 The presence of bile salts as measured in the aspirated gastric
and esophageal contents has been reported in many patients with esophagitis.20'21

In contrast, some studies have not confirmed an increase in duodenal contents in
the esophagus.14 Three main investigative methods are currently used to detect al-
kaline duodenal components in the esophageal lumen: (1) the aspiration method31;
(2) 24-hour combined esophageal and gastric pH monitoring11; and, more recently,
(3) fiberoptic sensor 24-hour monitoring of bile for directly measuring bili-
rubin.23

Second, the most successful medical treatment of gastroesophageal reflux is to
reduce acid in the esophageal lumen, and not the neutralization of toxic alkaline
components such as bile and pancreatic enzymes.32'33 As a consequence, clinicians
have expressed doubts about the importance of alkaline reflux. The majority of
reflux patients can be successfully treated with proton pump inhibitors and even H2

receptor blockers. Antisecretory drugs heal esophagitis and diminish symptoms in
up to 95% of patients. However, these drugs are markedly less successful in patients
with severe complications, such as confluent esophagitis, stenoses, ulcers, and de-
tectable Barrett's epithelium.34 A reasonable explanation for the limitations in med-
ical therapy in these patients is the increasing evidence that duodenogastro-
esophageal reflux also plays an important role in the pathogenesis of the disease.35

INDICATION FOR DUODENAL DIVERSION PROCEDURES
IN GASTROESOPHAGEAL REFLUX DISEASE

Pathologic duodenogastric reflux can be detected in 10% to 30% of all reflux
patients.8'35 There is no place for a duodenal diversion in patients with primary
reflux disease caused by an incompetent lower esophageal sphincter. Even if patho-
logic duodenogastroesophageal reflux has been documented in the preoperative
investigations, caution should be exercised before a total duodenal diversion proce-
dure is added to the fundoplication. Surgical augmentation of the lower esophageal
sphincter to prevent possible acid and alkaline reflux into the esophagus has been
reported to be successful in 85% of patients. This applies also to Barrett's patients
in whom "alkaline" reflux can be detected in 60% of patients tested.7 Since the suc-
cess rate of a Nissen fundoplication can be as high as 90% to 95% in primary reflux
patients with an isolated sphincter defect, one can speculate that the necessity for a
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combined total duodenal diversion procedure together with a fundoplication is
likely to be very unusual.6-7

Patients with suspected duodenogastroesophageal reflux must be studied thor-
oughly using all current diagnostic measures to determine the probability of the
pathophysiologic importance of such a finding. Indications for a duodenal diversion
operation should be based on a spectrum of investigative results, including upper
gastrointestinal endoscopy to detect ulcers, scars, strictures, or duodenal bulb de-
formities; esophageal manometry to detect esophageal peristaltic disorders and
lower esophageal sphincter incompetency; antroduodenal manometry to verify gas-
tric and antroduodenal motility disorders; 24-hour esophageal and gastric pH mon-
itoring to confirm acid and alkaline reflux; fiberoptic 24-hour bile monitoring of
the esophagus and stomach; gastric-emptying scintigraphy for evidence of delayed
gastric emptying; and a barium study to detect gastric wall abnormalities. If exces-
sive alkaline reflux into the esophageal lumen is identified, the patient should be
clearly informed that the planned antireflux operation, usually a Nissen fundopli-
cation, may possibly be only the first step of the procedures that are necessary to
bring constant relief. A preoperative therapeutic trial of medical therapy to neu-
tralize or prevent alkaline-refluxed components often acts as a diagnostic guide in
the individual patient.

A duodenal diversion operation is indicated only in symptomatic patients who
have had a history of continued reflux disease after medical therapy and have clearly
documented duodenogastric reflux. Depending on the individual patient, a Roux-
en-Y suprapapillary duodenojejunostomy preserving the stomach and pylorus or
a distal gastric resection and Roux-en-Y reconstruction are the procedures em-
ployed.36-38 The decision to select one or the other procedure must be based on
accompanying gastric pathology and gastric function. If there is evidence for ab-
normal gastric motility with excessively delayed emptying and altered gastric mor-
phology or gastric outlet obstruction, a distal gastric resection is advisable. On the
other hand, if an antroduodenal motility disorder causing excessive duodenogastric
reflux is detected, and if gastric and duodenal function and morphology are normal,
it is reasonable to perform the stomach-preserving duodenal switch operation.

The most important indication for a total duodenal diversion procedure is a
failed previous antireflux procedure and evidence of alkaline reflux into the esoph-
ageal lumen causing complications. In such circumstances a Roux-en-Y suprapapil-
lary duodenojejunostomy to divert the alkaline juice is indicated, provided that no
other gastric problems are detected.

If previous gastric surgery has been performed, a distal gastric resection or even
completion total gastrectomy must be considered. Altered gastric function due to
previous surgery, scarring, and adhesions around the duodenal bulb and the head of
the pancreas will make a dissection for a suprapapillary duodenojejunostomy im-
practical.

Excessive enterogastric reflux following a Billroth II gastrojejunostomy will re-
quire disconnection of the afferent jejunal or duodenal loop and a Roux-en-Y re-
construction with vagotomy.

Gastroesophageal reflux associated with ineffective esophageal body motility is
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best treated surgically by a partial fundoplication, which is less obstructive. Such a
partial repair does not completely control alkaline reflux and if persistent symptoms
continue or complications develop, a duodenal diversion should be considered.

In summary, the indication for a total duodenal diversion procedure must be
limited to a very select group of patients. These patients must be studied very care-
fully to document excessive alkaline reflux. All diagnostic possibilities and the ex-
perience of the laboratory and surgical center must be used before a patient is
selected to have duodenal diversion surgery.

TECHNIQUE OF TOTAL DUODENAL DIVERSION COMBINED
WITH ANTIREFLUX PROCEDURES
Roux-en-Y Suprapapillary Duodenojejunostomy (Duodenal Switch
Operation) and Fundoplication

The two procedures have been described previously.6-36 When a combined pro-
cedure is planned, it is probably advisable to perform the Nissen fundoplication
first to reduce the necessary manipulation of the duodenojejunostomy. In many of
these patients, a revision fundoplication might be necessary and any surgical pro-
cedure at the gastroesophageal junction should be performed without the risk of
disruption of the duodenal switch operation. The combination of these operations
at one time should be an exception. Often the patient in question has a mechani-
cally intact fundoplication at the gastroesophageal junction, but has persistent al-
kaline reflux problems.

Our preference is to perform the biliary diversion procedure through a bilateral
subcostal upper abdominal incision, but other authors prefer an upper midline in-
cision. When the Roux-en-Y suprapapillary duodenojejunostomy is begun, the
duodenum is mobilized by a Kocher maneuver to feel the head of the pancreas and
especially the position of the papilla of Vater as accurately as possible. Care must be
taken to dissect an area around the duodenum well above the papilla and without
devascularizing the proximal duodenum. Using the thumb and index finger around
the duodenum, it is usually possible to feel the closest approximation at a point
along the medial duodenal border just proximal to the papilla at approximately 3 to
7 cm distal to the pylorus, depending on the anatomic situation of the patient. At
this point the duodenum is dissected free of the head of the pancreas by carefully
dividing the small vessels. Precautions must also be taken to avoid damage to the
intrapancreatic common bile duct.

When the channel between pancreatic head and duodenum is completed, the
duodenum can easily be divided and closed with a linear stapling device. Since the
dissection is carried down to the most distal point just proximal of the papilla, it is
not advisable to oversew the stapling suture to avoid obstruction of the common
bile duct.

The first or second jejunal loop, depending on the vascular status of the mes-
entery, is pulled supracolically into the area of the duodenal bulb through an open-
ing in the transverse mesocolon, and to the right of the midcolic vessels (Fig. 14-1).
A dissection point in the jejunal loop is identified to prepare a limb that is long



Indication and Technique of Total Duodenal Diversion in Benign Esophageal Disease 195

Fig. 14-1 Concept of total duodenal diversion by Roux-en-Y suprapapillary duodenojejunostomy,
the duodenal switch operation. The operation can be combined with the classic antireflux procedures
at the gastroesophageal junction.

enough to complete the Roux-en-Y jejunojejunostomy without tension. The distal
jejunal loop is then sutured to the proximal duodenal stump in an end-to-end anas-
tomosis. The proximal jejunal limb is anastomosed end-to-side to the distal jejunal
limb 40 to 50 cm distal to the duodenojejunal anastomosis. The opening in the
mesocolon is closed.

Distal Gastric Resection and Roux-en-Y Reconstruction and
Antireflux Procedures

This procedure is indicated in symptomatic patients with GERD following pre-
vious operations of the stomach or antroduodenal area or GERD associated with
gastroduodenal ulcer disease. These patients have usually had antireflux procedures
combined with vagotomy, pyloroplasty, or antrectomy to correct a functional defect
or excise the ulcer-bearing segment of the stomach. Previous surgery may even
have aggravated existing alkaline reflux. The optimal procedure in these patients is
dependent on what can be done at the gastroesophageal junction. It is often im-
possible to use the fundus to perform a regular Nissen fundoplication because of
the limited size of the gastric stump. A Hill posterior gastropexy operation or a par-
tial fundoplication can be used to improve the antireflux barrier at the gastro-
esophageal junction.39-41
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Fig. 14-2 Distal gastric resection and Roux-en-Y reconstruction.

If the fundoplication is intact, the distal part of the stomach is resected, using a
linear stapling device. The first or second jejunal loop is mobilized and the distal
jejunal limb is brought through an opening in the transverse mesocolon. We per-
form a gastrojejunostomy (Fig. 14-2) with one row of seromuscular 4-0 absorbable
suture material. As an alternative, a circular stapling device with a 28 mm cartridge
or a biofragmentable ring anastomotic device, again with 2 8 mm diameter, can be
used. The opening in the mesentery approximated to the jejunum and the Roux-
en-Y jejunojejunostomy is performed end-to-side using a running suture of 4-0 ab-
sorbable material or a biofragmentable ring anastomosis.

In the preoperative diagnostic workup, it is important to analyze the acid out-
put to ensure sufficient acid suppression to prevent peptic jejunal ulceration in the
efferent limb. In their first series of suprapapillary duodenojejunostomies De-
Meester et al.36 only reported on one patient who developed a jejunal ulcer after the
duodenal switch operation. This patient had a preoperative hyperacidity and sub-
sequently was successfully treated with a highly selective vagotomy. Truncal vagot-
omy is always necessary when antrectomy or revision gastrectomy is reconstructed
with a Roux-en-Y procedure.35

CONCLUSION

There is still uncertainty about the precise pathophysiologic role that toxic al-
kaline reflux components play in the cause of esophagitis, especially esophageal car-
cinoma.42 This uncertainty is related to a lack of the precise assessment of alkaline
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reflux. Promising technical developments and studies in the past 3 years have led to
current optimism that these diagnostic problems could be solved within the next 5
years.43 The routine use of duodenal diversion operations can only be based on pre-
cise diagnostic data and proof of pathologic duodenogastric reflux.

REFERENCES

1. Herfarth CH, Schlag P, Buhl K. Surgical procedures for gastric substitution. World J Surg
11:689-698, 1987.

2. Thiede A, Fuchs KH, Hamelmann H. Pouch and Roux-en-Y reconstruction after gastrectomy:
Systematic use of staplers in stomach replacement. Arch Surg 122:837-842, 1987.

3. Troidl H, Kusche J, Vestweber JH, et al. Pouch versus oesophagojejunostomy after total gastrec-
tomy: A randomized clinical trial. World J Surg 11:699-712, 1987.

4. Roder JD, Heschbach P, Henrich G, et al. Lebensqualitat nach totaler Gastrektomie wegen
Magenkarzinoms. Dtsch Med Wochenschr 117:241-247, 1992.

5. Hinder RA, Bremner CG. The uses and consequences of the Roux-en-Y operation. Surg Annu
19:151-174, 1987.

6. DeMeester TR. Definition, detection and pathophysiology of gastroesophageal reflux disease. In
DeMeester TR, Matthews HR, eds. International Trends in General Thoracic Surgery. Benign
Esophageal Disease, vol. 3. St. Louis: CVMosby, 1987, pp 99-127.

7. DeMeester TR, Attwood SEA, Smyrk TC, et al. Surgical therapy in Barrett's esophagus. Ann
Surg 212:528-542, 1990.

8. Fuchs KH, Eypasch EP, DeMeester TR, et al. Differentiation of esophagitis grade IV—What is
the background? [abstract]. Surg Endosc 2:113, 1988.

9. Barlow AP, DeMeester TR, Boll CS, et al. The significance of the gastric secretory state in gas-
troesophageal reflux disease. Arch Surg 124:937-940, 1989.

10. Schwizer W, Hinder RA, DeMeester TR. Does delayed gastric emptying contribute to gastro-
esophageal reflux disease? Am J Surg 157:74-81, 1989.

11. Fuchs KH, DeMeester TR, Albertucci M, et al. Quantification of the duodenogastric reflux in
gastroesophageal reflux disease. In Siewart JR, Holscher AH, eds. Diseases of the Esophagus.
New York: Springer-Verlag, 1987, pp 831-835.

12. Pellegrini CA, DeMeester TR, Wernly JA, et al. Alkaline gastro-esophageal reflux. Am J Surg
135:177-184, 1978.

13. Gowen GW. Spontaneous enterogastric reflux gastritis and esophagitis. Ann Surg 201:170-175,
1985.

14. Blum AL, Heading R, Miiller-Lissner S, et al. Is duodenogastric reflux clinically relevant?
GastroenterolInt2:l-8, 1989.

15. Bremner CG, Mason RJ. "Bile" in the oesophagus. Br J Surg 80:1374-1376, 1993.
16. Mattioli S, Pilotti V, Felice V, et al. Ambulatory 24-hr pH monitoring of the esophagus, fundus,

and antrum. Dig Dis Sci 35:929-938, 1990.
17. Meyers RL, Orlando RC. Bicarbonate secretion by human esophagus. Gastroenterology

102:A126, 1992.
18. Singh S, Bradley LA, Richter JE. Determinants of oesophageal "alkaline" pH environment in

controls and patients with gastro-oesophageal reflux disease. Gut 34:309-316, 1993.
19. Miiller-Lissner SA, Fimmel CJ, Sonnenberg A, et al. Novel approach to quantify duodenogastric

reflux in healthy volunteers and in patients with type I gastric ulcer. Gut 24:510-518, 1983.
20. Gillison EW, Capper WM, Airth GR, et al. Hiatus hernia and heartburn. Gut 10:609-613,

1969.
21. Gotley DC, Morgan AP, Cooper MJ. Bile acid concentration in the refluxate of patients with

reflux oesophagitis. Br J Surg 75:587-590, 1988.
22. Fuchs KH, DeMeester TR, Hinder RA, et al. Computerized identification of pathological duo-

denogastric reflux using 24-hour gastric pH monitoring. Ann Surg 213:13-20, 1991.



198 Modern Approach to Benign Esophageal Disease

23. Bechi P, Pucciani F, Baldini F, et al. Long-term ambulatory enterogastric reflux monitoring—Val-
idation of a new fiberoptic technique. Dig Dis Sci 38:1297-1306, 1993.

24. Stein HJ, Barlow AP, DeMeester TR, et al. Complications in gastroesophageal reflux disease.
Role of the lower esophageal sphincter, duodenogastric reflux and esophageal acid and alkaline
exposure. Ann Surg 216:35-43, 1992.

25. Du Plessis DH. Pathogenesis of gastric ulceration. Lancet 1:974-978, 1965.
26. Rhodes}, Barnardo DE, Philips SF, et al. Increased reflux of bile into the stomach in patients with

gastric ulcer. Gastroenterology 57:241-252, 1969.
27. Ritchie WP Jr. Alkaline reflux gastritis: Late results on a controlled trial of diagnosis and treat-

ment. Ann Surg 203:537-544, 1986.
28. Bost R, Hostein J, Valenti M, et al. Is there an abnormal lasting duodenogastric reflux in nonulcer

dyspepsia? Dig Dis Sci 35:193-199, 1990.
29. Yasui A, Hoeft SF, DeMeester TR, et al. An alkaline stomach is common to Barrett's esophagus

and gastric carcinoma. Gastroenterology 102:A411, 1992.
30. Attwood SEA, Barlow AP, Norris TL, et al. Barrett's oesophagus: Effect of antireflux surgery on

symptom control and development of complications. Br J Surg 79:1060, 1992.
31. Stein HJ, Feussner H, Kauer W, et al. Alkaline gastroesophageal reflux: Assessment by ambula-

tory esophageal aspiration and pH monitoring. Am J Surg 167:163-168, 1994.
32. Klinkenberg-Knol EC, Meuwissen SGM. Treatment of reflux oesophagitis resistant to H2-re-

ceptor antagonists. Digestion 44:47, 1989.
3 3. Koop H, Arnold R. Long-term maintenance treatment of reflux esophagitis with omeprazole.

Prospective study with H2-blocker-resistant esophagitis. Dig Dis Sci 36:552, 1991.
34. Bell NIV", Hunt RH. Role of gastric acid suppression in the treatment of gastro-oesophageal

reflux disease. Gut 33:118-124, 1992.
35. Peters JH, Kauer WKH, DeMeester TR. Alkaline gastroesophageal reflux. Therapeutic options

for patients with alkaline gastro-esophageal reflux. Dis Esoph 7:93-98, 1994.
36. DeMeester TR, Fuchs KH, Ball CS, et al. Experimental and clinical results with proximal end-

to-end duodenojejunostomy for pathologic duodenogastric reflux. Ann Surg 206:414-426, 1987.
37. Tanner NC, Westerholm P. Partial gastrectomy in the treatment of esophageal stricture after hi-

atal hernia. Am J Surg 115:449-453, 1968.
38. Hinder RA, Esser J, DeMeester TR. Management of gastric emptying disorders following the

Roux-en-Y procedure. Surgery 104:765-772, 1988.
39. Hill LD. Intraoperative measurement of lower esophageal sphincter pressure. J Thorac

Cardiovasc Surg 75:378-382, 1978.
40. DeMeester TR, Fuchs KH. Comparison of operations for uncomplicated reflux disease. In

Jamieson GG, ed. Surgery of the Oesophagus. New York: Churchill Livingstone, 1988, pp 299-
308.

41. Fuchs KH. Operative procedures in antireflux surgery. Endosc Surg 1:65-71, 1993.
42. Attwood SEA. Alkaline gastro-esophageal reflux and esophageal carcinoma: Experimental evi-

dence and clinical implications. Dis Esoph 7:87-92, 1994.
43. Stein HJ, Feussner H. Diagnostic approach to "alkaline" gastro-esophageal reflux. Dis Esoph

7:80-86, 1994.



15
Esophageal Replacement for Benign Disease
ThomasJ.Watson, M.D. • Werner K.H. Kauer, M.D.
Tom R. DeMeester, M.D.

End-stage esophageal disease has a profound effect on the patient's nutrition
and ability to lead a normal and fulfilled life. Persons who suffer from the effects of
severe esophageal disorders or previously failed esophageal surgery are often pre-
scribed a myriad of ineffective medications in the hope of alleviating distressing
symptomatology. These desperate and unfortunate patients are often referred from
one physician to the next in search of a cure. The only therapeutic hope, however,
for these individuals is surgical intervention. Because previous surgery has often
contributed to the problem, both patient and physician are reluctant to accept far-
ther complex surgical therapy that may have a touted high mortality and question-
able outcome. In our experience, esophageal replacement for benign disease can be
safely performed, with minimal morbidity and mortality and with excellent long-
term functional results. This chapter examines the characteristics of the patient
population considered for esophagectomy, the surgical principles requisite to the
successful reconstruction of the foregut, as well as the safety and outcome of the
various reconstructive alternatives.

PATIENT CHARACTERISTICS

Our cumulative experience with esophageal replacement for benign disease has
recently been reviewed. In total, 87 patients with end-stage benign esophageal dis-
ease underwent surgical reconstruction. There were 51 males and 36 females rang-
ing in age from 6 to 79 years (median, 44 years). Seventy-five patients (86%) had at
least one previous esophageal operation with a median of two and a maximum of
12. The most common initial procedure was an ineffective antireflux operation. In
our experience, once a person has undergone three unsuccessful antireflux repairs,
a fourth is destined to failure and an esophagectomy is invariably indicated.

In 90% of the patients, the major factor driving surgery was persistent dyspha-
gia, 56% of whom had already been treated with one or more dilations. Other
causes for referral were aspiration, fistula, or perforation. Patients presented with a
variety of foregut symptoms (Table 15-1). The primary abnormality responsible for
these symptoms was a severe end-stage motility disorder in 26 patients, an undilat-
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Table 15-1 Symptoms of end-stage esophageal disease in 87 patients

Symptom %

Dysphagia 90
Regurgitation 57
Heartburn 52
Weight loss 3 2
Chest pain 2 5
Epigastric pain 22
Vomiting 20
Coughing 18
Nausea 18
Choking 9
Voice change 7
Diarrhea 3
Odynophagia 2
Anorexia 1
Bloating 1

able peptic or drug-induced stricture in 25 patients, deterioration from long-term
gastroesophageal reflux disease (GERD) in 11 patients, traumatic or spontaneous
perforation in 11 patients, corrosive injury in eight patients, congenital abnormal-
ity in five patients, and an aortoesophagocutaneous fistula following correction of
aortic coarctation in one patient.

Some clinical judgment may be required in deciding which patients should un-
dergo esophagectomy. The patient's symptomatology must be sufficiently severe to
warrant a major resection and reconstruction in the face of a benign disease. Most
patients, however, have exhausted attempts at "conservative" management by non-
surgeons at the time of referral to a surgical specialist. The mere fact that these pa-
tients finally present to a surgeon often reflects the magnitude of the underlying
disease process and the desire to seek a cure, even if a major operation is the only
solution.

PREOPERATIVE EVALUATION

The functional status of the foregut is routinely evaluated prior to elective re-
construction using video upper gastrointestinal barium contrast studies, esopha-
gogastroduodenoscopy, and stationary esophageal motility, 24-hour esophageal,
and/or gastric pH monitoring. Ambulatory esophageal motility studies are ob-
tained when further detailed information regarding esophageal body function is es-
sential to making a therapeutic decision. Gastric emptying is evaluated when symp-
toms or results of function studies suggest gastroparesis.

The patient's cardiopulmonary reserve must be assessed prior to performing an
extensive esophageal resection and reconstruction. Although the importance of a
thorough history and complete physical examination cannot be overemphasized,
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neither is sufficient to detect subtle deficiencies in cardiopulmonary function that
might prove significant in the face of substantial perioperative stress. Consequently,
a more objective evaluation of the heart and lungs is imperative in all patients over
50 years of age, as well as in any person with symptoms suggestive of underlying
cardiopulmonary disease. Pulmonary function testing is routinely performed in all
such patients and a forced expiratory volume of less than 1.25 L is considered a rel-
ative contraindication to surgery. Likewise, the heart is routinely evaluated using
stress echocardiography or multigated nuclear (MUGA) scanning. A resting cardiac
ejection fraction of 0.40 that drops farther on exercise is considered an unfavorable
prognostic indicator.

Patients considered for colonic interposition as the method of esophageal re-
placement undergo colonoscopy to evaluate the status of the colonic mucosa. The
presence of mild diverticular disease does not preclude the use of the colon, al-
though frank diverticulitis or extensive diverticulosis, especially if associated with
inflammatory fibrosis, is a contraindication to colonic interposition. In addition,
the presence of a few colonic polyps, whether hyperplastic or adenomatous, that
can be removed before surgery does not preclude the use of colon, but the presence
of extensive polyposis or malignancy is a contraindication.

Because adequate arterial anatomy of the colon is essential to a successful colon
interposition, preoperative mesenteric arteriography is mandatory in patients con-
sidered potential candidates for such a procedure. The study should include selec-
tive injections of the celiac axis and the superior and inferior mesenteric arteries,
paying particular attention to anatomic aberrancies. The most important is the sta-
tus of the inferior mesenteric artery, especially in older patients with atherosclero-
sis. Significant atherosclerotic changes involving the origin and initial portion of
this vessel are contraindications to the use of the left colon as an esophageal sub-
stitute and alternative sources should be sought. A segment of right colon based on
the middle colic vessels can often be used instead of the standard left colonic seg-
ment based on the inferior mesenteric artery and vein. The marginal artery in the
region of the splenic flexure is also carefully assessed because this important arcade
is absent or incomplete in 5% of patients. Similarly, the anatomy of the middle colic
vessels, as well as their anastomotic arcades with the right colic vasculature, must
be defined because there is much variability.

CHOICE OF ESOPHAGEAL SUBSTITUTE
Stomach Versus Colon

Most surgeons use the stomach for esophageal reconstruction if it is intact. We
prefer to use the colon, if it is available, particularly if the replacement must last a
decade or longer. To date, we have performed 71 colon interpositions and only four
gastric pull-ups as reconstructions for benign esophageal disease (Figs. 15-1 and
15-2). The techniques used have been reported previously.1'2

A gastric advancement is without doubt the best esophageal replacement when
esophagectomy is performed for palliation of cancer and long-term survival is un-
likely. The extent of operative dissection and the resultant physiologic insult are
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Fig. 15-1 Schematic drawing of a colon interposition. The proximal gastric resection depicted was
added later in the series.

Fig. 15-2 Schematic drawing of a gastric pull-up with a cervical esophagogastrostomy. In most situ-
ations this was performed through the transhiatal approach.
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less when preparing the stomach for advancement compared to the colon. The in-
hospital recovery and time to return of unrestricted alimentation are also probably
shorter in patients undergoing the gastric pull-up procedure.

Controversy exists, however, as to whether colon or stomach is a better long-
term substitute for the esophagus in patients with benign disease. In our opinion,
an intrathoracic stomach is a poor long-term esophageal substitute. Although tech-
nically easier to perform, the gastric advancement is frequently associated with
symptoms related to duodenogastric reflux and rapid gastric emptying in the up-
right position.3 Most patients experience symptoms during or shortly after eating.
The most common of these symptoms are a postprandial pressure sensation and
early satiety, which is probably related to the loss of the gastric reservoir.

Our experience indicates that these symptoms are less common when the colon
is used, probably because the distal third of the stomach remains in its normal po-
sition within the abdomen, resulting in slower gastric emptying, and the interposed
colon functions as an additional reservoir. Following a gastric advancement, the py-
lorus lies at the level of the esophageal hiatus and a distinct intraluminal pressure
gradient develops between the intra-abdominal duodenum and the intrathoracic
stomach. Unless the pyloric valve is extremely efficient, the pressure differential en-
courages reflux of duodenal contents into the stomach. The addition of a pyloro-
plasty may intensify the problem. Duodenogastric reflux is less likely to occur
following colonic interposition because the pylorus and duodenum are retained
within their natural positions and there is sufficient intra-abdominal colon com-
pressed by the positive intra-abdominal pressure to prevent reflux.

Dysphagia requiring dilation is more frequent when the stomach is used as the
esophageal replacement. In a study by Orringer and Stirling4 of 87 patients who
underwent esophageal replacement using the stomach for benign disease, 54 pa-
tients (67%) required immediate postoperative dilation and 13 patients (15%) had
persistent dysphagia requiring home dilation. In comparison, only four of 71 pa-
tients (6%) with a colon interposition required immediate dilation and none had
persistent dysphagia requiring home dilation. Although a minority of patients with
a colon interposition may experience a sensation of slow transit, this is caused by
eating at a speed exceeding the colon's ability to transport the swallowed bolus
rather than an obstruction to the passage of a bolus as experienced by patients with
a gastric pull-up.

The late development of proximal esophagitis, stenosis, or Barrett's esophagus
is more common with an esophagogastric anastomosis made within the chest.5 For
this reason alone an intrathoracic esophagogastrostomy should be abandoned. We
never perform an Ivor Lewis-type esophagectomy with an intrathoracic esoph-
agogastrostomy. Although there is general acceptance of the concept that an esoph-
agogastric anastomosis in the neck results in less postoperative esophagitis and
stricture formation than one performed within the chest, reflux esophagitis follow-
ing a cervical anastomosis does occur. Patients undergoing a cervical esophagogas-
trostomy for benign disease can develop problems associated with the anastomosis
in the fourth or fifth postoperative year that may be severe enough to require anas-
tomotic revision.
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Such stricturing is uncommon in patients who have had a colon interposition
for esophageal replacement. The interposed colon functions to protect the re-
maining esophagus from refluxed gastric juice. This may be related to mucous pro-
duction and to the fact that its intra-abdominal segment remains collapsed because
of positive intra-abdominal pressures. Long-term studies have shown that the colon
appears to undergo little if any histologic change when used as an esophageal sub-
stitute.6 Consequently, in patients with benign disease a colon interposition is pre-
ferred to obviate the late problems associated with esophagogastrostomy.

Vagal-Sparing Esophagectomy

The most compelling reason for not using the stomach to reestablish gastro-
intestinal continuity is that a vagotomy must be performed with all its inherent
complications.7 Many of the annoyances that occur after esophageal replacement
are because of the concomitant vagotomy and the loss of parasympathetic modula-
tion of foregut function. If the vagus nerves are intact, they should be preserved by
performing a vagal-sparing esophagectomy8 (Fig. 15-3). This is accomplished by
dividing the esophagus in the neck and at the gastroesophageal junction in the ab-
domen, sparing the vagal nerves. The isolated esophagus is removed by passing a
vein stripper up through the esophagus via a small incision in the cardia, securing
it to the distal portion of the divided cervical esophagus, and invaginating the
esophagus as it is pulled through the esophageal hiatus of the diaphragm. The va-

Fig. 15-3 Schematic drawing of a vagal-sparing esophagectomy with colon interposition. This re-
construction appears to give the best postoperative function.
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gal nerves are sheared off as the muscular wall turns in during the imagination pro-
cess. The remaining posterior mediastinal tunnel is progressively dilated with a 90
ml Foley catheter to create an adequate passageway for the colon interposition
graft. Using this technique, the colon is anastomosed to a fully innervated stomach.
Of course, this procedure is only applicable when the vagi have not been previously
compromised and the patient does not otherwise suffer from gastroparesis. Based
on early results of the vagal-sparing esophagectomy and colon interposition in sev-
eral patients, and its theoretical advantages, we believe it is the operation of choice
for esophageal reconstruction when it can be technically accomplished, when the
patient is physiologically fit, and when long-term esophageal function is sought.

Colon Interposition to the Denervated Stomach

A more common situation arises when the vagi have been divided and part of
the stomach has been resected by prior surgery. A colon interposition anastomosed
to such a stomach is destined to encounter regurgitation of gastric contents. Be-
cause many of the problems ascribed to colon interposition are merely a result of
poor gastric emptying, a two thirds proximal gastrectomy is routinely performed
whenever a colon is interposed to a denervated stomach. The remaining distal third
of the stomach is anastomosed end-to-end to the colon graft. This technique re-
sults in a better functional result because the colonic interposition serves as a con-
tracting reservoir for the retained antrum, which continues its own innate con-
tractions at three cycles per minute, thereby maintaining its pump function. Post-
operative gastroparesis and delayed gastric emptying, which occurs when more of
the stomach is retained, are avoided. This adverse effect of delayed gastric empty-
ing was demonstrated late in our experience and, as a consequence, a proximal gas-
trectomy has been combined with a colon interposition only in our most recent
patients. Nonetheless, the outcome in these patients is impressive compared to the
previous group in whom the stomach was left intact.

Choice of Colonic Segment

There is some controversy regarding the preferred colonic segment to be used
for interposition. The appropriate choice depends on the reliability of the respec-
tive vascular pedicles, both arterial and venous, as well as whether the colon graft
will be placed in an isoperistaltic or antiperistaltic orientation. In our opinion, the
left colon based on the ascending branch of the left colic artery and the inferior
mesenteric vein is the segment of choice. The concept of using long segments of
colon to replace or bypass the esophagus was introduced independently by Kelling9

and Vulliet10 in 1911. Kelling described an isoperistaltic left colon transplant and
Vulliet described an antiperistaltic graft using the transverse colon. Vulliet stated
that his procedure was technically easier than the isoperistaltic alternatives and that
the functional result was the same because the colon does not normally exhibit peri-
stalsis. Since that time, studies have demonstrated that the colon is not simply an
inert tube. It is active in peristalsis, especially when challenged by a number of stim-
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uli, with a frequency that increases the longer it is in place. In fact, in patients with
a long-standing antiperistaltic colon interposition, peristaltic movement of a bar-
ium bolus has been shown to proceed against gravity, toward the pharynx, resulting
in choking and chronic aspiration. Consequently, an isoperistaltic-interposed colon
should always be used. Although we prefer to use the left colon segment, the right
colon, placed isoperistaltically and based on the middle colic vessels, may also be
suitable if the left colon is unavailable or its vasculature is compromised.

Jejunal Interposition and Free Graft

The use of jejunum has been advocated as the esophageal substitute of choice.
In our experience, the ability to ingest has been better with a colon compared with
a jejunal graft and, consequently, only eight jejunal interpositions have been per-
formed to date. Based on a postoperative questionnaire, patients with colon inter-
positions were able to eat more and were more likely to experience normal transit
and less early satiety than those with jejunal interpositions (Table 15-2). These dif-
ferences probably relate to the greater reservoir capacity of the colon consistent
with its native function. The greater motility in the jejunal graft does little to im-
prove transit and is more likely to cause nausea and bloating. Furthermore, the loss
of a segment of colon does not result in more frequent stools.

An additional problem with jejunal interpositions is that they only reach prox-
imally to approximately the sternal angle of Louis. Consequently, a substantial
length of functional proximal esophagus must be retained and the anastomosis must
be performed in an intrathoracic location. Satisfactory long-term functional results
have not been obtained from jejunal interpositions placed within the posterior me-
diastinum and this route is not advocated. Substernal jejunal interpositions, on the
other hand, function better but generally necessitate a median sternotomy. The ad-
ditional exposure is requisite to performing the esophagojejunal anastomosis. If
there is a choice, we again prefer to use the colon rather than jejunum for esopha-
geal replacement.

Circumstances may arise when the colon and stomach are unavailable or un-
suitable as an esophageal substitute and insufficient proximal esophagus remains to
perform a jejunal interposition. A jejunal free graft remains the procedure of choice
in such dire circumstances. Although our use of the free graft in reconstructions for
benign esophageal disease has been limited, the accumulated experience after

Table 15-2 Comparison between types of interposition and ability to ingest

Assessment Jejunum % (n = 6) Colon % (n = 28)

Able to take three meals/day 67 89
Able to eat steak dinner 33 54
Normal transit 50 79
Free of satiety 17 46
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esophagectomy for malignancies involving the upper aerodigestive tract indicates
that it is the best of the remaining alternatives. The added complexity of the oper-
ation, including the need for microvascular anastomoses, makes it difficult to rec-
ommend jejunal free grafting when another organ is available for transposition or
interposition.

Choice of Transthoracic Route

When colon or stomach is used as the esophageal substitute, the posterior me-
diastinal route is preferred instead of a substernal tunnel for transporting the organ
to the neck. This route allows better drainage from the remaining cervical esopha-
gus into the esophageal replacement and minimizes the amount of operative dis-
section. At times the posterior mediastinum is unavailable secondary to scarring
from previous surgery; then the substernal route is mandated. If this latter route is
chosen, a tunnel can usually be created safely using blunt dissection provided that
there has not been previous scarring in the anterior mediastinum. If such scarring
is present, a median sternotomy may be essential. The left half of the manubrium,
the medial end of the first rib, and the sternal head of the left clavicle are routinely
resected to enlarge the thoracic inlet. Care must be taken not to enter the pleura or
destroy the internal mammary artery or vein, which may be needed as vascular
pedicles for subsequent "supercharging" of a colon interposition, or as the blood
supply for a free jejunal graft. If a long segment of native proximal esophagus is
available, this resection of a portion of the clavicle, first rib, and manubrium may
not be necessary because bolus transport into the thorax is facilitated by the normal
contracting proximal esophagus. We have used the subcutaneous route only in ex-
treme circumstances and as a last resort.

Remedial Surgery After Colonic Interposition

Patients who present with an intact but nonfunctional colon interposition pose
difficult and challenging problems for the surgeon. In our experience, a poor result
following colon interposition is usually caused by delayed gastric emptying of a re-
tained stomach or graft tortuosity and redundancy. The creative use of a compos-
ite graft often can salvage the situation with an exceptionally good outcome.
Usually enough proximal colon graft can be preserved to allow the placement of a
jejunal graft between it and the antral portion of the stomach. The distal, dilated,
redundant colon and proximal stomach are resected. Care must be taken not to in-
terrupt the vascular pedicle to the colon graft. A longitudinal segment of the anti-
mesenteric wall of the retained proximal colon is removed and the two sides of the
colon rejoined over a 60 F bougie. This reduces the diameter of the proximal colon
and turns it into an inert tube leading to a more active jejunal segment. We have
performed four such remedial reconstructions and have found the resultant func-
tion to be surprisingly good (Fig. 15-4).

In summary, our preferred method of esophageal replacement after esophagec-
tomy for benign disease, in patients fit to undergo such a procedure, is a vagal-spar-
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Fig. 15-4 Schematic drawing of a composite graft used to salvage patients presenting with an exist-
ing nonfunctional colon interposition. In most situations the size of the retained proximal colon is re-
duced by a coloplasty.

ing esophagectomy with colon interposition, with the colon anastomosed to the in-
tact stomach. If the vagus nerves have been previously compromised or cannot be
preserved during the procedure, a proximal two thirds gastrectomy is performed. If
the colon is unsuitable for use as an esophageal substitute, or if the patient is elderly
or infirm, the stomach is used. Only if both of these organs are unsuitable or un-
available is consideration given to using the jejunum, either as a transposition or as
a free graft.

SURGICAL OUTCOME

In our series of 87 patients who underwent esophageal reconstruction for be-
nign disease, two died in the hospital, resulting in a hospital mortality of 2%. Both
died from sepsis with multiple organ failure. Graft necrosis occurred in two patients
(2%), both with colon interpositions. One resulted in a hospital mortality and the
other had an ischemic colon graft removed with subsequent reconstruction using a
gastric interposition. A leak at one of the anastomotic sites occurred in five patients
(6%). The most commonly affected anastomosis was the esophagocolostomy (Ta-
ble 15-3). Of the six patients who required dilation after surgery, four had colon in-
terpositions and two had gastric pull-ups. Only one patient had persistent dyspha-
gia after a gastric interposition and has required intermittent dilations.

The median hospital stay was 17 days (range, 7 to 216 days). From the patient's
perspective, it took a median of 2 weeks to fully recover (range, 1 to 96 weeks).
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Table 15-3 Anastomotic leaks

Site

Esophagocolonic

Cologastric
Esophagogastric

Total

71

67
4

No. of
Leaks

3

1
1

Postoperative
% Day

4.2 4, 12, 28

1.5 7
25 10

Outcome

Healed conservatively
Died (sepsis)
Healed conservatively with

stenosis, reanastomosed
successfully at 27 months

Healed conservatively
Healed conservatively

Table 15-4 Categories assessed by questionnaire

Recovery Ingestion
Annoyances Related

to Alimentation Overall Satisfaction

Hospital stay
Recovery time

Number of meals/day
Meal capacity
Diet restraints
Last to finish
Early satiety
Require liquids
Slow transit
Odynophagia
Choking

Dumping
Nausea
Bloating
Frequent stools
Nocturnal regurgitation
Gurgling
Bad breath

Relief of symptoms
Outcome of surgery
Risk/benefit assessment

Of the 87 patients who underwent esophageal reconstruction, 40 answered a
postoperative questionnaire obtained by telephone interview. The questionnaire
focused on recovery time, ability to ingest, annoyances related to alimentation, and
overall patient satisfaction with the outcome of surgery (Table 15-4). The median
follow-up period was 4 years (range, 2 months to 17 years). The remaining patients
were unable to be contacted despite several attempts. Eighty-five percent of pa-
tients reported on the enjoyment of three meals a day without difficulty, while only
2% and 13% were limited to one or two meals, respectively. Fifty-three percent had
the capacity to eat a steak dinner at one sitting, while 32% were limited to meals
the size of an airline meal and 15% to a snack. Seventy-five percent of patients had
the pleasure of an unrestricted diet. The process of ingestion was slower after
esophageal replacement in that 62% of the patients were the last to finish in a group
meal. Minor inconveniences in the patient's ability to ingest included the require-
ment for liquid in 32%, a sensation of slow transit in 25%, and choking in 2%.
Some patients gained and others lost weight after the operation. Overall, the me-
dian change in weight was a gain of 10 pounds (range, —53 to +70 pounds).

Annoyances related to alimentation after esophageal replacement and recon-
struction of the foregut are shown in Table 15-5. With the exception of gurgling,
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Table 15-5 Annoyances related to alimentation after esophageal replacement
in 40 patients

Complaints %

Nausea 24
Bad breath 22
Nocturnal regurgitation 20
Bloating 12
Dumping 7
Frequent stools 5
Gurgling 2

bad breath, and nocturnal regurgitation in some patients, these complaints were
present before surgery and persisted after reconstruction. The most bothersome
symptom was nocturnal regurgitation and was alleviated by elevation of the head of
the bed. All annoyances tended to abate with time.

Ninety-eight percent of patients judged that the operation had cured (25%) or
improved (73%) their preoperative symptoms. Ninety-three percent were satisfied
with the outcome of the operation. When asked to assess the overall risk or benefit
of the procedure, 90% stated that, if faced with the decision again, they would
choose to undergo the procedure again.

CONCLUSION

The observation that esophageal replacement and foregut reconstruction for
benign disease can be performed with only a 2 % mortality and minimal morbidity
is encouraging to patients who are crippled from end-stage disease, previously
failed surgery, or esophageal trauma. The continuation of slow, anxious, and so-
cially restricted alimentation or maintenance of nutrition by enteral or parenteral
means is unnecessary. The patient should be referred to a unit skilled in the evalu-
ation of foregut function and the performance of esophageal replacement surgery.
Despite the fact that some subtle preoperative symptoms of foregut dysfunction
may persist after surgery, the overall outcome is generally judged to be satisfactory.
Indeed, a patient can reenter society and live a normal and fulfilled life after reme-
dial surgery. Long-term esophageal replacement for severe end-stage benign dis-
ease can be accomplished with low mortality, restoration of the pleasure of eating,
and is viewed by the patient to be highly successful. Prolonged attempts at medical
management of patients with severe derangements of esophageal structure and
function are not warranted.
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Antroduodenal Motility in Foregut Disease
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Antroduodenal motility disorders contribute to several foregut pathologies,
such as gastroesophageal reflux disease (GERD)1-8 and peptic ulcer disease.9"11 De-
layed gastric emptying resulting from abnormal antral and/or duodenal motility
patterns may cause an increase of acid gastroesophageal reflux12 and stimulation of
acid secretion with subsequent pH decrease of gastric contents.13-16 Furthermore,
duodenal juice, consisting of bile acids and pancreatic secretions, may cause gastric
mucosal damage.17"19 The clearance of duodenal juice from the stomach is a func-
tion of antroduodenal motility. Antroduodenal motility may therefore influence
both the quantity and quality of refluxed material. Delay of gastric emptying and
increased acid secretion may therefore play a part in the pathogenesis of peptic ul-
cer disease.20"22 Rapid gastric emptying has been described in patients with duode-
nal ulcers10 and dumping syndromes.23 Finally, there is evidence that motility disor-
ders play a major role in the irritable bowel syndrome.24-26 During the last decade,
the number of laboratories performing antroduodenal motility studies has grown,
but the method still lacks a standardized technique and protocol.27-29 Consequently,
other techniques such as scintigraphic gastric-emptying or o-diisopropyl iminodi-
acetic acid (DISIDA) scan still have a higher clinical impact compared to antro-
duodenal motility.13'30 Although these methods are inexpensive and noninvasive,
they have the disadvantage of an assessment during a very short study period. The
accuracy of these studies is not consistent because of the number of different pro-
tocols (liquid, solid, or mixed meals; upright or supine position; variance of detec-
tion systems) and the unphysiologic conditions for the patient during the study
period.

The radionuclide test provides information about the consequences of dis-
turbed motility, whereas antroduodenal manometry may help to recognize the
pathophysiologic background. The value of antroduodenal motility studies has in-
creased with the introduction of ambulatory motility devices providing new in-
sights into antroduodenal motor activity. This chapter provides a description of
normal antroduodenal motility patterns and the technique and protocol for antro-
duodenal motility studies at the University of Southern California. The analysis of
data with a focus on specific circadian parameters will be explained, and a brief

213
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overview of results obtained from both symptom-free subjects and patients will be
presented.

PHYSIOLOGY

The motor function of the stomach includes reception and storage of food,
mixing of solid particles with saliva and gastric secretions, discrimination between
solids and liquids, recognition of fat and protein contents, and the delivery of
chyme through the pylorus into the duodenum at an appropriate rate for digestion
and absorption.31-33 Duodenal motor activity affects gastric emptying by changing
the resistance to orthograde transpyloric flow and by retrograde activity that occurs
during both postprandial and interdigestive states. The motor activity is regulated
by electromechanical properties of the gastric and duodenal smooth muscle,32'34 in-
testinal nerve plexuses, and intrinsic (myenteric plexus) and extrinsic (vagus, sym-
pathic system) nerves.35'36 Hormones, reacting on the consistency and size of a
meal, nutrient content, acidity, and osmolality also modulate gastric and duodenal
motor activity.37'38 Receptors involved in that mechanism are located in the distal
esophagus and in the upper small bowel. The stomach is anatomically divided into
the fundus, corpus, and antrum. The motor functions, however, differ from the
anatomic structures. The proximal stomach, including the fundus and approxi-
mately the upper third of the corpus, serves as a reservoir.39'40 The main feature of
this area is receptive relaxation and exhibits low amplitude tonic contractions.
These contractions create a pressure gradient between the whole stomach and the
duodenum promoting the emptying of liquids. The distal stomach, including the
lower part of the corpus and antrum, mixes and compresses food particles and de-
livers chyme into the duodenum.41 The three muscle layers of the stomach have an
increasing thickness aborally and from the greater to the lesser curve.42 The duo-
denum consists of the bulb, which produces coordinating contractions with the
antral pump. The electrical activity of the antral contractions is generated from an
area in the corpus along the greater curvature, which is considered to be the gastric
pacemaker. The pacemaker propagates electrical activity circumferentially and ab-
orally toward the duodenum. The frequency of the electrical potential activity in
the stomach is three cycles per minute. This cycle is permanently present, but is not
always associated with a gastric contraction. Contractions of a smooth muscle fiber
are triggered by action potentials, which show an increased plateau potential.32

NORMAL ANTRODUODENAL MOTILITY

Mechanical activity of the antroduodenal region shows different patterns dur-
ing either fasting or the fed state.43'46 The fasting state exhibits a cyclical pattern
called the migrating motor complex47 or interdigestive myoelectric complex (inter-
digestive motility cycle [IMC]), consisting of three different degrees of activity,
called phases (Fig. 16-1).

Phase 1 is a period of quiescence with almost no activity. It is the longest phase,
lasting 45 to 60 minutes. Phase 2 shows intermittent contractions (frequency of 1
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to 2 per minute in the antrum, 2 to 5 per minute in the duodenum), which increase
in frequency and amplitude over a period of 30 minutes. Phase 3 consists of a
crescendo of the most dynamic activity with 2.5 to 3.5 antral contractions and 8 to
12 duodenal contractions per minute. This feature lasts for 5 to 10 minutes and is
termed the migrating motor complex (MMC). Some authors describe the brief
transition period between the maximal activity of phase 3 and the quiescence of
phase 1 as phase 4.48 One complete cycle (IMC) of all three phases lasts 90 to 120
minutes. The IMC migrates from the stomach and propagates down to the entire
small intestine.48 Movement of any remaining gastric contents after the fed pattern
is completed strongly correlates with the motility phases. During phase 1 there is
almost no movement, during phase 2 there is more mixing of contents than propul-
sion. Phase 3 provides the aboral propulsion of large undigestible contents.32 This
cyclical activity repeats itself until it is disrupted by ingestion of food.

The typical fed pattern motility consists of intermittent contractions similar to
phase 249 (Fig. 16-2). The duration of the postprandial activity depends on the food
characteristics, such as quantity or fat and protein content.45'50 Antroduodenal mo-
tility shows circadian changes.

INDICATIONS FOR ANTRODUODENAL MOTILITY STUDIES

Antroduodenal motility studies are used to evaluate patients who have upper
gastrointestinal symptoms but negative radiologic and endoscopic investigations.
Such symptoms include early satiety, prolonged postprandial discomfort, bloating,
abdominal distention, nausea, vomiting, diarrhea, cramping, and maldigestion.
These symptoms are nonspecific and may reflect either gastric disorders or distur-
bances in other intestinal regions or combinations of different dysfunctions involv-
ing motor activity in specific regions, secretion, and absorptive function. A precise
diagnosis of gut dysmotility can rarely be made on a clinical basis alone, especially
in terms of identifying the regions involved. Therefore, application of a relevant di-
agnostic test is desirable. The indication for the study should be based on the in-
tensity and chronicity of symptoms.28'51 In patients with established pathology, the
result of an antroduodenal motility study may help to choose the most appropriate
therapeutic alternative, especially by identification of the region involved in the
motility disorder. Significance of motor abnormalities should be carefully weighted
and interpreted in comparison to other studies (i.e., scintigraphic gastric emptying).
Antroduodenal motility studies may also be used to monitor the progress of a mo-
tor disorder and to certify the effect of pharmacologic therapy.52

TECHNIQUE

Since stationary systems have a number of drawbacks and limitations for antro-
duodenal motility studies, only the ambulatory technique with electronic strain
gauge transducers is described. Catheters are available in multiple different shapes.
It is important that there is only a short distance between the antral transducers and
that the apparatus is smooth and elastic for the patient's comfort. We use a five-



218 Modern Approach to Benign Esophageal Disease

channel solid-state catheter (Konigsberg Instruments, Pasadena, Calif.) with three
transducers oriented 120 degrees to each other, spaced at 2 cm distances for antral
measurement, and two transducers 10 cm apart for duodenal measurements. This
catheter is connected to a portable data logger with 4 megabyte memory (Micro-
digitrapper; Synectics Medical, Dallas, Tex.) as data storage. Data are processed
with an IBM AT personal computer using specifically designed software (Multi-
gram; Gastrosoft, Inc., Irving, Tex.).

PROTOCOL

All potentially interfering drugs must be discontinued at least 48 hours prior to
the examination. After an overnight fast, the motility catheter is passed transnasally
down the esophagus through the stomach and into the duodenum. Under fluoro-
scopic guidance, the final position of the catheter is achieved, with the most orad
pressure sensor sited 5 cm proximal to the pylorus. When correctly positioned,
three pressure sensors are recording antral pressure changes and two are recording
duodenal pressure changes in the mid-descending and fourth part of the duode-
num, respectively (Fig. 16-3). The slack in the catheter is taken up so that it lies
snugly against the lesser curve of the stomach. This position is chosen because it
detects antral contractions as well as the migration of contractions through the py-
loric region and the contractions of the duodenum. Data collected in this setup al-
low for a very precise and comprehensive image of the present antroduodenal
motility pattern. The study period is 24 hours. The patient should perform his or
her normal daily activities during the investigation but smokers are encouraged to

Fig. 16-3 Fluoroscopy of the manometry catheter in place. There are three sensors spaced 2 cm
apart in the antrum and two sensors spaced 10 cm apart in the duodenum.
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avoid smoking. The patient is instructed to eat at set times only (lunch, dinner, and
breakfast) as indicated in a diary. This provides adequate information of both fast-
ing- and fed-state motility patterns. All symptoms occurring during the study pe-
riod should also be indicated in this diary to allow for a correlation of symptoms
with motility features. The subject is allowed to return home with the manometry
probe in position and connected to the microdigitrapper, which stores all data over
the full study period.

ANALYSIS

A specifically designed software program that analyzes antroduodenal motility
data (Multigram) is able to quantify wave activity and recognize several motility
patterns. A pressure change greater than 9 mm Hg of 1- to 10-second duration is
recognized as a contraction. The definition of the different fasting phases is vari-
able and is determined by the frequency of contractions and the minimum duration
of the phase. Phase 1 is recognized when contractions in the antrum are less than
one per minute and are longer than 10 minutes in duration; phase 2 is when there
are one to two contractions per minute lasting longer than 10 minutes in duration;
and phase 3 is when there are three to five contractions per minute of longer than
2 minutes' duration. The antral analysis is performed using the best of the three
channels only. Because of the wide lumen of the antral region, not every contrac-
tion may be recorded from each channel. For the duodenal analysis we require less
than one contraction per minute and longer than 10 minutes in duration for phase
1, one to six contractions per minute and longer than 10 minutes in duration for
phase 2, and seven to 12 contractions per minute and longer than 3 minutes in du-
ration for phase 3. The fed pattern is identified by the typical change from the fast-
ing pattern, which occurs after the beginning of the meal, and in some individuals
even shortly before the meal is begun. The analysis by calculation of contraction
characteristics and a motility index is performed for a 2-hour period or until the
next phase 3 occurs. In the analysis summary the program offers a characterization
of the IMC, indicating the detected phase 3, the order of its propagation, the ve-
locity of propagation, its motility index, and the duration and contraction fre-
quency of each previous phase. The fed pattern is characterized by the number of
contractions recorded in each channel, the frequency, mean amplitude and duration
of contractions, and a motility index. A similar contraction analysis is performed for
the whole study period. Furthermore, the program features a graphic display of the
phases during the study with indication of meals and supine periods. Although the
software is convenient to use, most of the results are at the present time more use-
ful for the clinical investigator than of help to the clinician. Supplementary infor-
mation with clinical relevance may be achieved by performing an additional visual
and manual analysis of the record and by calculating parameters that are not in-
cluded in the current version of the program. Visual reading of the tracings requires
dedication and some experience to avoid overenthusiastic interpretation of sup-
posed abnormalities. The new parameters used help to retrieve the information of
an extended study period. Atypical motility features that occur during symptomatic



Table 16-1 Normal values of antroduodenal motility

Contractions

Phase 2
Motility index/min
Frequency/min
Mean duration
Mean amplitude

Phase 3
Motility index/min
Frequency/min
Mean duration
Mean amplitude mm Hg

Fed pattern
Motility index
Frequency
Mean duration
Mean amplitude

IMC characteristics

Total activity (%)
Phase 1* '
Phase 2*
Phase 3*
Fed pattern*

Complete IMCs
Total 24-hour study

Alean duration
Phase 1%
Phase 2%
Phase 3%

Daytime
Alean duration
Phase 1%
Phase 2%
Phase 3%

Nighttime
Mean duration
Phase 1%
Phase 2%
Phase 3%

Coordination

Abnormal sequences*
Antroduodenal linkage*
Migration velocity (cm/sec)
Orthograde migration
Cluster activity*

Fed pattern

Time to onset (min)
Duration
Motility index

Antrum

3-5
1-1.5

1.7-3.5
10-25

4-10
2.5-4
1.5-4
40-100

3-6
0.5-3

2-3.6
15-35

15-30
20-50

3-5
5-20

4-8
80-120
30-45
20-50

3-5
1-3

75-110
30-45
20-50

3-5
2-4

80-140
40-60
15-40
3-5

<10%
>80%
0.2-0.45
>90%

1-8

0-8
60-180

3-6

Duodenum

4-6
1.5-4.5
1.5-3
10-20

4-10
7-14

1.3-3
10-40

2.5-4.8
0.5-2.7

2-3.8
13-28

10-25
40-60

3-5
5-20

4-10
80-140
10-35
50-80

3-6
1-3

60-110
10-35
50-80

3-6
3-5

80-140
15-40
50-85

3-5

<10%
>80%

0.15-0.4
>80%

1-8

-2-6
60-180
2.5-4.8

IMC = Interdigestive motility cycle.
*Parameters assessed by manual analysis >nly.
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periods may be recognized more sensitively when the original tracing is reviewed.
Technical problems, such as displacement of the probe or motion artifacts, are
identified by the software, which recognizes typical gastric or duodenal patterns
only. The fed pattern should be analyzed together with the clinical presentation of
the patient. Postprandial activity is expressed by a motility index (MI), which in-
corporates frequency and amplitude of contractions for 2 hours after ingestion of a
meal. MI is calculated for 15-minute intervals and as a total 2-hour index. No inter-
digestive pattern may appear in patients with severe delay of gastric emptying dur-
ing the daytime study period because residual gastric contents may be present at the
beginning of each meal. Theoretically, a continuous-fasting pattern may also result
from poor gastric emptying since incomplete nutrient delivery into the duodenum
may fail to trigger the conversion to a fed pattern. Parameters calculated by the
computerized analysis and manually assessed data are listed in Table 16-1.

RESULTS
Normal Values for Antroduodenal Motility Studies

Using the described protocol and technique, results were obtained for symp-
tom-free subjects (n = 30) as listed in Table 16-1. There are four different analy-
ses: (1) parameters describing the single contractions during phase 2, phase 3, and
the fed pattern; (2) parameters describing the IMC characteristics; (3) parameters
describing antroduodenal coordination; and (4) parameters describing the fed pat-
tern. All parameters of the first two sections and most parameters of the third and
fourth were analyzed individually for antral and duodenal activity as well as total
time, daytime, and nighttime. Note particularly the markedly different results of
IMC parameters for daytime and nighttime studies.

Abnormal Fasting Antroduodenal Motility Features
Antral Hypomotility

A hypomotility pattern demonstrates a decrease of both frequency and ampli-
tude of contractions, which is found in the interdigestive period as well as during
the fed state. A shortening or complete absence of activity in phases 2 or 3 and the
fed pattern may also be found (Fig. 16-4). Parameters that indicate antral hypo-
motility are decreased amplitude and duration of single contractions, duration of
phases (prolonged phase 1, shortened phases 2 and 3), duration and motility index
of fed pattern, and number of complete IMCs. Hypomotile states are seen in myo-
pathic diseases (scleroderma and other collagen vascular diseases, muscular dystro-
phies, and amyloidosis),53-55 neuropathic diseases (diabetes mellitus, multiple scle-
rosis), and spinal cord injury with consequent extrinsic nerve dysfunction.56-58

Symptomatic patients following foregut surgery often present with antroduodenal
motility disorders similar to neurogenic changes. After vagotomy the response to a
meal is often reduced.56'59-61 We obtained also a reduced number of antral phase 3
during the fasting state in postvagotomy patients. The 24-hour study has shown
that diabetic patients with symptoms of gastroparesis may develop close to normal
patterns during the supine period. This may be due to a prolonged hypomotile fed
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pattern during the daytime. Patients with scleroderma exhibit a hypomotile pattern
in both the antrum and duodenum during fasting and the fed period. Antral and/or
duodenal hyponiotility resulting in delayed gastric emptying and stasis of gastric se-
cretions may generate additional foregut pathology.

Increased Phasic Activity

Recurring episodes of intense regular, often simultaneous, contractions fol-
lowed by periods of rest have been observed proximal to an obstruction.62'63 The
episodes of these contractions are often associated with crampy abdominal pain
(Fig. 16-5). Another sign of pathologic increased motor activity are bursts of non-
propagating pressure waves lasting for up to 30 minutes. They occur only at one
level without association to activity at an adjacent level (segmental activity). Para-
meters that indicate increased phasic activity are increased amplitude and duration
of single contractions, increased duration of phases (prolonged phase 3), increased
duration and motility index of the fed pattern, and propagation velocity of single
contractions. Conditions in this category are neurogenic disorders, intoxications,
and endocrine dysfunctions such as hyperthyroidism.64 Antral hypermotility in py-
loric and duodenal ulcer patients may be caused by organic stenosis or an increased
vagal tone.

Disturbed Antroduodenal Coordination

The main features of incoordination are a shortened or missing phase 3, ab-
normal migration of phase 3, and failure of the fed pattern with continuous fasting
motility (Fig. 16-6). Parameters that indicate antroduodenal incoordination are ab-
normal sequence of phases, abnormal number of complete IMCs, and abnormal
propagation velocity and direction of phase 3. Neurogenic diseases and patients
with diabetes mellitus demonstrate these patterns.56'65'67 A recent study of antro-
duodenal motility features in patients following cholecystectomy showed both a
hypomotile pattern and a disordered coordination, which was associated with in-
creased duodenogastric reflux in symptomatic patients.68'69 Unfortunately, it was
not established whether the motility disorder was present before surgery. Antro-
duodenal and more extensive motility disorders, including the biliary system, might
be a cofactor in the pathogenesis of gallstone disease.70

Duodenal Abnormalities

Isolated duodenal motility disorders are rarely reported.71'72 A typical finding is
a clustering of contractions, a group of strong regular contractions with an elevated
baseline with more than 3 minutes of quiescence beforehand and afterwards. An-
other frequent feature is the increased number of IMCs or the appearance of addi-
tional phase 3-like activity caused by the duodenal pacemaker (Fig. 16-7). These
abnormalities may be present in neurogenic diseases and the irritable bowel syn-
drome. Text continued on p. 228.
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Abnormal Postprandial Antroduodenal Motility Features

During the fed state, all types of abnormal patterns similar to the fasting pat-
tern may occur. Since there is no basic pattern such as the IMC, the precise
quantification of any abnormality is more difficult. Abnormally low motility indices
due to a reduced number of contractions as well as a low amplitude, absent or in-
complete conversion from the interdigestive pattern, delayed onset of the fed pat-
tern, and premature return to the interdigestive pattern (Fig. 16-8) may be docu-
mented.

Before an antroduodenal motility study is considered to be abnormal, there
should be multiple parameters outside the normal range. Furthermore, symptoms
during specific periods of abnormal motility should be present. The presence of ab-
normal results in only a few of the many possible parameters should lead to a
guarded interpretation, since there is a wide variation of the normal pattern. Pa-
rameters that integrate the whole study period, such as total activity, number of
complete IMCs, and coordinative values, have shown to be most sensitive and cor-
relate with abnormal results in complementary tests such as scintigraphic gastric
emptying and gastric pH-metry. Antral and duodenal activity should be defined
separately.

LIMITATIONS

The invasiveness of an antroduodenal manometry study (transnasal intubation,
x-ray) and some technical difficulties, such as intubating the pylorus for correct
placement of the probe, have handicapped its routine use. However, modern spe-
cially shaped catheters with smooth tips and smooth upper parts that lie in the
nasopharyngeal area and a more rigid middle segment are easier to pass through the
pylorus and more convenient for the patient. With some experience and technical
skill, the placement can be completed within 2 to 5 minutes. A standard for analy-
sis of antroduodenal motility data has not been established, and there are no
specific pathologic patterns leading to a precise diagnosis. The highly variable mo-
tor patterns require careful correlation with symptoms and correlation with other
tests. This will also help to determine whether present motor abnormalities are pri-
mary changes or secondary to other organic or functional pathology. Frequently
the observed abnormality is not related to symptoms and a single study does not re-
veal that a dysfunction is permanent or transient. Therefore, prolonged (longer
than 24 hours) or repeated antroduodenal motility studies may be helpful in special
cases. Nasogastric duodenal intubation itself may have an influence on the motil-
ity.73'74 Migration of the catheter during the study may be identified by typical
antral and duodenal patterns. Close spacing of antral sensors is important to detect
antral contractions as well as migration of the catheter.

CLINICAL IMPLICATIONS AND THERAPEUTIC IMPACT
OF ANTRODUODENAL MOTILITY STUDIES

Assessment of gastric motor function includes multiple tests such as scinti-
graphic gastric emptying, ultrasonography, and electrogastrography. However, only



Antroduodenal Motility in Foregut Disease 229

9 .

h

a
<T3

bo

bo

3
aJ t«

&_£•43 -t3

•0 "o

0

I

S "3

3|
^.s
- g3



230 Modern Approach to Benign Esophageal Disease

manometric studies provide a detailed information of the motility in the antroduo-
denal region. Antroduodenal motility studies confirm the presence of a pathologic
pattern in severe cases and contribute to the diagnosis in borderline cases. A myo-
pathic or neuropathic hypomotile or hypermotile pattern of motility disorder may
be determined. Furthermore, the study demonstrates whether the motility disorder
occurs throughout the whole antroduodenal complex or is restricted to the stom-
ach or rarely the duodenum. The identification of isolated gastric hypomotility will
prompt the use of prokinetic medication or the need for near total gastrectomy in
severe cases of gastroparesis. Documentation of a myopathic process is important
because prokinetics are not effective in such cases.27'75

FUTURE PERSPECTIVES

The value of less invasive methods to study gastric motor function, such as
EGG, ultrasonography, and scintigraphy, may be improved by performing such
studies simultaneously with antroduodenal manometry (Fig. 16-9). The postpran-
dial state is the most important period to be studied (Fig. 16-8). A more compre-
hensive image of gastric motor function may be achieved by complementary studies
with the Barostat, which monitors the fundic tone. The use of a sleeve sensor in the
manometry probe may clarify the role of pyloric contractions. Detection of cathe-
ter migration during the study will be more precise by including potential differ-
ence electrodes in the probe. All additional aspects to be assessed require more
sophisticated probes, which are currently being developed as are extended receiv-
ing and storage capacities of the electronic devices. The computerized analysis of
motility data also needs improvement and validation by more and extended studies
of normal subjects. A major goal will be a simplification and concentration on data
of clinical relevance.

CONCLUSION

Gastrointestinal motility disorders constitute a major segment of digestive dis-
ease. Therefore, measurement of gut motor activity should be a desired goal.
Antroduodenal manometry is potentially helpful in the diagnostic evaluation of pa-
tients presenting with upper gastrointestinal symptoms without demonstrable
anatomic alteration as evidenced by conventional diagnostic evaluation. Antroduo-
denal motility may help to localize the affected region of the gut, as well as to mon-
itor the evolution of the motor disorder, and to determine the effect of pharmaco-
logic treatment. Measurement of antroduodenal motility has matured with new
methodologic developments. It has proved its value to an extent that its application
to clinical gastroenterology in carefully selected cases is now appropriate and
timely, especially in relationship to the new prokinetic drugs.
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Achalasia, 188
classification and manometric characteristics

of, 8, 22
laparoscopic myotomy and anterior

fundoplication for, 117-121
stationary esophageal manometry in

assessment of, 3 3
therapeutic endoscopy and, 174-175
thoracoscopic myotomy and, 125-137
treatment of, 127-128

Acid reflux, 71, 188
Acquired immunodeficiency syndrome (AIDS),

esophageal infections in context of,
105-112

Acyclovir in treatment of HSV esophagitis, 112
Adenocarcinoma, esophageal, Barrett's

esophagus and, 77
Alkaline reflux, 188

Barrett's esophagus and, 71-73
total duodenal diversion and, 191-192

Ambulatory 24-hour gastric pH monitoring,
51-52

Ambulatory 24-hour monitoring of esophageal
exposure to duodenal juice, 49-51

Ambulatory 24-hour motility monitoring of
esophagus, 38-44

Ambulatory 24-hour pH monitoring of distal
esophagus, 44-49

Amphotericin B in treatment of Candida
esophagitis, 111

Amyloidosis, antral hypomotility and, 221
Angelchick prosthesis, laparoscopic placement

of, gastroesophageal reflux disease and,
85, 95-96, 126

Antibiotics in treatment of esophageal
candidiasis, 113

Antifungals in treatment of Candida esophagitis,
110-111

Antireflux procedures
distal gastric resection and Roux-en-Y

reconstruction, 195-196
management of failed, 187-188
medical therapy in management of failed,

187
primary, prevention of failure of, 183-186
reoperation for failed, 183-190
surgical therapy in management of failed, 187
tailored, 57-68

body habitus in preoperative assessment of,
58

endoscopy in preoperative assessment of,
58

esophageal length in preoperative
assessment of, 59

esophageal motility in preoperative
assessment of, 58

patient selection in, 59-60
preoperative assessment in, 58-59, 60-63
requirements for, 63-65
results of, 65-66
selection of surgical approach in, 63-65

total duodenal diversion combined with,
194-196

Antisecretory drugs
in treatment of esophageal candidiasis, 113
in treatment of esophagitis, 192

Antral hypomotility, antroduodenal motility
and, 221-223

Antrectomy, vagotomy and, with Roux-en-Y
reconstruction, 188

Antroduodenal coordination, disturbed,
antroduodenal motility and, 223, 225

Antroduodenal manometry in assessment of
gastric motor function, 230

Antroduodenal motility
analysis of, 219-221
antral hypomotility and, 221-223

235
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Antroduodenal motility—cont'd
clinical implications and therapeutic impact

of, 228-230
disturbed antroduodenal coordination and,

2 2 3 , 2 2 5
duodenal abnormalities and, 223, 226
fasting and, 221-226
in foregut disease, 213-233
increased phasic activity and, 223, 224
indications for studies of, 217
limitations of, 228
normal, 214-217, 220, 221
postprandial features and, 227, 228
protocol for, 218-219
results of, 221-228
technique of, 217-218

Argon dye laser, laser photoablation of Barrett's
epithelium and, 179

Atropine, achalasia and, 174

B
Bacterial esophagitis, AIDS and, 107
Balloon dilation, achalasia and, 127-128
Balloon dilators, benign esophageal stricture

and, 176-177
Barium contrast study, reoperation for failed

antireflux procedures and, 187
Barostat in assessment of gastric motor

function, 230
Barrett's esophagus, 58, 60, 69-82

acid reflux and, 71
adenocarcinoma and, 77
alkaline reflux and, 71-73
diagnosis of, 73-76
duodenogastric reflux and, 192
dysplasia and, 77-78, 79-80, 176
endoscopic surveillance of, 77
esophageal body motility and, 70-71
gastroesophageal reflux disease and,

14-15
laser photoablation of, therapeutic endoscopy

and,178-179
lower esophageal sphincter abnormalities and,

70
management of, 77-80
pathophysiologic abnormalities of, 70-73
premalignant potential of, 76-77

Belsey fundoplication, 188
Bile probe, alkaline reflux and, 73
Billroth II gastrojejunostomy, 193
Biopsy, endoscopy with, in diagnosis of

esophageal infections in context of AIDS,
109-110

Botulinum toxin injection, achalasia and,
127-128

Bronchogenic cysts, 165
Brushing, blind esophageal, in diagnosis of

esophageal infections in context of AIDS,
110

Candida esophagitis
AIDS and, 106-107
treatment of, 110-112, 113, 114

Candidiasis, esophageal, 110-112, 113, 114
AIDS and, 106-107

Carcinoma, duodenogastric reflux and, 192
Cardiopexy, ligamentum teres, laparoscopic,

gastroesophageal reflux disease and,
94-95

Cervical osteoarthritis, division of septum in
Zenker's diverticulum and, 174

Chest pain
achalasia and, 127
esophageal motor disorders and, 123-124

Cholecystectomy, disturbed antroduodenal
coordination and, 223

Cisapride in treatment of leiomyoma, 169
Clotrimazole in treatment of Candida

esophagitis, 110
Collagen vascular disorders

antral hypomotility and, 221
effects of, on esophagus, 15

Collis gastroplasty, 21, 64, 84, 185
Collis-Belsey procedure, 188
Colon

as esophageal substitute, in esophageal
replacement for benign disease, 201-204

interposition to denervated stomach, in
esophageal replacement for benign
disease, 205

remedial surgery after interposition, in
esophageal replacement for benign
disease, 207-208

Computed tomography (CT) in assessment of
leiomyoma and extramucosal cysts of
esophagus, 165-166

Corkscrew appearance of esophagus, 21, 23, 127
Corticosteroids in treatment of esophageal

candidiasis, 113
Cricopharyngeal bar, pharyngoesophageal

swallowing disorders and, 37, 38
Cricopharyngeal myotomy for neurologic

dysphagia, 155-164
clinical presentation in, 158, 159
manometry and, 157, 158-160
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materials and methods for, 155-158
radiology and, 157, 158, 159
radionuclide hypopharyngeal emptying study

and, 157-158, 160-161
results of, 158-161
statistical analysis and, 158
technique of, 156-157

Cysts, extramucosal, of esophagus, surgical
management of, 165-171

Cytomegalovirus esophagitis, treatment of, 112

D
Denervated stomach, colon interposition to, in

esophageal replacement for benign
disease, 205

Dent sleeve probe in manometric assessment of
pharyngoesophageal junction, 157, 160

Dermatomyositis, effects of, on esophagus, 15,
125

Diabetes mellitus
antral hypomotility and, 221-222
disturbed antroduodenal coordination and,

223
Diazepam

achalasia and, 174
benign esophageal stricture and, 176

Diffuse esophageal spasm
classification and manometric characteristics

of, 8, 21, 23
stationary esophageal manometry in

assessment of, 3 3
thoracoscopic myotomy and, 137-141

o-Diisopropyl iminodiacetic acid (DISIDA)
scan, antroduodenal motility and, 213

Distal esophagus, ambulatory 24-hour pH
monitoring of, in preoperative
assessment of esophageal function, 44-49

Distal gastric resection and Roux-en-Y
reconstruction and antireflux procedures,
193,195-196

Diverticulectomy, myotomy and, Zenker's
diverticulum and, 146-147

Dor fundoplication, laparoscopic,
gastroesophageal reflux disease and, 85,
93-94, 129

Duodenal abnormalities, antroduodenal motility
and, 223, 226

Duodenal diversion, total
alkaline reflux and, 191-192
combined with antireflux procedures,

194-196
in gastroesophageal reflux disease, 192-194
indication and technique of, 191-198

Duodenal juice, esophageal exposure to,
ambulatory 24-hour monitoring of, in
preoperative assessment of esophageal
function, 49-51

Duodenal switch operation and fundoplication,
194-195

Duodenal ulcers
antral hypermotility and, 223
rapid gastric emptying and, 213

Duodenogastric reflux, 191-192
Duodenogastroesophageal reflux, 192
Duodenojejunostomy, Roux-en-Y suprapapillary,

and fundoplication, 193, 194-195
Dyspepsia, duodenogastric reflux and, 192
Dysphagia

esophageal motor disorders and, 123-124
neurologic, cricopharyngeal myotomy for,

155-164
nonobstructive, 2

Dysplasia, Barrett's esophagus and, 77-78,
79-80, 176

EGG in assessment of gastric motor function,
230

Electrogastrography, antroduodenal motility
studies and, 228-230

Endo GIA stapler in division of septum in
Zenker's diverticulum, 173

Endoscopic ultrasonography (EUS) in
assessment of leiomyoma and
extramucosal cysts of esophagus,
165-166

Endoscopy
in assessment of Barrett's esophagus, 77
with biopsies and cultures in diagnosis of

esophageal infections in context of AIDS,
109-110

intraoperative, in minimally invasive surgery,
179-180

in preoperative assessment in tailored
antireflux surgery, 58

in preoperative assessment of esophageal
function, 24-25

reoperation for failed antireflux procedures
and,187

therapeutic
achalasia and, 174-175
of benign esophageal diseases, 173-181
benign esophageal stricture and, 175-178
division of septum in Zenker's diverticulum

and,173-174
esophageal webs and, 178
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Endoscopy—cont'd
therapeutic—cont'd

laser photo-ablation of Barrett's esophagus
and, 178-179

removal of foreign bodies and, 178
Esophageal body

functional disorders of, stationary esophageal
manometry in assessment of, 33-35

motility, Barrett's esophagus and, 70-71
myotomy of, 138-141
symptoms of, 148
treatment of, 149, 150-151

Esophageal candidiasis, 110-112, 113, 114
AIDS and, 106-107

Esophageal claudication, 10
Esophageal diverticula, 143-153

anatomy and physiology of, 147-148
functional and imaging diagnostic studies of,

148-149
surgery for, from physiology to treatment,

143-153
symptoms of, 148
treatment of, 149, 150-151
Zenker's diverticulum, 143-147

Esophageal exposure to duodenal juice,
ambulatory 24-hour monitoring of, in
preoperative assessment of esophageal
function, 49-51

Esophageal foreign bodies, removal of,
therapeutic endoscopy and, 178

Esophageal function
pathophysiology of, 6-15

achalasia and, 8
diffuse esophageal spasm and, 8
gastroesophageal reflux disease and, 10-15
hypertensive lower esophageal disease and,

8
nonspecific esophageal motility disorders

and, 8
nutcracker esophagus and, 8
pharyngoesophageal motor disorders and,

6-7
primary esophageal motor disorders and,

7-lo'
secondary esophageal motor disorders and,

15
physiology of, 2-6
preoperative assessment of, 17-56

ambulatory 24-hour gastric pH monitoring
in, 51-52

ambulatory 24-hour monitoring of
esophageal exposure to duodenal juice in,
49-51

ambulatory 24-hour motility monitoring of
esophagus in, 38-44

ambulatory 24-hour pH monitoring of
distal esophagus in, 44-49

complete foregut outpatient physiologic
monitoring in, 53

endoscopy in, 24-25
radiology in, 18-23
stationary esophageal manometry in, 25-38
tests for, 18

Esophageal length in preoperative assessment in
tailored antireflux surgery, 59

Esophageal manometry, stationary, in
preoperative assessment of esophageal
function, 25-38

Esophageal motility disorders, nonspecific, 8 ,33
Esophageal motility in preoperative assessment

in tailored antireflux surgery, 58
Esophageal motor disorders, 188

classification of, 123, 124, 125
and gastroesophageal reflux disease, 1-16
primary, 7-10
secondary, 15

Esophageal reduplication cysts, 165
Esophageal replacement for benign disease,

199-211
choice of esophageal substitute in, 201-208
choice of transthoracic route in, 207
colon as esophageal substitute in, 201-204,

205-206
jejunal interposition and free graft in,

206-207
patient characteristics in, 199-200
preoperation evaluation in, 200-201
remedial surgery after colonic interposition

in, 207-208
stomach as esophageal substitute in, 201-204
surgical outcome in, 208-210
vagal-sparing esophagectomy and, 204-205

Esophageal shortening, 185
Esophageal spasm, 188

diffuse; see Diffuse esophageal spasm
segmental, thoracoscopic myotomy and,

137-141
Esophageal sphincter

lower; see Lower esophageal sphincter
upper, 20, 2 1 , 2 2 , 2 7

Esophageal stricture, 58, 175-178
Esophageal tuberculosis, 113
Esophageal ulcers, idiopathic, treatment of,

112
Esophageal webs, therapeutic endoscopy and,

178
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Esophagectomy
Ivor Lewis-type, 203
vagal-sparing, in esophageal replacement for

benign disease, 204-205
Esophagi tis

antisecretory drugs in treatment of, 192
bacterial, AIDS and, 107
Candida; see Candida esophagitis
cytomegalovirus, treatment of, 112
grades of, 58
HSV, 110, 112
infectious, 105-116

AIDS and, 105-112
etiology, diagnosis, and treatment of,

105-116
in immunocompetent patients, 113
in immunosuppressed patients,

113-114
protozoal, AIDS and, 107-108
viral, AIDS and, 106, 107

Esophagodiverticulostomy, 147
Esophagus

ambulatory 24-hour motility monitoring of,
in preoperative assessment of esophageal
function, 38-44

Barrett's; see Barrett's esophagus
corkscrew appearance of, 21, 23, 127
distal, ambulatory 24-hour pH monitoring of,

in preoperative assessment of esophageal
function, 44-49

extramucosal cysts of, surgical management
of, 165-171

nutcracker; see Nutcracker esophagus
physiology of, 1 -2

Extramucosal cysts of esophagus, surgical
management of, 165-171

Failed antireflux procedures, reoperation for,
183-190

Fasting, abnormal, antroduodenal motility and,
221-226

Fasting state, antroduodenal motility and,
214-217, 219, 221, 228

Fed state, antroduodenal motility and, 214-217,
219,220,221,227,228

Floppy Nissen fundoplication, 129
Fluconazole in treatment of Candida esophagitis,

111
Foregut disease, antroduodenal motility in; see

Antroduodenal motility
Foreign bodies, esophageal, removal of,

therapeutic endoscopy and, 178

Foscarnet in treatment of cytomegalovirus
esophagitis, 112

Free graft, jejunal interposition and, in
esophageal replacement for benign
disease, 206-207

Fundoplication
anterior, laparoscopic myotomy and, for

achalasia, 117-121
Belsey, 188
Dor, laparoscopic, 93-94
duodenal switch operation and, 194-195
Nissen, 65, 126, 184, 195

floppy, 129
laparoscopic, 88-93
slipped, 185, 187-188
transthoracic, 188

and Roux-en-Y suprapapillary
duodenojejunostomy, 194-195

Toupet, laparoscopic, 93, 94

Gallstone disease, disturbed antroduodenal
coordination and, 223

Ganciclovir in treatment of cytomegalovirus
esophagitis, 112

Gastrectomy, gastroparesis and, 230
Gastric pH monitoring, ambulatory 24-hour, in

preoperative assessment of esophageal
function, 51-52

Gastric resection, distal, and Roux-en-Y
reconstruction, and antireflux
procedures, 193, 195-196

Gastric ulcer disease, duodenogastric reflux and,
192

Gastritis, duodenogastric reflux and, 192
Gastroenteric cysts, 165
Gastroesophageal reflux, 183-184, 192,

193-194
Gastroesophageal reflux disease (GERD), 10-15,

57-58, 64, 170, 183, 213
Barrett's esophagus and, 69
duodenal diversion in, 191
esophageal motor disorders and, 1-16
laparoscopic approach to, 83-103

complications of, 100-101
equipment for, 85-88
general principles of, 84-85, 86
patient selection for, 84-85, 86
postoperative management of, 96
techniques of, 88-96

laparoscopic Dor fundoplication and, 93-94
laparoscopic ligamentum teres cardiopexy

and, 94-95



240 Index

Gastroesophageal reflux disease—cont'd
laparoscopic Nissen fundoplication and,

88-93
laparoscopic placement of Angelchick

prosthesis and, 95-96
laparoscopic Tbupet fundoplication and, 93,

94
stationary esophageal manometry in

assessment of, 35-36
total duodenal diversion and, 192-194

Gastrojejunostomy, 196
Billroth II, 193 '

Gastroparesis
antral hypomotility and, 221-222
gastrectomy and, 230

Gastropexy, Hill posterior, 195
Gastroplasty, Collis, 21, 64, 84, 185
Graft, free, jejunal interposition and, in

esophageal replacement for benign
disease, 206-207

H
H2 blockers

achalasia and, 175
esophageal candidiasis and, 113
gastroesophageal reflux and, 192
leiomyoma and, 168, 169

Heller-Dor procedure, laparoscopic, 117-121
Heller's myotomy, 85
Hill posterior gastropexy, 195
HSV esophagitis, 110, 112
Hyoscine butylbromide, achalasia and, 174
Hyperthyroidism, antral hypermotility and, 223
Hypomotility, antral, antroduodenal motility

and,221-223

Idiopathic esophageal ulcers, treatment of, 112
Imaging studies

in assessment of esophageal body diverticula,
148-149

in assessment of leiomyoma and extramucosal
cysts of esophagus, 165-166, 169

in assessment of Zenker's diverticulum, 144-
145

Immunocompetent patients, infectious
esophagitis in, 113

Immunosuppressed patients, infectious
esophagitis in, 113-114

Infectious esophagitis, 105-116
Interdigestive motility cycle, antroduodenal

motility and, 214-217, 219, 220, 221, 223,
228

Intraoperative endoscopy in minimally invasive
surgery, 179-180

Irritable bowel syndrome
duodenal abnormalities and, 223
motility disorders and, 213

Itraconazole in treatment of Candida
esophagitis, 111

Ivor Lewis-type esophagectomy, 203

Jejunal interposition and free graft in esophageal
replacement for benign disease, 206-207

Jejunojejunostomy, Roux-en-Y, 196

K
Ketoconazole in treatment of Candida

esophagitis, 111
Killian's triangle, Zenker's diverticulum and,

143, 144

Laparoscopic approach to gastroesophageal
reflux disease, 83-103

Laparoscopic Dor fundoplication,
gastroesophageal reflux disease and, 85,
93-94, 129

Laparoscopic Heller-Dor procedure, 117-121
Laparoscopic ligamentum teres cardiopexy,

gastroesophageal reflux disease and,
94-95

Laparoscopic myotomy and anterior
fundoplication for achalasia, 117-121

patients and methods in, 117
results of, 119
surgical technique of, 118-119

Laparoscopic Nissen fundoplication,
gastroesophageal reflux disease and,
65-66, 84, 85, 87, 88-93

Laparoscopic placement of Angelchick
prosthesis, gastroesophageal reflux
disease and, 85, 95-96

Laparoscopic Toupet fundoplication,
gastroesophageal reflux disease and, 85,
87, 93, 94, 129

Laser photoablation of Barrett's esophagus,
therapeutic endoscopy and, 178-179

Leiomyoma, surgical management of, 165-171
Ligamentum teres cardiopexy, laparoscopic,

gastroesophageal reflux disease and,
94-95

Lower esophageal sphincter (LES)
achalasia and, 117
antireflux surgery and, 59
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Barrett's esophagus and, 70
hypertensive

classification and manometric
characteristics of, 8, 21

stationary esophageal manometry in
assessment of, 3 3

myotomy of, 128-137
stationary esophageal manometry in

assessment of, 33-35
thoracoscopic myotomy and, 123
transient relaxations, 4

M
Maloney bougies, benign esophageal stricture

and, 176
Manometry

antroduodenal, 230
antroduodenal motility studies and, 230
cricopharyngeal myotomy for neurologic

dysphagia and, 157, 158-160
esophageal, 25-38

Mercury-filled Maloney bougies, benign
esophageal stricture and, 176

Miconazole in treatment of Candida esophagitis,
110

Midazolam
achalasia and, 174
benign esophageal stricture and, 176

Migrating motor complex, antroduodenal
motility and, 214-217

Mixed connective disease, effects of, on
esophagus, 15

Motility
antroduodenal; see Antroduodenal motility
esophageal, in preoperative assessment in

tailored antireflux surgery, 58
esophageal body, Barrett's esophagus and,

70-71
Motility disorders, nonspecific esophageal, 8, 33
Motility index in antroduodenal motility studies,

221
Motility monitoring, ambulatory 24-hour, of

esophagus, in preoperative assessment of
esophageal function, 38-44

Motor disorders
esophageal, 1-16, 123-125, 188
pharyngoesophageal, 6-7

Multiple sclerosis, antral hypomotility and,
221

Muscular dystrophy, antral hypomotility and,
221

Myopathic diseases, antral hypomotility and,
221

Myotomy
achalasia and, 127-128
cricopharyngeal, for neurologic dysphagia,

155-164
and diverticulectomy, Zenker's diverticulum

and, 146-147
and diverticulopexy, Zenker's diverticulum

and, 146-147
of esophageal body, 138-141
Heller's, 85
laparoscopic, and anterior fundoplication for

achalasia, 117-121
of lower esophageal sphincter,

128-137
closure of, 133, 134
initial dissection in, 131, 132
port placement in, 129-130
postoperative care of, 133
results of, 134-137
retraction in, 130-131
technique of, 129-133

thoracoscopic, 123-142

N
Nd:YAG laser, laser photoablation of Barrett's

epithelium and, 179
Neurogenic disorders, antral hypermotility and,

223
Neurologic dysphagia, cricopharyngeal

myotomy for, 155-164
Neuropathic diseases, antral hypomotility and,

221
Nissen fundoplication, 65, 126, 184, 195

floppy, 129
laparoscopic, 65-66, 84, 85, 87, 88-93
slipped, 185, 187-188
transthoracic, 188

Nonobstructive dysphagia, 2
Nonspecific esophageal motility disorders

(NEMDs), 8, 34-35, 125
Nutcracker esophagus

classification and manometric characteristics
of, 8, 21, 141

stationary esophageal manometry in
assessment of, 3 3

Nystatin in treatment of Candida esophagitis,
110

o
Omeprazole

laser photoablation of Barrett's epithelium
and, 179

in treatment of leiomyoma, 168, 169
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Osteoarthritis, cervical, division of septum in
Zenker's diverticulum and, 174

Over-the-wire (OTW) balloon dilator, benign
esophageal stricture and, 177

pH monitoring
ambulatory 24-hour, of distal esophagus in

preoperative assessment of esophageal
function, 44-49

gastric, ambulatory 24-hour, in preoperative
assessment of esophageal function,
51-52

Pharyngoesophageal motor disorders, 6-7
Pharyngoesophageal swallowing disorders,

stationary esophageal manometry in
assessment of, 37-38

Phasic activity, increased, antroduodenal
motility and, 223, 224

Photoablation, laser, of Barrett's esophagus,
therapeutic endoscopy and, 178-179

Photodynamic therapy, laser photoablation of
Barrett's esophagus and, 179

Postgastrectomy syndromes, 188
Postprandial antroduodenal motility features,

abnormal, antroduodenal motility and,
227,228

Postvagotomy patients, antral hypomotility and,
221-222

Premalignant potential of Barrett's esophagus,
76-77

Primary antireflux procedures, prevention of
failure of, 183-186

Primary esophageal motor disorders, 7-10
Progressive systemic sclerosis, effects of, on

esophagus, 15
Prokinetic medications in treatment of gastric

hypomotility, 230
Propofol

achalasia and, 174
benign esophageal stricture and, 176

Proton pump inhibitors
esophageal candidiasis and, 113
gastroesophageal reflux and, 192

Protozoal esophagitis, AIDS and, 107-108
Pseudoachalasia, 21, 23, 126
Pyloric ulcers, antral hypermotility and,

223

R
Radiology

cricopharyngeal myotomy for neurologic
dysphagia and, 157, 158, 159

in diagnosis of esophageal infections in
context of AIDS, 109

in preoperative assessment of esophageal
function, 18-23

Radionuclide hypopharyngeal emptying
study, cricopharyngeal myotomy for
neurologic dysphagia and, 157-158,
160-161

Radionuclide test, antroduodenal motility and,
213

Remedial surgery after colonic interposition in
esophageal replacement for benign
disease, 207-208

Removal of esophageal foreign bodies,
therapeutic endoscopy and, 178

Reoperation for failed antireflux procedures,
183-190

Rigiflex balloon, achalasia and, 174-175
Roux-en-Y jejunojejunostomy, 196
Roux-en-Y reconstruction, 191

and distal gastric resection, and antireflux
procedures, 193, 195-196

vagotomy and antrectomy with, 188
Roux-en-Y suprapapillary duodenojejunostomy

and fundoplication, 193, 194-195

Scintigraphic gastric emptying, antroduodenal
motility studies and, 213, 228-230

Scintigraphy in assessment of gastric motor
function, 230

Scleroderma
antral hypomotility and, 221, 222
effects of, on esophagus, 125

Sclerosis, progressive systemic, effects of, on
esophagus, 15

Secondary esophageal motor disorders, 15
Segmental esophageal spasm, thoracoscopic

myotomy and, 137-141
Septum, division of, in Zenker's

diverticulum, therapeutic endoscopy
and, 173-174

Serology in diagnosis of esophageal infections in
context of AIDS, 109

Slipped Nissen fundoplication, 185, 187-188
Slow motorized pull-through (sMPT)

technique, esophageal manometry and,
25-28

Spasm
diffuse esophageal; see Diffuse esophageal

spasm
esophageal, 188
segmental esophageal, 137-141
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Sphincter
lower esophageal; see Lower esophageal

sphincter
upper esophageal, 20

Sphincterotomy, endoscopic, Zenker's
diverticulum and, 147

Spinal cord injury, antral hypomotility and, 221
Station pull-through (SPT) technique,

esophageal manometry and, 25-28
Stationary esophageal manometry in

preoperative assessment of esophageal
function, 25-38

Steroids in treatment of idiopathic esophageal
ulcers, 112

Stomach
anatomy and physiology of, 214
denervated, colon interposition to, 205
as esophageal substitute, 201-204

Stricture, benign esophageal, therapeutic
endoscopy and, 175-178

Suprapapillary duodenojejunostomy, Roux-en-Y,
and fundoplication, 193, 194-195

Swallowing
anatomy and physiology of, 2-6, 143-144
disorders, pharyngoesophageal, stationary

esophageal manometry in assessment of,
37-38

pharyngoesophageal phase of, 6-7
Systemic sclerosis, progressive, effects of, on

esophagus, 15

Tailored antireflux surgery, 57-68
Thoracoscopic myotomy, 123-142

achalasia and, 125-137
classification of esophageal motor disorders

and, 124, 125
diffuse and segmental esophageal spasm and,

137-141
Through-the-scope (TTS) balloon dilator,

benign esophageal stricture and, 177
Toupet fundoplication, laparoscopic,

gastroesophageal reflux disease and, 85,
87, 93, 94, 129

Transthoracic Nissen fundoplication, 188

Transthoracic route, choice of, in esophageal
replacement for benign disease, 207

Tuberculosis, esophageal, 113

u
Ulcers

duodenal, 213, 223
idiopathic esophageal, 112
pyloric, antral hypermotility and, 223

Ultrasonography
antroduodenal motility studies and, 228-230
in assessment of gastric motor function, 230
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