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Preface

Although GERD was initially described in the early 19" century, it is essentially a con-
sequence of our modern day largesse. Dietary factors and associated obesity have com-
bined with as yet other unknown factors (e.g. a decrease in the prevalence of H. pylori?)
to make GERD one of the most common diseases affecting western society. It is esti-
mated that up to 20 million adults in the United States suffer from GERD, and treatment
of these individuals consumes approximately $10 billion annually, the majority of it for
prescription drugs used to manage the disease and its symptoms. Fortunately, despite
challenges presented by co-factors resulting in GERD (diet, obesity, etc.), therapy of
GERD is largely successful. However, even a low failure rate for a therapy used in the
management of GERD still results in large numbers of affected patients because of the
high prevalence of this disease. Use of a conservative estimate of a failure rate of 5%
translates to 1 million ineffectively treated and unhappy patients. How to manage these
patients is the subject of this book.

Why is publication of this book important now? Several factors prompted us to work
on this project. Mature results for proton pump inhibitor use are available, making this
an appropriate time to review outcomes of PPI therapy of GERD. Similarly, mature results
are now available for minimally invasive surgical therapy for GERD. In fact, results are
sufficiently promising in the mid-term that some authors are recommending surgery
over PPI use even for patients with only moderate GERD disease. In addition to defining
the success of these therapies, the long-term results also illustrate important failure rates
and help define characteristics of patients who are less likely to benefit from conven-
tional treatment options.

Use of alternative therapies is now becoming quite common, particularly endoscopic
treatments such as bulking agents, radiofrequency therapy, and plication procedures.
The exact role of these modalities in the management of the typical patient with
GERD will be defined in the next few years. A greater challenge is whether and how to
use these techniques for patients who have already failed conventional therapy for
GERD.

Given the complexity of causes underlying failures of GERD therapy, the approach to
managing these patients should be multidisciplinary. For patients who have persistent
GERD symptoms despite aggressive therapy, too often a single therapeutic approach is
used to an extreme without consideration of alternative modalities, or even whether the
symptoms are actually related to reflux. This may be because of the training, philo-
sophical orientation, or lack of knowledge of the treating physician. To overcome some
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of these shortcomings, we felt the time was propitious to produce a book describing man-
agement of medical and surgical failures from both medical and surgical perspectives.

The objectives of this book are to review current medical and surgical management
of GERD, define what constitutes failure of such therapy, and describe approaches to
management of such patients. We have enlisted a group of authors whose reputations in
their specialties are universally recognized. Given the widespread incidence of GERD
throughout western society, chapters are written for an international audience. Our goal
was to outline a comprehensive approach to managing failed GERD therapy. However,
ongoing advances in the pharmaceutical, endoscopic, and surgical instrumentation
industries will always make such an effort incomplete. Our hope is that the reader is left
with a framework for approaching these complex patients, and that any new informa-
tion that arises can be fitted into this framework.

Mark K. Ferguson, MD
M. Brian Fennerty, MD
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The Epidemiology and Pathophysiology of
Gastroesophageal Reflux Disease

Peter J. Kahrilas and John E. Pandolfino

Gastroesophageal reflux disease (GERD) is
present in individuals with a symptomatic
condition or histopathological alteration resul-
tant from episodes of gastroesophageal reflux.
Reflux esophagitis is present in a subset of
GERD patients with lesions in the esophageal
mucosa. However, reflux often causes symptoms
in the absence of esophagitis.

Although GERD is widely reported to be one
of the most prevalent clinical conditions
afflicting the gastrointestinal tract, incidence
and prevalence figures must be tempered with
the realization that there is no “gold standard”
definition of GERD. Thus, epidemiological
estimates regarding GERD make assumptions;
the most obvious being that heartburn is a
symptom of GERD and that when heartburn
achieves a certain threshold of frequency or
severity, it defines GERD. A cross-sectional
study surveying hospital employees in the
United States in the 1970s found that 7% of
individuals experienced heartburn daily, 14%
weekly, and 15% monthly.! Ten years later, a
Gallup survey of 1000 randomly selected
persons found a 19% prevalence of weekly
GERD symptoms.” Ten years later yet, a survey
in Olmstead County found a 20% prevalence of
at least weekly heartburn.’ With respect to age,
the Olmstead County data showed no correla-
tion® whereas a recent report by El-Serag et al.*
showed a slight correlation with advancing age
ranging from a 24% weekly heartburn preva-
lence among 18-24 year olds to a 33% preva-
lence in those >55 years of age.

With respect to esophagitis, even though
endoscopic changes in the esophageal mucosa
represent objective diagnostic criteria, it is less
clear what proportion of heartburn sufferers are
so affected. Early reports using ambulatory
esophageal pH monitoring to define GERD
found that 48-79% of patients with pathologic
acid exposure had esophagitis.”® More recent
reports, perhaps less subject to selection bias,
have suggested that the prevalence of esophagi-
tis among the GERD population is lower,
ranging from 19 to 45%.’ Very recently, a popu-
lation-based study found endoscopic esophagi-
tis in 22% of 226 individuals with heartburn at
least once weekly.* Similar to esophagitis, the
prevalence of Barrett’s metaplasia is difficult to
determine in the absence of a characteristic
symptom profile or population studies. Illustra-
tive of this, an autopsy study suggested that
fewer than one in six patients with Barrett’s
metaplasia was recognized clinically prior to
death.®

GERD is equally prevalent among males and
females, but there is a male preponderance of
esophagitis (2:1 to 3:1) and of Barrett’s meta-
plasia (10:1).” Pregnancy is associated with the
highest incidence of GERD with 48-79% of
pregnant women complaining of heartburn.’ All
forms of GERD affect Caucasians more fre-
quently than other races. However, this trend
may be changing in the United States suggest-
ing it is at least partially influenced by geogra-
phy.* In fact, there is substantial geographic
variation in prevalence with very low rates in
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Africa and Asia and high rates in North America
and Europe."

The role of Helicobacter pylori in GERD
deserves special attention given the striking
inverse time trends in the prevalence of GERD
and H. pylori related peptic ulcer disease."
Epidemiological data reveal that GERD patients
with esophagitis are less likely to have H. pylori
infection.'” H. pylori infection is also associated
with a decreased prevalence of Barrett’s meta-
plasia and esophageal adenocarcinoma.”™"
Thus, epidemiological data clearly suggest a
relationship between H. pylori and GERD.
However, the details of that relationship are
strongly dependent on the associated pattern
of gastritis. If the dominant H. pylori strains
within a population primarily result in corpus-
dominant gastritis as in Japan,' the prevalence
of GERD in that population will be lower than
it would be in the absence of H. pylori infection.
These epidemiological data have led some to
believe that H. pylori should not be eradicated
in patients with GERD. However, H. pylori is
a risk factor for the development of peptic
ulcer and gastric cancer causing many
practitioners to be uncomfortable with that
recommendation.

GERD Pathophysiology

The fundamental abnormality in GERD is
exposure of esophageal epithelium to gastric
secretions resulting in either histopathological
injury or in the elicitation of symptoms. How-
ever, some degree of gastroesophageal reflux and
esophageal epithelial acid exposure is considered
normal or “physiological” GERD results when
esophageal epithelial exposure to gastric juice
exceeds what the epithelium can tolerate.

Under normal conditions, reflux of gastric
juice into the distal esophagus is prevented as a
function of the esophagogastric junction (EG]).
The EG]J is an anatomically complex zone whose
functional integrity as an anti-reflux barrier has
been attributed to a multitude of mechanisms.
Quite possibly each of these potential mecha-
nisms is operant under specific conditions and
the global function of the EGJ as an anti-reflux
barrier is dependent on the sum of the parts.
The greater the dysfunction of the individual
mechanisms of competence, the worse the
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overall anti-reflux integrity of the EGJ. By exten-
sion, the greater the degree of EGJ incompe-
tence, the worse the severity of GERD.

Functional Constituents
of the EGJ

Conceptualized as an impediment to reflux, the
EG]J is generally viewed as a high-pressure zone
at the distal end of the esophagus that isolates
the esophagus from the stomach. The anatomy
of the EGJ is complex. The tubular esophagus
traverses the diaphragmatic hiatus and joins the
stomach in a nearly tangential fashion. Thus,
there are several potential contributors to EGJ
competence, each with unique considerations:
the intrinsic lower esophageal sphincter (LES),
the influence of the diaphragmatic hiatus, and
the muscular architecture of the gastric cardia
that constitutes the distal aspect of the EG]J
high-pressure zone.

The LES is a 3- to 4-cm segment of tonically
contracted smooth muscle at the EGJ. Resting
LES tone varies among normal individuals from
10 to 30 mm Hg relative to intragastric pressure,
and continuous pressure monitoring reveals
considerable temporal variation. Large fluctua-
tions of LES pressure occur with the migrating
motor complex; during phase III, LES pressure
may exceed 80 mm Hg. Lesser fluctuations occur
throughout the day with pressure decreasing in
the postcibal state and increasing during sleep.'®
The genesis of LES tone is a property of both the
smooth muscle itself and of its extrinsic inner-
vation."” At any given moment, LES pressure is
affected by myogenic factors, intraabdominal
pressure, gastric distention, peptides, hor-
mones, various foods, and many medications
(Table 1.1).

To maintain the delicate balance between
forward and backward flow, the LES has a
complex neurological control mechanism
involving both the central nervous system and
peripheral enteric nervous system. Lower
esophageal sphincter pressure is modulated by
vagal afferents as well as both vagal and sympa-
thetic efferents.'® Efferent function is mediated
through myenteric plexus neurons that can
effect either LES contraction or relaxation.
Synapses between the efferent vagal fibers and
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Table 1.1. Factors that influence the LES pressure and tLESR frequency.

Increase LES Pressure

Foods Protein Fat
Chocolate
Ethanol
Peppermint
Hormones Gastrin Secretin
Motilin

Substance P Glucagon

Decrease LES Pressure

Increase tLESRs  Decrease tLESRs

Fat

Cholecystokinin

Cholecystokinin

Gastric inhibitory polypeptide
Vasoactive intestinal polypeptide

Progesterone
Neural agents a-Adrenergic agonists o-Adrenergic antagonists L-Arginine Baclofen
[-Adrenergic antagonists ~ [3-Adrenergic agonists L-NAME
Cholinergic agonists Cholinergic antagonists Serotonin
Serotonin
Medications Metoclopramide Nitrates Sumatriptan Atropine
Domperidone Calcium channel blockers Morphine
Prostaglandin F, Theophylline Loxiglumide
Cisapride Morphine
Meperidine
Diazepam
Barbiturates

the myenteric plexus are cholinergic. The post-
ganglionic transmitter effecting contraction is
acetylcholine whereas nitric oxide is the domi-
nant inhibitory transmitter with vasoactive
intestinal polypeptide serving some type of
modifying role.'**

Physiological studies clearly demonstrate
that the EGJ high-pressure zone extends distal
to the squamocolumnar junction (SCJ) thereby
implying that the contributory structures reside
in the proximal stomach as opposed to the distal
esophagus.”’ Elegant anatomical studies attrib-
ute this distal portion of the EGJ high-pressure
zone to the opposing sling and clasp fibers of the
middle muscle layer of gastric cardia.”” In this
region, the lateral wall of the esophagus meets
the medial aspect of the dome of the stomach at
an acute angle, defined as the angle of His.
Viewed intraluminally, this region extends
within the gastric lumen, appearing as a fold
that has been conceptually referred to as a flap
valve because increased intragastric pressure
would force the fold against the medial wall of
the stomach, sealing off the entry to the esoph-
agus”** (Figure 1.1). Of note, this distal aspect

of the EG]J is particularly vulnerable to disrup-
tion as a consequence of anatomical changes
at the hiatus because its entire mechanism of
action is predicated on maintaining its native
geometry.

Surrounding the LES at the level of the SCJ
is the crural diaphragm, most commonly the
right diaphragmatic crus. Two flattened muscle
bundles arising from the upper lumbar vertebra
incline forward to arch around the esophagus,
first diverging like a scissors and then merging
anterior with about a centimeter of muscle
separating the anterior rim of the hiatus from
the central tendon of the diaphragm®-* (Figure
1.2). The hiatus is a teardrop-shaped canal and
is about 2 cm along its major axis. Recent phys-
iological investigations have advanced the “two
sphincter hypothesis” for maintenance of EGJ
competence, suggesting that both the intrinsic
smooth muscle LES and the extrinsic crural
diaphragm serve a sphincteric function. Inde-
pendent control of the crural diaphragm can be
demonstrated during esophageal distension,
vomiting, and belching when electrical activity
in the crural diaphragm is selectively inhibited



despite continued respiration.”*” This reflex
inhibition of crural activity is eliminated with
vagotomy. However, crural diaphragmatic
contraction is augmented during abdominal
compression, straining, or coughing.”® Addi-
tional evidence of the sphincteric function of
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the hiatus comes from manometric recordings
in patients after distal esophagectomy.” These
patients still exhibited an EGJ pressure of about
6 mm Hg within the hiatal canal despite having
sustained surgical removal of the smooth
muscle LES.

Figure 1.1. Three-dimensional representation of progressive anatomical disruption of the gastroesophageal flap valve as viewed
with a retroflexed endoscope. Grade |, Normal ridge of tissue closely approximated to the shaft of the retroflexed scope. Grade II, The
ridge is slightly less well defined and opens with respiration. Grade Ill, The ridge is barely present and the hiatus is patulous. Grade
IV, There is no muscular ridge and the hiatus is wide open at all times (Reprinted from Hill et al.,* Copyright 1996, with permission
from the American Society for Gastrointestinal Endoscopy.)
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Hiatal Hernia

Normal

Figure 1.2. Anatomy of the diaphragmatic hiatus.The right crus
makes up the muscular component of the crural diaphragm.
Arising from the anterior longitudinal ligament overlying the
lumbar vertebrae. A single muscle band splits into an anterior
and posterior muscular band, which cross each other to form the
walls of the hiatal canal and then fuse anteriorly. With hiatus
hernia the muscle becomes thin and atrophic limiting its ability
to function as a sphincter. (Reprinted with permission from
Pandolfino and Kahrilas.®")

Mechanisms of EGJ
Incompetence in GERD

Physiologically, the EG] must perform seem-
ingly contradictory functions. During swallow-
ing it must facilitate the esophagogastric flow
of swallowed material while at the same time
preventing reflux of gastric content into esoph-
agus that is otherwise favored by a positive
abdomen-to-thoracic pressure gradient. During
rest the EGJ must, again, contain caustic gastric
juice but also be able to transiently relax and
permit gas venting. These functions are accom-
plished by the delicate interplay of anatomical
elements and physiological responses of the
EG]J.

The dominant mechanism protecting against
reflux varies with physiological circumstance.
For example, the intraabdominal segment of the
LES may be important in preventing reflux asso-
ciated with swallowing, the crural diaphragm
may be of cardinal importance during episodes
of increased intraabdominal pressure, and basal
LES pressure may be of primary importance
during restful recumbency. As any of these pro-
tective mechanisms are compromised, the dele-
terious effect is additive resulting in an
increasing number of reflux events and conse-

quently increasingly abnormal esophageal acid
exposure.

Investigations have focused on three domi-
nant mechanisms of EGJ incompetence: 1)
transient LES relaxations (tLESRs), without
anatomic abnormality, 2) LES hypotension,
again without anatomic abnormality, or 3)
anatomic distortion of the EGJ inclusive of (but
not limited to) hiatus hernia. Which reflux
mechanism dominates seems to depend on
several factors including the anatomy of the
EGJ. Whereas tLESRs typically account for up to
90% of reflux events in normal subjects or
GERD patients without hiatus hernia, patients
with hiatus hernia have a more heterogeneous
mechanistic profile with reflux episodes fre-
quently occurring in the context of low LES
pressure, straining, and swallow-associated LES
relaxation.”® These observations support the
hypothesis that the functional integrity of the
EG]J is dependent on both the intrinsic LES and
extrinsic sphincteric function of the diaphrag-
matic hiatus. In essence, gastroesophageal reflux
requires a “two hit phenomenon” to the EGJ.
Patients with a normal EGJ require inhibition of
both the intrinsic LES and extrinsic crural
diaphragm for reflux to occur: physiologically
this occurs only in the setting of a tLESR. In
contrast, patients with hiatal hernia may exhibit
preexisting compromise of the hiatal sphincter.
In that setting reflux can occur with only relax-
ation of the intrinsic LES, as may occur during
periods of LES hypotension or even deglutitive
relaxation.

Transient LES Relaxations

Compelling evidence exists that tLESRs are the
most frequent mechanism for reflux during
periods of normal LES pressure (>10mmHg).
Transient LES relaxations occur independently of
swallowing, are not accompanied by peristalsis,
are accompanied by diaphragmatic inhibition,
and persist for longer periods than do swallow-
induced LES relaxations (>10 seconds).”*? Of
note,prolonged manometric recordings have not
consistently demonstrated an increased fre-
quency of tLESRs in GERD patients compared
withnormal controls.” However,the frequency of
acid reflux (as opposed to gas reflux) during
tLESRs has been consistently reported to be
greater in GERD patients.”*



Recognizing the importance of tLESRs in
promoting reflux, investigators have attempted
to define this reflex using physiological and
pharmacological manipulations. The dominant
stimulus for tLESRs is distension of the proxi-
mal stomach, not surprising given that tLESR
is the physiological mechanism for belching.”
Transient LES relaxation can be experimentally
elicited by either gaseous distension of the
stomach or distension of the proximal stomach
with a barostat bag. Furthermore, the degree to
which tLESR frequency is augmented by gastric
distension is directly related to the size of hiatus
hernia, suggesting that the associated anatomi-
cal alteration affects the function of the afferent
mechanoreceptors responsible for eliciting
this reflex.’® The most likely candidate for the
afferent receptor is the intraganglionic lamellar
ending, or IGLE.” Intraganglionic lamellar
endings are found at the receptor end of vagal
afferents innervating the gastric cardia and can
be shown physiologically to fire in direct pro-
portion to applied tension.”® The frequency of
tLESRs is also increased by assuming an upright
posture.”’ The vagal afferent mechanorecep-
tors in the gastric cardia then project to the
nucleus tractus solitarii in the brainstem and
subsequently to the dorsal motor nuclei of the
vagus. Finally, dorsal motor nucleus neurons
project to inhibitory neurons localized within
the myenteric plexus of the distal esophagus.
Furthermore, tLESR is an integrated motor
response involving not only LES relaxation, but
also crural diaphragmatic inhibition and con-
traction of the costal diaphragm.’* The tLESR
reflex is abolished by vagotomy.”” Recently,
animal and human experiments have demon-
strated that tLESRs can be inhibited by gamma
aminobutyric acid receptor type B agonists
(such as baclofen), suggesting a potential new
approach to the treatment of GERD.*™*

LES (Intrinsic Sphincter)
Hypotension

Gastroesophageal reflux disease can occur in
the context of diminished LES pressure either by
strain-induced or free reflux. Strain-induced
reflux occurs when a hypotensive LES is over-
come and “blown open” in association with an
abrupt increase of intraabdominal pressure.”
Manometric data suggest that this rarely occurs
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when the LES pressure is >10mmHg*** (Figure
1.3). It is also a rare occurrence in patients
without hiatus hernia.” Free reflux is character-
ized by a decrease in intraesophageal pH
without an identifiable change in either intra-
gastric pressure or LES pressure. Episodes of
free reflux are observed only when the LES
pressure is within 0-4mmHg of intragastric
pressure. A wide-open or patulous hiatus will
predispose to this free reflux as both the intrin-
sic and extrinsic sphincter are compromised.

A puzzling clinical observation, and one that
supports the importance of tLESRs, is that only
a minority of patients with GERD have a fasting
LES pressure value of <10mmHg.”” This obser-
vation can also be reconciled when one consid-
ers the dynamic nature of LES pressure. The
isolated fasting measurement of LES pressure is
probably useful only for identifying patients
with a grossly hypotensive sphincter; individu-
als constantly susceptible to stress and free
reflux. However, there is probably a larger pop-
ulation of patients susceptible to strain-induced
or free reflux when their LES pressure periodi-
cally decreases as a result of specific foods,
drugs, or habits (Table 1.1).

20
LES Pressure (mmHg) 25

Figure 1.3. Model of the relationship between the LES pressure,
size of hernia, and the susceptibility to gastroesophageal reflux
induced by provocative straining maneuvers as reflected by the
reflux score on the z axis. The overall equation of the model is:
reflux score = 22.64 + 12.05 (hernia size) — 0.83 (LES pressure)
— 0.65 (LES pressure x hernia size). The hernia size is in cen-
timeters, and the LES pressure is in millimeters of mercury. The
multiple correlation coefficient of this equation for the 50-
subject data set was 0.86 (R? = .75). Thus, the susceptibility to
stress reflux is dependent on the interaction of the instanta-
neous value of LES pressure and the size of the hiatus hernia.
(Reprinted with permission from Sloan et al.*)
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The Diaphragmatic Sphincter and
Hiatus Hernia

Physiological studies by Mittal et al.*® have
clearly demonstrated that the augmentation of
EGJ pressure observed during a multitude of
activities associated with transient increases
in intraabdominal pressure is attributable to
contraction of the crural diaphragm. With
hiatus hernia, crural diaphragm function is
potentially compromised both by its axial dis-
placement® and potentially by atrophy conse-
quent from dilatation of the hiatus.* The impact
of hiatus hernia on reflux elicited by straining
maneuvers was demonstrated in studies in
normal volunteers compared to GERD patients
with and without hiatus hernia.*’ Of several
physiological and anatomical variables tested,
the size of hiatus hernia was shown to have
the highest correlation with the susceptibility
to strain-induced reflux. The implication of
this observation is that patients with hiatus
hernia exhibit progressive impairment of the
diaphragmatic component of EG] function
proportional to the extent of axial herniation.”

Another effect that hiatus hernia exerts on
the anti-reflux barrier is to diminish the intra-
luminal pressure within the EGJ. Relevant
animal experiments revealed that simulating
the effect of hiatus hernia by severing the phre-
noesophageal ligament reduced the LES pres-
sure and that the subsequent repair of the
ligament restored the LES pressure to levels
similar to baseline.” Similarly, manometric
studies in humans using a topographic repre-
sentation of the EGJ high-pressure zone of
hiatus hernia patients revealed distinct intrinsic
sphincter and hiatal canal pressure components,
each of which was of lower magnitude than the
EG]J pressure of a comparator group of normal
controls.” However, simulating reduction of the
hernia by repositioning the intrinsic sphincter
back within the hiatal canal and arithmetically
summing superimposed pressures resulted in
calculated EGJ pressures that were practically
indistinguishable from those of the control sub-
jects. Along with previous investigations, these
data also demonstrated that hiatus hernia
reduced the length of the EGJ high-pressure
zone.” This is likely the result of disruption of
the EGJ segment distal to the SCJ attributable to
the opposing sling and clasp fibers of the gastric
cardia.” It is also the likely explanation for the

clinical correlation established in a multitude of
surgical publications that EG] competence is
inversely related to manometrically defined EG]
length.”

Gastroesophageal Flap Valve

In addition to the two sphincters described
above, another mechanism of barrier function
at the EGJ lies in the positioning of the distal
esophagus in the intraabdominal cavity. A flap
valve is formed by a musculomucosal fold
created by the entry of the esophagus into the
stomach along the lesser curvature. Increased
intraabdominal or intragastric pressure can
decrease the angle of His and compress the
subdiaphragmatic portion of the esophagus,
thereby preventing reflux during periods of
abdominal straining. Although the clinical
relevance of this concept has been controversial,
several studies have helped bolster its validity.
Hill et al.* demonstrated the presence of a
gastroesophageal pressure gradient in cadavers
without a hiatal hernia. They also showed that
the ability of the EGJ in cadavers to resist reflux
in the face of increased intraabdominal pressure
could be increased by surgically accentuating
the length of the flap valve. Hill et al. then went
on to define a grading scheme based on endo-
scopic inspection of the gastroesophageal flap
valve (Figure 1.1). Two endoscopic studies have
reported that this grading scheme correlated
with the severity of reflux disease.’*** Most
recently, an investigation using wireless pH
monitoring found a strong correlation between
the degree to which individuals are susceptible
to exercise-induced reflux and flap valve grade.”
No such correlation existed with LES pressure.
Because exercise-induced reflux is presumably
strain induced, this supports the importance of
the flap valve as a defensive mechanism.

Mechanical Properties
of the Relaxed EGJ

For reflux to occur in the setting of a relaxed or
hypotensive sphincter, it is necessary for the
relaxed sphincter to open. Recent physiological
studies exploring the role of compliance in
GERD reported that GERD patients without and
particularly with hiatus hernia had increased
compliance at the EGJ compared with normal



subjects® and patients with fundoplication.”
These experiments utilized a combination of
barostat-controlled distention, manometry, and
fluoroscopy to directly measure the compliance
of the EG]J. Several parameters of EGJ compli-
ance were shown to be increased in hiatus
hernia patients with GERD: 1) the EGJ opened
at lower distention pressure, 2) the relaxed EG]
opened at distention pressures that were at or
near resting intragastric pressure, and 3) for a
given distention pressure the EGJ opened about
0.5cm wider. Still significant, but lesser compli-
ance related changes were demonstrated in the
non-hernia GERD patients (Figure 1.4). These
alterations of EGJ mechanics are likely second-
ary to a disrupted, distensible crural aperture
and may be the root causes of the physiological
aberrations associated with GERD.

Increased EGJ compliance may help explain
why patients with hiatus hernia have a distinct
mechanistic reflux profile compared with
patients without hiatus hernia.”” Anatomical
alterations, such as hiatal hernia, dilatation of
the diaphragmatic hiatus, and disruption of the
gastroesophageal flap valve may alter the elastic
characteristics of the hiatus such that this factor
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is no longer protective in preventing gastroe-
sophageal reflux. In that setting, reflux no longer
requires “two hits” to the EGJ because the
extrinsic sphincteric mechanism is chronically
disrupted. Thus, the only prerequisite for reflux
becomes LES relaxation, be that in the setting of
swallow-induced relaxation, tLESR, or a period
of prolonged LES hypotension.

Increased compliance may also help explain
why GERD patients may be more likely to
sustain acid reflux in association with tLESRs
compared with asymptomatic subjects. In an
experiment that sought to quantify this differ-
ence, normal subjects exhibited acid reflux with
40-50% of tLESRs compared with 60-70% in
patients with GERD.” This difference may be
the result of increased EG] compliance and its
effect on trans-EGJ flow.

Trans-EGJ flow = (AP x R*)/(C X L X ).

In the above flow equation, flow is directly
proportional to EG] diameter to the fourth
power and inversely proportional to the length
of the narrowed segment and the viscosity of
the gas or liquid traversing the segment. Should
tLESRs occur in the context of an EGJ with

150
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EGJ Cross-sectional
Area/ LES Pressure
at Hiatus (mm2)
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Intrabag pressure relative to intragastric pressure (mmHg)

Figure 1.4. Esophagogastric junction cross-sectional area as a function of distention pressure. Cross-sectional area at intrabag pres-
sures >0 mm Hg was significantly increased in the non-hiatus hernia (NHH) GERD patients compared with normal subjects (P <.0001)
and in the hiatus hernia (HH) patients compared with the NHH patients (P < .005). At pressures <0 mm Hg, the EGJ cross-sectional
area of HH GERD patients was significantly greater than both the NHH GERD patients and normals (P < .05). At pressures <0 mmHg,
there was no significant difference between NHH GERD patients and normals. Thus, NHH GERD patients exhibited similar distensile
properties to HH patients at pressures greater than intragastric pressure and similar to normal subjects at pressures less than or equal
to intragastric pressure. (Reprinted from Pandolfino et al.,*® Copyright 2003, with permission from the American Gastroenterological

Association.)
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Figure 1.5. Simulated flow rates of water and air across the EGJ using a hydrostat or barostat and short lengths (1cm) of
polyurethane tubing.The diameter of the tubing used to model each group simulates cross-sectional area observed with distention
pressures of 4mmHg in the three study groups (normal, GERD without hiatus hernia, GERD with hiatus hernia). Given that 57 mL/s
was the greatest flow rate attainable with the barostat, higher air flow rates were extrapolated from liquid flow rates using a liquid/air
viscosity ratio of 55: 1. At cross-sectional areas simulating normal subjects, flow of air is preserved whereas flow of liquid is minimal.
In contrast, the flow of liquid is significantly increased in both GERD groups.

increased compliance, wider opening diameters
will occur under a given set of circumstances
and trans-EGJ flow will increase. The impact of
this difference in opening diameter is evident
in the modeled data illustrating the flow rates
of gas and liquid through tubing simulating
the aperture size of normal controls and GERD
patients with and without hiatus hernia (Figure
5). Note that, because of the reduced opening
diameter, the normal EGJ acts as a mechanical
filter selectively permitting flow of gas while
limiting that of water. Patients without obvious
hiatus hernia may still have increased compli-
ance secondary to more subtle defects at the EG]
not readily evident using current radiographic
or endoscopic methods of evaluation. These
defects may be more akin to minor anatomical
variants of the EGJ such as a grade II gastroe-
sophageal flap valve or defects in the LES
musculature.

Esophageal Acid Clearance

After an acid reflux event, the duration of time
that the esophageal mucosa remains acidified to
a pH of <4 is termed the esophageal acid clear-
ance time. Acid clearance begins with peristal-

sis that empties the refluxed fluid from the
esophagus and is completed by titration of the
residual acid by swallowed saliva. This was
demonstrated in an elegant study using radiola-
beled 0.1 N hydrochloric acid.*® Aspirating saliva
from the mouth prolonged acid clearance, sug-
gesting that it was the swallowed saliva rather
than peristalsis that restored esophageal pH. It
requires approximately 7mL of saliva to neu-
tralize 1 mL of 0.1 N hydrochloric acid, with 50%
of this neutralizing capacity attributable to
bicarbonate. The typical rate of salivation is
0.5mL/min.”® Thus, in individuals with normal
esophageal emptying, maneuvers that increase
salivation such as oral lozenges or gum chewing
hasten acid clearance whereas hyposalivation
prolongs acid clearance. Of note, although sali-
vation virtually ceases during sleep,” some acid
clearance is still achieved attributable to bicar-
bonate secretion from esophageal submucosal
glands.®

Prolongation of esophageal acid clearance
among patients with esophagitis was demon-
strated along with the initial description of an
acid clearance test.”’ Subsequent investigations
have demonstrated heterogeneity within the
patient population such that about half of the
GERD patients had normal clearance values,
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whereas the other half had prolonged values.”®

Ambulatory pH monitoring studies suggest that
this heterogeneity is at least partially attributed
to hiatus hernia, because this subset of individ-
uals tended to have the most prolonged supine
acid clearance.”* Clinical data also suggest that
prolonged acid clearance correlates with both
the severity of esophagitis and the presence of
Barrett’s metaplasia.” From what we know
regarding the mechanisms of acid clearance,
the two main potential causes of prolonged
esophageal acid clearance are impaired
esophageal emptying and impaired salivary
function.

Impairments of Esophageal
Emptying

Impaired esophageal emptying in reflux disease
was inferred by the observation that symptoms
of gastroesophageal reflux improve with an
upright posture, a maneuver that allows gravity
to augment fluid emptying. Subsequently, two
mechanisms of impaired esophageal emptying
have been identified: peristaltic dysfunction and
superimposed reflux associated with nonreduc-
ing hiatus hernias. Peristaltic dysfunction in
esophagitis has been described by a number
of investigators. Of particular significance are
failed peristalsis and hypotensive peristaltic
contractions (<30mmHg) which result in
incomplete emptying.®® As esophagitis increases
in severity, so does the incidence of peristaltic
dysfunction.”” More recent investigations of
peristaltic function have labeled this “ineffective
esophageal motility,” defined by the occurrence
of >30% of hypotensive or failed contractions.”
With respect to the reversibility of peristaltic
dysfunction, recent studies show no improve-
ment after healing of esophagitis by acid inhi-
bition,” or by anti-reflux surgery.” Most likely,
the acute dysfunction associated with active
esophagitis is partially reversible but that asso-
ciated with stricturing or fibrosis is not.

Hiatus hernia also can impair esophageal
emptying. Concurrent pH recording and
scintigraphy above the EG] showed that
impaired clearance was caused by reflux of fluid
from the hernia sac during swallowing.” This
observation was subsequently confirmed radi-
ographically in an analysis of esophageal emp-
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tying in patients with reducing and nonreduc-
ing hiatus hernias.”” The efficacy of emptying
was significantly diminished in both hernia
groups when compared with normal controls.
Emptying was particularly impaired in the
nonreducing hiatus hernia patients who exhib-
ited complete emptying with only one-third of
test swallows. The patients with nonreducing
hernias were the only group that exhibited ret-
rograde flow of fluid from the hernia during
deglutitive relaxation, consistent with the scinti-
graphic studies.

Salivary Function

The final phase of esophageal acid clearance
depends on salivation. Just as impaired
esophageal emptying prolongs acid clearance,
diminished salivary neutralizing capacity has
the same effect. Diminished salivation during
sleep, for instance, explains why reflux events
during sleep or immediately before sleep are
associated with markedly prolonged acid
clearance times. Similarly, chronic xerostomia
is associated with prolonged esophageal acid
exposure and esophagitis.”* However, no sys-
tematic difference has been found in the
salivary function of GERD patients compared
with controls. One group of subjects shown to
have prolonged esophageal acid clearance times
attributable to hyposalivation is cigarette
smokers. Even those without symptoms of
reflux disease exhibited acid clearance times
50% longer than those of nonsmokers and the
salivary titratable base content was only 60% of
the age-matched nonsmokers.”

In addition to bicarbonate, saliva contains
growth factors that have the potential to
enhance mucosal repair. Epidermal growth
factor (EGF), produced in submaxillary ductal
cells and duodenal Brunner’s glands, has been
extensively studied.”” In animal models, EGF has
been shown to provide cytoprotection against
irritants, enhance the healing of gastroduodenal
ulceration, and decrease the permeability of
the esophageal mucosa to hydrogen ions.”*”
However, studies have not shown consistent
differences in EGF concentration in esophagitis
or Barrett’s metaplasia patients,””* making it
impossible to implicate perturbations of
growth factor secretion in the pathogenesis of
GERD.
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Summary

Gastroesophageal reflux disease is likely the
most prevalent condition afflicting the gas-
trointestinal tract in the United States with
typical estimates finding 14-20% of the adult
population afflicted on at least a weekly basis.
The most clearly subset of GERD patients have
esophagitis wherein excessive exposure of the
esophageal epithelium to gastric acid and
pepsin results in erosions, ulcers, and potential
complications of these. However, most afflicted
individuals will not have endoscopic evidence
of esophagitis. Paradoxically, as esophagitis
has become less of a problem, at least in part
because of more effective treatments, the issue
of symptom control has become a more sub-
stantial one.

From a pathophysiological viewpoint, GERD
results from the excessive reflux of gastric con-
tents into the distal esophagus. Under normal
conditions, this is prevented as a function of the
anti-reflux barrier at the EGJ, the integrity of
which is dependent on the delicate interplay of
a host of anatomical and physiological factors
including the integrity of the LES, tLESRs, and
anatomical degradation of the EGJ inclusive of,
but not limited to, hiatus hernia. In fact, consid-
erable investigative focus is now aimed at
describing the subtle aberrations of the EG]J that
may contribute to the root causes of GERD. The
net result is of an increased number of reflux
events, an increasing diversity of potential
mechanisms of reflux, and a diminished ability
of the stomach to selectively vent gas as opposed
to gas and gastric juice during tLESRs.

Once reflux has occurred, the duration of
resultant esophageal acid exposure is deter-
mined by the effectiveness of esophageal acid
clearance, the dominant determinants of which
are peristalsis, salivation, and, again, the
anatomical integrity of the EGJ. About half of
GERD patients have abnormal acid clearance
and the major contributor to this is hiatus
hernia. Abnormalities of acid clearance are
probably the major determinant of which GERD
patients are most prone to developing esophagi-
tis as opposed to symptomatic GERD.

In summary, GERD is a multifactorial process
involving both physiological and anatomical
abnormalities. These abnormalities exhibit a
complicated interplay that degrades the ability

of the EGJ to contain gastric juice within the
stomach and to effectively clear the esophagus
of gastric juice once reflux has occurred.

Acknowledgment. This work was supported
by grants RO1 DC00646 (PJ.K.) and K23
DK062170-01 (J.E.P.) from the Public Health
Service.

References

1. Nebel OT, Fornes MF, Castell DO. Symptomatic gastroe-
sophageal reflux: incidence and precipitating factors.
Am ] Dig Dis 1976;21:953-956.

2. Gallup Organization. Gallup survey on heartburn across
America, 1988.

3. Locke GR 3rd, Talley NJ, Fett SL, Zinmeister AR,
Melton LJ 3rd. Prevalence and clinical spectrum of gas-
troesophageal reflux: a population-based study in
Olmsted County, Minnesota. Gastroenterology 1997;
112:1448-1456.

4. El-Serag HB, Petersen NJ, Carter J, et al. Gastroe-
sophageal reflux among different racial groups in the
United States. Gastroenterology 2004;126:1692-1699.

5. DeMeester TR, Wang CI, Wernly JA, et al. Technique,
indications, and clinical use of 24 hour esophageal pH
monitoring. ] Thorac Cardiovasc Surg 1980;79:656-670.

6. Johnsson E Joelsson B, Gudmundsson K, Greiff L.
Symptoms and endoscopic findings in the diagnosis of
gastroesophageal reflux disease. Scand ] Gastroenterol
1987;22:714-718.

7. Wienbeck M, Barnert J. Epidemiology of reflux disease
and reflux esophagitis. Scand ] Gastroenterol Suppl 1989;
156:7-13.

8. Cameron AJ, Zinsmeister AR, Ballard DJ, Carney JA.
Prevalence of columnar-lined (Barrett’s) esophagus:
comparison of population-based clinical and autopsy
findings. Gastroenterology 1990;99:918-922.

9. Bainbridge ET, Temple JG, Nicholas SP, Newton JR,
Boriah V. Symptomatic gastro-oesophageal reflux in
pregnancy: a comparative study of white Europeans and
Asians in Birmingham. Br J Clin Pract 1983;37:53-57.

10. Sonnenberg A, El-Serag HB. Clinical epidemiology and
natural history of gastroesophageal reflux disease. Yale
] Biol Med 1999;72:81-92.

11. El-Serag HB, Sonnenberg A. Opposing time trends of
peptic ulcer and reflux disease. Gut 1998;43:327-333.

12. El-Serag HB, Sonnenberg A, Jamal MM, Inadomi JM,
Crooks LA, Feddersen RM. Corpus gastritis is protective
against reflux oesophagitis. Gut 1999;45:181-185.

13. Graham DY. The changing epidemiology of GERD:
geography and Helicobacter pylori. Am J Gastroenterol
2003;98:1462-1470.

14. Abe Y, Ohara S, Koike T, et al. The prevalence of Heli-
cobacter pylori infection and the status of gastric acid
secretion in patients with Barrett’s esophagus in Japan.
Am ] Gastroenterol 2004;99:1213-1221.

15. Pandolfino JE, Howden CW, Kahrilas PJ. H. pylori
and GERD: is less more? Am ] Gastroenterol 2004;99:
1222-1225.



12

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

Dent J, Dodds W], Friedman RH, et al. Mechanism of
gastroesophageal reflux in recumbent asymptomatic
human subjects. J Clin Invest 1980;65:256-267.

Goyal RK, Rattan S. Genesis of basal sphincter pressure:
effect of tetrodotoxin on lower esophageal sphincter
pressure in opossum in vivo. Gastroenterology 1976;71:
62-67.

Goyal RK, Rattan S. Nature of the vagal inhibitory inner-
vation to the lower esophageal sphincter. J Clin Invest
1975;55:1119-1126.

Yamato S, Saha JK, Goyal RK. Role of nitric oxide in
lower esophageal sphincter relaxation to swallowing.
Life Sci 1992;50:1263-1272.

Richards WG, Sugarbaker DJ. Neuronal control of
esophageal function. Chest Surg Clin N Am 1995;5:
157-171.

Kahrilas PJ. Anatomy and physiology of the gastroe-
sophageal junction. Gastroenterol Clin North Am 1997;
26:467-486.

Liebermann-Meffert D, Allgower M, Schmid P, Blum AL.
Muscular equivalent of the lower esophageal sphincter.
Gastroenterology 1979;76:31-38.

Thor KB, Hill LD, Mercer DD, Kozarek RD. Reappraisal
of the flap valve mechanism in the gastroesophageal
junction: a study of a new valvuloplasty procedure in
cadavers. Acta Chir Scand 1987;153:25-28.

Hill LD, Kozarek RA, Kraemer S, et al. The gastroe-
sophageal flap valve: in vitro and in vivo observations.
Gastrointest Endosc 1996;44:541-547.

Mittal VK, Telmos AJ, Cortez JA. Surgical techniques
for gastroesophagostomy with the EEA stapler. Int Surg
1985;70:29-32.

De Troyer A, Sampson M, Sigrist S, Macklem PT. Action
of costal and crural parts of the diaphragm on the rib
cage in dog. ] Appl Physiol 1982;53:30-39.

Altschuler SM, Boyle JT, Nixon TE, Pack AI, Cohen S.
Simultaneous reflex inhibition of lower esophageal
sphincter and crural diaphragm in cats. Am ] Physiol
1985;249:G586-G591.

Mittal RK, Fisher M, McCallum RW, Rochester DF, Dent
], Sluss J. Human lower esophageal sphincter pressure
response to increased intra-abdominal pressure. Am J
Physiol 1990;258:G624-G630.

Klein WA, Parkman HP, Dempsey DT, Fisher RS.
Sphincterlike thoracoabdominal high pressure zone
after esophagogastrectomy. Gastroenterology 1993;105:
1362-1369.

van Herwaarden MA, Samsom M, Smout AJ. Excess gas-
troesophageal reflux in patients with hiatus hernia is
caused by mechanisms other than transient LES relax-
ations. Gastroenterology 2000;119:1439-1446.

Holloway RH, Penagini R, Ireland AC. Criteria for objec-
tive definition of transient lower esophageal sphincter
relaxation. Am J Physiol 1995;268:G128-G133.

Mittal RK, Holloway RH, Penagini R, Blackshaw LA,
Dent J. Transient lower esophageal sphincter relaxation.
Gastroenterology 1995;109:601-610.

Sifrim D, Holloway R. Transient lower esophageal
sphincter relaxations: how many or how harmful? Am J
Gastroenterol 2001;96:2529-2532.

Sifrim D, Holloway R, Silny J, et al. Acid, nonacid, and
gas reflux in patients with gastroesophageal reflux dis-
ease during ambulatory 24-hour pH-impedance record-
ings. Gastroenterology 2001;120:1588-1598.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

MANAGING FAILED ANTI-REFLUX THERAPY

. Wyman JB, Dent J, Heddle R, Dodds W], Toouli J,

Downton J. Control of belching by the lower
oesophageal sphincter. Gut 1990;31:639-646.

Kahrilas PJ, Shi G, Manka M, Joehl R]. Increased fre-
quency of transient lower esophageal sphincter relax-
ation induced by gastric distention in reflux patients
with hiatal hernia. Gastroenterology 2000;118:688-695.
Zagorodnyuk VP, Chen BN, Brookes SJ. Intraganglionic
laminar endings are mechano-transduction sites of
vagal tension receptors in the guinea-pig stomach. J
Physiol 2001;534:255-268.

Zagorodnyuk VP, Chen BN, Costa M, Brookes SJ.
Mechanotransduction by intraganglionic laminar
endings of vagal tension receptors in the guinea-pig
oesophagus. ] Physiol 2003;553:575-587.

Martin CJ, Patrikios J, Dent J. Abolition of gas reflux and
transient lower esophageal sphincter relaxation by vagal
blockade in the dog. Gastroenterology 1986;91:890-896.
Martin CJ, Dodds WJ, Liem HH, Dantas RO, Layman RD,
Dent J. Diaphragmatic contribution to gastroesophageal
competence and reflux in dogs. Am ] Physiol 1992;263:
G551-G557.

Lehmann A, Antonsson M, Bremner-Danielsen M,
Flardh M, Hansson-Branden L, Karrberg L. Activation
of the GABA(B) receptor inhibits transient lower
esophageal sphincter relaxations in dogs. Gastroen-
terology 1999;117:1147-1154.

Lidums I, Lehmann A, Checklin H, Dent ], Holloway RH.
Control of transient lower esophageal sphincter relax-
ations and reflux by the GABA(B) agonist baclofen in
normal subjects. Gastroenterology 2000;118:7-13.

van Herwaarden MA, Samsom M, Rydholm H, Smout AJ.
The effect of baclofen on gastro-oesophageal reflux,
lower oesophageal sphincter function and reflux symp-
toms in patients with reflux disease. Aliment Pharmacol
Ther 2002;16:1655-1662.

Koek GH, Sifrim D, Lerut T, Janssens J, Tack J. Effect of
the GABA(B) agonist baclofen in patients with symp-
toms and duodeno-gastro-oesophageal reflux refractory
to proton pump inhibitors. Gut 2003;52:1397-1402.
Sloan S, Rademaker AW, Kahrilas PJ. Determinants of
gastroesophageal junction incompetence: hiatal hernia,
lower esophageal sphincter, or both? Ann Intern Med
1992;117:977-982.

Dent J, Dodds W], Hogan W], Toouli ]. Factors that
influence induction of gastroesophageal reflux in
normal human subjects. Dig Dis Sci 1988;33:270-275.
Kahrilas PJ, Dodds WJ, Hogan W], Kern M, Arndorfer
RC, Reece A. Esophageal peristaltic dysfunction in
peptic esophagitis. Gastroenterology 1986;91:897-904.
Mittal RK, Rochester DF, McCallum RW. Effect of
the diaphragmatic contraction on lower oesophageal
sphincter pressure in man. Gut 1987;28:1564-1568.
Kahrilas PJ, Lin S, Chen J, Manka M. The effect of hiatus
hernia on gastro-oesophageal junction pressure. Gut
1999;44:476-482.

Marchand P. The surgery for hiatus hernia: is vagotomy
rational? S Afr Med ] 1970;44:35-39.

Michelson E, Siegel C. The role of the phrenico-
esophageal ligament in the lower esophageal sphincter.
Surg Gynecol Obstet 1964;118:1291-1294.

Kahrilas PJ, Lin S, Manka M, Shi G, Joehl R]. Esopha-
gogastric junction pressure topography after fundopli-
cation. Surgery 2000;127:200-208.



13

GERD EPIDEMIOLOGY AND PATHOPHYSIOLOGY

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Stein HJ, DeMeester TR, Naspetti R, Jamieson J, Perry
RE. Three-dimensional imaging of the lower esophageal
sphincter in gastroesophageal reflux disease. Ann Surg
1991;214:374-383; discussion 383-384.

Contractor QQ, Akhtar SS, Contractor TQ. Endoscopic
esophagitis and gastroesophageal flap valve. J Clin
Gastroenterol 1999;28:233-237.

Pandolfino JE, Bianchi L, Lee TJ, Hirano I, Kahrilas PJ.
Esophagogastric junction morphology predicts suscep-
tibility to exercise-induced reflux. Am J Gastroenterol
2004;99:1430-1436.

Pandolfino JE, Shi G, Trueworthy B, Kahrilas PJ.
Esophagogastric junction opening during relaxation
distinguishes nonhernia reflux patients, hernia patients,
and normal subjects. Gastroenterology 2003;125:
1018-1024.

Curry J, Shi G, Pandolfino JE, Joehl R]J, Brasseur ]G,
Kahrilas PJ. Mechanical characteristics of the EGJ after
fundoplication compared to normal subjects and GERD
patients. Gastroenterology 2001;120:A112.

Helm JF Role of saliva in esophageal function and
disease. Dysphagia 1989;4:76-84.

Schneyer LH, Pigman W, Hanahan L, Gilmore RW. Rate
of flow of human parotid, sublingual, and submaxillary
secretions during sleep. ] Dent Res 1956;35:109-114.
Singh S, Bradley LA, Richter JE. Determinants of
oesophageal “alkaline” pH environment in controls and
patients with gastro-oesophageal reflux disease. Gut
1993;34:309-316.

Borchardt PJ. Employee productivity and gastroe-
sophageal reflux disease: the payer’s viewpoint. Am J
Gastroenterol 2001;96:562-S63.

Stanciu C, Bennett JR. Oesophageal acid clearing: one
factor in the production of reflux oesophagitis. Gut
1974;15:852-857.

Dodds W], Kahrilas PJ, Dent J, et al. Analysis of sponta-
neous gastroesophageal reflux and esophageal acid
clearance in patients with reflux esophagitis. ] Gas-
trointest Motil 1990;2:79.

Johnson LE. Twenty-four-hour pH monitoring in the
study of gastroesophageal reflux. ] Clin Gastroenterol
1980;2:387-399.

Gillen P, Keeling P, Byrne PJ, Hennessy TP. Barrett’s
oesophagus: pH profile. Br ] Surg 1987;74:774-776.
Karvelis KC, Drane WE, Johnson DA, Silverman ED.
Barrett esophagus: decreased esophageal clearance
shown by radionuclide esophageal scintigraphy. Radiol-
ogy 1987;162:97-99.

Singh P, Adamopoulos A, Taylor RH, Colin-Jones DG.
Oesophageal motor function before and after healing of
oesophagitis. Gut 1992;33:1590-1596.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Kahrilas PJ, Dodds WJ, Hogan W]J. Effect of peristaltic
dysfunction on esophageal volume clearance. Gastroen-
terology 1988;94:73-80.

Leite LP, Johnston BT, Barrett J, Castell JA, Castell DO.
Ineffective esophageal motility (IEM): the primary
finding in patients with nonspecific esophageal motility
disorder. Dig Dis Sci 1997;42:1859-1865.

Timmer R, Breumelhof R, Nadorp JH, Smout AJ.
Oesophageal motility and gastro-oesophageal reflux
before and after healing of reflux oesophagitis: a study
using 24 hour ambulatory pH and pressure monitoring.
Gut 1994;35:1519-1522.

Rydberg L, Ruth M, Lundell L. Does oesophageal motor
function improve with time after successful anti-reflux
surgery? Results of a prospective, randomised clinical
study. Gut 1997;41:82-86.

Mittal RK, Lange RC, McCallum RW. Identification and
mechanism of delayed esophageal acid clearance in
subjects with hiatus hernia. Gastroenterology
1987;92:130-135.

Sloan S, Kahrilas PJ. Impairment of esophageal
emptying with hiatal hernia. Gastroenterology 1991;100:
596-605.

Korsten MA, Rosman AS, Fishbein S, Shlein RD, Gold-
berg HE, Biener A. Chronic xerostomia increases
esophageal acid exposure and is associated with
esophageal injury. Am ] Med 1991;90:701-706.

Kahrilas PJ, Gupta RR. The effect of cigarette smoking
on salivation and esophageal acid clearance. ] Lab Clin
Med 1989;114:431-438.

Konturek JW, Bielanski W, Konturek SJ, Bogdal J, Oleksy
J. Distribution and release of epidermal growth factor in
man. Gut 1989;30:1194-1200.

Skoner DP. Growth effects of asthma and asthma
therapy. Curr Opin Pulm Med 2002;8:45-49.

Sarosiek ], Feng T, McCallum RW. The interrelationship
between salivary epidermal growth factor and the func-
tional integrity of the esophageal mucosal barrier in the
rat. Am ] Med Sci 1991;302:359-363.

Maccini DM, Veit BC. Salivary epidermal growth factor
in patients with and without acid peptic disease. Am
] Gastroenterol 1990;85:1102-1104.

Rourk RM, Namiot Z, Sarosiek J, Yu Z, McCallum RW.
Impairment of salivary epidermal growth factor secre-
tory response to esophageal mechanical and chemical
stimulation in patients with reflux esophagitis. Am J
Gastroenterol 1994;89:237-244.

Pandolfino JE, Kahrilas PJ. Esophagel motility abnor-
malities in barrett’s esophagus. In: Sharma P, Sampliner
RE, eds. Barrett’s Esophagus and Esophageal Adenocar-
cinoma. Malden, MA: Blackwell Science; 2001:35-44.



2

History of Medical and Surgical Anti-Reflux Therapy

Mark K. Ferguson

Humans have no doubt suffered from the symp-
toms and complications of gastroesophageal
reflux disease (GERD) for millennia. However,
recognition of a relationship between acid-
pepsin and foregut disorders is relatively recent.
The powerful digestive and corrosive capability
of gastric juices in humans was first extensively
described in 1833 by Beaumont' as a result of
experiments performed on Alexis St. Martin.
That reflux of these juices into the esophagus
could cause symptoms and result in tissue
injury was suspected as early as 1839 by Albers,
who, as reported by Tileston,” described a peptic
ulcer of the esophagus that was similar to a
peptic ulcer of the stomach. Periodic reports of
peptic esophageal ulcer subsequently appeared,
although the existence of this phenomenon was
still in doubt in the second half of the 19th
century. Quincke’s’ report of three well-docu-
mented cases of peptic esophageal ulceration in
1879 put all doubt to rest. Tileston* summarized
reports of 40 cases of peptic esophageal ulcera-
tion extant in the literature before 1906.

One complication of peptic ulceration,
esophageal stricture, was described as early as
the 15th century, and dilation for stricture was
reported in the early 19th century. Endoscopy
was in its infancy in the second half of the 19th
century, precluding any useful direct viewing of
the type or level of a stricture. The determina-
tion of the site of a stricture was based on either
auscultation as fluid was swallowed, listening
for a gurgling or trickling noise at the point
of obstruction, or by the passage of bougies.*

Possible causes of obstructions included caustic
ingestion, malignancy, webs, and, in retrospect,
peptic esophagitis, although the latter etiology
was rarely, if ever, suspected. In the absence of
an antecedent event such as caustic ingestion,
the premortem diagnosis of the etiology of
esophageal obstruction was rare. By the time a
patient expired from obstructive effects of a
peptic stricture, the process was so advanced
that detection of a relationship between stric-
ture formation and peptic-acid injury was
impossible.

The development of upper gastrointestinal
endoscopy led to the premortem diagnosis of
esophagitis and esophageal ulceration with
some frequency. In 1929 Jackson® described 88
cases of acute or healed esophageal ulceration
identified among 4000 patients with esophageal
symptoms. He correctly ascribed the pain of
peptic esophageal ulcer to the effects of gastric
juices bathing the ulcerated area, and dis-
counted the prevalent notion that peristalsis
was the source of esophageal pain.’ Although
Jackson suggested that some of these ulcers
may have been caused by gastric reflux, that
claim was made strongly in the mid-1930s by
Lyall,’ who described superficial esophagitis
in the presence of reflux and deep esophageal
ulcers associated with heterotopic mucosa,
now known as Barrett’s ulcers. More than 100
years after the initial description of peptic
esophageal ulceration, the destructive effects
of acid-pepsin on the esophagus were clearly
documented.”

15
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Anatomic problems were not generally rec-
ognized in the 19th century as being associated
with GERD. In a review of case reports of 88
diaphragmatic hernias published before 1847,
Bowditch® identified esophageal hiatal hernias
as being among the most common. However, all
hernias within this subgroup likely were large
paraesophageal hernias that had either strangu-
lated or perforated, and none was documented
as being associated with symptoms of gastroe-
sophageal reflux.® At the beginning of the 20th
century, only a few of the hundreds of diaphrag-
matic hernias that had been reported in the
literature had been diagnosed premortem.’
The discovery of X-rays in 1895 led to the rapid
development of their use as a diagnostic tool,
and by 1908 contrast radiography was a reliable
technique for the diagnosis of hiatal hernia."
However, the anatomic deformity and obstruc-
tive complications, not symptoms of heartburn,
were the primary indication for hiatal hernia
repair in the first half of the 20th century.'™"

Chronic peptic ulcer of the esophagus was
first related to hiatal hernia in the early 1940s
and only dietary therapy was recommended."
The pathophysiologic mechanism of an ineffec-
tive anti-reflux mechanism resulting from hiatal
hernia was suggested by Allison'>'* in 1948, who
noted improvement after surgical correction of
the hernia in seven patients. The relationship
between hiatal hernia-associated dysfunction
of the esophagogastric junction and symptoms
of heartburn was then conclusively made by
Allison" in 1951 when he described the syn-
drome of heartburn, gastric flatulence, and pos-
tural regurgitation, and attributed it to reflux
esophagitis. The understanding of this relation-
ship ushered in the era of physiologic therapy
for GERD.

Early Nonsurgical Therapy

Early therapy for esophageal disorders included
the usual compendium of useless and occasion-
ally life-threatening techniques used for a host
of different ailments, including emetics, vene-
section, leeches, cathartics, enemas, opiates,
electrolysis, and immersion in a cold bath.
Section of constricting diaphragm muscle was
proposed by Bowditch® for treatment of
diaphragmatic hernia, but no surgeon was
recorded as being sufficiently adventuresome to
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undertake such an operation for almost half a
century. Similarly, surgery for esophageal stric-
ture or perforated esophageal ulcer was not suc-
cessfully undertaken until well into the 20th
century. In the absence of reliable anesthetic
techniques and the ability to artificially ventilate
patients, thoracic operations were nearly always
doomed to failure. As a result, conservative
management, such as esophageal dilation, grew
increasingly popular in the 19th century.

Esophageal Dilation

During the early 19th century, dilation therapy
for esophageal obstruction was performed by
a variety of physicians including urologists,
who expanded their practice of dilating urethral
strictures to encompass the esophagus. Early
dilators included a swallowed bullet attached
to a string, bougies made from cloth and wax,
a probang (an egg-shaped ivory ball attached to
a flexible shaft made from whale baleen), and
gum elastic bougies. After some initial enthusi-
asm, caustic bougies, originally proposed in
1803 by Erasmus Darwin,' grandfather of
Charles Darwin, were rapidly abandoned
because of their propensity to cause inflamma-
tion and worsen a stricture. Although bougi-
nage often resulted in days, if not weeks, of relief
from dysphagia, the risk was high. Perforation
occurred with relative frequency, to the extent
that Trousseau'’ remarked that “sooner or later
all cases of stricture of the oesophagus die of the
bougie.”

Dissatisfaction with bougies led to the devel-
opment of mechanical devices that appeared
(and were) dangerous. Fletcher' designed an
instrument with blades at its tip that could be
deployed to lacerate an esophageal stricture
after the device had been positioned across the
stricture. Other bladed devices for internal
esophagotomy were subsequently introduced
by Maisonneuve” in 1861 and used by
Lannelongue” in 1868. This method was not
very satisfactory in opening strictures and
resulted in a high mortality rate.”>” Lerche”
developed an improved device for use during
esophagoscopy (Figure 2.1) and reported good
results in a few patients in 1910, but the tech-
nique failed to generate a following.

Dilators were continuously modified to im-
prove outcomes and lessen the risk of perfo-
ration. In 1915, Hertz** introduced a flexible



17

HISTORY OF MEDICAL AND SURGICAL ANTI-REFLUX THERAPY

Figure 2.1. This endoluminal device introduced by Lerche in 1910 was designed to be inserted through a rigid esophagoscope with
the blade in a holder in a relaxed (straightened) orientation. Pulling on the trigger flexed the blade holder, extending the blade into
the esophageal lumen to enable cutting of a short stricture. (Reprinted from Lerche, with permission from the American College

of Surgeons.)

weighted rubber bougie, the forerunner of the
Maloney dilator, which substantially reduced the
risk of perforation. Use of a swallowed thread
with a weight attached at the distal end helped
avoid errant passage of bougies when used as a
guide over which the bougie was passed™*® or
when attached to either end of a bougie and
brought out the mouth and a gastric stoma
(Figure 2.2).”*® This combination of the string-
guided technique and the tapered bougie even-
tually led to the development of guidewire-aided
techniques including the olive (Eder-Puestow)
system in the 1950s.”” These subsequently gave
way to the hollow-core polyvinyl bougie (Savary-
Gilliard and American Endoscopy) systems
that originally became popular in the 1980s.”
Because of continued concern over the risks
associated with forceful dilation of benign stric-
tures, particularly because of the shear forces
generated within the esophagus, pneumatic dila-
tors were adopted for use for treating peptic
strictures. Their theoretical advantage was the
controlled delivery of radial forces that would

reduce the risk of esophageal injury. Recent ran-
domized studies have demonstrated that both
systems have similar efficacy and are equally safe
(Figure 2.3).*"%

Esophageal Stents

Stents were first introduced in the management
of peptic esophageal stricture in France in the
mid-19th century."”* Until the late 19th century,
the only effective treatment for an obstructing
esophageal stricture was passage of a gum
elastic tube that spanned the stricture and
protruded through the mouth. The protruding
end was so uncomfortable that most patients
coughed it out or removed it to relieve the dis-
tress.” Symonds® tailored the tube by cutting
off the protruding end of the tube, retaining it
in position through use of a loop of silk passed
around the patient’s ear. This was a popular
device for maintaining luminal patency after
dilation that probably worked by inducing pres-
sure necrosis.”
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SOFT RUBEER

Figure 2.2. Early dilators, such as this string-guided bougie designed by Tucker, were guided by a string that was passed down the
mouth, through the esophageal stricture, and out a gastrostomy. The string was left in place between dilations. (Reprinted from

Tucker,® with permission from Annals Publishing Company.)

The development of endoscopy led to the
application of stent technology primarily for
malignant esophageal obstruction rather than
peptic esophageal stricture, relegating the use of
stents for benign esophageal disease to unusual
and highly selected cases. Technical develop-
ments in stenting in the early 20th century
included the use of guides and dilators, which
directly led to the introduction of the Souttar
tube in the 1920s. This spiral of silver wire was
positioned using an introducer, which consider-
ably increased the safety of stent placement.*
This so-called pulsion-type stent was subse-
quently modified to include much softer ver-
sions made from rubber or silicone. Tapered
introducers were adapted to traction-type
stents that were drawn down into regions of
obstruction through a temporary gastrotomy,
including the Mousseau-Barbin and Celestin
tubes.””* The introduction of self-expanding

Figure 2.3. Four generations of esophageal dilators. At the top
is the olive-tipped (Eder-Puestow) system and below it is a
Maloney bougie. The latter dilators were originally filled with
mercury to weight them, but now are filled with a tungsten gel.
The third and fourth dilators from the top are elements of wire-
guided systems, made of polyvinyl chloride. A pneumatic dilator
that can be used through the endoscope is pictured at the
bottom. (Reprinted from Ferguson M. Chest Surg Clin N Am
1994;4:679, copyright 1994, with permission from Elsevier.)

wire-mesh stents in the 1990s revolutionized
the use of stents in esophageal obstruction
(Figure 2.4). However, their tendency to create
inflammation and fibrosis, despite the increas-
ingly nonreactive nature of their component
materials, makes them unsuitable for long-term
use in peptic esophageal strictures except under
unusual circumstances.

Palliative Surgical Therapy

Before endoscopy and radiography were able to
delineate the cause of esophageal obstruction,
there were few surgical options for its manage-
ment, all of which were palliative. Gastrostomy
was first performed by Sedillot” in 1849 as a
means for providing nutrition. The first suc-
cessful use of gastrostomy as an access for
retrograde dilation was by von Bergmann in
1883.* Cervical esophagostomy was also used in
cases of high-grade obstruction as means for
expelling saliva but provided no other palliative
benefits. Trendelenburg devised a long exten-
sion tube for the gastrostomy tube, into which
the patient expelled masticated food directly
from his mouth and propelled the food into the
stomach by blowing into the tube.*" This idea
was subsequently modified so that a cervical
esophagostomy tube connected to the gastros-
tomy tube transmitted swallowed food directly
into the stomach via an extracorporeal route
(Figure 2.5).* This concept was embraced for

Figure 2.4. Nitinol self-expanding mesh stents are useful for
temporary palliation of benign strictures, but the resultant sur-
rounding tissue inflammation can lead to additional scarring if
the stent is left in place too long.
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Figure 2.5. This patient underwent the first successful
transthoracic esophagectomy for cancer, performed by Franz
Torek in New York City in 1913. The patient’s alimentary tract
continuity was established with an external rubber tube, and
reconstruction was never attempted. (Reprinted from Torek,"
with permission from the American College of Surgeons.)

palliation of esophageal cancer by Akiyama
and Hatano® and was subsequently introduced
for management of failed anti-reflux surgery by
Skinner and DeMeester.*

Early Surgical Therapy

The first operations performed atleast in part for
possible gastroesophageal reflux problems were
for correction of hiatal hernias, usually giant
paraesophageal hernias. Hedblom'' stated that
the first operation for a clinically diagnosed
hiatal hernia was by Naumann in 1888, but
the stomach could not be reduced into the
abdomen and the patient died. By the time of
Harrington’s' report in 1928, successful surgery
for hiatal hernia had been accomplished in

dozens of patients. The standard operation
included hernia reduction, plication of the
hernia orifice, suturing of the formerly herniated
stomach to the abdominal wall to help prevent
recurrent hernia,and paralysis of the diaphragm
by phrenic nerve injury. Large series of operated
patients were subsequently reported, although
a careful distinction among posttraumatic,
esophageal hiatal, and other diaphragmatic
hernias was not always carefully observed.”
Bypass operations for peptic esophageal
stricture were first successfully performed in
the early 1900s. Skin tubes were initially con-
structed for this purpose, but surgeons quickly
adopted jejunal interposition, colon interposi-
tion, and gastric pull-up operations to bridge
the gap between the cervical esophagus and the
abdominal gastrointestinal tract. In 1934,
Ochsner and Owens* summarized the results
of all esophageal bypass and reconstructive
operations performed until that time for both
malignant and benign obstruction. The
reconstructive conduit was located in the
antesternal or substernal plane, as reconstruc-
tion in the bed of the resected esophagus had
not been successfully accomplished at that time.
In summarizing results in 240 patients, the
authors noted several striking features: the mor-
tality of attempted reconstruction/bypass was
37%, the likelihood of completing the recon-
struction was barely >50%, and only about 40%
of patients were considered to have good func-
tional results. They recommended that such
surgery should be used only in cases of imper-
meable benign stricture. Subsequent experience
with esophagectomy and bowel interposition
yielded more favorable results, although com-
plication and mortality rates were still high.**®
These less-than-satisfactory results led to
direct approaches to peptic esophageal stric-
tures aimed at preservation of esophageal func-
tion rather than bypass or resection of the
esophagus. Such approaches were made pos-
sible by the preoperative diagnosis of a benign
stricture enabled by the development of
endoscopy, and by the development of endo-
tracheal  positive  pressure  ventilation
which permitted elective thoracic surgery.
Esophagoplasty for peptic stricture was initially
performed by opening the stricture longitudi-
nally and then closing the defect transversely,
which had the effect of widening the lumen in
the region of the stricture.*" This completely
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Figure 2.6. One method of treating a nondilatable stricture was
to perform a stricturoplasty as initially described by Thal in 1965.
The stricture was opened lengthwise, partially closed horizon-
tally, and the stomach was brought up and sewn over the
open esophageal lumen. The illustrated version used a partial-
thickness skin graft as an overlay patch on the gastric serosa to
prevent acid erosion through this susceptible tissue, which was
a frequent complication of the original version. (Reprinted with
permission from Thal.*")

destroyed the anti-reflux mechanism and
created a small iatrogenic hiatal hernia, both of
which usually dramatically worsened the
patient’s reflux problems. As an alternative tech-
nique, patch esophagoplasty was introduced as
a substitute for closing the longitudinal
esophageal defect transversely. Materials used
experimentally and clinically for the patch
included fascia, skin, dermal grafts, pedicled
intercostal muscle, pericardium, diaphragm,
and omentum.”® The introduction of the fundic
patch esophagoplasty by Thal et al.”” simplified
the operation and had the additional benefit of
reinforcing the anti-reflux mechanism with a
partial gastric wrap across the esophagogastric
junction (Figure 2.6). Results of the operation
were gratifying, with >80% of patients report-
ing good outcomes.***

Physiologic Surgical Therapy

Early recognition of the relationship between
benign stricture of the esophagus and acid-
peptic disease led to gastrectomy as a means for
controlling production of acid and pepsin.”® The
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success of this procedure initiated interest in
physiologic control of acid reflux as a means to
treat peptic stricture, but ultimately as a method
for preventing complications of acid reflux.
Other operations were devised for managing
recalcitrant peptic stricture that included
resection of the gastroesophageal junction
with primary anastomosis, antrectomy, and
Roux-en-Y reconstruction.” Modifications of
this with and without esophageal resection were
subsequently used for recurrent stricture, failed
anti-reflux surgery requiring reoperation, and
management of alkaline reflux.”**

From the late 1930s to the early 1950s, there
was a growing impression that gastroesophageal
reflux was related to a failure of the anti-reflux
mechanism. Many physicians believed that
failure of the anti-reflux mechanism was a result
of a hiatus hernia. Allison"” stated that “the
symptoms are those of oesophagitis from the
reflux of gastric contents into the oesophagus,
due to incompetence of the gastro-oesophageal
junction. The cause of the incompetence is a
sliding hernia of the stomach through the
oesophageal hiatus of the diaphragm into the
posterior mediastinum.” However, persistent
reflux after correction of hiatal hernias simply
consisting of plication of the esophageal hiatus,
such as the Allison repair, suggested that mech-
anisms other than hiatal hernia were involved in
the pathophysiology of acid reflux disease.'>*
Barrett® was among the first to point out that
reconstituting the acute angle at the esopha-
gogastric junction was an important element
in correcting reflux problems, as was exposure
of a length of esophagus to intraabdominal
pressure. Although these mechanisms otherwise
were poorly understood in the early 1950s, two
eminent surgeons soon were to permanently
alter the course of esophageal surgery.

In the 1930s surgery for cryptogenic regur-
gitation sometimes consisted of resection of
the cardia and invagination of the subsequent
esophagogastrostomy into folds of the stomach.
Good results with this operation led Nissen® in
1955 to use the technique of wrapping the
stomach around the esophagus, termed fundo-
plication, as an element of hiatal hernia repair
in two patients with severe reflux symptoms
(Figure 2.7). Favorable results of this 360-degree
wrap in >120 patients subsequently were
described in 1961, with success reported in
90-95% of patients.”” The ability to perform this
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Figure 2.7. The total (Nissen) fundoplication is a 360-degree
wrap of gastric fundus around the distal esophagus. After com-
plete distal esophageal and proximal gastric mobilization
(including division of the proximal short gastric vessels; left
panel), the crura are approximated to close the hiatus to a
normal caliber (center panel). The proximal fundus is wrapped
posteriorly around the esophagus and a portion of the fundus
is brought anterior to the esophagus.The two edges are sutured
together to create the fundoplication over a large bougie to
calibrate the size of the wrap (right panel).

operation through abdominal or thoracic inci-
sions, and the intuitive appeal of a total fundo-
plication, led to its rapid acceptance among
surgeons for use in patients with severe gas-
troesophageal reflux symptoms regardless of
whether a hiatal hernia was present.

Beginning in 1949 Belsey began to investigate
methods of repairing hiatal hernias and cor-
recting gastroesophageal reflux symptoms. The
fourth iteration of his operation, the Belsey
Mark IV, consisted of a partial (270-degree) fun-
doplication performed with two rows of sutures,
the latter of which was also brought through
the diaphragm to anchor the stomach and the
fundoplication within the abdomen (Figure
2.8). This operation was introduced in 1955, and
results in >600 patients were reported in 1967
after a median follow-up of almost 5 years.”
Anatomic correction and symptomatic success
were noted in 85% of patients. This represented
a milestone in the reporting of surgical treat-
ments, in which long-term and complete follow-
up as well as objective evaluation of symptoms
were used to assess the outcomes of a new
operation. Because of its complexity and the
perceived need to perform the procedure
exclusively through a thoracotomy incision, the
Belsey Mark IV operation never gained quite the
following that the total (Nissen) fundoplication
did.

At about the same time that Nissen and
Belsey were developing their fundoplication
operations in Europe, Hill was devising a third
type of anti-reflux procedure in the United
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Figure 2.8. The Belsey Mark IV fundoplication is performed
via a thoracic approach. After esophagogastric mobilization,
the stomach is sutured to the esophagus 1cm above the
esophagogastric junction encompassing 270 degrees of the
esophageal circumference (left panel). The second row of
sutures is passed first through the diaphragm, then the stomach,
and finally the esophagus, and is brought back through those
tissues in reverse order in a U-stitch fashion (center panel). When
these sutures are tied, the esophagogastric junction and partial
wrap superior to it are anchored below the diaphragm (right
panel). Crural repair follows completion of the wrap.

States. The posterior gastropexy operation was
introduced in 1960, and included a partial fun-
doplication (180-degree) and a unique tech-
nique for anchoring the wrap within the
abdomen. The fundoplication was created by
using figure-of-8 sutures passed first through
the posteromedial region of the gastroe-
sophageal junction, second through the arcuate
ligament (the superior portion of the aortic
hiatus in the diaphragm), third through the
anterior portion of the cardia, and finally
through the arcuate ligament again (Figure 2.9).
As each suture was tied, the pressure in the
lower esophageal sphincter was monitored

I V4
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Figure 2.9. The Hill repair is a partial fundoplication that can be
performed through a thoracic or abdominal approach. After
crural closure and distal esophageal/proximal gastric mobiliza-
tion (left panel), the median arcuate ligament overlying the
aorta is dissected. A heavy suture is placed through the anterior
and posterior gastric remnants of the phrenoesophageal liga-
ment and through the median arcuate ligament (center panel).
Three similar sutures are placed, one superior and two inferior,
to complete the wrap (right panel). The sutures are tied under
tension guided by intraoperative manometry.
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intraoperatively with manometry to achieve a
calibrated sphincter pressure.””’° Long-term
results in procedures performed by Hill and his
protégés were favorable, with good and excellent
results in 85-90% of patients.”" However, the
need for intraoperative monitoring of lower
esophageal sphincter pressure and the lack of
familiarity with the arcuate ligament dissuaded
most surgeons from adding this technique to
their surgical armamentarium.

Almost simultaneous with the introduction
of fundoplication operations, surgical tech-
niques were developed to deal with the problem
known as the shortened esophagus. The fre-
quency of its occurrence, and even whether
there was such an entity, were (and remain)
hotly debated topics. As an example, during the
discussion of treatment of short esophagus at
the American Surgical Association in 1956,
several prominent surgeons all but denied the
existence of esophageal shortening.”” Early ref-
erences to congenitally shortened esophagus, of
which most were either type I (sliding) hiatal
hernias without peptic stricture or represented
Barrett’s changes, fomented confusion in the
early days of anti-reflux surgery. In the decades
before the introduction of effective acid sup-
pression therapy there no doubt was a higher
frequency of severe esophagitis and peptic
stricture than is evident currently. Collagen
deposited as part of these conditions under-
went cicatricial contraction, shortening the
esophagus and drawing the cardia into the
mediastinum.

Conservative management of the shortened
esophagus almost always failed, and, during the
1940s and 1950s, esophageal resection was the
mainstay of therapy. In response to this, in 1956
Collis” introduced an operation that did “not
disorganize the patient’s digestive apparatus
too much and which [was] easily tolerated by
even a frail and aged person.” He extended the
esophageal tube using the lesser curvature of
the stomach, which enabled him to create an
acute angle between the gastric fundus and
the neoesophagus, a necessary condition of
anti-reflux surgery, in his opinion (Figure 2.10).
Collis™ was not enthusiastic about the long-
term results of the operation, because reflux
symptoms were only partially controlled and
30% of patients had unsatisfactory outcomes.
However, realizing the potential of this tech-
nique for extending the utility of standard fun-
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Figure 2.10. Alengthening gastroplasty originally described by
Collis is useful when combined with fundoplication for manag-
ing the short esophagus. In patients with shortening and a hiatal
hernia (left panel) the esophagus and stomach are mobilized. If
an adequate length of intraabdominal esophagus cannot be
achieved, a lengthening procedure is performed. After inserting
a large bougie across the esophagogastric junction, a linear
cutting stapler is fired parallel to the lesser gastric curvature
alongside the bougie to extend the esophageal tube (center
panel). The fundus is then wrapped around this neoesophagus
to establish an intraabdominal fundoplication (right panel).

doplication operations, Pearson’ was the first to
combine the Collis gastroplasty with the Belsey
Mark IV technique for management of peptic
stricture with esophageal shortening. His group
subsequently extended the indications for use of
this technique to recurrent hiatal hernia, severe
esophagitis without stricture, and reflux prob-
lems associated with motor disorders.” Having
experienced less-than-satisfactory outcomes
using the Collis-Belsey technique, Orringer and
Sloan” introduced the Collis-Nissen procedure
in 1978. Use of an uncut gastroplasty combined
with fundoplication for complicated reflux prob-
lems was subsequently reported.”*® The con-
ventional and uncut gastroplasties combined
with fundoplication are now standard elements
of the armamentarium of many surgeons for
managing problems of reflux and large hiatal
hernia.

Minimally invasive surgical techniques, pri-
marily laparoscopic methods, were introduced
for anti-reflux procedures in 1991.*%* These
techniques rapidly captured the imagination of
surgeons and the attention of the public. Within
a short time the vast majority of first-time fun-
doplication procedures were being performed
laparoscopically. The low rate of complications
and long-term physiologic and quality-of-life
outcomes that approach those of open fundo-
plication surgery have confirmed the initial
enthusiastic response to these operations.®*
Costs to society are reduced because of the
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rapid postsurgical recovery experienced by
these patients.””” The success has been so
impressive that the algorithm of GERD man-
agement has changed in the minds of some
physicians. Many more patients now undergo
laparoscopic fundoplication than would previ-
ously have qualified for open fundoplication; in
North America and Europe, there has been at
least a threefold increase in the frequency of
fundoplication operations.” ™

Pharmacologic Therapy

Because neither the anatomic nor the chemical
source of dyspepsia was determined until the
late 19th century, therapy before that time was
empiric and often quite imaginative. Recom-
mendations included sedum (stonecrop),
chewing green tea, and magnesia. For centuries,
relief from dyspepsia was provided by chalk,
charcoal, and “slop” diets.”* At the turn of
the 20th century, proprietary medicines were
popular, and were offered not only as cures for
heartburn but also for impotence and alopecia.”
Therapy at that time centered on avoidance of
acidic foods, otherwise bland diets free of cap-
saicin, milk, antacids, and elevation of
the head of the bed. In addition to their acid-
neutralizing effects, antacids were subsequently
demonstrated to increase lower esophageal
sphincter pressure and decrease gastroe-
sophageal reflux.”>* Alginic acid, which reacts
with saliva to form a viscous coating that pro-
tects the esophagus (and stomach) was shown
to have effects on reflux symptoms similar to
those of antacids.”

The first major medical therapeutic break-
through came in the 1970s with the iden-
tification of two classes of histamine receptors,
H, and H,. After testing >700 histamine deriva-
tives, Black et al.”® identified the first H, recep-
tor antagonist, burimamide, in 1972. Although
intravenous administration led to inhibition of
pentagastrin-stimulated acid secretion in
humans, it was not active orally. The second
antagonist that was developed, metiamide, was
tenfold more potent but was found to cause
agranulocytosis and was not suitable for clini-
cal use. The introduction of cimetidine for clin-
ical use led to the eventual introduction of a
family of H, receptor antagonists (cimetidine,
ranitidine, famotidine, nizatidine) available in

both oral and parenteral forms. These com-
pounds reduced basal and stimulated acid
production but had no effect on lower
esophageal sphincter pressure, esophageal peri-
stalsis, or gastric emptying. They consistently
reduced symptoms of heartburn and permitted
reduced use of antacids, but significant heal-
ing of esophagitis did not reliably occur.”'"
The development of hyperplasia of gastrin-
producing cells during chronic administration
of H, receptor antagonists led to initial con-
cerns about the possibility of inducing gastric
cancer, but more than two decades of experi-
ence has allayed these concerns.'” The H,
receptor antagonists are now available as non-
prescription medications.

By the late 1970s it was recognized that low-
amplitude lower esophageal sphincter resting
pressure, poor distal esophageal motility, and
transient relaxations of the lower esophageal
sphincter contributed to reflux frequency and
severity. This stimulated interest in the use of
prokinetic agents in the management of GERD.
Several classes of drugs were assessed, includ-
ing the dopamine antagonists metoclopramide
and domperidone, the acetylcholine receptor
agonist bethanechol, the serotonin-4 (5-HT,)
receptor agonist cisapride, and the motilin
agonist erythromycin. Metoclopramide was
shown to be effective in reducing symptoms
of acid reflux by increasing lower esophageal
sphincter pressure and by decreasing gastric
emptying time. However, no effect on healing
of esophagitis was evident."”'* Bethanechol
was demonstrated to increase resting lower
esophageal sphincter pressure resulting in a
decrease in acid reflux, and improve esophageal
clearance. Some effect on esophageal healing
was also identified.'”'® Overall, these agents
produced modest improvement in esophageal
motility and gastric emptying, and were similar
in efficacy to antacids in relieving reflux symp-
toms. However, side effects produced by most
drugs prevented their widespread acceptance.
There were great expectations for cisapride,
which demonstrated efficacy similar to H,
receptor antagonists in relieving reflux symp-
toms and in healing mild-to-moderate
esophagitis.'”'"" Unfortunately, potentially fatal
QT interval prolongation and ventricular dys-
rhythmias caused by cisapride, first reported
publicly in 1995, led to its withdrawal from the
United States market in 2000.""* Currently there
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are no prokinetic agents that are proven effec-
tive in managing GERD symptoms.'"

Intracellular mechanisms of acid produc-
tion were targeted in the 1980s as therapy for
a variety of acid-peptic diseases. Unique to
oxyntic cells is gastric hydrogen/potassium
adenosine triphosphatase (H'/K*-exchanging
ATPase), the gastric proton pump that catalyzes
the exchange of K' for H" at the canalicular
membrane. A compound, omeprazole, was
identified that inhibited (H*, K*) ATPase, and
was found to inhibit basal and pentagastrin-
stimulated acid secretion in humans.'** The new
class of proton pump inhibitors (PPIs) was the
most potent inhibitor of gastric acid secretion
ever identified. Five PPIs are now labeled by the
Food and Drug Administration (FDA): omepra-
zole, esomeprazole, lansoprazole, rabeprazole,
and pantoprazole. The drugs have been asso-
ciated with relatively few side effects, and are
much more effective in controlling symptoms of
GERD and in healing esophagitis than any other
class of drugs."*""® Proton pump inhibitors now
are the mainstay of medical therapy for severe
GERD.

Endoscopic Therapy

A variety of factors have stimulated advances in
endoscopic therapy for GERD. Pharmacologic
management lacks complete efficacy, is costly
in the long-term, and is associated with con-
siderable compliance issues. In addition, drug
therapy currently focuses on suppression of
gastric acid production, despite the fact that
a number of other substances, including bile
constituents, pancreatic enzymes, and pepsin,
have been implicated in the pathogenesis of
GERD. Finally, control of symptoms is not
synonymous with control of reflux, leading
to ongoing risks of complications of GERD
including the development of Barrett
esophagus.

These factors have promoted new investiga-
tions into how the mechanical barrier to reflux
at the lower esophageal sphincter can be manip-
ulated to minimize GERD. Endoscopic therapies
now include sewing/stapling techniques, radio-
frequency thermal therapy, and injection/
implantable therapies. These treatments are
relatively new, and little information exists
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regarding their short-term utility compared
with medical or standard surgical therapy, the
long-term outcomes of such therapy, and their
cost-effectiveness.

Sewing/stapling techniques were developed
beginning in the mid-1980s. Two devices are
capable of placing stitches in 3 to 4 locations in
a circular or longitudinal pattern beginning 1
cm below the Z line. The purported effect is to
plicate the gastroesophageal junction, enhanc-
ing the anti-reflux mechanism. The Bard
EndoCinch (Bard Endoscopic Technologies,
Billerica, MA) endoluminal plication system,
which is approved by the FDA, enables the
endoscopist to place figure-of-8 sutures, each
gathering 1-1.5cm of tissue. A similar device,
the Wilson-Cook Endoscopic Suturing Device
(Wilson-Cook Medical, Winston-Salem, NC),
enables the placement of mattress sutures
without removal of the endoscope, a substantial
time savings.'”’ A third device, the full-thickness
endoscopic plication system (NDO Surgical,
Mansfield, MA), enables placement of plicat-
ing staples that fold the gastric fundus onto
the esophagus in a manner analogous to a
fundoplication.

Short-term follow-up of the Endocinch
device demonstrated little risk with the proce-
dure, and heart burn symptoms, esophageal
acid exposure, and requirements for acid sup-
pression therapy were all improved. However,
lower esophageal sphincter length and pressure
were not reliably increased by the procedure.
Intermediate-term follow-up demonstrated con-
tinued improvement in symptoms in many pa-
tients, although almost half of the patients
either were on their original doses of acid
suppression medications or had undergone
anti-reflux surgery.'”” Early results with the
Endoscopic Suturing Device have been similar,
with improvement in basal tone in the lower
esophageal sphincter and a decrease in the fre-
quency of transient relaxations of the lower
sphincter. However, only modest reductions in
gastroesophageal reflux were reported.””'*
Staple plication of the esophagogastric junction
is the simplest of the three techniques and has
produced similarly modest results. Reflux
symptoms and the need for acid-suppression
medications were reduced, but the percentage
of patients in whom normalization of esopha-
geal acid exposure occurred was only 30%."”
Fortunately, it seems that the endoscopic
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suturing/stapling techniques do not interfere
with the performance or outcomes of subse-
quent fundoplication surgery.'*

The FDA-approved Stretta System (Curon
Medical, Inc., Sunnyvale, CA) consists of a
catheter containing four radially oriented
extendable electrodes and a control module that
generates individually temperature-controlled
radiofrequency energy to each of the electrodes.
The endoscopic application of radiofrequency
energy to generate heat in the region of the
lower esophageal sphincter results in contrac-
tion of collagen molecules and collagen re-
modeling over time. Application of energy is
performed at 0.5-cm intervals over a distance
of 2.5cm beginning 1cm above the Z line. The
catheter is rotated 45 degrees and energy is
reapplied once at each level in the esophagus,
yielding a total of 8 treatment spots, whereas
two 30-degree rotations provide 12 sites treated
at each level in the stomach. The mechanism
of action seems to be related to an increase in
resting tone and a decrease in the incidence of
transient relaxations of the lower sphincter.
Early clinical reports indicated that the Stretta
procedure decreased esophageal acid exposure,
increased lower sphincter pressure, and im-
proved quality of life. Important complications
were rarely seen. However, at least 30% of pa-
tients continued to require PPIs, and some
patients subsequently underwent fundoplica-
tion surgery.'*"'

Implantation therapy for GERD has been
explored for more than two decades. Early expe-
rience with injection of substances for manage-
ment of vocal cord dysfunction and urinary
incontinence provided evidence that injection
of the proper materials was efficacious and well
tolerated. Clinical observations that mild stric-
ture formation from gastroesophageal reflux
was associated with a reduction in esophageal
acid exposure encouraged the use of injectable
implantation materials to treat GERD. Require-
ments for bulking agents include: chemically
inert, noncarcinogenic, hypoallergenic, nonim-
munogenic, capable of resisting mechanical
strain, capable of being sterilized, low viscosity
(capable of being injected through a small
needle), nonbiodegradable, and persistence at
the site of injection. Prior animal and human
studies using collagen, Teflon paste, and hylan
gel demonstrated that these substances failed to
meet the necessary requirements for long-term

use in humans, but identified favorable short-
term outcomes.'*

One injectable material has been FDA ap-
proved: Enteryx (Enteric Technologies, Foster
City, CA) is an injectable solution of 8%
ethylene vinyl alcohol copolymer dissolved in
dimethyl sulfoxide, the latter of which diffuses
away after injection, leaving the precipitated
copolymer as a spongy solid in the wall of the
gastroesophageal junction. In 2004 two other
materials were being clinically tested, including
Plexiglas (polymethylmethacrylate) spheres
and the Gatekeeper Reflux Repair System
(Medtronic, Minneapolis, MN) for injection
of a polyacrylonitrile-based hydrogel (Hypan).
Early clinical results from studies of these mate-
rials indicated that manometric characteristics
of the lower sphincter were unchanged but sug-
gested that the incidence of transient relaxation
of the sphincter was reduced. Distal esophageal
acid exposure was reduced and reflux symp-
toms were improved, but a substantial per-
centage of patients continued to require acid
suppression therapy.'”""*

Overall, endoscopic therapies have yet to
replace either medical or surgical treatment of
GERD. Based on the failure rate of endoscopic
therapy experienced thus far in clinical trials,
cost-effectiveness analyses suggest that acid
suppression therapy is still the most economical
treatment option.'” Although new algorithms
are being developed for GERD therapy that
incorporate endoscopic treatments for selected
patients, additional clinical experience gained
in controlled trials is necessary before the role
of endoscopic therapies is realized. To this end,
a sham-controlled study of Stretta has recently
been completed and a similar study of Enteryx
injection is planned."*
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Medical Management of GERD:

Algorithms and Outcomes
David A. Johnson

Therapeutic efficacy of treatments for gastroe-
sophageal reflux disease (GERD) has been
measured using a variety of different endpoints.
Across the surgical, endoscopic, and pharma-
cological treatment interventions for GERD,
an attempt has been made to measure the ther-
apeutic effect of these interventions by both objec-
tive and subjective means. This has included
objective measures such as the effect a treat-
ment has on esophageal sphincter pressure,
intraesophageal acid exposure, and endoscopic
esophagitis. Subjective measures of effect have
included symptom response as assessed by ques-
tionnaires, symptom severity scales, physician
assessment, and quality-of-life impact. Despite
the innumerable studies reporting various
treatment interventions for GERD, overall there
is a general lack of use of standardized method-
ology that would allow comparison of the rela-
tive success achieved between the various
therapies. Furthermore, there is a striking lack
of use of validated instruments to accurately
assess treatment effect in many of these studies.
This review focuses on the questions that should
be raised by clinicians in order for them to apply
an evidence-based evaluation of the outcomes
achieved in these GERD intervention trials.

Background

Gastroesophageal reflux disease is a multifac-
eted disease defined by consensus as chronic
symptoms or mucosal damage produced by the

abnormal reflux of gastric contents into
the esophagus.' Heartburn and regurgitation
are the primary associated symptoms of GERD
that prompt most patients to seek some form
of therapy. There is, however, at present an
expanded compendium of associated “extrae-
sophageal manifestations” of GERD including
cough, wheezing, atypical chest pain, and
hoarseness—among the growing list of associ-
ated pulmonary, otolaryngological presenta-
tions. Sleep disturbance attributed to GERD is
another prevalent association that has also
recently become apparent.”’

There have been numerous clinical studies
focusing on the patient response to various
therapeutic interventions for GERD. Recently,
reports on the results of interventions for GERD
have also focused on which of the many avail-
able therapies might be preferable. Clearly,
there are several factors that would weigh into
the ultimate decision as to the best therapy in
an individual patient with GERD. The clinical
outcome would be one factor, but these results
would also need to be tempered with the risk/
benefit of each of the therapeutic management
strategies. Before the question of treatment
preference can be considered, a critical question
emerges: By which criteria do we hold these
therapies ultimately accountable? Is it the sub-
jective assessment of the outcome of symptoms
or rather should it be objective findings such as
the results of an endoscopy, manometry, or pH
monitoring? Furthermore, how can these out-
comes be accurately compared across the
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options of surgical, endoscopic, and medical
therapies?

It is difficult to assess the optimal therapy
for GERD by measuring treatment outcomes
seeking to compare the three therapeutic
approaches to GERD intervention—surgical,
medical, and endoscopic. The majority of these
trials of therapy have had several issues that
limit the extrapolation of the reported data.
These include:

1. Lack of standardization of the inclusion/
exclusion criteria

2. The therapeutic outcomes are not clearly
defined “a priori”

3. Rarely are power calculations done to
justify the study primary objectives

4. Rarely are validated measures used to
assess the primary or secondary outcomes

5. Lack of an appropriate control/sham
comparison group to provide compari-
son outcome with no active treatment
intervention.

Additionally, for most of the surgical,
medical, and endoscopic anti-reflux trials, vari-
able efficacy endpoints have been targeted.
These endpoints include:

Esophageal pH monitoring

Esophageal manometry

Endoscopic identification of esophagitis
Patient symptom response
Quality-of-life assessment
Quantification of medication usage

Sk B

The purpose of this review is to discuss the
effectiveness of the medical therapies for GERD.
Although the focus here is on the medical inter-
ventions, this discussion is intended to help
clinicians critically evaluate trials of surgical
and endoscopic therapies for GERD as well.

Lifestyle/Diet Modifications

Traditionally, the cornerstone of the medical
management of GERD consisted largely of
efforts to modify the patient’s lifestyle and diet.
Specific lifestyle modifications included eleva-
tion of the head of the bed, restriction of alcohol
and smoking, dietary therapy, weight loss, and
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avoidance of lying down soon after a meal, espe-
cially at night.* The primary reason for dietary
modifications such as those noted above was
related to the effect certain foods and meals in
general had on the lower esophageal sphincter
pressure (LESP) or the direct irritative effects of
certain foods on the esophageal mucosa.
Although it is clear that avoidance of offending
foods may decrease sporadic GERD symptoms,
there has been no controlled trial data to sup-
port that these specific lifestyle modifications
are effective in patients with typical and more
frequent GERD symptoms. Other lifestyle
interventions such as sleeping with the left side
down (compared with right side down, prone,
or supine) have been shown to decrease
esophageal acid exposure both in the postpran-
dial and nocturnal sleeping periods.” This is
likely the result of a decrease in transient lower
esophageal sphincter relaxations (tLESRs).®
The premise behind the recommendation of
avoiding lying down within 3 hours of a meal
is based on the fact that gastric distension will
increase tLESRs and thereby promote GERD.
One relatively simple lifestyle modification
that may affect symptoms of GERD is to slow
meal ingestion time.” Presumably by avoidance
of “gulping” food, there is a decrease in con-
comitant aerophagia, which further increases
gastric distension and thereby tLESRs and
reflux.

Antacids

Antacids are most often used either by patients
that self-direct their treatment with the use
of over-the-counter therapy or by those that
use them to supplement other antisecretory
therapy. Both antacids and alginic acid have
been shown to be more effective than placebo in
the relief of heartburn.® Antacid combined with
alginic acid has been shown to be superior to
antacid alone in controlling GERD symptoms.’
In general, however, the studies have shown no
significant benefit of antacids over placebo for
either long-term symptom control or healing of
esophagitis.®

Antacids as a class of therapy have the poten-
tial for significant side effects when used on a
chronic and regular basis. Magnesium contain-
ing antacids may cause diarrhea and should be
avoided in patients with heart failure, renal
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insufficiency, and late trimester pregnancy.
Aluminum-containing antacids may cause
constipation and should also be avoided in
patients with chronic renal insufficiency.

Overall, antacids have a marginal benefit as a
therapy for GERD. They have no role as primary
therapy in a patient with known erosive
esophagitis. Antacids may offer some benefit to
the patient with rare and episodic heartburn
in which case they do have the benefit of
providing rapid but unfortunately temporary
symptom relief.

Promotility Agents

In the treatment of GERD, prokinetic agents are
used with the intent to increase LESP, accelerate
gastric emptying, and/or augment esophageal
peristalsis. All prokinetic agents (bethanechol,
metoclopramide, domperidone, cisapride) have
demonstrated some symptom benefit in GERD.
However, efficacy data supporting the use of
these agents as a treatment for GERD largely
comes from small, poorly designed studies, typ-
ically without a placebo control comparison."

Bethanechol is a direct-acting muscarinic
receptor agonist resulting in cholinergic
stimulation. Early studies with this com-
pound demonstrated a mild effect on LESP
and improved esophageal peristalsis, and small
studies (without placebo) have suggested a
symptomatic benefit for GERD." However, the
dose of bethanechol that was used in order to be
effective was also associated with significant
side effects, which precludes any role for
bethanechol as a current option for managing
GERD symptoms and it is mentioned only as a
historical point.

Metoclopramide is a centrally acting dop-
amine antagonist that crosses the blood-brain
barrier. Although symptomatic improvement of
GERD has been demonstrated in some studies,
placebo-controlled studies have not shown a
consistent benefit of this agent versus placebo."
Antidopaminergic side effects are common
with metoclopramide use—occurring in
20-30% of patients. The most serious side effect
is tardive dyskinesia, which may be an irre-
versible complication of treatment in some indi-
viduals.

Domperidone is a dopamine antagonist that,
unlike metoclopramide, does not cross the

blood-brain barrier. Additionally, this agent
rarely causes extrapyramidal side effects. It is
not commercially available as a branded pro-
duct in the United States although some local
pharmacies will compound this agent when
asked to do so. Domperidone efficacy data for
GERD have not been convincing. The largest
study with this agent was a comparative trial of
domperidone and ranitidine, without a placebo
control.” Some of the placebo-controlled
studies have suggested no benefit for this
agent."" The major adverse event seen with
domperidone use is gynecomastia caused by
stimulation of prolactin release and this finding
is seen in 10-15% of patients.

Cisapride acts locally to facilitate the release
of acetylcholine from postganglionic neurons of
the myenteric plexus. There are limited data
demonstrating an increase in smooth muscle
contractility and LESP with cisapride. This
agent was approved for use in the United States
only for the indication of “nocturnal heart-
burn” When compared with histamine-2-
receptor antagonists (H2RAs), the healing
data for esophagitis were comparable."
Additionally, this agent was demonstrated to be
better than placebo in improving GERD symp-
toms."" The cardiac issues associated with QT
prolongation and ventricular arrhythmias have
precluded continued use of this agent in clinical
practice.

Tegaserod is a selective partial 5HT4 agonist
that has a profound promotility effect through-
out the gastrointestinal tract. To date, this drug
has only been extensively evaluated as a treat-
ment for irritable bowel syndrome with con-
stipation. Controlled clinical trials evaluating
the use of this agent in GERD are soon to be
underway.

Combination therapy using promotility
agents combined with antisecretory therapy has
been a popular management strategy, in partic-
ular among primary care physicians. Despite
this “popularity” as a clinical therapy for GERD,
there are scant data to support this management
approach. The best clinical study involved the
comparative evaluation of ranitidine, cisapride,
ranitidine plus cisapride, omeprazole, and
omeprazole plus cisapride.” This study showed
an advantage of combination therapy over a
ranitidine- or cisapride-alone strategy but not
over an omeprazole-alone strategy. Hence, given
a lack of supporting evidence confirming the
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utility of this clinical approach, combination
therapy as a general approach for treating
GERD should be discouraged. However, there
may be some role for combination therapy in
those patients with gastroparesis and/or
functional dyspepsia and associated GERD
symptoms.

H2-Receptor Antagonists

These agents competitively and reversibly
inhibit gastric acid secretion by blocking the
histamine receptor on the parietal cell and
perhaps other effector cells as well. There are
four available agents—cimetidine, ranitidine,
famotidine, and nizatidine. These compounds
have been shown to be effective in relieving
mild-to-moderate GERD symptoms as well as
preventing postprandial GERD symptoms. A
review of 20 randomized controlled trials,
however, showed only five studies that demon-
strated a significant improvement in symptom
control over placebo." These agents have also
been shown to be effective in controlled clinical
trials assessing the healing erosive esophagitis.
The efficacy for healing, however, has been par-
ticularly poor for severe esophagitis. All com-
parative trials to date have shown that H2RAs
are substantially inferior to proton pump
inhibitor (PPI) therapy for healing of erosive
esophagitis or in controlling GERD symptoms.
This is in part related to the diminished effect
versus the PPIs that H2RAs have on gastric acid
secretion as well as the tachyphylaxis, or phar-
macological tolerance, that has been reported
as a consequence of continued administra-
tion of these agents. It is likely that tolerance
develops as a down-regulation of the H2
receptors.

Proton Pump Inhibitors

Proton pump inhibitors are currently the most
effective medical treatment for GERD. These
compounds profoundly suppress acid secretion
through the inhibition of H', K" adenosine
triphosphatase, the proton pump of the parietal
cell, and the site responsible for acid produc-
tion. All PPIs are substituted benzimidazoles
and are prodrugs, which must be activated in
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the presence of acid in order to inhibit the
proton pump. Unlike the H2RAs, PPIs block acid
production regardless of the method of cell
stimulation, thus providing a greater degree of
acid suppression for a longer duration of time.
This superior pharmacological effect translates
into a higher efficacy rate in GERD symptom
relief and healing of esophagitis. Conventional
healing rates with the first four PPIs—omepra-
zole, lansoprazole, rabeprazole, and pantopra-
zole—have demonstrated that a once-daily
morning dose of a PPI will provide relief of
symptoms and healing of erosive esophagitis in
approximately 80% of patients.® Healing rates
increase further when therapy is extended
another 4-8 weeks. Supporting this estimate of
treatment effect with PPIs is a quantitative sys-
tematic review of the comparative efficacy of
PPIs and H2RAs that analyzed 23 reports com-
prising 5118 patients.” The overall healing was
78% for the PPIs and 44% with H2RAs at week
8. This translated to a relative risk of 1.7
[confidence interval (CI) 1.6-1.8], and number
needed to treat (NNT) was 3 (CI 2.8-3.6) for
PPIs compared with the H2RAs. As with H2RAs,
however, the healing rates with PPI therapy cor-
relate inversely with the severity of esophagitis.
Incremental dosing of the PPI has not been
shown to increase healing or symptom
response—at least when the dose is doubled but
still given once a day. There are no studies of
esophageal healing that have evaluated the
effects of a twice-daily (BID) PPI dosing
regimen. Conceptually this clinical approach
should improve outcomes given the augmenta-
tion of gastric pH effect seen with BID dosing.'®
Esomeprazole, the S isomer of omeprazole, has
demonstrated superior pH effect versus the
other PPIs and this has correlated with clinical
data indicating improved clinical outcomes
when this PPI is used versus lansoprazole, pan-
toprazole, and omeprazole, notably healing of
erosive esophagitis and symptom resolution."”
Previously, there had been few comparisons
between individual PPIs that used acceptable
evidence-based approaches for analysis. What
data that were available showed few differences
between the original four PPIs. For instance, a
meta-analysis that compared omeprazole with
lansoprazole found no significant difference in
the healing rates between these PPIs and
reported a NNT of 67." More recent studies
involving comparison of esomeprazole to the
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first-generation PPIs have shown clear superi-
ority for healing—in particular for the more
severe grades of esophagitis (Los Angeles grades
C and D). The NNT for the more severe grades
of esophagitis has ranged from 5 to 10 in the
trials comparing esomeprazole to omeprazole,
lansoprazole, and pantoprazole.” Superior
symptom resolution was also evident in these
same trials.

Nocturnal Acid Breakthrough
(PPI Plus H2RA)

Studies evaluating gastric pH using continuous
intragastric pH monitoring have demonstrated
a curious physiological and pharmacological
phenomenon known as nocturnal acid break-
through (NAB). In these studies, the majority of
subjects who were taking a PPI BID still devel-
oped an intragastric acidity level of a pH <4 for
at least 1 continuous hour in the overnight
period of monitoring."” This decrease in pH
began to be evident 6-7 hours after the second
(pM) dosing of the PPI. This is not the result of
PPI resistance. Additionally, NAB is a class effect
that is seen with all of the PPIs and is evident in
healthy subjects and GERD patients alike. Curi-
ously, the addition of an H2RA at bedtime in
addition to the BID dose of PPI has been shown
to be effective for ameliorating this phenome-
non, but not a third bedtime dose of a PPI. The
clinical importance of this physiological and
pharmacological observation has not been
determined and has clearly been overestimated
by some, as there have been no studies that
demonstrate the concordance of NAB with a
particular GERD presentation or symptom
manifestation. Nor has there been any benefit
from treatment intervention using an H2RA as
additive therapy to a BID PPI dose. Further-
more, as with other observations involving
extended use of H2RAs, there is a tachyphylaxis
and a subsequent waning of benefit seen as
early as 7 days after instituting use with this
class of drugs.” The clinical significance of NAB
would seem to be small at best. Perhaps in
patients for whom maximal acid inhibition
remains problematic, e.g., Barrett’s esophagus
(BE), there may a theoretical advantage
although the durability of such a response
remains questionable.

Maintenance of Remission

Because GERD is a chronic medical disorder,
most patients will relapse once antisecretory
medication is discontinued. Maintenance of
remission frequently requires the same dose of
medication necessary to effectively induce
healing, although maintenance strategies typi-
cally try to go to the next lowest dose below that
which controlled GERD symptoms or effected
healing. Although H2RAs are only approved for
the short-term use of GERD, there is also evi-
dence that maintenance therapy with these
agents will decrease the relapse of esophagitis
somewhat, but they are nearly as effective as
PPIs in this regard. Consistent with the superi-
ority of PPIs over the H2RAs as acute GERD
therapy, there is a similar superiority demon-
strated in comparative maintenance trials.”'
Relapse rates are higher for H2RAs dependent
in part on the baseline grade of esophagitis
before initial treatment. Additionally, PPIs have
been shown to be superior versus H2RAs in the
prevention of stricture recurrence and need
for repeat esophageal dilation.””** High dose
and/or long-term use of PPIs also has been
shown to be extremely safe and effective.”” The
differences in the individual PPIs in efficacy
of maintaining remission are unclear but a
recent comparative trial of esomeprazole and
lansoprazole showed a relapse rate of 41% for
lansoprazole 15mg/d compared with 24% for
esomeprazole 20mg/d for those patients with
moderate/severe esophagitis (Los Angeles
grades C and D).*

Barrett’s Esophagus

The primary objective in the treatment of GERD
in patients with BE is to control GERD symp-
toms. It seems that in these patients there is a
diminished esophageal symptom response to
esophageal acid exposure because of the pres-
ence of the columnar epithelium in the tubular
esophagus. This metaplastic epithelial change
has been shown to mute the normal sensory
response to acid exposure. The mainstay of the
therapy of BE has been PPIs. However, it must
be noted that long-term potent acid suppression
using PPIs has not been shown to effectively and
reliably induce a regression of BE metaplasia.
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Reepithelialization with squamous islands of
tissue overgrowing the BE metaplasia has been
demonstrated with PPI use but complete and
predictable reversal has never been demon-
strated with pharmacological therapy alone.”~*

The primary clinical concern with BE
remains the increased cancer risk associated
with this disorder. There is theoretical concern
that continued acid exposure magnifies this risk
and conversely there is indirect evidence that
suggests that potent acid suppressive therapy
might decrease the cancer risk. There are several
molecular and biological reasons supporting
this concept. First the cyclooxygenase-2
pathway is believed to have an important role in
several carcinogenic pathways, in particular that
for esophageal cancer because this pathway has
an important role in the cell proliferation and
inhibition of apoptosis.”® In ex vivo studies,
pulses of acid cause an increase in cyclooxyge-
nase-2 expression.”” Additionally, acid pulses
have been shown to induce cellular proliferation
as well as lipid peroxidation and these changes
further contribute to chromosomal damage.”
Effective suppression of Barrett’s acid exposure
with PPI therapy has been shown to be effective
in in vitro studies in the reduction of these
markers of molecular instability and cancer
risk. These data provide a theoretic reason to
justify potent acid suppression for patients with
BE, especially those already with neoplasia (dys-
plasia) and further increased cancer risk.* Fur-
thermore, there is recent epidemiological
evidence that also suggests that PPI therapy is
associated with a significant reduction in the
risk of developing dysplasia with a hazard ratio
of 0.25 (95% CI 0.13-0.47).” Although these
data are intriguing and certainly support the in
vitro data, more studies are required before we
know for certain whether intensive acid sup-
pression with PPIs decreases cancer risk in
patients with BE. It is important to note that
anti-reflux surgical studies have also not shown
a reduction in risk of dysplasia or adenocar-
cinoma in Barrett’s patients treated in this
manner.’*”

Extraesophageal GERD

The majority of data regarding healing and
symptom relief of GERD have been generated
from clinical trials of patients with heartburn
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and erosive esophagitis. There are very few well-
designed trials of medical therapy for patients
with extraesophageal GERD-related disease
(asthma, cough, noncardiac chest pain, laryngi-
tis). A few uncontrolled trials have demon-
strated superiority of PPIs for reducing
respiratory symptoms thought related to GERD
in patients with GERD-related symptoms but
these data also indicate that there has been a
need for higher doses and more prolonged
therapy with PPIs to achieve adequate symptom
relief.®® Medical therapies for reflux-related
asthma have also shown improvement in
asthma symptom scores, medication use, and
quality-of-life measures, but not improvement
in pulmonary function testing.” Interestingly, a
meta-analysis of the surgical anti-reflux trial
data has demonstrated the same lack of
improvement of this GERD therapy on pul-
monary function results.”

Consensus opinion suggests that patients
with GERD-related extraesophageal disease
should be treated with a twice-daily PPI for 8-16
weeks as an initial course of therapy. This is
based on the goal of eliminating even minor
amounts of esophageal acid exposure, because
even modest amounts of acid may be enough to
precipitate symptoms or mucosal injury. Many
authors would suggest that even longer treat-
ment intervals are needed to ensure an optimal
response, particularly in patients with reflux
laryngitis. Although data are lacking, some
authorities recommend a 3- to 6-month
response time for some difficult-to-treat
patients with reflux-related otolaryngological
disease. Overall, the response of the extrae-
sophageal disease manifestations of GERD to
medical therapy has been variable and less pre-
dictable than the healing data. This is likely
attributable to the fact that extraesophageal
disease manifestations of GERD are often the
result of multiple factors—acid reflux being
only one of these. Elimination of esophageal
acid exposure may not resolve the presenting
symptom, e.g., hoarseness, if there are persist-
ent contributing factors such as voice strain,
repetitive throat clearing, or postnasal drip. Sur-
gical anti-reflux therapy has also demonstrated
variable results in improving the outcomes of
extraesophageal GERD. The best predictor of
the success of anti-reflux surgery for these
extraesophageal symptoms has been a previous
response to medical therapy with a PPL*
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Measuring Esophageal pH
As an Outcome of
Anti-Reflux Therapy

The technology to monitor the presence of acid
in the esophagus has made this endpoint a
logical outcome for assessment of a therapy of
GERD. Esophageal pH monitoring measures the
frequency and duration of acid reflux as well as
allows one to correlate the temporal events with
a specific symptom related to GERD.

As part of the analysis of esophageal pH
recordings, an esophageal pH <4 has been set as
the threshold/standard for defining a reflux
event. This cutoff limit of pH <4 is an arbitrary
choice but somewhat justified related to physi-
ological and clinical/observational data. First,
studies have demonstrated that pepsin, a pro-
teolytic enzyme, is inactivated at a pH > 4.
Second, patients with symptomatic reflux events
typically relate symptoms at a pH <4."*

Although esophageal pH testing is not con-
sidered a necessary test in the evaluation of
patients with classic GERD, it does provide an
objective measure of the degree of acid reflux.
There are several types of pH electrodes suitable
for intraesophageal use. The traditional ap-
proach has involved the use of a tube passed
transnasally into the esophagus. Data are then
accumulated via a direct-contact communi-
cation to a data logger worn by the patient.
Differences exist between the monopolar
electrodes that require an external reference
electrode versus the combination electrodes
with a built-in reference, because the former is
more susceptible to artifact. Recently, a new
wireless/tubeless intraesophageal pH device has
also been introduced.* This device accumulates
pH data via a capsule that is attached to the
esophageal wall. The pH data are transmitted
via radiofrequency to a data recorder worn by
the patient. This technique differs from the
more conventional pH monitoring by circum-
venting the problems encountered with con-
ventional transnasal tube monitoring. These
problems include limitations on physical activ-
ity and diet that may be imposed by the “tube”
technique of monitoring.

The optimal duration of ambulatory moni-
toring has been a subject of much debate. Some
investigators have reported that shorter-term

monitoring is adequate when particular atten-
tion is placed on the postprandial period.**
However, evidence subsequently has shown that
a 24-hour period of monitoring is diagnostically
superior to a shorter time interval.* Although
the 24-hour period of monitoring is regarded as
the current method of choice, a 16-hour study
from 4 PM until 8 AM has been shown to provide
accurate information and improved patient tol-
erance.**” The ability of the “tubeless” Bravo
technique to allow for 48 hours of pH monitor-
ing is conceptually attractive,because it does not
increase the discomfort of the patient while still
providing an extended period of monitoring.*

In analyzing pH studies, it is important to
note the potential of the acidity and buffering
capacity of meals and beverages consumed
during the period of monitoring to affect the pH
recorded. Additionally, the duration of the
periods of upright and supine positioning and
physical activity can affect acid reflux exposure
times.”* Although standardization of food
intake and activity is recommended, it is virtu-
ally impossible to accomplish this outside of a
controlled inpatient setting. Thus, in clinical
trials involving pH monitoring as a primary
assessment endpoint of a therapy, there is a
potential for bias given the inability to stan-
dardize these influences between patients, or
even in the same patient who returns for
sequential testing. The natural intrasubject vari-
ability in intraesophageal acid exposure in
patients with GERD has shown that repro-
ducibility of pH monitoring is only “good” or
“satisfactory” with a concordance of approxi-
mately 77% for detecting pH < 4.°7' Some
authors have reported even more variation with
a variance by a factor of threefold.” Addition-
ally, in a study in which patients were investi-
gated 6 weeks apart under identical inpatient
monitoring conditions, 6 of 22 patients had a
normal total reflux time but other evidence of
pathological GERD.” In another study, two pH
monitors were positioned at the same location
within the esophagus, yet there was a discrep-
ancy in the readings in 2 of the 10 patients
studied.” This difference was notable enough
that it would have resulted in a change in the
clinical diagnosis of GERD dependent on which
probe data was selected for analysis.

Given that the usual definition of abnormal
amount of acid reflux is based on a total time
pH < 4, it would make sense that the target for
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monitoring response of a GERD therapy would
be the restoration of normal esophageal acid
exposure to a “normal” range. This normaliza-
tion of pH as a target of a successful outcome of
a GERD therapy has been used most often in
surgical trials. It is clear, however, that normal-
ization of pH does not occur in all patients
who have successful outcomes as assessed by
clinical criteria. This is the case irrespective of
the GERD therapeutic intervention—surgical,
endoscopic, and/or medical.

The question arises, therefore, whether nor-
malization of pH, although an attractive
outcome, is really necessary. To justify use of
normalization of esophageal acid exposure as a
relevant clinical endpoint, there also should be
a correlation with a clinical endpoint such as
improvement in esophageal healing or GERD-
related symptoms or prevention of complica-
tions such as stricture, BE, or esophageal cancer.

When intraesophageal pH monitoring has
been used as an objective target to assess a
response to GERD medical therapy, it generally
focused on decreasing the total time pH < 4.
This objective has been driven primarily by
the observation that there is a direct correla-
tion between control of intragastric pH with
increased healing rates of erosive esophagitis.

For treatment of BE, there is even a better
scientific rationale for more aggressive acid
suppression, especially normalization of
esophageal pH. Patients with BE have been
shown to have greater intraesophageal acid
exposure than patients with uncomplicated
GERD and successful elimination of symptoms
does not ensure adequate control of acid reflux
in patients with BE.>** In one study, compared
with patients with GERD, patients with BE were
more likely to have higher degree of pathologi-
cal acid reflux despite PPI therapy (DeMeester
score 50.5 + 8.2 vs 31.4 + 4.6; P = .03) and less
intragastric acid suppression (percent total;
pH < 4;53.9 £ 2.7 vs 39.9 + 2.6; P = .0004).”

Measuring Esophageal
Motility and LESP As an
Outcome of Anti-Reflux Therapy
Hypotension of the lower esophageal sphincter

is recognized as a key factor in the pathogene-
sis of GERD. The prevalence of low LESP
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increases with the severity of esophagitis.”® A
large body of information indicates, however,
that it is transient lower esophageal sphincter
pressure relaxations of the LES (tLESRs) that is
the major mechanism for reflux of acid into the
both for normal individuals as well as those
with GERD.*%

Prokinetics (metoclopramide, cisapride,
erythromycin) have not demonstrated any clin-
ically significant effect on LESP.*! Given that the
benefit of PPI therapy is mediated through acid
inhibition rather than an effect on LESP, this
outcome has never been a primary endpoint for
any of the acid suppressive therapies.

Endoscopic Assessment
Endpoints As an Outcome of
Anti-Reflux Therapy

Endoscopy allows for the identification of
GERD-related mucosal damage. This is evident
primarily by the demonstration of erosive
changes or complications such as stricture or
BE. Endoscopic assessment of esophagitis is a
very objective parameter that can be followed
sequentially to assess disease response to a speci-
fic therapeutic intervention. Although erosive
esophagitis is easily recognized, there are many
diagnostic instruments that have attempted to
stratify the severity of erosive damage.

Unfortunately, only 35-57% of patients with
symptomatic GERD will have evidence of ero-
sive esophagitis or BE.*"* Several other issues
are critical when evaluating endoscopic out-
comes of a GERD therapy:

1. Was a validated instrument used to assess
the grade of esophagitis? Despite the high
prevalence of erosive esophagitis in clini-
cal studies, there has only been a recent
effort to use a validated instrument for the
assessment of disease severity as it relates
to the extent of erosions. To date, the Los
Angeles grading system is the only vali-
dated instrument for the grading of erosive
esophagitis.”® Although the severity of
erosive esophagitis has been correlated
with the extent of acid reflux in these
patients, the extent of erosive damage has
not been shown to correlate with the
frequency or severity of heartburn or
regurgitation.”
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2. Whatwas the stage of medical therapyat the
time of the assessment by endoscopy? If
patients were on medical therapy at the time
of entry (or had only been off medical
therapy for a relatively short while), the
potential exists for an underestimate of the
trueseverity of baseline esophagitis.Studies
have demonstrated that most of the patients
with erosive esophagitis will relapse within
3 months after discontinuance of a PPL.*
It would seem logical and appropriate,
thereby, that patients should be off medical
therapy for a minimum of 3 months to
accurately define their “baseline” grade of
esophagitis before entry into a study.

3. Were the endoscopic findings scored by
investigators that were blinded to the stage
of the treatment intervention (pre- or post-
procedure)?

4. Was intention-to-treat analysis done for all
patients who were treated?

There have been many medical trials in which
outcome was the endoscopic relapse of
esophagitis during maintenance medical
therapy." In contradistinction to the surgical
and endoscopic trials, most of these studies
have attempted to characterize baseline and
follow-up endoscopic data and to use intention-
to-treat analysis. The vast majority of these
recent trials involved a placebo comparison to
PPI in patients with erosive esophagitis. Erosive
esophagitis relapse at 6 months ranged from 7
to 15% for most of the studies.”” One trial by
Lauritsen et al.”® highlighted the superiority of
esomeprazole when compared with lansopra-
zole therapy in a 6-month maintenance trial of
patients with healed erosive esophagitis. In con-
trast to the other PPI maintenance studies, this
study showed a relapse difference between two
active therapies. Of particular note was the dif-
ference in relapse rates based on the baseline
severity of esophagitis. The data were also ana-
lyzed for response based on the entry-level
grade of esophagitis. For those patients with Los
Angeles grades A and B, the relapse rate was
15% for esomeprazole versus 23% for lansopra-
zole (P < .01). For those with more severe
esophagitis grades C and D, these differences
were more pronounced: 24% for esomeprazole
and 41% for lansoprazole. This study highlights
the high relapse rate for more severe grades of
esophagitis even while on a potent medical
maintenance therapy. The symptom relapse rate

in this study was 22% for esomeprazole and 29%
for lansoprazole (P < .01), notably less than the
esophagitis relapse.

Symptom Assessment As an
Outcome of Anti-Reflux
Therapy

Reflux disease is associated with a number of
symptoms, but in GERD treatment studies,
the major focus has been on the effect of an
intervention on heartburn and regurgitation.
Although heartburn is probably the best char-
acterized symptom of GERD, there is no uni-
versally accepted definition of heartburn. This
becomes of particular importance, because
heartburn has been the major enrollment crite-
rion for most of the GERD therapy trials. A
definition of heartburn as “a burning feeling
rising from the stomach or lower chest towards
the neck” has led to an improved recognition
of this symptom indicating GERD.” Many
patients, however, do not construe heartburn
and “retrosternal burning” to be synonymous.”

The majority of trials have graded clinical
heartburn using a severity scale such as a Likert
scale or a visual analog scale. The reproducibil-
ity and responsiveness of these scales have been
fairly good in the assessment of upper gastroin-
testinal disease.®® It has been shown, however,
that when these scales are used for serial assess-
ments, the sensitivity of the assessment is en-
hanced if patients see their previous scores.”

The patient assessment of heartburn fre-
quency typically records the number of days
with heartburn over the last week or month.
Although heartburn frequency has often been
used in GERD intervention trials, it is rarely a
primary objective defining treatment success.
More recently, complete absence of heartburn
has been a declared objective for some studies.
Furthermore, rapid symptom relief of symp-
toms has also been a treatment outcome and the
more rapid onset of gastric acid suppression
may be of particular importance in patients
with symptomatic GERD.”

Gastroesophageal reflux disease therapy
trials have used various endpoints in monitor-
ing response to treatment.”””* These range from
endpoints of study medication providing “ade-
quate” control, symptomatic improvement, or
to complete absence of heartburn over the last
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7 days of assessment. In clinical trials, the
complete absence of symptoms provides a
reproducible endpoint that allows comparison
between studies. The value of the absence of
heartburn as the optimal target for a therapeu-
tic trial is further supported by the positive
impact this outcome has on quality of life.”"”

Although patient satisfaction with symptom
response would be an intuitively appropriate
measure for assessing treatment response, there
are a number of potential problems with this
approach including: response and acquiescence
bias, use of single-item questions, and the lack
of evidence of a correlation with the extent of
symptom reduction.

Symptoms as assessed by diary records are
likely the best way to accurately evaluate symp-
toms and avoid a potential for recall bias. This
type of recording technique captures daily
fluctuation in symptoms and allows for a more
accurate assessment over the course of treat-
ment. There are some burdens imposed to the
patient, however, which may limit the usefulness
of this assessment. This imposes some potential
for nonadherence to the collection protocol and
a potential for “hoarding” of the information,
that is, a rapid attempt at recollection of the
missing days of data immediately before return
for the study visit. Additionally, there is a poten-
tial for an adaptation or conditioning of
response over sequential periods of assessment
and scoring. This may also introduce another
potential for bias in a study.

There are limited data on the validity of a
physician assessment of the effect of a response
to treatment. Although there is a variable corre-
lation, it seems this is primarily in patients
reporting mild disease.*®® A significant potential
exists for reporting bias especially if the treating
physician is involved in the assessment or the
evaluating physician is not blinded to the
treatment.

Quality-of-Life Assessment As
an Outcome of Anti-Reflux
Therapy

Health-related quality-of-life (HRQOL) assess-
ment is defined as the functional effect of the
illness as perceived by the patient. Health-
related quality-of-life assessment has been
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utilized in recent trials assessing GERD out-
comes.””® There are several generic as well as
disease-specific instruments that have been
utilized in these studies, including the SF-36,
psychological general-well-being index
(PGWBI), quality of life in reflux and dyspepsia
(QOLRAD), and gastrointestinal quality-of-life
index (GIQLI), among others. These HRQOL
endpoints, however, are subject to the individual
thresholds of the patient. If these assessments
are used as primary outcomes to assess GERD
therapy, they are subject to the variances in the
patient expectations for disease management.
This may be an issue especially if there is not a
control arm in the scientific design of the study.
It is clear that disease severity correlates with
HRQOL and does contribute to a negative effect
on both work productivity and absenteeism.
There are, however, cultural and situational
variances in patient willingness to go to work
when they do not feel well. Absenteeism thereby
may not be an accurate outcome measure, in
particular in the United States. Work productiv-
ity assessment may be a more reasonable
measure, provided validated instruments are
used to assess this accurately.

In contrast to both the surgical and endo-
scopic anti-reflux trials, the recent medical trials
(primarily involving the use of PPIs) have con-
sistently utilized a GERD HRQOL instrument.
Proton pump inhibitor use as a rule has consis-
tently improved the HRQOL, although it is clear
that QOL is not normalized until heartburn res-
olution is achieved.””” This correlation of QOL
and symptoms is an important advance in the
effort to draw corollaries between the different
GERD outcomes.

Medication Use As an
Outcome of Anti-Reflux
Therapy

A decrease in use of antisecretory or acid-
buffering medication would seem to be an
important endpoint for a therapeutic interven-
tion for GERD. Recognizably, medication use is
somewhat dependent on patient expectations
and habit of use. This underscores the need for
placebo-controlled studies when using this as
an endpoint. The clinical trials of medical
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therapy for GERD have been relatively consci-
entious in the capture of data involving ancil-
lary medication use. Most of the more recent
trials have accounted for the use of antacids that
are provided to the patient as “rescue medica-
tion” This type of medication accounting does
not, however, account for off-protocol medica-
tion use of other over-the-counter medications
(H2RA, PPI). Study treatment bias, however, is
for the most part precluded by the appropriate
use of blinded studies involving a placebo
control group. The potential problem of captur-
ing an accurate assessment of ancillary medica-
tion use is a bigger issue in light of the expanded
availability of over-the-counter antisecretory
medications.

Conclusions

Medical therapy has been extremely “success-
ful” in treatment of the symptoms and compli-
cations of GERD. Recognizably, the methods to
assess treatment outcomes for GERD have been
extremely variable among surgical, endoscopic,
and medical therapies for this disorder. Com-
parison between or even within classes of treat-
ments (surgical, endoscopic, medical) cannot be
accurately assessed without standardization of
patient demographics, scientific design, and
treatment assessment. This is likely achievable
and best done only in a direct comparison
with a randomized prospective blinded trial.
Treatment outcome comparison between trials
without this study design is inappropriate.

Medical therapy offers a distinct advantage
as it relates to risk versus the other endoscopic
and surgical therapeutic strategies for GERD.
Clearly, medical therapy has been shown to be
the safest and most cost-effective therapy com-
pared with surgery and the more limited data
with the endoscopic therapies. True “medical
failures” are rare and these patients should
be thoroughly evaluated before considering
an endoscopic or surgical anti-reflux therapy
option.

Despite continued improvements in the
ability to suppress acid via even more potent
PPIs, there remain, however, opportunities for
improvement. These would be in the arena of
accelerating the onset of action so that PPIs
could provide more rapid symptom relief
especially when taken in response to a given

symptom episode. Additionally, approximately
10-20% of patients do not respond to standard
PPI dosing. Improvements in more potent and
prolonged acid control will offer potential
advantages in particular for those with more
severe esophagitis, as well as the patients with
BE or extraesophageal complications. Forth-
coming advances with the development of
medications that provide further enhancements
for reducing gastric acid secretion will make
the medical approach even more appealing,
even for the most difficult-to-treat patients with
GERD.
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Complications of GERD: Esophagitis, Stricture,

Barrett’s, and Cancer

John A. Bonino and Prateek Sharma

Gastroesophageal reflux disease (GERD) has
become a very prevalent disorder in the United
States and the Western hemisphere. It has been
estimated that as many as 44% of adults in
the United States experience GERD symptoms
described as heartburn at least once a month.’
In addition, as many as 10% of adults in the
United States experience daily heartburn.” The
true prevalence of reflux disease may be largely
underestimated when taking into account
“atypical” manifestations of the disease as well
as those patients who self-medicate.>* Unfortu-
nately, many of these atypical manifestations
often go unrecognized, and may take the form
of ear-nose-throat, pulmonary, or laryngeal
manifestations such as laryngitis, sinusitis,
asthma, bronchitis, chronic cough, chest pain,
and halitosis.* A study by Harding and col-
leagues’ showed that among those patients
studied with a diagnosis of asthma and who
denied reflux symptoms, >29% had abnormal
esophageal pH studies. Irwin and Richter,’ when
evaluating the causes of chronic cough, sug-
gested that anywhere from 7 to 40% of cases of
patients with chronic cough may be related to
gastroesophageal reflux.

Although studies in subjects undergoing
upper endoscopy demonstrated that between
30-70% of those with reflux symptoms demon-
strate “nonerosive” disease, many others may
experience a wide range of complications.”*
These complications may include erosive
esophagitis, stricture, Barrett’s esophagus, and
esophageal neoplasia.

Erosive Esophagitis

Erosive esophagitis, or breaks in the esophageal
mucosa, represents one of the common mani-
festations of chronic reflux disease. Histologi-
cally, erosive esophagitis is defined as superficial
necrotic defects that do not penetrate the
muscularis mucosae, whereas esophageal
ulcerations are described by a deeper invasion
through the muscularis mucosae and into the
submucosa.” Several classifications have
attempted to grade the severity of esophagitis as
observed at the time of upper endoscopy. One
such classification system, the Los Angeles
classification (Table 4.1) grades the esophageal
change from A to D, depending on the severity
and extent of erosions determined during
endoscopy.

Prevalence

Although the exact population prevalence of
erosive esophagitis is not known, it is estimated
to vary from 0.7 to 1.2% regardless of symptoms
of heartburn.” This was recently demonstrated
in a cross-sectional study performed to explore
the complications of GERD in 11,691 patients
undergoing endoscopic evaluation. Of these,
esophagitis was diagnosed in 1633 patients, with
an overall prevalence of 14% (61% men, 39%
women).” However, in those patients with
reflux symptoms, approximately 40-60% may
have endoscopic evidence of esophageal
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Table 4.1. Los Angeles classification of esophagitis.

Grade A =1 mucosal break confined to folds, no >5mm
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Grade B =1 mucosal break >5mm confined to folds but not continuous between tops of folds
Grade C  Mucosal breaks that are NOT circumferential, but are continuous between the tops of two or more mucosal folds

Grade D  Circumferential mucosal breaks

erosions."" It is unclear if the prevalence of
reflux symptoms and erosive esophagitis is
increasing. Some studies have in fact noted a
decrease in the frequency of erosive esophagi-
tis. Todd and colleagues' reported results from
an endoscopic database in Tayside, Scotland
over a 15-year period. A significant decrease in
the prevalence of esophagitis was discovered,
contrasting sharply with an increase in the inci-
dence of Barrett’s esophagus during the same
time interval.””

The prevalence of erosive esophagitis may
also differ in various ethnic and racial popula-
tions indicating that host factors may have an
important role in the pathogenesis of this com-
plication of GERD. El-Serag and colleagues"
reported the differences in gastroesophageal
reflux between different racial groups in the
United States and used logistical regression
analysis (controlling for several variables) to
find an association between various racial
groups and GERD. Among 496 individuals who
completed a GERD questionnaire, and 215 who
had an endoscopy, the age-adjusted prevalence
of heartburn was similar among all racial
groups studied (whites, blacks, and hispanics).
Of note, however, black patients had a sig-
nificantly lower risk of esophagitis (adjusted
odds ratio 0.22-0.46). Thus, although the pre-
valence of GERD symptoms may be similar
between blacks and whites, blacks seem less
likely to have endoscopic evidence of
esophagitis.”

In another study, among a mix of 1985
Chinese, Malaysian, and Indian patients, only
6% had evidence of erosive esophagitis (major-
ity with mild esophagitis). Males seemed to have
a higher incidence of esophagitis compared
with females, as did those of Indian decent
and the presence of hiatal hernia also seemed
to increase the chances of finding erosive
esophagitis." In a study from Taiwan, Yeh and
colleagues" evaluated 464 patients with upper
gastrointestinal symptoms and 66 (14.5%) of
these patients were found to have erosive
esophagitis. In addition, a male-to-female pre-

ponderance of 3.1:1 was witnessed and disease
severity was also found to increase with age,
particularly in individuals in their 60s and 70s."

Pathogenesis and Risk Factors

The pathological reflux of gastric and duodenal
contents into the esophagus disrupts the normal
protective environment. This refluxed material
consists not only of acid and pepsin, but also
bile and pancreatic juices which contribute to
epithelial damage and possibly even to Barrett’s
metaplasia. The degree and extent of this
damage is directly correlated with the type,
timing, and duration of the refluxate, but
inversely correlated with the speed of
esophageal acid clearance and esophageal
mucosal resistance.'*"”

Much controversy surrounding the pathogen-
esis of erosive esophagitis centers around the
concept of disease progression. It has been
theorized by some investigators that erosive
esophagitis represents a continuum to more
complex gastroesophageal complications.'® This
continuum would include natural progression
from nonerosive esophageal disease to erosive
esophageal disease to Barrett’s and possible
esophageal adenocarcinoma.' Data to the con-
trary, however, exist as well. A group of 35,725
patients with erosive esophagitis were identified
from a database, including some with concur-
rent ulcerations or strictures and had a follow-
up of >4 years. In the group with esophagitis
but without stricture or ulcers, no patient had
disease progression or developed further
esophageal complications.'**

Collen and associates® have suggested that
older individuals are at an increased risk for
the development of erosive esophagitis. These
investigators studied 228 consecutive patients
with reflux symptoms who underwent upper
endoscopy and reported that patients older than
60 years had increased risk for complications of
chronic reflux such as erosive esophagitis, and
that this risk increased with every decade of
life above age 30> A study by Johnson and
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Fennerty'' echoed this sentiment. Of 11,945
patients studied, only 12% of those <21 years
were found to have erosive esophagitis, com-
pared with 37% of those >70 years. It was also
found that although heartburn was a good indi-
cator for the presence of severe esophagitis in
the elderly, they presented more often with
respiratory symptoms or even dysphagia.'
Why do only some GERD patients develop
erosive esophagitis whereas others do not?
Although the exact reasons for this are unclear,
a number of factors have been recently
identified that may contribute to the develop-
ment of erosive esophagitis. Most recently,
investigators have focused on lower esophageal
sphincter pressure, presence of a hiatal hernia,
impaired esophageal clearance of refluxed
material (decreased peristalsis), and presence of
bile reflux, to name a few.? To date, there has not
been a consistently observed difference in rates
of esophagitis between males and females,
although it seems that the risk may be slightly
higher in males. Esophageal ulcerations have
also been found to be more common in Cau-
casians than other races.” Investigators have
questioned whether Western influences, partic-
ularly changes in diet and social habits, may
have led to the increased incidence of reflux
complications in the Asian subcontinent.

Symptoms

Although the majority of patients with erosive
esophagitis experience typical symptoms of
esophageal reflux (i.e., heartburn, regurgita-
tion), symptoms do not seem to necessarily
predict the presence of erosive esophagitis in
GERD patients. A study by Sonnenberg and col-
leagues™ revealed that duration, frequency, and
severity of heartburn symptoms did not corre-
late with esophagitis. It was shown that, in fact,
there was a large degree of overlap in the
severity and frequency of symptoms between
patients with erosive esophagitis and nonero-
sive reflux.”*

Another study evaluated a total of 644 GERD
outpatients who underwent an endoscopy, fol-
lowed by esophageal manometry, and 24-hour
pH monitoring. Analysis of resulting data sug-
gested that there was no clear-cut association
between the degree of acid reflux and the
presence and severity of erosive esophagitis. In
addition, the amount of upright or supine acid

contact time, frequency of all or only long reflux
episodes, and an overall summary score of
pH-metry, did not correlate with the severity of
erosive esophagitis.”

Treatment

Treatment of erosive esophagitis continues
to center around the use of acid suppression
therapy. Healing appears to be most apparent
and successful with the use of proton pump
inhibitors (PPIs), with patients treated up to 12
weeks. Chiba et al.” demonstrated healing rates
approaching 85% [95% confidence interval
(CI): 79.1-88.1%] with use of these medicines
compared with approximately 52% (95%
CI: 46.9-56.9%) with histamine antagonists.
Healing rates, however, have largely been found
to be dependent on the baseline grade of erosive
esophagitis. In addition, Holtmann and col-
leagues” have also suggested that patients
infected with Helicobacter pylori may actually
have better response rates to PPIs in the treat-
ment of erosive esophagitis. Maintenance of
healing of erosive esophagitis is also helped by
use of PPIs. A study by Lundell and colleagues,”
among others, followed a group of patients with
documented erosive esophagitis after being
treated with daily omeprazole therapy. After
completion of 8 weeks of PPI therapy, these
patients were followed up to 6 months to
monitor for relapse of erosive esophagitis. In
the absence of acid suppression therapy, it was
shown that it was possible for all grades of
erosive esophagitis (Los Angeles grade A) to
relapse.

Anti-reflux surgery can also be an option for
the long-term treatment of erosive esophagitis
in some patients. A study by Lundell and col-
leagues® randomized 155 patients to medical
therapy (omeprazole) or surgical anti-reflux
therapy. Over a 3-year follow-up period, 139 of
the medically treated patients, and 129 of the
surgically treated were evaluated and compared
by symptomatology, 24-hour pH monitoring,
and endoscopy. Of the surgically treated group,
97 remained in clinical remission, compared
with 77 in the medically treated group (P =
0.0016); however, when dose adjustments were
made in the medically treated group (ie.,
increasing omeprazole dose), the failure rates
between the two types of treatment were not
significantly different.
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Esophageal (Peptic) Stricture

Another well recognized complication of GERD
is esophageal strictures (Figure 4.1). Unlike ero-
sive esophagitis, which may present as a sole
complication, strictures frequently are diag-
nosed along with other complications such as
erosive esophagitis. The most common location
of the strictures are in the distal esophagus, near
the gastroesophageal junction.”*

Pathogenesis and Prevalence

Strictures are complications of deep esophageal
ulceration in which fibrous tissue and collagen
formation laid down during repair of the ulcer
site result in stricture formation.” Stricture
formation, in the case of peptic strictures, is
initiated by an insult to the esophageal epithe-
lium (ie., acid reflux). During the healing
process, collagen and scar tissue production
cause esophageal narrowing."” Unfortunately, as
many as 10% of patients who seek medical
attention for gastroesophageal reflux disease
can have esophageal strictures.”

Risk Factors

Although gastroesophageal reflux is thought
to contribute to a significant percentage of
esophageal strictures (>70%), caustic ingestion,

Figure 4.1. An endoscopic view of an esophageal stricture
before dilation therapy.
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radiation, and infectious esophagitis are other
know etiologies to be considered in the appro-
priate setting.”’? As with erosive esophagitis,
peptic strictures seem to be more common in
men than women, and most prevalent in the
sixth to seventh decades of life.”>** As would be
expected, hiatal hernia seems to increase one’s
risk for esophageal stricture and hiatus hernia
is found in as many as 85% of individuals with
peptic esophageal stricture.”

Symptoms

Symptoms of esophageal stricture may vary, but
typically consist of dysphagia for solid foods
that slowly progresses over time.” Patients
usually experience little to no weight loss as
opposed to patients with malignant strictures.
Odynophagia may also be present in a number
of individuals with esophageal stricture.
Although almost all patients present with
dysphagia, a significant percentage may also
have heartburn (approximately 70%) and
regurgitation (approximately 40%).* In up to
25% of individuals with peptic strictures, heart-
burn symptoms may be absent, whereas in
others, heartburn may actually resolve as the
stricture progresses to the point of significant
esophageal narrowing thereby limiting further
reflux, and heartburn may actually recur after
dilation.”

Treatment

Treatment of esophageal strictures centers
around mechanical dilation of the involved
lumen. Proton pump inhibitors are also used in
these patients to heal esophagitis and to prevent
relapse of the stricture. Most recently, studies
have indicated that acid suppression therapy
with PPIs not only improves dysphagia symp-
toms but also reduces the need for further
esophageal dilation. Smith et al. showed that
only 30% of patients required repeat stricture
dilation if treated with omeprazole 20 mg daily
compared with 46% treated with ranitidine 150
mg twice daily.””*® It is now standard practice to
maintain individuals who have undergone
dilation for peptic strictures on long-term PPIs
to reduce the risk of recurrence. Of special
mention is the importance of appropriate
antibiotic prophylaxis in those individuals at
high risk for endocarditis because esophageal
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dilation procedures for strictures may be asso-
ciated with bacteremia in 11-45% of cases.*>*

Barrett’s Esophagus

One of the most controversial and intriguing
topics discussed with regard to the complica-
tions of chronic reflux is Barrett’s esophagus.
Barrett’s esophagus is a metaplastic change
in the esophagus that results in replacement of
the normal squamous-lined epithelium with a
columnar type. The definition of Barrett’s
esophagus has continued to evolve over time.
During an American Gastroenterological Asso-
ciation workshop in February 2003 (Barrett’s
Esophagus Chicago Workshop), the definition
for Barrett’s esophagus was adopted as, “a dis-
placement of the squamocolumnar junction
proximal to the gastroesophageal junction with
the presence of intestinal metaplasia™' (Figure
4.2). Given that intestinal metaplasia is the pre-
cursor lesion associated with adenocarcinoma,
the goal of this definition was to adequately
identify individuals at risk for adenocarcinoma.

Barrett’s esophagus, first described in the
early 20th century, is a well recognized risk
factor for the development of esophageal ade-

nocarcinoma. The importance of this finding is
realized when reviewing the increasing inci-
dence of esophageal adenocarcinoma around
the world over the past several years.*>*

Prevalence

The true prevalence of Barrett’s esophagus in
the general population is unknown. Several
studies, however, quote prevalence rates of
0.9-15% in patients presenting for endoscopy
for any indication (i.e., with and without GERD
symptoms), whereas the prevalence of Barrett’s
esophagus in patients with chronic GERD has
been reported to be 10-12%.**® A more recent
study of subjects who underwent colonoscopy
and also agreed to have an upper endoscopy,
found an 8.3% prevalence of Barrett’s esopha-
gus in individuals with heartburn, and 5.6% in
those without heartburn.” Thus, the prevalence
of Barrett’s esophagus in the general popula-
tion may be much higher than previously
estimated.*

Pathogenesis and Risk Factors

The esophageal mucosal injury in patients with
Barrett’s esophagus likely begins with both

Figure 4.2. Left, Endoscopic evidence of intestinal metaplasia (Barrett’s) in the distal segment of the esophagus.Right, A microscopic
view of columnar metaplasia of the esophagus. (Reprinted from Sharma P. Recent advances in Barrett’s esophagus: short-segment
Barrett’s esophagus and cardia intestinal metaplasia. Semin Gastrointest Dis 1999;10(3):93-102, Copyright 1999, with permission
from Elsevier.)
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genetic and environmental triggers that initiate
pluripotent stem cells to undergo differentiation
resulting in the proliferation of an altered phe-
notype, in this case intestinal metaplasia.”® This
metaplastic change is an acquired one and
results from direct esophageal mucosal injury.
In fact, individuals with Barrett’s esophagus
often have greater esophageal acid exposure
based on 24-hour pH monitoring compared
with GERD patients without Barrett’s.* Gaining
particular interest recently in the etiology of
Barrett’s metaplasia is the role of the composi-
tion of the refluxate, specifically bile reflux.
Animal studies have shown that, although the
esophageal mucosa is relatively resistant to
reflux of acid alone, the combination of acid
with pepsin results in significant mucosal
injury.'** In addition, conjugated bile acids, the
predominant material in duodenal reflux, also
produce esophageal damage at an acidic pH.'**
It is likely that important factors such as the
composition of the refluxed matter itself, dura-
tion of reflux exposure, decreased lower
esophageal sphincter tone, increased severity of
reflux symptoms, and nighttime reflux symp-
toms, may increase an individual’s risk of
Barrett’s development.”® Other recognized risk
factors include increasing age, male gender, and
Caucasian race (Table 4.2).?

Investigators have hypothesized that, once
exposure to refluxate occurs, the metaplastic
change is secondary to alterations in pluripotent
stem cells that are able to undergo a clonal
expansion and thus maintain the “abnormal”
mucosa.” It is also theorized that there must
also be a genetic predisposition to this change,
because only a small percentage of individ-
uals with chronic gastroesophageal reflux
undergo this change and develop Barrett’s
esophagus.

Table 4.2. Risk factors for development of Barrett’s esophagus.

Chronic gastroesophageal reflux

Advanced age

White race

Male gender

Increasing duration of esophagea reflux symptoms
Hiatal hernia
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Symptoms

There are no specific symptoms in patients with
Barrett’s esophagus; they are similar to those in
GERD patients without Barrett’s. Gerson and
colleagues™ investigated the use of a symptom
questionnaire in an attempt to predict those
patients with Barrett’s esophagus. Symptoms
such as heartburn, nocturnal chest pain, or
odynophagia were found to be most predictive
of Barrett’s esophagus. It is also important to
recognize, however, that some individuals with
Barrett’s esophagus may be asymptomatic and
not experience any reflux symptoms.46

Surveillance

The goal of surveillance endoscopy in patients
with Barrett’s esophagus is to detect dysplasia
and cancer at an early stage, and ultimately to
reduce mortality from esophageal adenocarci-
noma. To maximize the detection of dysplasia in
patients with Barrett’s esophagus, most clini-
cians obtain four quadrant biopsies every 1-2
cm of the endoscopically recognized area of
Barrett’s. Given that these biopsies are random
in nature and sample only a small surface area
of the Barrett’s segment, a number of new
techniques (e.g., magnification endoscopy,
spectroscopy, and optical coherence tomogra-
phy) are being evaluated to increase the yield of
detecting dysplastic and cancerous tissue.”>™
Although these technologies are not yet ready
for routine clinical use, they likely will dramat-
ically change how patients with Barrett’s esoph-
agus are surveyed in the future.

To date, there have been no prospective trials
conducted in patients with Barrett’s esophagus
that show a survival advantage in those that
have undergone endoscopic surveillance com-
pared with those who have not. Several retro-
spective trials, however, have suggested lower
mortality rates in patients enrolled in sur-
veillance programs, indicating that individ-
uals undergoing surveillance are more likely to
have adenocarcinoma recognized at an earlier
stage resulting in improved survival rates.’ A
recent publication described a cost-utility
analysis of screening and surveillance for
Barrett’s esophagus and concluded that screen-
ing “high-risk” individuals with GERD symp-
toms, followed by surveillance of only those
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Barrett’s esophagus patients with dysplasia,
would likely be cost effective.”® Although
current guidelines suggest that patients with
Barrett’s esophagus undergo surveillance
endoscopy based on degree of dysplasia
detected during endoscopic biopsy, a recent
international workshop was unable to substan-
tiate good evidence to support surveillance for
all patients with Barrett’s esophagus.*'

Attempts at identifying a high risk group,
those at increased risk of transformation of
Barrett’s esophagus to esophageal adenocarci-
noma, perhaps through the use of biological
markers of carcinogenesis, may increase the
cost effectiveness of surveillance programs. p16
and p53 tumor suppression gene abnormalities
(deletions) have generated much interest, and
may have predictive utility.”® Although early
phase studies have been promising for p53
tumor suppressor status as a predictor of
malignant transformation, there have not yet
been good prospective studies confirming these
data.

Medical Therapy

Treatment of patients with Barrett’s esophagus
includes eliminating symptoms of gastroe-
sophageal reflux, and healing of erosive
esophagitis and can be accomplished with acid
suppressive therapy using PPIs. Some studies
indicate, however, that symptomatic control
with PPI therapy does not ensure normalization
of esophageal pH in as many as 20-30% of
patients with Barrett’s esophagus.” The impor-
tance of esophageal reflux control has been
proposed by other studies demonstrating that
acid reflux predisposes to cellular proliferation
by activation of protein kinase regulated path-
ways that disrupt apoptosis in cell lines exposed
to acid.” Although there is evidence suggesting
that symptom relief and healing of esophagitis
can be achieved in patients with Barrett’s esoph-
agus, there is very little evidence that acid
suppression results in regression of metaplasia
or reduces the risk of dysplasia/cancer. The
Chicago workshop also concluded that
although PPI therapy was most effective in
treating patients with Barrett’s esophagus med-
ically, neoplasia risk was not significantly
altered.”

Anti-reflux Surgery

Surgical anti-reflux therapy may also be consid-
ered as an alternative to medical therapy in
some individuals with Barrett’s esophagus;
these indications are similar to those in GERD
patients without Barrett’s esophagus. Although
some studies in the surgical literature argue
for histological regression in individuals after
anti-reflux surgery, cases of high-grade dyspla-
sia and cancer have been reported even after
successful anti-reflux surgery. Most recently, a
meta-analysis by Corey and colleagues® con-
cluded that the risk of esophageal adenocarci-
noma was not significantly decreased by
surgical anti-reflux procedures.

Endoscopic Therapy

Endoscopic therapies for the treatment of
Barrett’s esophagus are a more recent, and still
largely an investigational, mode of therapy. A
variety of endoscopic ablative therapies includ-
ing thermal, chemical, and mechanical methods
have been applied in patients with both dys-
plastic and nondysplastic Barrett’s esophagus.
Although the majority of the area of Barrett’s
esophagus can be replaced by neo-squamous
mucosa, persistent metaplastic tissue is often
detected underlying the squamous tissue and
cases of adenocarcinoma have been reported
after “successful” ablation therapy.” Other side
effects include stricture formation and perfora-
tion. Given the low risk of cancer in patients
with nondysplastic Barrett’s esophagus or even
with low-grade dysplasia, endoscopic ablation
treatments should not be used outside of study
protocols in these patients. In patients with
high-grade dyplasia, however, the risk of pro-
gression to cancer can be as high as 25-37%.”
In these patients, aggressive surveillance, early
surgical resection, or endoscopic ablation may
be considered. A recent randomized trial on the
use of photodynamic therapy (PDT) has lent
further evidence to this argument. Ackroyd and
colleagues® followed 36 patients with dysplastic
Barrett’s who were receiving omeprazole
therapy and randomized them to receive PDT or
placebo. No dysplasia was found in those treated
with PDT compared to 12 (67%) in the placebo
arm (p < 0.001). Local endoscopic therapy is
thus an advent in the treatment of esophageal
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neoplasia, and is associated with low morbidity
and mortality.

Esophageal Adenocarcinoma

The incidence of esophageal adenocarcinomas
has risen rapidly in the United States and
western Europe and is now the predominant
form of esophageal cancer in these countries.*>*
The incidence of esophageal adenocarcinoma,
in fact, has increased >400% for white males in
the United States since the 1970s. It is more
common in males than females, with a ratio
approaching 3:1.9%

Incidence

The incidence of esophageal adenocarcinoma
has increased from 0.4 to 0.7 cases per 100,000
in males in 1975, to 3.2 per 100,000 in 1995.%%
Unfortunately, by the time these cancers are
diagnosed, they are often incurable; the median
survival is 2 years and fewer than 10% survive
5 years. The lifetime risk of developing
esophageal cancer ranges from 0.26% for
women to 0.33% for men.*>* It is estimated that
the overall incidence of adenocarcinoma has
increased >300% the past 40 years.*” Although
the relative risk of developing adenocarcinoma
is increased in patients with Barrett’s esopha-
gus, the absolute risk remains low with an
annual risk of approximately 0.5%.%

Pathogenesis

The evolution of Barrett’s esophagus to dyspla-
sia and esophageal adenocarcinoma is proposed
to arise from a combination of underlying
predilection and specific mutations. Although it
is possible for adenocarcinoma to develop
without Barrett’s esophagus, the majority of
these cancer cases are associated with Barrett’s
esophagus. A clonal evolution is believed to
occur early in Barrett’s metaplasia following
mutations likely as a result of recurrent injury
from chronic reflux and a selective survival
advantage is gained by this new line of
“mutated” cells. The three abnormalities that
have been described in Barrett’s cells during this
clonal evolution include chromosomal aberra-
tions, mutations, and loss of function of a tumor
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suppression gene.”® Loss of heterozygosity is
believed to be the single most common mecha-
nism of genetic change in the development of
neoplasia. This loss of heterozygosity results in
a loss of genetic regions from various chromo-
somes which may result in loss of regulation of
the cell cycle. The loss of suppressor genes (p53
and p16) allows genetically abnormal cells to
divide and proliferate, setting the stage for
further dysplastic evolution.®®

Experimental studies have demonstrated that
exposing cultured intestinal metaplasia to acid
for an extended period of time results in an
increase in proliferation and expression of pro-
teins inhibiting cell death. One of the antiapop-
totic proteins under recent investigation
has been cyclooxygenase-2 (COX-2). Cyclooxy-
genase-2 is induced by cell injury and leads
to increased production of prostaglandin
E,.* This prostaglandin is known to affect
apoptosis, and has generated interest in evalu-
ating COX-2 inhibitors as potential chemopre-
ventive agents. This interest has been further
nurtured by recent epidemiological studies
showing the possible chemoprotective effects of
COX-2 inhibitors in other gastrointestinal
malignancies.

Risk Factors

There is a strong and probable causal relation-
ship between GERD symptoms and esophageal
adenocarcinoma. A case control study from
Sweden showed that among individuals with
recurrent symptoms of reflux, the odds ratios
were 7.7 for esophageal adenocarcinoma (95%
CI: 5.3-11.4).”° It was also shown that the more
frequent, and more severe the symptoms of
reflux, the more pronounced the risk of adeno-
carcinoma.” Although Barrett’s esophagus is
the most widely accepted risk factor for adeno-
carcinoma, other risk factors exist as well such
as tobacco use, increasing age, male gender,
diets high in fats and low in fruits and vegeta-
bles, and obesity. A recent population-based
study showed a strong correlation between
increased body mass index (BMI) and
esophageal adenocarcinoma; individuals in the
highest quarter of BMIs measure had an
adjusted odds ratio 7.6 (95% CI: 3.08-15.2)
compared with those with the lowest
BMIs.”!
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Symptoms

Unfortunately, most individuals with
esophageal adenocarcinoma do not present
until late in the course of their malignancy. The
majority of the patients with adenocarcinoma
experience dysphagia, followed by weight
loss. Others may present with occult or frank
gastrointestinal bleeding or anemia. Lym-
phadenopathy (Virchow’s node), organomegaly,
and pleural effusion may be indicators of
metastatic spread from primary esophageal
malignancy.”

Treatment

In the event of a diagnosis of esophageal malig-
nancy, appropriate staging is essential, not only
for determining the prognosis, but also for
deciding upon appropriate therapy. Current
methods of staging follow the TNM
classification system. Endoscopy, computed
tomography scans, and endoscopic ultrasound
are often used to assist in this staging process.
Endoscopy allows biopsy and cytological deter-
mination to confirm the diagnosis, whereas
computed tomography scan and endoscopic
ultrasound help in determining the degree of
esophageal wall invasion and the presence or
absence of metastatic disease.

In general, >50% of patients presenting with
esophageal adenocarcinoma have unresectable
or metastatic disease at the time of diagnosis,
making isolated therapy unlikely.””> Although
localized esophageal cancers may be treated
with surgical resection, most likely a combined
approach at therapy is effective in most cases.
Current approaches often combine preoperative
radiotherapy and fluorouracil/cisplatin for
maximizing surgical resectability and palliation
of symptoms. A survival benefit, however, has
not been shown compared with previous
therapies when comparing this combination
approach. Some use radiotherapy as an alter-
native to surgical resection in poor surgical
candidates, although this seems not to be as
effective as other palliative measures such
as endoscopic treatment or surgery for
symptoms of esophageal obstruction. Addi-
tional endoscopic therapies, including expand-
able stent placement, PDT, and laser are other
alterntives.

Given the high rate of mortality and morbid-
ity for early neoplasia in Barrett’s esophagus,
many investigators have searched for alterna-
tives to radical esophageal resection.” Although
surgery remains the gold standard for early
adenocarcinoma, local therapy with PDT or
endoscopic mucosal resection are other options
to consider. For patients whose neoplastic lesion
is localized to the epithelial layer, lymph node
metastasis is unlikely and these patients may be
potential candidates for the use of endoscopic
therapy.” These therapies may replace
the columnar metaplastic cells with the native
squamous type, but controversy remains on
whether this change is permanent, or if the new
squamous mucosa just masks deeper areas of
metaplasia.”

Summary

Esophagitis and esophageal strictures continue
to complicate the course of many individuals
with reflux symptoms. Much headway has been
made, however, with the use of PPIs or an-
tireflux surgery in the acute and maintenance
treatment of these conditions. Barrett’s esopha-
gus remains a perplexing problem for many
clinicians. What is the exact risk of malignant
transformation? What interval is appropriate for
surveillance of patients with this premalignant
stage, and how and when do we treat? A better
identification of specific clinical and genetic risk
factors for malignant transformation is essential
for making surveillance a cost-effective and
appropriate way of following these patients. The
emergence of more advanced endoscopic
therapies may eventually modify the treatment
algorithm for individuals with localized
intraepithelial neoplasia. ~Cyclooxygenase-2
inhibition also seems to offer hope for agents
that may reduce the risk of progression in indi-
viduals with Barrett’s esophagus but random-
ized controlled trials are lacking.

The high prevalence of GERD, yet surpris-
ingly low incidence of Barrett’s esophagus and
esophageal adenocarcinoma, would suggest that
many factors contribute to the progression of
reflux to Barrett’s to malignancy. Only after a
better identification of these factors will more
effective treatments aimed at reducing disease
progression be realized.
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Principles of Successful Surgical

Anti-Reflux Procedures

Federico Cuenca-Abente, Brant K. Oelschlager, and

Carlos A. Pellegrini

Gastroesophageal reflux disease (GERD) is the
most common gastrointestinal disorder in the
United States. Although lifestyle changes and
medical therapy are the most common forms of
therapy, with the advent of laparoscopy, more
patients are choosing surgical therapy not only
to treat the failures of medical therapy, but as
an alternative to it. Surgeons must, therefore,
be familiar with the principles of patient selec-
tion and with the techniques used to treat this
disease.

This chapter discusses the indications
(and contraindications) and the work-up of
patients suspected of having GERD and con-
sulting for it, and the technique of anti-reflux
procedures.

Indications

One of the keys to a good outcome is that the
surgical candidate be well selected. The indica-
tions are primarily based on two principles:
chronicity and severity of GERD in the context
of complications and patient preference.' As a
result, the indications can range from a patient
who desires to discontinue antiacid medication'
to patients with recalcitrant complications
(e.g., peptic stricture) despite maximal medical
and lifestyle modification. Some of the more
common scenarios that involve patients with
GERD seeking surgical therapy include the fol-
lowing.

Averse to Lifestyle Changes

To achieve maximum benefit from medical
therapy, patients must make certain lifestyle
modifications (changes in diet and eating habits,
elevation of the head of the bed). These changes
are intolerable for some patients, especially
young active ones, and thus lead them to seek
surgical therapy. In these types of situations,
failure of medical therapy is defined by the
patient.'

Poor Response to Proton
Pump Inhibitors

Failure of modern medical treatment to relieve
at least some of the patient’s symptomatology is
one of the most common reasons for surgical
referral. Yet, this is described as a poor predic-
tive factor of favorable surgical outcomes.” It is
important to differentiate from this group those
patients who, in fact, initially had a good
response to proton pump inhibitors (PPIs) but
for whom, over time, the effect of the medica-
tion decreased, leading the patient to increase
the dose of medication and identifying the dis-
ease as being refractory to it. Patients that have
never responded to medications, especially
those with symptoms not classically associated
with GERD such as abdominal pain, bloating,
and nausea, are unlikely to benefit from an oper-
ation as much as those who initially responded
well. Many of these patients may not even have
GERD. Extensive testing, even sometimes repeat
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pH monitoring while the patient is taking med-
ications, may help identify which patients are
more likely to respond to surgery.

Patients with Airway
Manifestations of GERD

Patients with GERD and related airway symp-
toms represent a significant management
challenge. When compared with patients with
typical symptoms, medical therapy is more
often ineffective, making surgery a more attrac-
tive alternative for these patients.” The greater
problem is that there is no current diagnostic
test to conclusively link GERD and airway
symptoms. The gold standard, 24-hour pH mon-
itoring, is helpful, but reflux, although present,
may not be the cause of the symptoms. Fur-
thermore, abnormal reflux may be “caused” by
pulmonary diseases such as asthma.*

Patients with Barrett’s Esophagus

Patients with Barrett’s esophagus generally have
more severe GERD, and thus often seek surgery
to relieve symptoms. Surgical therapy is very
effective, in our experience, at relieving reflux
symptoms,’ although others have shown slightly
less favorable results.® We believe that if a tech-
nically good operation is performed, excellent
results can be obtained in this population.

Moreover, recent data support the fact that
Barrett’s esophagus regresses after an anti-
reflux procedure. Indeed, we reported regres-
sion in >50% of patients with short segment (<3
cm) Barrett’s esophagus.’ Hofstetter et al.” also
reported regression from low-grade dysplasia to
nondysplastic Barrett’s esophagus in 44% of
their patients, and regression of intestinal meta-
plasia to cardiac mucosa in 14% of cases. Finally,
Bowers et al.’ reported a regression rate of 59%
of patients with short segment Barrett’s esoph-
agus. For these reasons, surgical therapy should
be strongly considered for Barrett’s esophagus,
especially for young patients with symptomatic
reflux.

Contraindications
Morbid Obesity

There is evidence that morbid obesity (body
mass index >40) is associated with a higher
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failure rate, and thus, the presence of marked
obesity represents a relative contraindication.'
Furthermore, there is evidence that a Roux-en-
Y gastric bypass provides excellent relief of
GERD’ as well as the health benefits of weight
loss. We therefore recommend this approach to
morbidly obese patients with severe GERD."

Severe Comorbidities

Anesthetic and perioperative risk due to other
medical comorbidities is another relative con-
traindication. Patient age, in a population-based
cohort study, has been shown to be an inde-
pendent predictor of mortality." The severity of
GERD and GERD-related complications should
be considered in light of the patient’s age and
overall risk factors when deciding about the ap-
propriateness of surgical therapy.

Preoperative Evaluation

For a practical description of the preoperative
evaluation, we can divide patients into those
with typical symptoms (heartburn and regurgi-
tation) and those with atypical ones (airway
symptoms, chest pain, etc.). For both groups, we
believe an adequate work-up should include
upper endoscopy (EGD), manometry, 24-hour
esophageal pH monitoring, and upper gastroin-
testinal series. For those with atypical or airway
symptoms, esophageal/pharyngeal pH monitor-
ing and laryngoscopy appear as useful adjunc-
tive tools that help link these manifestations
with GERD. Esophageal impedance is becoming
recognized as a useful tool to evaluate these
patients.

Flexible Endoscopy (EGD)

This test gives the best information regarding
the internal anatomy of the foregut. The contour
of the cardia has good correlation with its com-
petency as an anti-reflux valve, and is especially
important in evaluating the competency in the
postoperative setting.”” Complications of reflux,
such as esophagitis and intestinal metaplasia,
are diagnosed with endoscopy and can be biop-
sied appropriately. Endoscopy may identify
unexpected findings that may change the surgi-
cal strategy, such as unsuspected pathology in
the esophagus, stomach, and duodenum. The
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endoscopic view can also detect the presence of
a hiatal or paraesophageal hernia and evaluate
the patency of the gastroesophageal valve. Thus,
in many instances, it helps to define the severity
of the disease as well as the anatomy, both of
which have an important role in planning the
operation.

Manometry

Esophageal manometry evaluates the peristaltic
mechanism of the esophageal body (amplitude
and character of peristaltic waves) and the
pressure, location, and relaxation of the lower
esophageal sphincter (LES). In the past, the
results of manometry were used by many sur-
geons to “tailor” the subsequent fundoplication.
Specifically, patients with impaired peristalsis
underwent a partial fundoplication, such as a
Toupet procedure. We have shown that most
patients with defective esophageal peristalsis
respond well to a Nissen fundoplication and do
not develop postoperative dysphagia.”’ There-
fore, we recommend this as the treatment of
choice except for those with essentially an aperi-
staltic esophagus.” Others have confirmed our
results and these recommendations are becom-
ing accepted by more groups."

Likewise, the finding of other motility disor-
ders such as hypercontractile esophagus (distal
esophageal amplitudes >180 mm Hg) and hyper-
tensive LES (>45mmHg) in the setting of GERD
should not dissuade the surgeon from perform-
ing an anti-reflux procedure if the patient’s
clinical presentation is of GERD (heartburn or
regurgitation) and not of a primary motility
disorder (dysphagia or chest pain).”

Twenty-four-hour pH
Esophageal Monitoring

This is the gold standard for the detection and
quantification of GERD. At the University of
Washington, we, as a matter of routine, simulta-
neously evaluate both the proximal and distal
esophageal acid exposure. Normal pH monitor-
ing should prompt a thorough work-up to rule
out other etiologies, because these patients have
an inferior result with surgical therapy. This test
can also be used to correlate reflux episodes
with symptom events, often serving as a con-
firmation of the clinical association. Finally,

preoperative pH monitoring serves as a baseline
by which to compare studies should the patient
have recurrent or persistent symptoms after an
anti-reflux procedure.'

Upper Gastrointestinal Series

This test gives information regarding the
anatomy of the esophagus and stomach, as well
as the relation between these structures and the
hiatus. It may detect a short esophagus, stric-
tures, or a hiatal or paraesophageal hernia, each
of which may affect the surgical strategy. The
detection of spontaneous reflux during this
test usually correlates with abnormal reflux. In
general, this test is reserved for those patients in
whom an operation is being planned.

Twenty-four-hour Esophageal
and Pharyngeal pH Monitoring

We have used pharyngeal pH monitoring to
detect acid in the pharynx as an effective proxy
for microaspiration.> The detection of abnor-
mal amounts of pharyngeal reflux (more than
one pharyngeal reflux event in 24 hours) is a
better predictor of successful medical and sur-
gical therapy than is esophageal pH monitor-
ing.''® Although the positive predictive value of
the test is quite good, many patients with reflux-
associated respiratory symptoms will have a
normal pharyngeal environment during the
study period.

Laryngoscopy

Similar to endoscopy of the esophagus, laryn-
goscopy can identify injury to the larynx caused
by acid. Typical findings include erythema,
ulcers, swelling, nodules, etc. Unfortunately,
these seem to be general markers of injury, and
none of these lesions are specific for reflux.”
Nevertheless, it remains an important test in
the evaluation of patients with possible reflux
laryngitis.

Impedance

This technology has recently garnered interest
in the work-up of patients with GERD. Imped-
ance is the measure of electrical resistance
between two electrodes. When multiple pairs of
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electrodes are placed on a catheter within the
esophagus, it is possible to detect the presence
of any kind of material within the esophageal
lumen and the direction of movement of the
material (oral or aboral) can be determined.
Thus, impedance has potential to diagnose acid
and nonacid reflux as well as esophageal motil-
ity disorders. Refluxed material with a pH >4
currently goes undetected when using 24-hour
pH monitoring only, yet it may have a significant
role in the pathogenesis of GERD, particularly
in those patients with poor response to antacid
medications, Barrett’s esophagus, and respira-
tory symptoms. Impedance electrodes can also
be attached to a pH catheter, thus detecting all
episodes of acid and nonacid reflux.

Impedance can also be helpful in the detec-
tion of motor disorders. Electrodes added to an
otherwise standard manometry catheter can
accurately measure the transit of material
through the esophagus and determine the clear-
ance of a swallowed bolus, thus providing addi-
tional information about the presence of an
intrinsic esophageal motility problem. This may
ultimately tell us what manometry alone does
not: which patients should/should not undergo
a complete fundoplication.

Surgical Technique—Nissen
Fundoplication

Basic Tenants of
Anti-Reflux Procedures

The anti-reflux mechanism is a complex combi-
nation of anatomic factors that, if disrupted,
may lead to abnormal gastroesophageal reflux.
They include: 1) the intrinsic muscle function of
the LES; 2) the intraabdominal position of the
LES; and 3) the integrity of the collar sling fibers
that maintain the angle of His. An effective anti-
reflux procedure should address this anatomy,
so that the anti-reflux valve is restored to
competency.

Several anti-reflux operations have been
described (Nissen, Toupet, Hill, Dor, Belsey
Mark IV). Although clinical success rates vary
among the procedures, all conform to basic
principles of successful anti-reflux surgery.
These include: 1) establishment of an adequate
intraabdominal length of esophagus; 2) appro-
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priate crural closure; 3) anchoring of the esoph-
agogastric junction in the abdomen; and 4)
reestablishment of an acute angle of His. Jobe
and colleagues® recently described the endo-
scopic characteristics of various fundoplica-
tions, and how they adhered to these principles.

Relative Advantages of
Different Fundoplications

Nissen fundoplication. This is the most com-
monly performed fundoplication worldwide. It
requires at least 3cm of intraabdominal esoph-
agus for its creation. It creates a symmetric
nipple effect of the cardia. This serves to both
augment the intrinsic function of the LES (both
increasing resting pressure and decreasing tran-
sient relaxation) and recreate the angle of His.
Closure of the hiatus by approximating the
crura is essential to prevent a recurrent hernia,
which can change these anatomic relationships.
The Nissen fundoplication is the most com-
monly performed procedure because it is the
easiest to reproduce and adheres to all the prin-
ciples of an effective anti-reflux procedure.

Collis-Nissen fundoplication. This procedure is
used primarily for patients in whom an ade-
quate length of intraabdominal esophagus
cannot be obtained. In this case, a neoesopha-
gus is created from the cardia by stapling from
the angle of His parallel to the lesser gastric cur-
vature, making a tubular extension of the esoph-
agus along the lesser curve of the stomach. A
Nissen is then created around the neoesopha-
gus. In theory, this attempts to adhere to all
the principles of a Nissen fundoplication. In
practice, the staple line and neoesophagus do
not allow for the creation of symmetric valve
and nipple effect. This, and presence of acid-
secreting cells above the fundoplication, cause it
to be inferior to a standard Nissen anti-reflux
procedure. However, when a short esophagus
exists, it may be the best way to preserve the
esophagus and still permit an intraabdominal
fundoplication.

Toupet fundoplication. This is the most com-
mon “partial” fundoplication performed
currently. It is a posterior, approximately 270°,
fundoplication. Some surgeons use this proce-
dure routinely, but most use it for patients with
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impaired esophageal motility. Because it is less
than a 360° fundoplication, it does not augment
the LES to the degree that a Nissen does, and as
a result it generally has less control of reflux
than a Nissen. We have abandoned this proce-
dure for most patients, because we found in
patients with impaired peristalsis, a Nissen pro-
vided better control of GERD without increas-
ing the incidence of dysphagia."

Dor fundoplication. This is an anterior 180°
fundoplication. It does not require as much
esophageal length, nor does it augment the LES
or accentuate the angle of His as much the other
fundoplications described. As such, it is rarely
used as a primary anti-reflux procedure, and is
most often used after a myotomy for achalasia.

Hill fundoplication. This operation is usually
referred to as a “cardioplasty,” rather than a
fundoplication. The operation secures the
gastroesophageal junction intraabdominally
and tightens the collar sling mechanism. It is a
difficult operation to reproduce consistently,
thus has few proponents apart from those
trained by Lucius Hill, its developer.

We believe that the Nissen fundoplication is
the most reproducible fundoplication proce-
dure, has a long track record with exceptional
results, and, as we have discussed, can be used
for almost all patients. Therefore, we will
describe our technique of performing a Nissen
fundoplication as an example of how a fundo-
plication operation adheres to the principles
outlined earlier.

Perioperative Considerations

General anesthesia is necessary for this opera-
tion. Each patient receives a single dose of
broad-spectrum antibiotic. Sequential compres-
sion devices are placed to decrease the risk of
deep venous thrombosis. A Foley catheter is
used to decompress the bladder and monitor
urine output during the operation.

We place the patient in low lithotomy posi-
tion, which allows the surgeon to stand between
the patient’s legs during the procedure. To
secure the patient in steep reverse Trendelen-
burg position, a seat is fashioned using a
beanbag. The monitor is placed over the
patient’s head so it can be viewed by the whole

operating team. An additional monitor is used
to show the anesthesiologist the operative field
as he or she is manipulating the esophageal
bougie during the operation. The assistant
stands on the patient’s left side. A self-retaining
retractor is secured to the right side of the bed
to hold the liver retractor, minimizing the need
for a second assistant.

Creation of Pneumoperitoneum
and Port Placement

Pneumoperitoneum is established with a Veress
needle using the site through which the camera
port or left upper quadrant port will be placed
(Figure 5.1). An open technique may be used
especially if the patient has had a prior opera-
tion and adhesions are suspected. We use an
optical access port (Visiport™; US Surgical,
Norwalk, CT) for the first port because it shows
the different layers as one is going through, thus
decreasing the chance of bowel or vascular
injury and significantly increasing the chance
of an immediate diagnosis if they occur. The
camera port is placed 2 cm to the left of midline
and 10cm below the costal margin. Diagnostic
laparoscopy is performed to exclude injury
from entry or other pathology. The upper two
ports are used by the surgeon and should form
an equilateral triangle with the camera port.
This allows the surgeon’s instruments to be used
at an angle, enabling correct visualization of the
tips. The liver retractor and first assistant ports
are placed at the level of the camera port in the
anterior axillary line.

Figure 5.1. Port placement. (Reprinted from Hiatal Hernia and
Gastroesophageal Reflux Disease. In: Townsend CM, Beauchamp
DR, Evers MB, Mattox KL, eds. Sabiston Textbook of Surgery. 16th
ed. 2004:1158, Copyright 2004, with permission from Elsevier.)
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Dissection of the Cardia
(“Left Crus Approach”)

We begin the operation on the left side by divid-
ing the phrenogastric ligament to expose the left
crus. This approach minimizes the risk of injury
to structures around the gastrohepatic ligament
such as the nerve of Latarjet and vena cava in
obese patients. This approach also allows for
safer division of the short gastric vessels, espe-
cially at the superior pole of the spleen.

Division of the Short Gastric Vessels

The fundus is mobilized by dividing the short
gastric vessels as this has been shown to result
in less dysphagia.” A general landmark for the
caudal extent of the mobilization is the inferior
pole of a normal-sized spleen. Short gastric
vessels are subsequently identified and tran-
sected with the Autosonic scalpel (Tyco Health-
care, Norwalk, CT), although this can be
completed with clips or other energy sources
(Figure 5.2). These vessels are divided upward
until one reaches the previously dissected left

Figure 5.2. Transecting the short gastric vessels. (Reprinted
from Hiatal Hernia and Gastroesophageal Reflux Disease. In:
Townsend CM, Beauchamp DR, Evers MB, Mattox KL, eds.
Sabiston Textbook of Surgery. 16th ed. 2004:755-768, Copyright
2004, with permission from Elsevier.)
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crus. The vessels to the upper pole of the spleen
may be very short and deep, making division
very difficult without prior division of the
phrenogastric ligament (left crus approach).
These last vessels are best exposed by having the
assistant retract the posterior wall of the body
of the stomach toward the patient’s right as the
surgeon pulls the posterior wall of the fundus of
the stomach anteriorly. A space at the base of the
left crus between the lesser sac and our initial
dissection along the left crus is created, allow-
ing the more cephalad short gastric vessels to be
exposed and divided.

Esophageal Mobilization

After the fundus is free and the left crus com-
pletely exposed, the left phrenoesophageal
membrane is incised, safely entering the medi-
astinum between the left crus and esophagus.
The dissection is continued anteriorly and supe-
riorly, dividing the peritoneum overlying the
anterior aspect of the crus. This line of division
is extended down to the base of the right crus.
Only now do we divide the gastrohepatic
ligament.

Most of the hepatic branches of the vagus and
occasional hepatic branch of the left gastric
artery can be preserved with this approach. The
right phrenoesophageal membrane is divided,
exposing the inner edge of the right crus.
Another advantage of this technique is that
because the decussation of the right and left
crus is identified, a posterior esophageal
window is created without dissection toward the
splenic hilum. A 0.5-in. Penrose drain is placed
in this posterior window and secured around
the esophagus and two vagi with a clip or
suture.

With the assistant tractioning from the
Penrose drain, dissection of the intrathoracic
esophagus is started. This is done until we
achieve an intraabdominal esophageal length of
at least 3cm. Mobilization of the esophagus can
usually easily be carried to the carina, and as a
result we rarely lack enough intraabdominal
esophagus to perform a tension-free repair.
Careful attention should be paid to avoiding
injury to the anterior and posterior vagal
nerves, both pleural surfaces, and the
aorta.
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Figure 5.3. Diaphragmatic closure. (Reprinted from Hiatal
Hernia and Gastroesophageal Reflux Disease. In: Townsend CM,
Beauchamp DR, Evers MB, Mattox KL, eds. Sabiston Textbook of
Surgery. 16th ed. 2004:755-768, Copyright 2004, with permis-
sion from Elsevier.)

Hiatal Closure

The hiatus is closed posteriorly with simple 2-0
silk stitches placed no more than 5mm apart
(Figure 5.3). The hiatal closure is calibrated such
that a 52-French bougie fits through the hiatus
easily. For large hiatal hernias (type II-IV), we
buttress the tenuous closure with a bioprosthe-
sis (SurgisisTM; Cook Surgical, Bloomington,
IN).%

Construction of the Wrap

It is critical to the proper function of the fun-
doplication that the two flaps of gastric fundus
that will wrap the lower end of the esophagus
be symmetrical. In other words, it is important
that the amount of displacement of the poste-
rior and anterior gastric flaps be the same so
that there is no tendency to produce a torque in
the esophagus. To achieve this, we first identify
a point on the posterior wall of the stomach that
is 3cm below the gastroesophageal junction and
2cm away from the greater curvature. We then
place a loose stitch to identify this area. This
assures that we do not mistakenly grasp the
anterior portion or body of the stomach, which
is a common error seen in failed fundoplica-

tions.” The portion of posterior stomach with
the suture is then brought posterior to the
esophagus.

A mirror-image portion of the anterior
stomach wall (3 cm below the gastroesophageal
junction and 2cm away from the greater cur-
vature) is grasped with the right hand (the
posterior stomach is in the left). This creates a
symmetrical fundoplication. Once this is
achieved, we check the entire wrap by momen-
tarily undoing it. This is accomplished by
passing (and holding) the posterior aspect of
the gastric fundus (being held by the left hand)
behind the esophagus, back toward the left
upper quadrant while the right hand holds the
anterior gastric flap. Now the entire wrap can be
seen just to the left of the esophagogastric junc-
tion, in front of the upper portion of the spleen,
and the distance from each point (the left
hand grasp and the right hand grasp) to the
greater curvature observed and measured
once again. The wrap is then restored to its
original position around the esophagus and
sutured.

The fundoplication is created by suturing
these two flaps of gastric fundus with four inter-
rupted stitches of 2-0 silk suture 1cm apart.
Care is taken to avoid entrapping the anterior
vagal nerve, which is why we do not incorporate
a bite of esophagus with these sutures. The fun-
doplication is created while a 52-French bougie
is in place through the gastroesophageal junc-
tion and ends up being approximately 3cm
long.

Anchoring the Fundoplication

To decrease the likelihood of herniation of the
wrap, we anchor it to the diaphragm and esoph-
agus. Two “coronal” sutures are placed, the first
from the top of the posterior fundus to the right
lateral esophagus and the right crus. A similar
suture is placed from the left crus, esophagus
and greater curvature. Two additional stitches
are placed: the posterior one, fixing the poste-
rior valve to a place in the diaphragm that
avoids excessive traction of the stomach, and an
anterior one fixing the top of the anterior valve
of the fundoplication to the anterior aspect of
the hiatus (Figure 5.4).
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Figure 5.4. Coronal sutures. (Reprinted from Hiatal Hernia and
Gastroesophageal Reflux Disease. In: Townsend CM, Beauchamp
DR, Evers MB, Mattox KL, eds. Sabiston Textbook of Surgery. 16th
ed. 2004:755-768, Copyright 2004, with permission from
Elsevier.)

Conclusion

Laparoscopic anti-reflux surgery, and even open
fundoplication operations, are viable alterna-
tives to medical management in the treatment
of severe GERD. The key to successful outcomes
with this procedure include proper patient
selection thorough preoperative evaluation and
careful operative technique. The chapter out-
lines our approach which has resulted in excel-
lent outcomes at the University of Washington.
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Acute Complications of Anti-Reflux Surgery

Gianmattia del Genio and Jean-Marie Collard

In the last three decades, surgical procedures
for gastroesophageal reflux disease showed
significant improvements in outcomes mainly
because of standardization of the indications,
widespread use of accepted fundoplication tech-
niques, and improved perioperative manage-
ment. Despite the good results of the currently
adopted operations,’ acute complications of
anti-reflux procedures occur and may be life-
threatening. Large series with careful long-term
follow-up are available and demonstrate recog-
nizable patterns of failure.””® Complications are
different in type and frequency in relation to
both techniques (e.g., partial vs total fundopli-
cation) and approach (e.g., thoracotomy vs
laparotomy). Recently, the evolution toward the
use of the laparoscopic approach’” changed the
frequency of these untoward events. Some of the
complications traditionally associated with
open surgery decreased in incidence (e.g., inci-
sional hernia, splenic injury), whereas other
specific complications (e.g., intraabdominal
hemorrhage, herniation of the wrap into the
chest, perforation of the esophagus or stomach,
pneumothorax, or pneumomediastinum) occur
more frequently after laparoscopic surgery.'®"
Because of the high number of anti-reflux
procedures performed each year and the lack of
any worldwide registry, the exact incidence of
acute complications is difficult to estimate.
Follow-up studies report a large statistical vari-
ation influenced by the relatively small numbers
of operations performed in each individual
institution. Retrospective surveys of laparo-

scopic anti-reflux procedures demonstrate an
operative mortality of 0.5%" and a morbidity
ranging from 4 to 7.3%.">"* A nationwide analy-
sis comprehensive of all the serious complica-
tions was conducted in Finland between 1987
and 1996, showing a prevalence of 0.8% of life-
threatening complications including 0.1% of
fatal events.”” Even though a substantial number
of surgical failures do not lead to remedial
surgery, another method to estimate the inci-
dence of postoperative complications is to con-
sider the reoperation rate. According to Carlson
and Frantzides,'® the overall reoperation rate
reported in the literature for all the primary
anti-reflux laparoscopic procedures published
between 1993 and 2000 was 2.8%.

In laparoscopic anti-reflux surgery there is a
direct correlation between the surgeon’s
experience and the complication rate' with the
highest complication rate occurring during the
first five cases and declining to a more accept-
able level beyond the twentieth procedure.' The
important role of tutorship is demonstrated by
the lower complication rate and shorter opera-
tive time during the learning curve of late
starters than in the initial experience of
pioneers."

This chapter addresses the main acute com-
plications of anti-reflux surgery irrespective of
the approach (laparotomy vs laparoscopy vs
thoracotomy) and their timing of occurrence
(intraoperative vs postoperative). It provides the
reader with relevant information, guidelines,
and insights that have evolved from study of the
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surgical literature and from the senior author’s
personal experience.

Intraoperative Complications
Vascular Injury

Because of the close spatial relationship
between the hiatal area and the major vascular
structures in the upper abdomen, vascular
injuries to major vessels (aorta, vena cava, left
hepatic artery, short gastric vessels) may occur
during anti-reflux surgery (Table 6.1). Use of an
open approach allows the surgeon to put his
index finger right on the damaged vessel for
immediate control of the bleeding and, subse-
quently, for easy vascular repair with either a
ligature of the vessel (left hepatic artery, short
gastric vessels) or a suture of the vascular wall
(aorta, vena cava). In contrast, with the laparo-
scopic approach, immediate control is much
more difficult to achieve. For this reason, inex-

Table 6.1. Intraoperative complications and predisposing
factors.

Vascular injury
Direct injury to the aorta, inferior vena cava, left
hepatic artery, short gastric vessels, spleen, right
ventricle
Crushing of the liver with the hepatic retractor

Esophageal and gastric tear
Inaccurate periesophageal dissection
Excessive cautery
Inadvertent puncture
Undue traction
Blind maneuver (laparoscopy)
Intraluminal bougie

Vagal injury
Posterior esophageal dissection
Removal of the fat pad
Direct injury to either vagal trunk
Dense adhesions (reoperative surgery,
panesophagitis)
Complete division of the lesser omentum

Pneumomediastinum (laparoscopy)
Extended transhiatal mobilization of the esophagus
High intraabdominal insufflation pressure

Pneumothorax (laparoscopy)
Inadvertent injury to the pleura
Panesophagitis
Esophageal shortening
Large hiatal hernia
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perienced laparoscopists should have the con-
ventional instrumentation opened on a table
located in the operating theater, ready to be used
at any time. Achieving hemostasis laparoscopi-
cally can be a challenging task for the most
experienced surgeon even if advanced tech-
nologies are readily available (bipolar cautery,
ultrasound, argon beam). The use of smooth
forceps grasping the damaged vessel is recom-
mended, but injury to either the aorta or infe-
rior vena cava requires immediate conversion to
laparotomy. The use of a high-flow insufflator
helps to maintain a high intraabdominal pres-
sure while suctioning intraperitoneal blood.
Placement of hemostatic clips on the left hepatic
or splenic arteries must not totally occlude the
vessels because of the potential risk of hepatic
or splenic ischemia and necrosis.

In open surgery, injury to the spleen is the
most frequent cause of intraoperative bleeding,
and is usually related to excessive traction on
the greater omentum or stomach. This can
necessitate urgent splenectomy if hemostasis
cannot be achieved. The incidence of this event
has been reduced by the use of minimally inva-
sive surgical techniques. In large series of open
anti-reflux procedures the reported splenec-
tomy rate ranged from 1 to 3%,>'>* whereas
both the overall incidence of splenic injury and
splenectomy rate calculated from >6000 laparo-
scopic anti-reflux procedures was 0.24 and
0.06%, respectively.'® Although these data come
from specialized centers with high caseload
volumes,” splenectomy has not been reported
in many laparoscopic series exceeding 100
patients.' More gentle maneuvers together with
the magnification of the image in laparoscopic
surgery probably account for the reduced risk of
perioperative hemorrhage compared with
conventional surgery.”

Another cause of intraoperative bleeding
during laparoscopic fundoplication is inadver-
tent laceration of the liver because of excessive
pressure exerted by the hepatic retractor on the
liver. The small hepatic fracture that is bleeding
is usually secured with a compression plug. In
case of failure of this technique, a variety of
other hemostatic options are available, includ-
ing argon or bipolar coagulation, biological
glue, or collagen-based hemostatic mesh. Overly
strong use of the liver retractor may cause
myocardial contusion, and cardiac tamponade
has been reported caused by laceration of the
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right ventricle.” Management of these problems
is beyond the scope of this chapter.

Esophageal and Gastric Tear

Esophageal perforation during open anti-reflux
surgery is very uncommon.”’ Use of a safe
method of esophageal dissection helps ensure
this low rate of perforation: encircling of the
esophagus is performed with the surgeon’s
index finger passed smoothly from left to right,
the fingertip touching the left crus of the
diaphragm, the anterior aspect of the aorta, and
the right crus successively, rather than the pos-
terior aspect of the esophageal wall itself. In
contrast, because of the loss of tactile percep-
tion, intraoperative perforation during laparo-
scopic anti-reflux procedures is more common
and may involve either the distal esophagus
or gastric fundus.* Excessive cautery, inadver-
tent puncture, undue traction, and incorrect
identification of the anatomic planes are the
most common mechanisms involved.”>*® Poste-
rior esophageal perforation attributed to blind
dissection of the lower esophagus flush with its
outer muscular layer has been reported by
several authors.'***”” Perforation of the esopha-
gus or stomach represents the third most fre-
quent intraoperative complication of anti-reflux
surgery, occurring in 0.78% of cases.'® Similar to
other complications, the risk of perforation
follows a learning curve. Schauer et al.** demon-
strated that most perforations occur early (first
10 cases) during the course of a surgeon’s expe-
rience with fundoplication.

An adequate approach to the hiatal area
includes starting the dissection just above the
hepatic branches of the left vagus nerve within
the lesser omentum on the right crus of the
diaphragm, which must be clearly identified.
Further dissection around the lower esophagus
through the mediastinum must be done under
careful visual control. The use of a 30° telescope
during laparoscopic surgery may be helpful. Con-
ditions predisposing to intraoperative esopha-
geal injury include failure to preoperatively
diagnose a short esophagus (Figure 6.1), dense
adhesions in relation to severe periesophagitis,
and previous hiatal surgery.

Another mechanism involved in intraopera-
tive perforation is the passage of a large-
diameter bougie across the gastroesophageal
junction. To do this safely, any maneuvers by the

Figure 6.1. Short esophagus with the gastroesophageal junc-
tion (white arrow) far away from the diaphragmatic level (black
arrow).

anesthetist must be done in perfect coordina-
tion with those by the surgeon. This is especially
important with the laparoscopic technique
because the surgeon is unable to palpate the gas-
troesophageal junction as the bougie is being
passed. In addition, during laparoscopy no trac-
tion can be exerted on the lower esophagus
when the distal tip of the bougie is thought to
have reached the cardia.

Another process involved in some of the
reported perforations is the presence of a
bougie in the lower esophagus during
esophageal dissection.”® Under these circum-
stances, the bougie puts the esophageal wall
under tension so as to make it more rigid. Most
surgeons agree that it is best to insert the cali-
bration bougie just before suturing the fundic
wrap after the lower esophagus has been
isolated from its crural attachments.”

The worst problem is failure of recognition
of the tear at the time of the operation. This
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is especially possible for both posterior eso-
phageal and gastric tears. Any doubtful surgical
maneuver requires careful checking of the
esophagogastric junction. Either methylene
blue injected through the channel of the naso-
gastric tube lying across the esophagogastric
junction or intraoperative upper gastrointesti-
nal endoscopy with transillumination and
insufflation are useful adjuncts for detecting
even very small transmural tears.”>”'

When a perforation is discovered intraopera-
tively, primary repair of the tear in two layers
with interrupted stitches is simple and rarely
results in postoperative complications. Coverage
of the suture line with the fundoplication may
help to reinforce the repair.

Vagal Nerve Injury

Circumferential dissection of the lower esopha-
gus exposes the patient to the risk of inadver-
tent injury to one or both vagus nerves.
Anatomic landmarks for recognition of the
vagal nerves are the anterior aspect of the
esophageal wall for the left (anterior) trunk and
the internal aspect of the right crus for the right
(posterior) one. These landmarks are particu-
larly relevant in laparoscopy, an approach that
precludes blunt encircling of the esophagus
with the index finger. In some patients, early
decussation of the left trunk results in the pres-
ence of several thin fibers that spread over the
anterior aspect of the esophageal wall. Circum-
stances leading to vagal injury are:

+ Posterior dissection between the posterior
esophageal wall and the right vagus nerve
to pass the fundus in between when con-
structing the wrap (optional surgical
step)"

+ Anterior dissection including the removal
of a large fat pad across the cardia

« Incorporation of the left trunk in the
suture when anchoring the wrap to the
anterior aspect of the esophageal wall

+ Direct injury to either vagal trunk with the
needle when suturing the wrap

+ Dense periesophageal adhesions in repeat
operations, as reported by Skinner and
Belsey three decades ago™

+ Division of both the left hepatic artery and
the hepatic branches of the left vagus nerve

MANAGING FAILED ANTI-REFLUX THERAPY
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Figure 6.2. Antral manometry tracings showing very low-
amplitude contractions after vagotomy (upper tracing, black
arrows) and high-amplitude contractions after erythromycin
therapy has been started (lower tracing, white arrows).

within the lesser omentum (unnecessary
surgical maneuver)

We know that truncal vagotomy disturbs the
functioning of all the organs of the digestive
system. It impairs fundic relaxation, antral
propulsive activity, pyloric relaxation, gallblad-
der contractility, and possibly results in diar-
rhea, dumping or gastric stasis, early satiety,
increased antral exposure to duodenal contents,
and even cholelithiasis.”** Should vagal injury
occur, erythromycin therapy (motilin-receptor
agonist™) should be started as early as possible
to enhance the spontaneous motor recovery
process that takes place in the myenteric plexus
of the gastric wall over time*’ (Figure 6.2). Doing
so is likely to minimize the unfortunate side
effects of the nerve injury for patients who
anticipate improvement in quality of life and
digestive comfort by means of an otherwise
straightforward functional operation.

Pneumomediastinum
and Pneumothorax

An unusual occurrence in conventional open
fundoplication surgery, both pneumomedi-
astinum and pneumothorax are new complica-
tions that may occur when the anti-reflux
procedure is performed laparoscopically. Pneu-
momediastinum may result from extended
transhiatal mobilization of the esophagus in
combination with a high intraabdominal
insufflation pressure. It is recognized by subcu-
taneous emphysema that usually develops in the
neck. Lowering the insufflation pressure during
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the procedure may prevent progression of the
pneumomediastinum. In most cases, no specific
treatment is needed; the pneumomediastinum
spontaneously resolves by absorption of the gas
within a few hours after the operation.*
Pneumothorax may develop in relation to
either direct opening of either pleural cavity or
diffusion of CO, through intact pleura. Factors
predisposing to pneumothorax are:

+ Periesophagitis with dense adhesions be-
tween the esophageal or fundic wall and
the pleura

+ Inadvertent injury to the pleura caused by
technically inadequate lower mediastinal
dissection

+ Extended mediastinal dissection in the
presence of esophageal shortening or in
patients with a large type III (parae-
sophageal) hiatal hernia

Intraoperative pneumothorax must be recog-
nized as early as possible to avoid the devel-
opment of gas-exchange disturbances.
Intraoperative closure of the pleural defect may
help stop CO, diffusion into the pleural cavity.
The most critical maneuver to be done if the
patient becomes unstable because of a tension
pneumothorax is placement of a large-bore
needle or intravenous catheter in the pleural
cavity through the anterior aspect of the chest
wall. This allows intrathoracic CO, to escape
from the chest cavity with subsequent reexpan-
sion of the lung parenchyma. Formal evacuation
of gas from the pleural cavity must be done at
the end of the procedure after release of the
pneumoperitoneum. Incomplete pleural evacu-
ation or recurrence of pneumothorax on a chest
X-ray taken in the recovery room suggests that
the lung parenchyma itself has been injured and
requires pleural drainage with a conventional
chest tube until a parenchymal seal is achieved.

Acute Postoperative
Complications

Gastric and Esophageal Fistula

A fistula may develop from either the esophagus
or stomach in the early postoperative course
and is usually related to a transmural injury to
the esophageal or gastric wall that was not rec-

Al

ognized during the operative procedure (Table
6.2). Reports suggest that such an unfortunate
outcome is more likely to occur with the laparo-
scopic approach than after a conventional
anti-reflux operation by laparotomy or thoraco-
tomy.'>**  Although laparoscopy has been
favored because it provides the surgeon with a
better view of the operative field, it may also
necessitate blind maneuvers, such as those
needed for the creation of a large retroe-
sophageal window or by the insertion of the first
trocar into the abdomen. Inappropriate use of
the coagulating system also may expose the
upper gastrointestinal tract to the risk of heat
injury.*” Another cause of postoperative fistula
is leakage of an esophageal or gastric suture
used for repair of an upper gastrointestinal tear
that was recognized intraoperatively. In the
same way, excessive tightening of the knots
when anchoring the wrap to the lower esopha-

Table 6.2. Postoperative complications and predisposing
factors.

Gastric and esophageal fistula
Unrecognized intraoperative tear (blind dissection)
Heat injury to the gastric or esophageal wall
Postoperative leakage from erosion of an
esophageal or gastric suture
Excessive tightening of the knots when anchoring
the wrap to the esophagus
Excessive tension on the anchoring sites of an
intrathoracic fundoplication to the diaphragm

Bleeding
Rebleeding from any intraoperative vascular repair
Injury to the intercostal artery (thoracic approach)
Injury to the epigastric artery (laparoscopic
approach)
Slippage of a clip placed on a short gastric vessel
Herniation of the wrap into the chest
Sudden increase in intraabdominal pressure
(tumultuous recovery from anesthesia, prostatism,
constipation, straining under heavy loads)
Inappropriate approximation of the crura
Large hiatal hernia
Short esophagus
Postoperative gastric distension

Acute dysphagia
Periesophageal dissection
Too tight a crural closure
Too long or too tight a wrap
Excessive scarring of the hiatal sling
Unrecognized esophageal body dysmotility
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Figure 6.3. Gastric perforation (black arrow) after laparotomic
Nissen fundoplication, in relation to too tight a gastroesopha-
gogastric suture.

gus may create local ischemia leading to early
postoperative perforation (Figure 6.3). If clini-
cal symptoms such as fever, excessive abdomi-
nal pain, or abdominal tenderness develop, a
contrast swallow using a water-soluble medium
must be performed urgently.

Twenty years ago, use of an intrathoracic
Nissen fundoplication for management of short
esophagus came into disrepute because of
reports of gastric perforation at the anchoring
sites of the wrap to the crura.”* Because it is
the only anti-reflux procedure that encircles
the distal segment of a short esophagus,
we modified Nissen’s initial technique® in an
attempt to lower the risk of early postoperative
perforation**:

+ The hiatus, already enlarged by the pres-
ence of the sliding hernia, is widened
further by division of the left crus or per-
formance of a 3-cm diaphragmatic inci-
sion radially from the anterior margin of
the crural sling.

« The wrap is made as floppy as possible
using a rather large amount of gastric
tissue.

+ To anchor the wrap to the crural sling, the
surgeon pushes the left part of the
diaphragm down with his left hand,
mimicking diaphragmatic contractions that
arise on cough, before placing the sutures.

MANAGING FAILED ANTI-REFLUX THERAPY

+ The nasogastric tube is removed only
when bowel activity resumes.

Perforations confined to the immediate vicin-
ity of the digestive wall may be treated con-
servatively with antibiotics, acid-suppressing
medications, evacuation of gastric contents at
regular intervals through the nasogastric tube,
and total parenteral nutrition.”® In contrast,
noncontained leaks require immediate revision
by laparoscopy, laparotomy, or thoracotomy.*
Laparoscopy must be converted into laparo-
tomy whenever proper repair of the defect
cannot be achieved through the minimally inva-
sive approach.

Late recognition of an esophageal or gastric
leak may lead to life-threatening peritonitis
which could necessitate a procedure as radical
as esophagectomy or gastrectomy.”” Mediastini-
tis with pleural effusion also may develop from
an esophageal injury,” especially after extended
transhiatal dissection of the esophagus to
reduce the gastrointestinal junction below the
diaphragm. In such an instance, thoracotomy
must be considered if the abdominal approach
to the lower esophagus precludes proper sutur-
ing of the parietal defect and effective mediasti-
nal drainage.

These complex surgical situations emphasize
the fact that anti-reflux surgery must be per-
formed by surgeons experienced with both
abdominal and thoracic surgical procedures.

Bleeding

Bleeding in the immediate postoperative period
is a rare event that must be suspected in the
presence of acute hypotension, tachycardia, con-
traction of the urinary output, or shock. The
absence of intraabdominal drainage may cause
a delay in diagnosis and necessitate an urgent,
rather than semielective, reoperation. Bleeding
may come from an intraoperative vascular
repair, any splenic or hepatic injury that
rebleeds after hemostasis has apparently been
achieved, or from the incision itself, possibly
involving an intercostal artery or vein after
thoracotomy or the epigastric artery caused by
trocar placement for laparoscopy. Watson and
colleagues® reported on a patient who under-
went a laparotomy 6 hours after the initial
laparoscopic anti-reflux operation for bleeding
caused by slippage of a clip placed on a short
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gastric vessel. To prevent such a complication, it
is wise to apply two hemostatic clips on both
sides of the presumed division point of a vessel.
This is especially important because such clips
can be dislodged while passing the fundus
through the retroesophageal window to wrap
the lower esophagus.

Herniation of the Wrap into
the Chest

Herniation of the fundic wrap into the chest
may occur in the early postoperative period,
even as early as while the patient awakens from
the anesthetic. Various conditions predispose to
this unfortunate outcome:

+ The physiologic intraabdominal pressure
is higher than the one existing in the
thorax so that abdominal organs are natu-
rally attracted to the chest through any
defect in the diaphragm, the roof of the
abdominal cavity.

+ A sudden increase in abdominal pressure,
as may occur when the patient strains
while awakening from anesthesia, may
push the freshly constructed wrap through
the hiatus, with subsequent breakdown of
the crural closure.

+ The absence of any crural closure gives
even better access to the lower medi-
astinum, especially in patients operated on
for gastroesophageal reflux disease with a
hiatal hernia and in whom the fundic wrap
has not been anchored to the hiatal sling.

+ Postoperative distension, which may occur
if a nasogastric tube has not been placed,
may put the hiatal repair under stress and
account, in part at least, for the acute dis-
ruption of the crural sutures.

+ In the presence of esophageal shortening,
undue traction on the esophageal tube to
construct the wrap below the diaphragm
also predisposes to early herniation into
the chest, which reflects the spontaneous
tendency of the short esophagus to go
back to its natural location in the lower
mediastinum.

+ In those patients operated on for a short
esophagus, inappropriate anchoring of
an intrathoracic Nissen fundoplication®
to the crural sling predisposes to either
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further herniation of the stomach or
herniation of the splenic flexure of the
colon alongside the fundoplication into the
chest.”

« After discharge home, manual workers
should be advised against carrying heavy
loads; similarly, patients with prostatism
or constipation should be warned not to
strain too much when they urinate or have
a bowel movement. Each of these condi-
tions increases intraabdominal pressure
excessively and can predispose to break-
down of a repair and wrap herniation.

+ Herniation of the fundoplication into the
chest is more common with the laparo-
scopic approach than after conventional
surgery.'’ Possible reasons for this are
excessive cautery of the peritoneal sheet
covering the crura and misestimation of
the amount of tissue incorporated in bites
when approximating the crura with the
laparoscopic technique.*

Total disruption of the crural closure with
herniation of the wrap into the chest may
remain totally asymptomatic. Sometimes the
fundoplication has sufficient room in the hiatus
and has become fixed in the lower mediastinum,
creating a situation similar to what is achieved
when an intrathoracic fundoplication is con-
structed around a short esophagus.® To be
effective in controlling gastroesophageal reflux,
a total fundoplication does not necessarily have
to be located below the diaphragm; rather, our
own experience of intrathoracic Nissen fundo-
plications when performed for true esophageal
shortening indicates that an intrathoracic wrap
is at least as effective as an intraabdominal one,
with a long-term pH-controlled success rate of
97%.*

Partial disruption of the crural closure,
together with the absence of spontaneous
fixation of the herniated wrap to the lower
mediastinal tissue, may result in gastric com-
pression at the diaphragmatic level. This can
lead to dysphagia, chest pain, dyspnea, and
cardiac dysrhythmia, symptoms that require
reoperation to reposition the fundoplication
below the diaphragm. Usually, herniation of the
wrap into the chest is not the only anatomic
abnormality found at reoperation.””*® The wrap
is often found to have been partially disrupted,
sometimes the wrap no longer exists, or the
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wrap may have slipped onto the gastric body.
Patients with these anatomic problems experi-
ence recurrence of heartburn, which requires
take down of the residual wrap followed by the
construction of a proper one around the lower
esophagus below the diaphragm.

Acute transhiatal herniation of the wrap
through a relatively narrow hiatal sling may
result in strangulation of the hernia with gastric
necrosis (Figure 6.4). This life-threatening com-
plication requires an emergency operation and
may require resection of the fundus or even
esophagogastrectomy whenever the gastric wall
cannot be sutured after the removal of the
necrotic area.

Techniques for preventing herniation of an
intraabdominal fundoplication into the chest
include the following:

+ Proper approximation of the diaphrag-
matic crura with incorporation of their
sturdy peritoneal sheet in the suture

+ Anchoring of the wrap to both diaphrag-
matic crura with nonabsorbable sutures

+ Smooth recovery from anesthesia, pre-
venting the patient from excessive
coughing

+ Placement of a nasogastric tube during the
first 12 hours after the operation

Figure 6.4. Acute herniation and diaphragmatic strangulation
(black arrow) of the greater curvature after laparoscopic Nissen
fundoplication in relation to postoperative vomiting.
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« A 2-month convalescence period for
manual workers

+ Appropriate management of prostatism
and constipation during the early postop-
erative period

+ True esophageal shortening on preopera-
tive barium swallow series must be oper-

ated on via thoracotomy**®

Acute Dysphagia

Almost all patients experience some degree of
dysphagia after fundoplication surgery. This
transient side effect of the procedure usually
resolves within a few weeks postoperatively.
Transient dysphagia is likely a result of physio-
logic inflammation that develops in the hiatal
region after any dissection of the distal esopha-
gus and gastroesophageal junction, as was
demonstrated in the 1980s after proximal
gastric vagotomy without fundoplication for
duodenal ulcer disease.”** In contrast, severe
dysphagia is suggestive of the crural closure
being too tight, a wrap that is too long or too
tight, unrecognized esophageal body dysmotil-
ity, or excessive scarring of the hiatal sling. The
latter situation was described by Watson et al.”®
at the beginning of the laparoscopic era in rela-
tion to poor hiatal dissection with excessive use
of electric coagulation. Acute incarceration of a
freshly constructed wrap in the hiatus also may
account for the sudden onset of dysphagia
postoperatively.

The role of the absence of division of the
short gastric vessels in the genesis of esophageal
dysphagia is still debated, despite the publica-
tion of randomized studies® ™ that fail to show
any significant difference depending on whether
the vessels are severed or not. However, large
series of remedial operations®® indicate that,
in almost all patients who required a reopera-
tive procedure for persistent dysphagia, their
short gastric vessels were left intact at the time
of the first operation.

The symptom of dysphagia is best assessed
by dynamic radiological examination of the
esophageal anatomy. An increased diameter of
the esophageal tube on barium swallow suggests
that, sooner or later, remedial surgery will need
to be considered (Figure 6.5). However, normal
passage of the liquid medium through the
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Figure 6.5. Conventional barium swallow study, showing a
dilatation of the esophageal body secondary to excessive
scarring of the crural sling after laparoscopic Nissen
fundoplication.

cardia with no esophageal dilatation does not
exclude an underlying organic problem. Indeed,
esophageal stasis in some of these patients
may only be revealed by barium-impregnated
marshmallow ingestion (Figure 6.6).

Summary

Acute complications of anti-reflux surgery may
occur during or after the operation. Intraopera-
tive complications include injury to the upper
abdominal vessels, tear of the esophageal or
gastric wall, injury to the vagus nerves, pneu-
mothorax, and pneumomediastinum (laparo-
scopic approach).

Figure 6.6. A, Conventional barium swallow study in a patient
with excessive scarring of the crural sling after laparoscopic
Nissen fundoplication, showing a good passage of the medium
through the cardia without any enlargement of the esophageal
body. B, Marshmallow study in the same patient, showing stasis
of the ingested material in the lower esophagus.

Postoperative complications may consist
of intraabdominal or intrathoracic bleeding,
gastric or esophageal fistula, herniation of the
fundoplication into the chest, and acute dys-
phagia. Experience with both primary and
remedial anti-reflux operations together with
a good knowledge of the mechanisms that
underly these acute complications are the

key factors for their prevention and
management.
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Persistent Symptoms after Anti-Reflux Surgery and

their Management

John G. Hunter and M. Brian Fennerty

Introduction

Since the development of laparoscopic fundo-
plication, 14 years ago, many individuals with
severe gastroesophageal reflux disease (GERD)
have undergone laparoscopic fundoplication to
free themselves from medication dependence
or side effects, because medical therapy was
incompletely effective, to treat extraesophageal
reflux symptoms and/or to treat reflux compli-
cations including esophageal stricture, aspira-
tion, bleeding, and Barrett’s esophagus.

The most popular laparoscopic procedures
performed in North America have been the total
fundoplication (Nissen fundoplication) and the
partial, 270° posterior fundoplication (Toupet
fundoplication). In other parts of the world,
anterior fundoplication (Dor or Watson fundo-
plication) has also been popular. When fundo-
plication is performed through a laparotomy
or thoracotomy, recurrent symptoms or new
troublesome symptoms have been reported in
9-30% of patients."? Laparoscopic fundoplica-
tion has been associated with failure rates
ranging from 2 to 17%, depending on how
failure is defined.>* The lower failure rates
reported for laparoscopic fundoplication may
reflect the fact that follow-up for these proce-
dures has generally been shorter than that for
open anti-reflux surgery.

The taxonomy of failed anti-reflux surgery
can be based on symptoms (e.g., heartburn, dys-
phagia, gas bloat) or it may be based on the
anatomy of failure, using a description of how

the anatomy detected deviates from the ideal.
For a surgeon, looking for defects that can be
fixed, the anatomic description of failure is
preferable. Kenneth DeVault discusses post-
operative symptoms that are not related to
anatomic fundoplication failure in Chapter 9.
The anatomy or failure includes four com-
monly described anatomic problems, previously
described with open surgery. These problems
are: 1) slipped or misplaced fundoplication, 2)
disrupted fundoplication, 3) herniated fundo-
plication, and 4) fundoplication that is too tight
or too long.” Laparoscopic fundoplication has
been associated with two new anatomic prob-
lems, the two-compartment stomach, and the
twisted fundoplication.’

Evaluation of Patients with
New or Recurrent Symptoms
of GERD

Early Postoperative Symptoms

The management of patients with new or
recurrent GERD symptoms after surgery is
dependent on the time of presentation. Early
postoperatively (<3 months) the presence of
several symptoms is extremely common and no
treatment or evaluation is necessary.

The most common of these early postopera-
tive symptoms after anti-reflux surgery is dys-
phagia. Dysphagia to solids after anti-reflux
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surgery is nearly universal, and the sensation of
liquids “hanging up” is not unusual either. The
cause of these symptoms postoperatively is
likely multifactorial. Distal esophageal edema is
seen universally postoperatively, transient
esophageal dysmotility has been demonstrated
after anti-reflux surgery, and recently per-
formed fundoplication-related hematomas can
also cause temporary outflow obstruction from
this section of the esophagus. For all these
reasons, we recommend that the patients stay on
a full liquid diet for the first 5-7 days after
surgery, and then follow a special soft diet for
the next 3 weeks. This special diet restricts the
intake of large bolus foods such as meats, raw
vegetables, and high-gluten-containing items
such as cakes and breads. This protocol dra-
matically reduced the incidence of postopera-
tive symptomatic dysphagia, food impaction,
and retching that occur when a regular diet has
begun too soon after surgery and the associate
phone calls expressing alarm over these symp-
toms that will be the norm if they occur.

Despite these instructions aimed at minimiz-
ing postoperative dysphagia, when patients do
complain of early postoperative dysphagia, we
then instruct them to return to a liquid diet
until swallowing again becomes easy and then
they can be readvanced to a soft diet. If a patient
has difficulty tolerating a full liquid diet, early
intervention may now be necessary. These inter-
ventions include esophageal dilatation, and/or
placement of a nasoenteric feeding tube. In
patients who will not tolerate a nasal tube, we
have used percutaneous endoscopic gastros-
tomy when early postoperative dysphagia
became so severe as to cause weight loss or
dehydration (Figure 7.1).

Another early postoperative symptom of no
great consequence is the development of chest
pain or recurrent reflux symptoms. The mecha-
nism(s) related to these symptoms remains
unclear. However, during the first 3 months after
surgery, the patient should be reassured that it
is extremely unlikely that the symptoms reflect
recurring gastroesophageal reflux, especially if
no postoperative events such as retching have
occurred. A simple screening study such as a
barium swallow may provide the opportunity to
provide a worried patient great reassurance that
their fundoplication has not come undone. A
trial of proton pump inhibitors (PPIs) is often
initiated if the patient returns to their primary
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care provider, but these PPIs are rarely effective
for early postoperative difficulties. The best
management of most early postoperative com-
plaints is patience and reassurance, not reoper-
ation or other reflux therapy.

Recurrent GERD Symptoms

When recurrent or new symptoms of gastroe-
sophageal reflux develop in the late postopera-
tive period (>3 months), the symptoms should
be investigated. For individuals who develop
symptoms identical to those in which they
underwent surgery, a trial of PPIs is appropri-
ate. In addition, a barium swallow will demon-
strate any new anatomic abnormalities in 90%
of patients with anatomic failure.® If the barium
swallow does not demonstrate any anatomic
problems, it is unlikely that the PPIs will be of
much benefit. In this case, it is likely that the
recurrent symptom is the result of a problem
distinct from GERD. Because so-called extrae-
sophageal reflux symptoms (cough, asthma,
hoarseness, chest pain, etc.) are so common, it
may be difficult to determine which of these
symptoms, if any, are related to reflux and which
are related to other conditions such as extrinsic
asthma, or postnasal drip. It may take the per-
formance of a fundoplication to determine,
once and for all, which extraesophageal symp-
toms are related to reflux and which are not. It
seems that extraesophageal symptoms that cor-
relate with reflux events on a 24-hour pH study
are more likely to respond to surgery than
symptoms that occur with no correlation to
reflux events. Frequently we have found that the
typical symptoms of reflux (heartburn, dyspha-
gia, regurgitation) will be eliminated by fundo-
plication but the extraesophageal symptoms in
the same patient (sore throat, cough, hoarse-
ness, wheezing) will not be eliminated by
surgery. The best preoperative predictors of
symptom relief after fundoplication are the
presence of typical symptoms, an abnormal
preoperative 24-hour pH study with a posi-
tive symptom index, and responsiveness to
PPIs.

If the barium swallow does not reveal any
anatomic abnormalities, and trial of medical
therapy fails, further investigation is unlikely to
detect problems but should be done anyway. In
10% of patients referred for postoperative reflux
symptoms, esophagogastroduodenoscopy (EGD)
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Figure 7.1. Evaluation of the patient with new dysphagia after laparoscopic Nissen fundoplication. TPN, total parenteral nutrition;
EGD, esophagogastroduodenoscopy; EMS, esophageal motility study. (Reprinted from Hunter JG. Approach and management of
patients with recurrent gastroesophageal reflux disease. J Gastrointest Surg 2001;5(5):451-457, Copyright 2001, with permission

from Elsevier.)

revealed an additional anatomic problem that
was not detected on barium swallow.® The most
common anatomic problem discovered by EGD
when the barium swallow was normal is a
slipped or misplaced fundoplication. Because
the gastroesophageal junction may be difficult
to define on barium swallow, the EGD is neces-
sary to demonstrate the presence of gastric folds

extending through and above the fundoplica-
tion narrowing. In addition, the gastric folds
may be seen coursing up into the valve, instead
of remaining circumferential around the
retroflexed scope (Figure 7.2). Also, a partially
disrupted fundoplication may only be visible on
EGD in a retroflexed position and missed with
a barium swallow. This may be best demon-
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Figure 7.2. Evaluation of the patient with recurrent reflux symptoms after laparoscopic Nissen fundoplication. EGD, esophagogas-
troduodenoscopy; EMS, esophageal motility study; PPI, proton pump inhibitor. (Reprinted from Hunter JG. Approach and manage-
ment of patients with recurrent gastroesophageal reflux disease. J Gastrointest Surg 2001;5(5):451-457, Copyright 2001, with

permission from Elsevier.)

strated by a patulous gastroesophageal junction
(does not hug the retroflexed endoscope), or a
portion of the valve that has fallen away from
the circumferential wrap. When the results of
the EGD are normal and the barium swallow is
normal, it is most unusual to find a patient that
has a positive 24-hour pH study confirming
GERD (Figure 7.3).

Persistent Postoperative Dysphagia

In contrast to the patient with recurrent GERD
symptoms, the patient with persistent postoper-
ative dysphagia represents a different problem.
The management of the patient with early post-
operative dysphagia was discussed above. In
the patient with dysphagia persistent for >3

months, we first confirm an anatomic abnor-
mality exists by performing a video barium
swallow with a 12.5-mm barium tablet. If the pill
passes the gastroesophageal junction readily,
there is little that one can do to fix the
“problem.” Under these circumstances, the dys-
phagia is usually functional, or may indicate
ineffective esophageal peristalsis. Thus, a
normal barium swallow should be followed by
an esophageal motility study in patients with
significant dysphagia. If the barium tablet
hangs up at the gastroesophageal junction, the
problem is most likely related to the fundopli-
cation itself, or otherwise undetected achalasia
or other lower esophageal sphincter motor
pathology. For this reason, a motility study is
helpful, but only in preparation for a redo oper-
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ation or to detect previously unrecognized pre-
operative primary esophageal dysmotility unre-
lated to the anti-reflux surgery. The decision to
reoperate or not must be individualized based
on the patient’s nutritional status and the sever-
ity of the dysphagia. Early elective reoperation
should be performed in patients who are
confined to liquids after 3 months of watchful
waiting, and patients who are losing weight
because of persistent dysphagia. However, if
solid food dysphagia is mild, dietary restrictions
are few, and weight loss is not present, we prefer
a conservative course of management for at
least 1 year postoperatively. During that year,

>50% of patients will resolve their postoperative
dysphagia without any intervention. However, if
a barium tablet still hangs up at the distal esoph-
agus 1 year postoperatively, and the patient is
still bothered by dietary restrictions, a second
operation is usually offered. A third scenario is
one in which the barium tablet may or may not
hang up, but the barium swallow demonstrates
an obvious anatomic difficulty such as a slipped
or herniated fundoplication. These patients will
usually do best with reoperation and this is what
we most often recommend. Although
esophageal dilatation may be beneficial for early
postoperative dysphagia, it is rarely helpful after

Figure 7.3. A retroflex gastroscope identifies most abnormalities of the fundoplication. A, Retroflexed view of a well-formed
Nissen fundoplication. B, A herniated fundoplication. C, A twisted valve in a “two-compartment stomach.” D, Partially disrupted

fundoplication.
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3 months postoperatively, especially if it has
been used previously and failed.

Anatomic Failure of
Nissen Fundoplication

Fundoplication Herniation

In our early experience, the most frequent
anatomic problem we encountered after laparo-
scopic fundoplication was herniation of the fun-
doplication across the diaphragm.® This has
almost always occurred in one of four clinical
scenarios. The first situation is the patient who
strains or retches in the early postoperative
period. Patients often report feeling something
“pop” and usually develop chest pain immedi-
ately thereafter correlating with herniation of
the fundoplication. This is a true surgical emer-
gency. The herniation should be confirmed with
water-soluble contrast radiography followed by
a rapid return to the operating room for laparo-
scopic or open reduction of the herniated
stomach.

The second situation is the patient who has a
similar event but more remote from the time of
operation. Although these patients may develop
severe acute pain after herniation of the fundo-
plication, the return of symptoms is usually
more insidious, and the time of herniation may
be difficult to pinpoint. Under these circum-
stances, the herniation is more frequently her-
alded by the symptoms of heartburn, new onset
dysphagia, or postprandial chest pain resulting
from gas or food distending the mediastinal
portion of the herniated fundoplication. These
patients should be evaluated with a barium
swallow and EGD. Depending on the length of
time between the first operation and the
development of the hernia, we will perform
esophageal motility and/or a gastric emptying
study to better define foregut physiology in this
postoperative state in planning for a second
surgery.

The third situation is even more insidious. In
this situation, the patient develops a slow onset
of recurrent or new symptoms (chest pain, dys-
phagia, heartburn) in the absence of a precipi-
tating event. In this scenario, the inciting
etiology may be acquired esophageal shorten-
ing, rather than a transdiaphragmatic stressor.

MANAGING FAILED ANTI-REFLUX THERAPY

In these patients, the indication for the primary
operation was more frequently a giant hiatal
(paraesophageal) hernia, esophageal stricture,
or Barrett’s esophagus. In these patients,
the herniation likely occurred because of
esophageal shortening that was not detected
and adequately treated with an esophageal
lengthening procedure at the first operation.
Elective reoperation should include an
esophageal lengthening procedure such as a
Collis gastroplasty along with a reinforcement
and closure of the esophageal hiatus.

The fourth presentation of fundoplication
herniation is those with small herniation who
usually remain asymptomatic. In our experi-
ence, nearly half of the patients who develop
fundoplication herniation will be asympto-
matic, especially if the first operation was per-
formed for a paraesophageal hiatal hernia.” If a
patient with a small asymptomatic recurrent
hernia is not anemic, and has no evidence of
ulceration in the herniated fundoplication, we
recommend a strategy of watchful waiting.

In summary, patients with acute postopera-
tive herniation require an emergency operation,
those with “event induced” recurrence should
undergo elective reoperation, those with a
recurrent secondary to esophageal shortening
should undergo Collis gastroplasty and repeat
fundoplication, and those with asymptomatic
recurrence need not undergo reoperation at all.

Slipped Nissen Fundoplication

Patients with a slipped Nissen represent a
difficult challenge. Those with a gastric pouch
above the fundoplication will often have symp-
toms of severe reflux, regurgitation, and dys-
phagia. Not only is food trapped in this pouch
during swallowing, acid-rich refluxate pools in
this pouch, immediately below an incompetent
sphincter. These patients may develop severe
erosive esophagitis, strictures, and even
Barrett’s esophagus if this problem is not allevi-
ated. It should be no surprise that these patients
are extremely grateful when the fundoplication
is placed in the correct location on the esopha-
gus. It may be impossible, preoperatively, for the
surgeon to determine whether the fundoplica-
tion has truly slipped, or whether it was mis-
placed initially. Reoperation in patients with a
misplaced fundoplication often reveals that the
mediastinal component of the esophagus, just
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above the gastroesophageal junction, was never
mobilized during the first procedure and there
is very adequate esophageal length to place the
fundoplication higher up in the correct posi-
tion. Alternatively, if the fundoplication is truly
slipped onto the stomach, especially in patients
with advanced esophageal disease, this may
indicate a shortened esophagus which will need
to be addressed with a gastroplasty. The opera-
tive principles will be discussed in another
chapter.

Disrupted Fundoplication, Twisted
Fundoplication, and the Two-
compartment Stomach

The disrupted fundoplication is perhaps easiest
to diagnose and repair. The preoperative evalu-
ation of these patients will usually include a
24-hour pH study, esophageal motility testing,
barium swallow, and EGD. If the patient has
erosive esophagitis on EGD, the pH study may
be omitted but it is generally advisable to
do a complete physiologic evaluation before
reoperating on a patient with a disrupted
fundoplication.

Although disrupted fundoplications are
well known in the era of open surgery, two
new defects were described after the advent
of laparoscopic fundoplication. These are the
twisted fundoplication and the two-compart-
ment stomach. The twisted fundoplication
results when the surgeon fails to mobilize the
greater curvature of the stomach from the
spleen and diaphragm. This is more frequently
the case when the short gastric vessels are not
divided. A portion of the anterior wall of the
stomach is pulled from the left around the
esophagus posteriorly and sutured to another
portion of the anterior wall of the stomach
which has been pulled from a spot low on the
greater curvature. This creates tension at the
gastroesophageal junction which can result in a
rotation of the distal esophagus and fundopli-
cation to develop a spiral-type deformity seen
in retroflexion of the endoscope (Figure 7.3).
This deformity is usually associated with symp-
toms of dysphagia and severe postoperative gas
bloat. An esophageal dilator will usually pass
through this defect easily, but upon removal of
the dilator, the twist will be recreated. Thus,

esophageal dilation has little role in managing
this deformity.

Occasionally, individuals who have a spiral
deformity because of inadequate fundus mobi-
lization will develop a second problem, which is
that of the two-compartment stomach. This
occurs because the point on the greater curva-
ture chosen for the left side of the fundoplica-
tion, when pulled through the gastroesophageal
junction, will create a waste around the
mid-stomach. The fundic compartment resides
against the posterior left hemidiaphragm in the
distal compartment (the atrium) lies below the
septation. The proximal compartment is filled
preferentially with food and will create early
satiety, upper gastric discomfort, nausea, and
retching. The twisted valve relaxes poorly and
thus retching does not usually result in relief
of the gastric distension. These patients are
extremely uncomfortable and require urgent
operation once the diagnosis is made. Barium
swallow and upper endoscopy usually reveal the
septated nature of the stomach, and the diagno-
sis is not difficult.

Bloating, Nausea,
and Epigastric Pain

The small group of patients who undergo
laparoscopic Nissen fundoplication will be
plagued by persistent bloating, nausea, and epi-
gastric pain postoperatively. These patients may
be divided into two groups: those with func-
tional problems, discussed by Dr. DeVault in a
later chapter, and those with severe gastric emp-
tying which may be a result of inadvertent vagal
injury or may be preoperative gastroparesis
that was undetected until an operation was per-
formed. The optimal treatment of postoperative
nausea involves the use of antiemetics for the
first few months. When nausea persists beyond
the early postoperative period, an investigation
is warranted. Initially, we believed that these
symptoms were a result of PPI withdrawal, but
found little evidence that proton pump inhibi-
tion was of any benefit in treating postoperative
nausea. When nausea is persistent postopera-
tively we recommend an EGD be performed
despite this examination usually detecting
no explanatory pathology. Symptom-directed
therapy is then indicated. An antiemetic
cocktail frequently successful in this situation
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includes ondansetron, Phenergan, and the pro-
kinetic agent, metoclopramide. In contrast,
when the EGD demonstrates food in the
stomach after a 12-hour fast, it is likely that gas-
troparesis is present. There is probably little
need to perform a gastric emptying study in
these patients, but we generally perform this
study to quantify the amount of gastric reten-
tion. This measurement may be useful when
compared with gastric emptying studies per-
formed after therapy is initiated. If the gastric
emptying cannot be normalized on prokinetic
agents, we sometimes recommend that a pyloro-

A. Early (First 3 Months)
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plasty be performed. In addition, we have
started using gastric stimulation with an
implantable system (Medtronics, Minneapolis,
MN) in some of these selected cases. If the
patient has lost a significant amount of weight,
a feeding jejunostomy can be performed. After
these interventions, we prefer to wait at least a
year to determine whether gastric emptying will
return. If there is no appreciable improvement
in symptoms or gastric emptying after a 12-
month follow-up period, subtotal gastrectomy
with Roux-en-Y gastrojejunostomy may be con-
sidered (Figure 7.4). Unfortunately, the results of
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Figure 7.4. Evaluation of the patient with severe bloating, nausea, and retching after laparoscopic Nissen fundoplication. GES, gastric
emptying study; EGD, esophagogastroduodenoscopy; EMS, esophageal motility study. (Reprinted from Hunter JG. Approach and man-
agement of patients with recurrent gastroesophageal reflux disease. J Gastrointest Surg 2001;5(5):451-457, Copyright 2001, with

permission from Elsevier.)
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this operation in this patient population are fre-
quently poor.

Reoperation for
Fundoplication Failure

Several studies have addressed the performance
of reoperative laparoscopic fundoplication.**™"!
Some surgeons will attempt to perform all reop-
erative fundoplications laparoscopically, some
will perform all reoperative fundoplications via
thoracotomy, and some will perform all redo
fundoplications through a laparotomy. We gen-
erally tailor our reoperative surgery according
to the method used for the previous operation.
That is, when the first operation was performed
through a thoracotomy or with laparoscopy, the
preferred approach is laparoscopic. When the
first operation was performed through a laparo-
tomy, our preferred approach is through a
laparotomy, because when we approach this
latter group through a thoracotomy, the intraab-
dominal adhesions make redo surgery difficult.
When we perform the redo operation after
laparotomy with laparoscopy, we have found
that intraabdominal adhesions also make
the laparoscopic procedure quite lengthy.*'
Whether the redo fundoplication is performed
laparoscopically or through a laparotomy, the
operative principles are the same.

Exposure for Reoperative
Laparoscopic Fundoplication

For reoperative surgery, we use the same five-
trocar technique that was used for the primary
operation. Before one can elevate the left lobe of
the liver adequately, adhesions between the fun-
doplication and the liver must be taken down. It
is occasionally necessary to replace the liver
retractor several times during the process of this
dissection. Adhesiolysis is best performed with
electrosurgical scissors, or ultrasonic shears
(harmonic scalpel; Ethicon Inc., Cincinnati,
OH). The goal of dissection is to identify the
diaphragmatic hiatus in its entirety. Similar to a
first-time fundoplication, safe dissection is dis-
section that stays away from the esophagus and
stays on the diaphragmatic hiatus. It is usually
easiest to approach the diaphragmatic hiatus
from the left side of the patient as adhesions

between the liver, stomach, and right crus often
make the initial approach on the right side more
problematic. If the short gastric vessels have
been previously mobilized, it is relatively easy to
follow the stomach to the left crus of the
diaphragm and then follow the left crus down
to its base. The right diaphragm is best
approached by identifying the caudate lobe of
the liver and the gastrohepatic omentum and
then proceeding superiorly and to the left until
the right crus is identified. If the hepatic branch
of the vagus has not been divided during the
first operation, it is usually necessary to do so at
the second operation to facilitate exposure of
the diaphragm. Similarly, if the short gastric
vessels were not divided during the first opera-
tion, this too needs to be performed during the
second procedure. A 360° dissection of the
hiatus will allow a Penrose drain to be placed
around the esophagus. If the stomach is truly
herniated through the hiatus, a longer length of
Penrose is passed with which to encircle the her-
niated stomach. The drain is held in place with
endosurgical clips or with an Endoloop. Inferior
traction is then placed on the drain to allow the
surgeon to reduce the herniated fundoplication
back into the abdomen, or to further dissect
out the mediastinal esophagus. A herniated
stomach may be easily reduced or may re-
quire meticulous dissection to free it from
the diaphragm and mediastinal structures.
Significant mediastinal adhesions are more
common when the fundoplication herniates
early postoperatively, and may present a formi-
dable technical challenge. It is occasionally nec-
essary to open the diaphragm by dividing the
crural arch anteriorly or laterally to gain more
working room during this mobilization. It is not
unusual for a pneumothorax to develop during
such mobilization but generally this is well tol-
erated. The anesthesiologist may notice some
mild desaturation, but usually notices nothing
at all. If we detect a pneumothorax, we usually
decrease our intraabdominal pressure to
approximately 10mm Hg, and place a red rubber
catheter with several additional side holes cut
across the diaphragm and into the chest cavity
(usually the left chest).

Once the fundoplication has been reduced
from the chest, the next step is to completely
take down the previous fundoplication. This is
performed with sharp dissection by identifying
the sutures on the anterior portion of the
fundoplication and dividing them sharply. The
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fundus of the stomach is then peeled to the left
and to the right from the midline. The dissec-
tion of the left portion of the fundoplication is
usually fairly easy, but dissection of the right
portion of the fundoplication, off the esopha-
gus, may be more problematic because of
extensive adhesions. It is important during the
takedown of the fundoplication to identify the
anterior and posterior vagus nerves. To prevent
injury to these nerves, it is best not to use elec-
trosurgery or harmonic scalpel close to the
nerves. Generally, the vagal trunks can be found
in the fundoplication. When the posterior vagus
nerve is left within the fundoplication, it is
usually easy to preserve; however, if it was left
outside of the fundoplication, it may be sec-
tioned inadvertently. The anterior vagus nerve
is closely adherent to the esophagus, often
encased in scar, and may be best preserved by
staying away from this region. Once the fundo-
plication has been entirely taken down, an
assessment of intraabdominal length is per-
formed by reapproximating the crura with
graspers and letting go of all inferior traction on
the gastroesophageal junction. If 2cm of esoph-
agus remains in the abdomen, without tension,
the esophagus is not shortened and a lengthen-
ing procedure need not be done. If the gastroe-
sophageal junction springs back to within 2cm
of the closed hiatus, an esophageal lengthening
procedure is performed. There are several ways
to perform a Collis gastroplasty with minimally
invasive techniques.”™™ Occasionally, patients
appear to have adequate intraabdominal length
but will have had a twice-herniated fundoplica-
tion without known diaphragmatic stressors.
Under these circumstances, we advocate per-
forming an esophageal lengthening procedure
regardless of the intraoperative measurements.

I am often asked whether a pyloroplasty is
indicated when neither vagal nerve can be
identified because of previous operations. We
generally do not recommend routine pyloro-
plasty because many vagotomized stomachs will
empty reasonably normally and pyloroplasty
can then be used selectively in those patients
who develop postoperative gastric emptying
abnormalities. It has been extremely rare that
we have found it necessary to return later to
perform pyloroplasty.

Occasionally the need for a second or third
revision arises. We have reported that the results
of redo fundoplications deteriorate with each
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successive operation.® Whereas success rates
for the first operation range between 90-95%,
second operations have been successful between
80-90% of the time, and third operations are
successful between 50-66% of the time. Because
fourth operations are rarely successful at all,
some experts suggest that an esophageal
resection be performed after three failed fun-
doplications. Despite this policy, we have per-
formed fewer than five esophageal resections
over 10 years for repeated fundoplication
failure.

Conclusion

The revolution in laparoscopic anti-reflux
surgery has created new and challenging prob-
lems for the laparoscopic surgeon, the failed
laparoscopic Nissen fundoplication. With thor-
ough preoperative evaluation and meticulous
surgical technique, many of these patients may
undergo successful reoperation using laparo-
scopic methods with good or excellent outcome.
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Technical Surgical Failures: Presentation, Etiology,

and Evaluation

Carrie A. Sims and David W. Rattner

Approximately 48,000 patients undergo anti-
reflux procedures each year in the United States.
Although surgery is the most effective treatment
for gastroesophageal reflux disease (GERD),anti-
reflux operations have reported failure rates
between 3-30%. This wide variability reflects dif-
ferencesin operative technique,differencesin the
length of reported follow-up, and differences in
the definitions used to describe failure. For the
purposes of this chapter, failure is defined as the
development of recurrent or new symptoms after
anti-reflux surgery combined with documented
pathologic gastroesophageal reflux or anatomic
failure. Failures occurring within the first 3
months of surgery are termed early failures and
are generally caused by technical errors. Diaphrag-
matic stressors such as coughing, straining,vom-
iting,retching,and weightliftingincrease the risk
of recurrence, especially in the early postopera-
tive period. When failures occur after 3 months,
they are termed late failures and a combination
of factors may be responsible. The size of the
original hiatal hernia, increased intraabdominal
pressure, the presence of Barrett’s esophagus,and
the use of steroids predispose to late failures. This
chapter will discuss the evaluation and man-
agement of failed fundoplications.

Presenting Symptoms of
Failed Anti-Reflux Operations
Patients with GERD often have associated

gastrointestinal motility disorders. Because
patients have high expectations of anti-reflux

surgery, many perceive that residual symptoms
represent an indication of fundoplication
failure. It is well known, however, that symptoms
correlate poorly with the presence of acid reflux
after fundoplication. Soper and Dunnegan'
found that 26% of those undergoing laparo-
scopic anti-reflux surgery reported postopera-
tive foregut symptoms. After an extensive
evaluation, 35% had no demonstrable abnor-
mality and their symptoms resolved without
intervention.! Galvani et al’ studied 124
patients with persistent or recurrent foregut
symptoms after laparoscopic fundoplication.
Only 39% were found to have acid reflux by 24-
hour pH monitoring. Viewed another way, two-
thirds of the patients who were taking
acid-reducing medications postoperatively were
found to have normal 24-hour pH probes
studies (the studies were performed off med-
ication).” Almost every patient experiences
some degree of dysphagia in the early postop-
erative period. In a review by Perdikis et al.,’
dysphagia occurred in 20% of the 2453 patients
analyzed. Initial dysphagia may be secondary to
distal esophageal edema or transient esophageal
dysmotility and most patients can be treated
expectantly. Given the disparity between symp-
toms and demonstrable anatomic or physio-
logic abnormalities, documenting functional
status with appropriate testing must be per-
formed before ascribing symptoms after fundo-
plication to a failed operation.

Patients with failed anti-reflux surgery typi-
cally complain of dysphagia, heartburn, vomit-
ing, or a combination of these symptoms.* The

91
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Figure 8.1. Upright abdominal radiograph demonstrating a dilated gas-filled stomach consistent with the gas bloat syndrome.

majority of symptomatic recurrences occur
within 2 years.’ Patients whose dysphagia per-
sists for more than 3 months postoperatively
should be suspected of having an anatomic
problem. In the early postoperative period, sub-
sternal chest pain or discomfort is another
common symptom. Although the etiology is not
well understood, the pain may be secondary
to esophageal spasm, irritation from the
esophageal dissection and mobilization, or
referred pain from the crural repair. The pain
may be described as a dull ache although some
patients describe it as heartburn. Usually this,
too, can be managed conservatively. Vomiting in
the postoperative setting is very abnormal and
often signifies disruption of the fundoplication.
More ominously, it may be the presenting sign
of an incarcerated iatrogenic paraesophageal
hernia. If a patient experiences severe chest pain
in the setting of retching or straining, the diag-
nosis of a transhiatal herniation of the wrap
should be considered. This is a surgical emer-
gency and a water-soluble contrast study should
be done immediately to confirm the diagnosis.
If herniation is present, the patient should be
returned expeditiously to the operating room
for a laparoscopic or open reduction of the
herniated stomach.

Whereas dysphagia and heartburn are the
most common symptoms after fundoplication,
rarely, patients may complain of “gas bloat”
characterized by the onset of severe epigastric
pain approximately 30 minutes after eating.

Patients with an improperly constructed fundo-
plication may not be able to easily belch and
painful abdominal bloating may arise when
swallowed air is “trapped.” This is readily diag-
nosed with a plain film of the abdomen showing
a distended gas-filled stomach (Figure 8.1) or in
the absence of an X-ray, prompt relief of pain by
passage of a nasogastric tube. The “gas bloat
syndrome” should be differentiated from the
more common complaint of generalized
abdominal bloating and increased flatulence as
the latter tends to resolve on its own over time.

Methods of Evaluation

Given the poor correlation between symptoms
and anatomic failure, a careful and thorough
evaluation is warranted. A complete history and
physical should be performed with particular
attention to the patient’s current symptoms. Are
the symptoms similar to those experienced
before the original surgery? Do symptoms of
reflux or dysphagia predominate? Was there a
precipitating event? Do antacid medications
ameliorate the symptoms? The patient’s original
operative report should be obtained to clarify
the type of fundoplication and extent of dissec-
tion. Any prior preoperative radiographs and
physiologic test results should also be obtained
and reviewed. If the patient’s symptoms are
identical to their prior symptoms of reflux, a 2-
week trial of omeprazole at 40mg/d should be
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initiated. Symptoms that completely resolve on
this regimen should raise suspicion for recur-
rent reflux. The patient can be offered a contin-
ued course of medical therapy as a reasonable
option. Many patients feel so well after success-
ful anti-reflux surgery, however, that they prefer
another operation to a lifetime of medical
therapy. If the patient does not respond to
omeprazole or has symptoms of dysphagia, the
work-up should proceed with more invasive
monitoring and diagnostic studies in an attempt
to elucidate the etiology of their symptoms.

A barium swallow should be the initial diag-
nostic study in the work-up of any symptomatic
patient. This relatively noninvasive, inexpensive
study will define the patient’s anatomy and help
clarify the relationship of the gastroesophageal
junction to the hiatus. This study may also
demonstrate gastroesophageal reflux and can
detect evidence of delayed esophageal empty-
ing. A barium swallow is particularly helpful
when the patient presents with symptoms of
dysphagia or pain and can help delineate a gross
anatomic defect that might explain the patient’s
symptoms (Figure 8.2). However, the failure to
visualize reflux on a barium study does not
exclude the possibility that the patient is expe-
riencing pathologic reflux. Because patients
may have symptoms consistent with reflux
without evidence of gastroesophageal reflux, a
24-hour pH study is important in patients
whose anatomy seems to be intact. This func-
tional study confirms the presence of pathologic
gastroesophageal reflux. By maintaining a 24-
hour diary, the patient’s subjective assessment
of reflux can be correlated with monitored
episodes of reflux. Patients who have
“reflux” symptoms, but a normal 24-hour
pH study, are likely to have another cause for
their symptoms and will not benefit from
refundoplication.

Upper gastrointestinal endoscopy should
be routinely performed in evaluating patients
who are symptomatic after a fundoplication.
Endoscopy and barium swallows provide
complementary information. In up to 10% of
patients, an endoscopy will reveal an anatomic
problem not appreciated by a barium swallow.®
In particular, endoscopic evaluation may reveal
a “spiraling” or “twisting” of the wrap that may
be missed by standard barium studies (Figure
8.3). Endoscopy also helps assess complications
of gastroesophageal reflux such as esophagitis
and Barrett’s mucosal changes. The degree of

these changes may impact the decision to reop-
erate or treat medically.

Esophageal manometry should be routinely
performed before considering reoperation.
Manometry provides an objective means of
assessing the location and resting pressure of
the lower esophageal sphincter. It can also
provide an assessment of the functional status
of esophageal peristalsis and sphincter relax-
ation. Manometric studies are critical when

Figure 8.2. A barium swallow demonstrating a slipped Nissen
fundoplication.
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Figure 8.3. A retroflexed endoscopic view of the gastroe-
sophageal junction demonstrating a twisted fundoplication.

evaluating the patient who presents with dys-
phagia, as these patients may have a previously
undiagnosed esophageal motility disorder. It
may be particularly difficult to differentiate
patients with misdiagnosed achalasia from
those whose fundoplication is too tight causing
secondary poor esophageal peristaltic function.
Moreover, patients who initially had normal
esophageal function before surgery may
develop secondary achalasia after fundoplica-
tion.” If reoperative surgery is indicated, the
type of fundoplication chosen may depend on
the results of esophageal manometry. Patients
complaining of dysphagia who are found to
have poor esophageal motility probably should
not be offered a 360° wrap.

Patients with persistent bloating, nausea,
vomiting, abdominal pain, and early satiety
should undergo gastric emptying studies. These
symptoms may be secondary to previously
undiagnosed gastroparesis. An injury to the
vagus nerves may also lead to abnormal gastric
function with rapid emptying of liquids and
delayed emptying of solids. If gastroparesis is
detected, the success rate of a reoperation is
lower and a pyloroplasty should be performed.

Potential Causes of Failure

Regardless of the surgical nuances, failed anti-
reflux operations can be analyzed and subdi-
vided into three distinct anatomic regions.
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Failure can occur at the esophageal, wrap, or
crural level, although there may be overlapping
or concurrent issues. Before the wide adoption
of laparoscopic techniques, wrap disruption was
the most common mode of failure. In the
laparoscopic era, the most common cause of
failure is herniation of the wrap through the
diaphragmatic hiatus.

The construction of a fundoplication (partic-
ularly a 360° fundoplication) may unmask pre-
viously unrecognized esophageal dysmotility or
misdiagnosed achalasia leading to severe post-
operative dysphagia. Chronic inflammation
can also contribute to esophageal failure. Both
Barrett’s esophagus and severe esophageal
reflux are associated with chronic esophageal
inflammation. Chronic inflammation results in
fibrosis, foreshortening, esophageal dysmotility,
and poor acid clearance. Poor acid clearance in
turn contributes to more esophageal irrita-
tion and the vicious cycle is propagated. Over
time, the esophagus may become significantly
foreshortened and fibrotic. Although there
is controversy over the true incidence of the
short esophagus, we believe that this entity
exists.

A variety of issues involving fundoplication
construction can contribute to failed anti-reflux
surgery (Figure 8.4). The easiest failure to
diagnose and repair is the “missin’ Nissen”—a
fundoplication that is disrupted or completely
undone. A “slipped” Nissen results when the
body of the stomach intussuscepts through the
fundoplication. This creates an hourglass defect
with part of the stomach residing above the
wrap and part below. Patients with a “slipped”
fundoplication often experience severe reflux
and regurgitation because the pouch of stomach
above the wrap traps food and serves as a reser-
voir of acid-rich refluxate below an incompetent
esophageal sphincter. Similarly, a wrap may be
misplaced around the upper stomach rather
than around the esophagus. This creates an
hourglass defect in which the wrap is below the
diaphragmatic hiatus, but the upper stomach
and gastroesophageal junction are above the
diaphragm. Another common error particularly
in the laparoscopic era is use of the body or even
antrum of the stomach to construct a Nissen
fundoplication (Figure 8.5). This leads to a
twisted, bulky wrap that fails to function prop-
erly. Lastly, a fundoplication that is too tight
may result in dysphagia. Since the work of
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Dunnington and DeMeester® established the
efficacy of the floppy fundoplication, most sur-
geons construct 360° wraps over a 56-60 French
dilator to avoid this problem. However, con-
structing a wrap over a large dilator without
adequate fundic mobilization can still lead to
tension. By routinely dividing the short gastric
vessels and approximating the crura, Soper and
Dunnegan' reported the failure rate of primary

Complete Disruption

Malpositioned Wrap

laparoscopic fundoplication decreased from
19% to 4%. Whereas others have demonstrated
that division of the short gastric vessels does not
improve the clinical outcome of laparoscopic
fundoplication, the Nissen procedure per-
formed in this study as the control was not the
classic “floppy” fundoplication with full mobi-
lization.” As such, we believe that the short
gastric vessels should be divided with full mobi-

Transhiatal Herniation

Figure 8.4. Types of surgical failure of Nissen fundoplication. (Reprinted from Hinder RA. Gastroesophageal reflux disease. In: Bell
RH Jr, Rikkers LF, Mulholland MW, eds. Digestive Tract Surgery: A Text and Atlas. Philadelphia: Lippincott-Raven Publishers; 1996:19,

with permission.)
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Figure 8.5. The body or antrum of the stomach can be mistak-
enly used to form the fundoplication. A proper fundoplication is
constructed by wrapping “A” around the distal esophagus and
bringing “B” anterior to the esophagus to join “A.” By bringing
“C"anteriorly to complete the wrap,a malformed fundoplication
will be created.

lization of the fundus in order to create a wrap
that lies comfortably around the esophagus.
There are a myriad of partial fundoplications
in use today. The most common laparoscopic
partial fundoplication is the posterior fundopli-
cation described by Andre Toupet. Because few
surgeons had experience with this repair in the
open era, modern-day laparoscopic surgeons
tend to make this fundoplication too short. In
contrast to the Nissen fundoplication, longer is
better for a Toupet procedure. The wrap should
extend for at least 4cm. Belsey fundoplication
failures are usually attributed to inadequate
esophageal mobilization or improper depth of
suture placement when constructing the wrap.
The competency of the crural closure is crit-
ical in the performance of a successful fundo-
plication. The crural closure can either be too
tight leading to dysphagia or too lax leading to
transdiaphragmatic herniation of the wrap. In
open operations, the crural closure should
admit the tip of the surgeon’s index finger
snugly when a nasogastric tube lies in the
esophagus. Obviously, this rule of thumb cannot
be used for laparoscopic operations. We try to
leave 1-1.5cm of space between the anterior
border of the esophagus and the anterior
margin of the hiatus to approximate the degree
of closure obtained in open operations.
Although some use a bougie to calibrate the
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hiatal closure® we find this method both inaccu-
rate and dangerous. The quality of the crura
and ability to obtain a well-approximated and
tension-free closure are essential. Patients with
large hiatal hernias at the time of their initial
surgery are three times more likely to develop a
recurrence.! Recent publications have demon-
strated the feasibility and utility of judiciously
placing prosthetic material to buttress the
crural closure when the crural fibers are
attenuated.'™"

Without a doubt, the best time to prevent
recurrence is at the time of the original proce-
dure. Anticipating potential pitfalls and prob-
lems at the esophageal, wrap and crural level
during the initial procedure will prevent later
complications. We recommend esophageal
manometry for all patients before anti-reflux
surgery and if weak peristalsis is present, a
partial, rather than a total fundoplication,
should be performed. The esophagus should
be adequately mobilized such that 2-3cm of
tension-free intraabdominal esophagus can be
obtained. If a foreshortened esophagus is dis-
covered preoperatively or intraoperatively, an
esophageal lengthening procedure should be
performed. The establishment of a 2- to 4-cm
length of intraabdominal esophagus is a funda-
mental principle of anti-reflux surgery. If
tension is required to keep a fundoplication in
the abdomen, transdiaphragmatic herniation
will ultimately result. The crura should always
be closed with a nonabsorbable suture, often
reinforced with the use of pledgets.

Treatment Options

Appropriate treatment of failed anti-reflux
surgery may range from reassurance to re-
operative therapy. Revisional surgery can be
recommended when the preoperative evalua-
tion identifies a surgically correctable problem
corresponding to the patient’s symptoms. In
general, operations that have failed for technical
reasons can be corrected by a second operation.
The most appropriate surgical approach will
depend on the patient’s previous operation and
the results of the preoperative evaluation (see
Chapter 11).

For patients with persistent dysphagia,
esophageal dilation should be the first line of
therapy. Often, multiple dilations can loosen a
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tight, but properly oriented wrap. However, if
dysphagia is caused by a tight crural closure,
dilation usually will not work and reoperation
is often necessary. Similarly, if the wrap is mal-
positioned, conservative therapy is unlikely to
provide benefit. Patients whose dysphagia fails
to respond to 2 or 3 dilations should be sus-
pected of having a poorly constructed wrap or
an overly tight crural closure. Reoperation
should be considered if symptoms persist for
more than 3-4 months.

What Is the Best Surgical Approach
to a Reoperation?

The most important factor a surgeon should
consider in choosing the surgical approach for
reoperation is the likelihood that he or she can
perform a safe and technically proper recon-
struction of the anti-reflux mechanism. Irre-
spective of the surgical approach and choice of
operation, the surgeon must establish a 3- to
4-cm segment of intraabdominal esophagus,
improve the lower esophageal sphincter resting
pressure, and reestablish a valve mechanism at
the gastroesophageal junction. Multiple studies
have demonstrated the safety and efficacy of
laparoscopic reoperations, but all these re-
ports come from high-volume experienced
centers.>'>'® Whereas some surgeons are
extremely skilled in laparoscopic techniques,
others are less facile. Laparoscopic reopera-
tions are clearly more difficult than primary
anti-reflux procedures and the potential for
serious complications (e.g., unrecognized per-
foration of the stomach and esophagus, vagal
nerve injury) should not be underestimated.

Patients whose initial anti-reflux surgery was
performed via laparotomy are more difficult to
approach laparoscopically than those whose
primary procedure was laparoscopic. If the
reoperation fails, patients may become eso-
phageal cripples with irreparable motility dis-
orders and face the prospect of esophageal
replacement surgery. Hence, the stakes are
extremely high in the reoperative setting.

In general, patients who have previously
had open surgery should have open revisional
surgery to avoid unnecessary risk and pro-
longed operative times. When reoperating on
patients with longstanding reflux disease, it is
essential that the surgeon have the capability to
perform an esophageal lengthening procedure.
Large iatrogenic paraesophageal hernias can be
very difficult to reduce laparoscopically. Finally,
in obese male patients, laparoscopic exposure of
the scarred hiatus may be difficult and one
should consider a transthoracic approach (Table
8.1).If a patient is deemed not to be a candidate
for a laparoscopic reoperation, the choice of
transabdominal versus transthoracic approach
depends on the perceived need for esophageal
mobilization/lengthening and body habitus. A
thoracotomy provides the best opportunity to
fully mobilize the esophagus up to the level of
the aortic arch and overcomes difficulty expos-
ing the hiatus in obese patients. However, if a
transthoracic approach is chosen, the abdomen
must be prepped and draped into the operative
field. Difficult reoperations often require a com-
bined thoracic and abdominal approach to
dissect the hiatus and mobilize the fundus if it
is heavily scarred from prior surgery. Although
the peritoneal cavity can be accessed through a
counter incision in the diaphragm, extending a

Table 8.1. Choosing a laparoscopic or open approach for redo fundoplication.

Factor Laparoscopic Approach Laparotomy Thoracotomy
Prior repair via laparotomy b - -

Prior laparoscopic repair T - -

Large hiatal hernia =% 4 s

Obesity - 4 T

Concern of short esophagus ¥ 4 =

T = good choice.

— = no contraindication.

4 = poor choice.

* Must have skills to perform lengthening procedure.
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thoracotomy incision across the costal margin
often provides the best exposure to deal with
particularly difficult cases.

Choosing a Partial
or a Total Fundoplication

The surgical literature is replete with articles
debating the pros and cons of the Nissen
fundoplication. Advocates of partial fundo-
plications such as the Toupet and Belsey
fundoplication point out advantages of less dys-
phagia and preservation of the ability to vomit.
Proponents of the Nissen fundoplication claim
superior control of acid reflux as well as ease of
performance of the procedure. In fact, there is
little level 1 evidence to support the superiority
of one procedure over another when perform-
ing a redo fundoplication. The choice of fundo-
plication should be tailored to the symptom or
anatomic defect needing correction. Patients
who had a good short-term result from a Nissen
fundoplication should probably have a full wrap
reconstructed. Those patients who had a partial
fundoplication with poor control of acid reflux
should be considered for conversion to a Nissen.
If a clear technical error can be identified that
caused a full fundoplication to fail, one should
not hesitate to reconstruct the 360° fundoplica-
tion in a proper manner. However, it is logical to
perform partial fundoplications on patients that
have had a prior Nissen fundoplication and
complain of persistent dysphagia or gas bloat
syndrome. Patients who undergo reoperation to
correct wrap herniation may benefit from a pro-
cedure that anchors the fundus to the hiatus
such as a Hill repair, Belsey procedure, or Toupet
procedure. When an esophageal lengthening
procedure is performed, a partial fundoplica-
tion has theoretical advantages because the
gastric tube that becomes the distal neoesopha-
gus is aperistaltic.

Considerations for Esophageal
Lengthening Procedures

It is essential that the gastroesophageal junction
lie tension free in the abdomen before creating
a fundic wrap. The length of tension-free
intraabdominal esophagus should be measured
after closing the crural defect. When the crura
are closed from the caudal condensation of the
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crural fibers toward the anterior margin of the
hiatus, the hiatal orifice is effectively displaced
cephalad. This transposition of the hiatal orifice
lengthens the intraabdominal segment of
esophagus because the anterior portion of the
hiatus is cephalad to the posterior portion of the
hiatus. If the gastroesophageal junction lies at
the level of the hiatal closure, one must do some-
thing to achieve an adequate intraabdominal
segment of esophagus. The first step should be
esophageal mobilization. This can be done tran-
shiatally or transthoracically. If the segmental
arteries to the esophagus are divided to the level
of the aortic arch and the vagal branches to
the hilum of the lungs are divided, one can gen-
erally gain 2cm of esophageal length. If the
intraabdominal esophageal segment is still
inadequate, there are several methods for
lengthening the intraabdominal segment (see
Chapter 14).

The Collis gastroplasty is the most widely
used technique to lengthen the esophagus. First
described in conjunction with transthoracic
hiatal hernia repairs, the Collis gastroplasty can
also be performed with minimally invasive
approaches. Although some have reported out-
standing long-term results with the Collis
gastroplasty,” the neoesophagus may contain
acid-secreting mucosa causing concern that
patients with Barrett’s esophagus may continue
to be exposed to acidic irritation. In the current
era wherein most reoperations follow failed
laparoscopic Nissen fundoplication, the proxi-
mal end of the Collis gastroplasty may become
ischemic because the short gastric vessels have
been previously divided. This may result in a
stricture that is very difficult to treat by dilation.

In 1996, Swanstrom et al.'® described a mini-
mally invasive transthoracic Collis gastroplasty
technique (see Chapter 13). For this approach, a
12-mm trocar is placed in the right anterior
axillary line in the third or fourth intercostal
space. A 35-mm tissue stapler is introduced into
the right chest and passed along the posterior
medial sulcus until it can be seen laparoscopi-
cally from the abdomen indenting the medi-
astinal pleura. The pleura is incised and the
stapler is advanced parallel to the esophagus.
A 46- to 48-French bougie is advanced into
the stomach along the lesser curvature. While
the fundus is retracted laterally, the stapler is
advanced along the bougie, adjacent to the angle
of His. The stapler is fired creating a 3-cm
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gastric tube. The crura are closed in standard
manner and a fundoplication is performed
(Figure 8.6).

A Collis gastroplasty can also be performed
laparoscopically without violating the thoracic
cavity (see Chapter 12). An esophageal bougie is
advanced along the lesser curvature. A circular
stapling device is used to create a “buttonhole”
in the gastric fundus adjacent to the bougie. A
35-mm tissue stapler is passed into the “button-
hole” and advanced parallel to the bougie
toward the angle of His. The linear stapler is
then fired creating a neoesophagus" (Figure
8.7). The introduction of roticulating endo-
scopic staplers has greatly simplified laparo-
scopic esophageal lengthening procedures.
Many surgeons now resect a wedge-shaped
segment of the fundus to create a neoesophagus
rather than using the buttonhole technique
described above. Once the short gastric vessels
have been divided and with a bougie in the
esophagus, a linear stapler is fired across the

Figure 8.6. A minimally invasive transthoracic method of cre-
ating a Collis gastroplasty entails visualization of the hiatus from
above. After the proximal stomach is mobilized, a linear stapler
is brought through the thoracic port and fired alongside a
bougie in the stomach (B). This creates a lengthening gastro-
plasty (C) that is used to form a fundoplication (D). (Reprinted
from Horvath et al.,”2 with permission.)

Figure 8.7. This laparoscopic method of addressing the fore-
shortened esophagus requires two types of staplers.The anvil of
a circular stapler is brought through and through the body of
the stomach, following a stitch on a straight needle (A). The
stapler is fired, creating an aperture through the stomach (B). A
linear cutting stapler is fired from this aperture to the gastroe-
sophageal junction, completing the lengthening gastroplasty.
(Reprinted from Horvath et al.,”* with permission.)

fundus near the gastroesophageal junction, per-
pendicular to the esophagus. This then permits
the surgeon to divide the fundus adjacent to the
dilator and parallel to the esophagus creating
the neoesophagus. A fundoplication is then
performed.

Management of the Difficult Hiatus

Closing the crura in reoperative surgery can be
challenging. The first and most important step
in repairing hiatal defects is to avoid destroying
the crural fibers while performing the initial
dissection of the area. Spending the extra time
to dissect this area carefully will be rewarded
later in the operation when it becomes time to
close the hiatus. On rare occasions, the crura
will be very fibrotic creating esophageal
obstruction at the hiatal level. This problem is
easily remedied by dividing a portion of the
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crus. The most common problem, however, is
dealing with a large hiatal defect. In most
instances, primary closure can be accomplished.
The stoutest crural fibers are the posterior fibers
so sutures should be placed deeply to encom-
pass them. In laparoscopic reoperations, the
intraabdominal pressure should be lowered to 8
or 10mmHg in order to diminish the diaphrag-
matic stretch.

There are situations in which primary closure
seems impossible. When this occurs, the options
are to make a relaxing incision in the diaphragm
and close this defect with prosthetic material or
to place prosthetic material directly into the
hiatus. Surgical dogma has been that placement
of prosthetic material in the hiatus would lead
to erosion of the foreign body into the esopha-
gus. In the laparoscopic era, however, there are
numerous reports claiming both the safety and
benefit of using prosthetic material for difficult
hiatal closures. Although there is relatively
limited follow-up, the use of mesh at the
esophageal hiatus has been associated with
significantly reduced recurrence rates with
minimal morbidity. Laparoscopic refundoplica-
tion with a circular polypropylene mesh was
performed in 24 patients with intrathoracic her-
niation of the wrap. Although one patient had
severe dysphagia requiring pneumatic dilation
postoperatively, all patients had good to excel-
lent functional outcome at 1 year follow-up."
Prosthetic material may be useful in reinforcing
the crural closure, particularly if the hiatal dis-
ruption is large or if the tissue is less than
robust. The use of polytetrafluoroethylene mesh
in conjunction with a Nissen fundoplication was
investigated in patients with a hiatal defect
>8cm. With at least 1 year follow-up, this
prospective, randomized controlled study
demonstrated that 8 of the 36 patients undergo-
ing simple cruroplasty developed recurrences,
whereas none of the 36 patients with polyte-
trafluoroethylene mesh recurred.””  This
benefit of prosthetic reinforcement has been
observed in multiple other studies.'***”
Although there has been concern regarding the
possibility of erosion of the mesh into the
stomach or esophagus, these fears have not
materialized—at least in the short term. Most
recently, biodegradable small intestinal submu-
cosal patches have become available and appear
to hold promise as an adjunct to closing large
hiatal defects.
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Technical Tips for Laparoscopic
Reoperations

A five trocar technique described for primary
laparoscopic fundoplication can be used for
redo surgery (see Chapter 12). Adhesiolysis may
be challenging and is best accomplished with
cold scissors to avoid thermal or conductive
injury to the esophagus and vagi. The liver is
almost invariably stuck to the site of the previ-
ous fundoplication and needs to be freed as the
first step of the procedure. As with primary
surgery, the crura are identified and dissected.
In general, the left crus is more easily identified.
If the short gastric vessels have not been taken
previously, they should be divided to facilitate
identification of the left crus. The right crus can
be more challenging and is best isolated by
finding the caudate lobe and proceeding superi-
orly and to the left. The crura are dissected in a
360° manner such that a Penrose drain can be
passed behind the esophagus (or stomach if
there is a herniated fundoplication). Once the
hiatus has been delineated clearly, attention is
turned to the prior fundoplication. We routinely
take down the previous fundoplication, try to
restore normal anatomy, and then reconstruct
the fundoplication again. The retained sutures
are divided sharply and the fundus is peeled
away from the stomach and esophagus circum-
ferentially. Sharp dissection is continued in
order to avoid inadvertent injury to the vagi.
Special attention is required along the left lateral
wall of the esophagus to ensure that the prior
fundoplication is fully mobilized.

With the fundoplication taken down, an
assessment of the intraabdominal esophageal
length is made. When necessary additional
esophageal length is obtained as previously
described. The crura are reapproximated with
nonabsorbable pledgetted sutures starting
caudally and progressing cephalad toward the
esophageal hiatus. Generous crural bites should
be taken. If closing the hiatus is difficult, tension
on the diaphragm can be reduced by lowering
the intraabdominal insufflation pressure. If the
crural closure remains under tension, mesh
reinforcement should be considered. Attention
is turned to the recreation of the fundoplication.
A 56-French esophageal bougie is passed orally
into the stomach. The fundus should easily pass
posterior to the esophagus and its orientation
should be confirmed by the “shoe shine” test. For
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a Nissen fundoplication, the wrap should not be
under any tension. Nonabsorbable pledgetted
sutures are used to approximate the fundus
around the distal 2-3 cm of esophagus with each
suture incorporating a generous purchase of
stomach and esophagus. By anchoring fundo-
plication to the esophagus, migration is less
likely. Further steps to prevent herniation of the
fundoplication include fixation of the posterior
portion of the wrap to the crural closure and
performance of an anterior gastropexy or
gastrostomy.

Conclusion

Patients who experience technical failures after
anti-reflux surgery typically complain of dys-
phagia, heartburn, vomiting, or a combination
of these symptoms. Understanding why the
original procedure failed and establishing the
physiologic basis of the patient’s symptoms are
critical elements in choosing management
options. Evaluation typically includes a careful
history and a complete physical examination,
barium swallow, upper endoscopy, esophageal
manometry, esophageal pH monitoring, and
often an assessment of gastric emptying.
Symptom recurrence in the absence of impor-
tant anatomic abnormalities can often be
managed medically. When a technical failure
has occurred that results in symptoms that are
difficult to control or an important anatomic
abnormality, reoperation is necessary. Choosing
the right approach to reoperation requires
honest appraisal of the surgeon’s experience and
capabilities as well as tailoring the operative
procedure to solve the patient’s physiologic
abnormality. Because the stakes are high in
reoperative esophageal surgery, consideration
should be given to referring such cases to
surgeons or centers doing a high volume of anti-
reflux surgery.
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Symptoms after Anti-Reflux Surgery: Everything is
not always caused by Surgery

Kenneth R. DeVault

Anti-reflux surgery controls reflux symptoms in
a majority of patients. Unfortunately, that
control comes with a price in some patients with
the development of new, postoperative symp-
toms. These symptoms vary widely and can
include dysphagia, increased abdominal gas
(gas bloat syndrome), and several other symp-
toms. All of these are very common if inquired
for by questionnaire. For example, in a study of
60 patients with 1-year follow-up, some gas-
trointestinal symptom was present in 93% of
patients, but only 19% said that they had
symptom that disturbed their lifestyle." There
are many symptoms that may accompany both
typical (heartburn and regurgitation) and atyp-
ical (pulmonary or ears, nose, and throat) pre-
sentations of reflux. These include dysphagia,
epigastric pain, nausea, and vomiting.” If the
primary symptoms are relieved by surgery,
there is a chance that a preexisting less-
appreciated symptom may now become
primary and appear to be attributable to
surgery when, in fact, it was really present all
along. In addition to new symptoms, the per-
sistence or return of the reflux symptoms that
resulted in the surgery initially is an important
issue. Whereas much attention is given to each
of these recurrent gastroesophageal reflux
disease (GERD)-attributed symptoms in other
chapters in this book, our goal will be to explore
symptoms occurring after surgery, but not
related to the surgery itself.

Dysphagia

Dysphagia is a common symptom after anti-
reflux surgery. Mild dysphagia has been
reported in up to 40% of patients,” and more
severe dysphagia, resulting in the need for
esophageal dilation, in >10% of patients.* It has
been suggested that the type of anti-reflux
surgery may influence postoperative dysphagia.
In a randomized, controlled trial of open versus
laparoscopic fundoplication, dysphagia was
more common after the laparoscopic approach.’
In fact, the randomized study was closed early
because of that dysphagia, although many
surgeons do not believe that the laparoscopic
approach predisposes to dysphagia. Another
study compared outcomes in 185 laparotomy
patients with 200 laparoscopy patients.® Recur-
rent heartburn and subjective dissatisfaction
with the surgery were both more common in the
laparoscopy group. Esophageal manometry has
been used as a tool to “tailor” anti-reflux surgery
to the patient’s underlying motility. This “tailor-
ing” of anti-reflux surgery, by performing a
partial fundoplication in patients with poor
motility, is currently loosing favor in some
centers because of the finding of a lack of utility
in several randomized trials.”® However, the
knowledge of preoperative motility in patients
experiencing postoperative dysphagia is very
helpful in both managing and prognosticating,
because the knowledge of normal or near-
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normal preoperative motility may provide some
comfort to patient and surgeon when dysphagia
develops. An Australian study of 262 patients
with 5-year follow-up suggested that a normal
preoperative pH test and prior abdominal
surgery were associated with an increased risk
of dysphagia.’ There are few other data in regard
to the evaluation of other preoperative factors
that might be predictive of postoperative
dysphagia.

Patients with severe reflux disease will occa-
sionally develop significant stricturing of their
esophagus. These strictures were once consid-
ered a contraindication to surgery, but we have
reported successful outcomes with an improve-
ment in both dysphagia and the need for
esophageal dilation after surgery."” If a stricture
is present before surgery, it should be dilated
and the patient placed on proton pump
inhibitor (PPI) therapy to ensure healing of
the stricture before surgery. If a stricture
is missed in the preoperative evaluation,
dysphagia caused by that stricture postopera-
tively could erroneously be attributed to the
surgery.

Dysphagia is common in GERD patients
before anti-reflux surgery, even in those without
demonstrable strictures. This is a finding that
must be considered when discussing postoper-
ative dysphagia. For example, in patients with
chronic GERD, up to 14% may be expected to
complain of dysphagia.” Interestingly, some of
that dysphagia may improve with surgical
control of the patient’s reflux and is likely
related to reflux-induced dysmotility or
symptom.'" To truly attribute dysphagia to
surgery, it should not be present before and be
documented to only develop after surgery. Dys-
phagia was about equally common before and
after surgery in a 312-patient trial with prospec-
tive pre- and postoperative symptom assess-
ment."” In that trial, dysphagia for liquids
improved in 88 patients (28%) and deteriorated
in 20 (6%) and dysphagia for solids improved in
53 (17%) and deteriorated in 96 (31%) after
operation. Despite this new postoperative
symptom of dysphagia, most patients were still
satisfied with their surgery and would do it
again if given the choice. Many other studies
that attribute dysphagia to surgery are biased
against surgery by recall bias in that question-
naires about dysphagia ask the patient to
compare their current symptoms to those
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before surgery and only rarely has dysphagia
been assessed prospectively. Patients with
severe reflux, particularly when they are older,
have decreased esophageal motility that may
at times also contribute to postoperative
dysphagia.”

Dysphagia, like many other symptoms, is sub-
jective. A patient may complain of dysphagia
and yet their evaluation yields no objective evi-
dence of bolus transport or motility abnormal-
ities. If the fundoplication is causing dysphagia,
this is often best demonstrated with a barium
examination, especially if a solid bolus is docu-
mented to “hang up” at the esophagogastric
junction. In our experience, the majority of
patients with postoperative dysphagia respond
to esophageal dilation and, if they do not, they
usually have anatomical evidence of problems
related to their surgery.* These patients with
“abnormal wraps” tend to have persistent
dysphagia despite dilation and often require
revision of their surgery.

Gas Bloat and Upper
Abdominal Discomfort

A bloated, uncomfortable feeling in the upper
abdomen is common after reflux surgery. This
has been described as “gas bloat” by many
authors. Belching is normally initiated by dis-
tention of the proximal stomach, which leads
to transient lower esophageal sphincter (LES)
relaxation.” This is followed by either an
episode of secondary peristalsis pushing the air
back into the stomach or a relaxation of the
upper esophageal sphincter and venting of the
gas (a belch). Fundoplication alters the physiol-
ogy of the proximal stomach by both tightening
the LES and by partially obliterating the fundus.
In addition, the fundus of the stomach normally
receptively relaxes and has classically been
thought to be a storage location for liquids after
a meal.” Using a barostat, accommodation of
the proximal stomach to a liquid meal has been
shown to be lessened (higher pressures pro-
duced with same volume of meal) after fundo-
plication.”® The wrap of the fundus increases
basal LES pressure, decreases transient LES
relaxations, and partially obliterates the fundus.
These physiologic changes not only prevent
reflux of liquid material from the stomach to the
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esophagus, but also prevent the normal venting
of gas. Therefore, symptoms such as gas bloat
seem to be a predictable result of surgery.

Lundell et al."” reported that 76% of their
patients complained of early satiety, 56% of
postprandial pain, and 80% of one or more new
upper gastrointestinal symptoms 1 year after
surgery. When asked, 20-57% of patients will
report that they cannot belch after anti-reflux
surgery.'®"” Patients are about twice as likely to
indicate that they cannot belch after, compared
with before surgery.”” In a large trial randomiz-
ing patients to either open anti-reflux surgery or
omeprazole therapy, bloating was much more
common in the surgery group.20 Patients’ symp-
toms and our ability to document physiologic
differences to explain those symptoms often
differ. A small study compared symptoms to
physiology in fundoplication patients and con-
trols.”’ They found that transient LES relax-
ations did not occur with gastric distention in
the fundoplication patients and that when fun-
doplication patients felt the need to belch, there
was no common cavity between the stomach
and esophagus. They also found that patients
with a fundoplication frequently reported the
desire to belch and hypothesized that this was
related to retained air in the esophagus rather
than air being vented after a transient LES relax-
ation (the physiology in patients without a fun-
doplication). Their findings also suggest that
almost no fundoplication patients can truly
belch (pass air from the stomach to the esoph-
agus via a common cavity) whether or not the
patient believes that they can belch. In addition,
surgery may change the way the body handles
meals (particularly the liquid portion) because
of the partial loss of the reservoir function of
the fundus. This is a mechanical effect and may
also be related to changes in vagus nerve func-
tion in some patients.”” Interestingly, postoper-
ative changes in gastric compliance have been
suggested to be associated with the develop-
ment of a sensation of fullness reported by some
patients.”

Documented delayed gastric emptying is
another potential cause of bloating that has
been reported in several patients after anti-
reflux surgery,” although there have been no
systematic studies of the incidence of this
problem. Gastric emptying disturbances have
been reported in up to 40% of patients with
GERD,” although the exact prevalence of clini-

cally significant disorders is unknown. An early
report suggested that most patients with symp-
tomatic delayed gastric emptying after surgery
actually had the problem before surgery.*® Some
centers routinely check for gastric emptying
abnormalities before surgery, although normal-
ization of delayed gastric emptying has also
been reported after anti-reflux surgery.” Some
authors have suggested that changes in empty-
ing, whether delay or acceleration, can cause
symptoms in some patients.”® Others advocate a
pyloroplasty in anti-reflux surgery patients with
significantly delayed gastric emptying.”* We
only test gastric emptying before surgery in
patients with symptoms suggestive of gastro-
paresis (nausea, vomiting, or weight loss).” This
approach leaves us at a disadvantage if the
patient develops delayed gastric emptying post-
operatively in that we then are unable to deter-
mine if the problem was present before, or a
result of, the surgery.

It has been suggested that many GERD
patients swallow air as a response to esophageal
reflux.” If this is true, then the surgery may be
bound to produce symptoms. Also, some GERD
patients tend to both overeat and eat very
quickly, two factors that increase air swallowing.
In fact, whereas inability to belch increased in
patients after surgery, the symptom of bloating
was less common and fullness or early satiety
were equally common after surgery.” Using
means and medians to report changes in symp-
toms can be misleading; a better approach is to
look at symptoms in individual patients before
and after surgery. For example, Anvari and
Allen® found that patients with gas bloat symp-
toms before surgery were very common (73%)
and likely to improve, but those without bloat-
ing before surgery often developed symptoms,
resulting in about the same percentage of
patients with symptoms after surgery. Another
study attempted to correlate preoperative
testing to postoperative gas bloat.™* The
researchers found that among patients without
bloating before surgery, those who refluxed
during the day were more likely to develop post-
operative symptoms and those who refluxed
predominantly at night did not. In addition,
patients who were bloated before surgery
tended to improve, not worsen. They hypothe-
sized that the daytime refluxers were more likely
to be air swallowers. Other investigators have
also observed that patients with predominantly
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upright reflux tend to not do as well and have
more postoperative symptoms than those with
nighttime reflux.” There is considerable overlap
between the symptoms of dyspepsia and those
of reflux.® Because dyspepsia patients have
been suggested to have both changes in gastric
accommodation and altered visceral percep-
tion,” patients with an overlap between GERD
and dyspepsia may be predisposed to demon-
strate or unmask postoperative symptoms
similar to gas bloat.

Flatulence, Diarrhea, and
Irritable Bowel Syndrome

Problems related to flatulence, diarrhea, and
irritable bowel syndrome (IBS) are very com-
mon among adult patients with or without
GERD.” It is therefore to be expected that many
patients will have these symptoms both before
and after anti-reflux surgery. In a study from
our institution, diarrhea was present in 14% of
patients before surgery and 29% after. Other
symptoms included bloating (3% preoperative,
19% postoperative), constipation (15 and 18%,
respectively), and abdominal pain (2 and 8%,
respectively) (Figure 9.1).” Flatulence has been
reported in 12-88% of patients after anti-reflux
surgery.***' It has been suggested that this flatu-
lence is attributable to the patient’s inability to
belch and subsequent passage of more gas into
and then through the gastrointestinal tract.”
Most of these studies are retrospective and at
risk for recall bias, because many only surveyed
patients after surgery and asked them to recall
how they were before the surgery. In general, the
suggested causes for increased flatulence after
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Figure 9.1. Prevalence (%) of bowel symptoms before and after
anti-reflux surgery in 84 patients. (Adapted from Klaus et al.*’)
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anti-reflux surgery are the same as those listed
for gas bloat. This is a very common symptom
in the general population and care must be
taken not to inappropriately attribute it to the
effect of surgery.

If diarrhea develops after fundoplication, it
tends to be low volume and occur after meals,
but can be explosive at times. Postfundoplica-
tion diarrhea has been attributed to dumping
syndrome, vagus nerve injury with subsequent
bacteria overgrowth, and to exacerbation of
underlying IBS. The loss of the fundus acceler-
ates gastric emptying in some patients, which
may result in overloading the small intestine’s
ability to handle the bolus. Classical dumping
syndrome has been reported after anti-reflux
surgery, particularly in infants and children.”
A small series found evidence of dumping
(by glucose tolerance test or gastric emptying
study) in 15 of 50 (30%) infants after anti-reflux
surgery.* In addition to classical dumping,
rapid gastric emptying may result in diarrhea
attributed to overloading the small bowel with
poorly digested, high osmotic material. Impair-
ment in vagus nerve function can cause
diarrhea by changing the body’s ability to clear
bacteria and maintain bile acid homeostasis
because of alterations in small bowel motil-
ity.** Attributing diarrhea to a specific etiology
can be quite difficult. For example, our center
reported a case of a patient with severe diarrhea
believed to be the result of vagus nerve in-
jury (documented by an abnormal pancreatic
polypeptide response to a sham meal).” In a
subsequent, larger study in which the test was
performed before and after surgery, there was
very little correlation between the results of the
pancreatic polypeptide test and postoperative
diarrhea® (Figure 9.2).

There is considerable overlap between GERD
(particularly nonerosive disease) and IBS.*
Nonulcer dyspepsia also overlaps with heart-
burn and it is possible that some patients may
have been operated on for reflux when their pre-
operative symptom was actually more attribut-
able to nonulcer dyspepsia.”® This diagnostic
confusion has been exacerbated by the tendency
to use response to PPI therapy as a diagnostic
test for GERD. This approach actually has poor
sensitivity” and we believe that pathologic
reflux should be documented before consider-
ing surgery in any patient. Therefore, a positive
“PPI test” should not be considered sufficient
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Figure 9.2. Lack of association between abnormal vagus
nerve function as measured by the meal-stimulated pancreatic
polypeptide (PP) test and development of new lower gastroin-
testinal symptoms. In this study, 6 of 15 patients developed new
lower gastrointestinal symptoms after anti-reflux surgery and
the PP test was only abnormal in half of those 6. In contrast, 9
patients either had no new symptoms or an improvement in
their symptoms, yet 5 of those 9 also had an abnormal PP test
of vagus function. (Adapted from DeVault et al.*)

documentation of GERD before surgery. In
addition, patients have been documented to
“migrate” from one functional symptom (heart-
burn for example) to others (IBS). This was
highlighted by a recent retrospective study of
155 patients finding that a coexisting diagnosis
of a nonreflux functional bowel disorder
(usually IBS or dyspepsia) more than doubled
the risk of a loosely defined “poor outcome”
after anti-reflux surgery.> When one is con-
fronted with a patient with postoperative bowel
symptoms, determining whether their symptom
complex was really present before surgery is
difficult and perhaps impossible. Ideally, the
same physician should evaluate the patient
before and after the surgery, but this is often not
practical in our health care system.

Recurrent Heartburn

Much interest and research has recently focused
on the durability of anti-reflux surgery. For
example, a large randomized trial of medical
versus surgical therapy initially reported supe-
riority for the surgical approach.”® A follow-up
of these patients >10 years later found that 92%
of the patients who were initially randomized
to surgery to still be on medication and 62% of
patients who were operated on to be back on
reflux medications (about half PPI and half
histamine-2-receptor antagonist)* (Figure 9.3).

Univariate analysis of several factors suggested
that previous abdominal surgery, female gender,
lower socioeconomic status, and a normal pre-
operative pH study were predictive of persist-
ent, postoperative heartburn.’

Does the fact that the patient is back on PPI
prove that their surgery has failed? In a small
study from our institution with 5-year follow-
up, continuous PPI use was actually fairly rare
(14%) and perhaps more importantly, many of
these patients did not have classic heartburn or
regurgitation and appeared to be on PPI for
more vague abdominal and chest symptoms.™
The actual prevalence of postoperative GERD
symptoms in that study was regurgitation in
6.4% and heartburn in 5.8%. In a later prelimi-
nary report of a different cohort of patients, we
found a greater percentage of patients back on
medications at 2 years (39%), although interest-
ingly 84% of the patients were happy with their
outcome and this satisfaction was not worse in
those who were back on medications.” Others
have also suggested that many patients who are
restarted on reflux medications after surgery
actually do not have either typical reflux symp-
toms or demonstrable acid reflux on testing.”” A
recent study has also suggested that obese
patients with a body mass index of >30 have an
increased risk of surgical failure®® (Figure 9.4),
although we continue to perform surgery on
selected obese patients. Proton pump inhibitor
therapy is certainly effective in controlling acid
reflux and is becoming less expensive, therefore
it remains reasonable to offer an empiric trial
in the patient with recurrent symptoms after
surgery. However, before considering anything
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Figure 9.3. Use of acid suppressant medications >10 years after
randomization to either medical or surgical therapy for reflux.
Reflux medications were being used in 92% of patients origi-
nally randomized to medical therapy and 62% of patients who
underwent fundoplication. About half the medications in each
group were PPIs. (Adapted from Spechler et al.**)
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Figure 9.4. Risk of failure of surgery correlates with body mass
index. (Adapted from Perez et al.*®)

more aggressive and perhaps before trying pro-
gressively higher doses of PPI, it is important to
document that the patients actually have recur-
rent reflux. Ambulatory pH testing has been the
standard for that documentation and the recent
development of more comfortable “tubeless”
equipment will make that testing more patient
friendly.”

Recurrent “Atypical”
Symptoms

This is a particularly common and important
problem. Whereas well-documented heartburn
and regurgitation tend to respond to medicine
or surgery in 85-95% of patients, pulmonary
and atypical symptoms are less likely to respond
to either type of therapy® (Figure 9.5). It seems
that a smaller amount of acid reflux is required
to produce these symptoms than is needed
to produce typical symptoms and routine
esophagitis. This suggests that failure to control
symptoms could be the result of incomplete
control of small amounts of acid reflux. An alter-
native explanation is that many of these symp-
toms were never caused by reflux, even before
the surgery.

Asthma and GERD often coexist, although it is
not always easy to determine if the two are truly
related.”” However, medical and surgical therapy
both have been demonstrated to improve or
control both esophageal and pulmonary symp-
toms in many asthma patients.”** Objective evi-
dence of improvement using pulmonary
function testing has been more difficult to doc-
ument. Because causality is so difficult to prove,
recurrent asthma after anti-reflux surgery

MANAGING FAILED ANTI-REFLUX THERAPY

should notbe blamed on failure of surgery unless
pathologic acid reflux can be documented using
ambulatory esophageal testing. Proving that
reflux is causing cough is even more difficult
because so many other common problems can
cause cough such as postnasal drip, common
medications,and occult asthma.® When patients
who have GERD and a cough that does not
respond to medical therapy for reflux undergo
surgery, it is our experience that the cough often
returns. In addition, despite the return of that
symptom, we are able to document outstanding
acid control with ambulatory testing. Laryngeal
symptoms are also problematic and a large
portion of that problem surrounds our imprecise
ability to definitively determine the etiology of
both laryngeal symptoms and laryngoscopic
findings. Most patients with symptoms or signs
suggestive of laryngopharyngeal reflux (LPR)
will have normal esophageal endoscopy and
often fairly modest overall esophageal acid expo-
sure on pH testing.” Interesting, preliminary
reports have shed more doubt on LPR. The first
study performed pH monitoring of the
hypopharynx, proximal and distal esophagus in
patients with presumed reflux-related, endo-
scopic laryngeal findings.®® An abnormal study
was noted in only 15% of hypopharyngeal
probes,29% of distal probes,and 9% of proximal
probes indicating that most patients with symp-
toms and signs of LPR do not have documented
abnormal acid exposure. This was followed by a
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Figure 9.5. Response of atypical symptoms to laparoscopic
anti-reflux surgery is less likely than the response of typical
symptoms such as heartburn. (Adapted from So et al.%)
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randomized, placebo-controlled trial of
esomeprazole 40mg twice daily in the same
patients finding a 42% response rate on
esomeprazole and a 46% response rate on
placebo.” If these findings are true, then it is cer-
tainly not surprising that these supraesophageal
symptoms either do not respond to surgery or
recur after surgery.

Noncardiac chest pain (NCCP) is often attrib-
uted to GERD. This is supported by both physi-
ologic studies using ambulatory pH testing®
and by a few appropriately designed trials.””
Limited data from surgical series suggest
that this symptom does not respond well to
anti-reflux surgery.” Patients with NCCP have
clearly been demonstrated to have increased
sensitivity to both acid perfusion and distention
of the esophagus.”" It is plausible that manipu-
lation of the esophagogastric junction is likely
to produce new symptoms in these patients who
may have abnormal visceral sensitivity. We hes-
itate to offer surgery to chest pain patients even
if they have demonstrable reflux attributed to
these issues.

Summary

New or recurrent symptoms are common after
fundoplication whether performed through an
open or laparoscopic approach. Obtaining a
careful, complete, and accurate gastrointestinal
history before surgery will frequently reveal
symptoms that may persist after surgery and if
not ascertained preoperatively can be errantly
attributed to the surgery. In addition, new symp-
toms such as diarrhea are very common with a
high incidence in the general population and
are not always caused by the surgery itself.
However, if the symptom is physiologically
plausible and definitely appeared after surgery,
then it may well be related to the surgery.
Certain patient groups, such as those with
NCCP and coexistent IBS, may be predisposed
to the development or new recognition of pre-
existing symptoms after surgery, although addi-
tional study is needed to accurately characterize
that predisposition. The first approach to recur-
rent reflux symptoms after surgery is to ensure
that the patient actually has recurrent reflux.
This can be accomplished with a therapeutic
trial, but ambulatory pH testing provides
stronger evidence. An appropriate and detailed

evaluation of these patients is especially impor-
tant if additional surgery is being considered,
because the results of “redo” fundoplication are
certainly inferior to those expected with a first
fundoplication.
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The Medical and Endoscopic Management of Failed
Surgical Anti-Reflux Procedures

M. Brian Fennerty and John G. Hunter

Surgical anti-reflux procedures, both open and
laparoscopic, when performed by an experi-
enced surgeon have been shown to be extremely
effective in eliminating the major symptoms
(heartburn and regurgitation) associated with
gastroesophageal reflux disease (GERD) as well
as heal erosive esophagitis and prevent stric-
ture. The results of surgical anti-reflux surgery
have also demonstrated durability in maintain-
ing symptomatic and endoscopic remission in
most of the patients who have an initial
response. However, not all patients exhibit an
initial or permanent satisfactory outcome from
surgery, and surgical failure is even more preva-
lent when surgery is performed outside com-
munity and academic anti-reflux surgery
centers of excellence. Thus, both the anti-reflux
surgeon and his/her gastroenterology colleague
likely will see an increasing number of their own
or other physicians’ patients that either failed to
obtain initial symptom relief after anti-reflux
surgery or whose symptoms have returned after
an initial symptomatic improvement following
their operation. This chapter will discuss the
medical and endoscopic management of these
patients and leave the surgical management of
such patients for Drs. Kieran and Curet to
discuss in Chapter 11 of this book.

Magnitude of the Problem

When a well-trained, competent surgeon per-
forms anti-reflux surgery in a patient presenting
with heartburn and regurgitation, 80-95% of

patients obtain satisfactory relief of their reflux
symptoms once recovered from the operation
and eating normally again.""* Unfortunately,
this degree of success cannot be matched outside
of surgical centers of excellence and some data
indicate that failure rates at 1 year as high as
50-60% may occur in less-experienced surgical
centers.”™® Furthermore, even in the best of
hands, some patients will symptomatically
relapse over time, with approximately 15-25% or
more of patients reexperiencing symptoms of
GERD five or more years after surgery despite
initial success being achieved."”"® Given the hun-
dreds of thousands of anti-reflux procedures
performed in the last few years and the contin-
ued rapid increase in the number of these pro-
cedures being performed,'*">* and with most of
these being performed outside of highly skilled
surgical centers, the problem of persisting or
recurrent reflux symptoms after surgery is
indeed a common one that will continue to grow
and challenge the team caring for patients with
GERD for the foreseeable future.”'

Documentation of Recurrent
Reflux after Surgical
Anti-Reflux Therapy

The first step in deciding how best to manage
a patient with persistent or recurrent GERD
symptoms after anti-reflux surgery is to ensure
that the symptoms are actually reflux related.
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Patients are notoriously unreliable in under-
standing or describing what the term heartburn
refers to and a word description such as “a sub-
sternal burning sensation rising towards the
neck” is a much more objective and reliable
term to define reflux-related heartburn than the
word “heartburn” itself.”® Thus, the first step one
should take when a patient says they have heart-
burn after anti-reflux surgery is to ask them to
carefully describe their symptom(s). Further-
more, the ability of physicians to adequately
predict recurrent GERD in the postoperative
state based on symptoms alone is also ques-
tionable.”” In patients who underwent anti-
reflux surgery for the symptoms of heartburn
and regurgitation and where preoperatively
objective evidence had linked these specific
symptoms to pathological reflux (esophagitis
on endoscopy or esophageal pH monitoring
documenting pathological intraesophageal acid
exposure, especially when the symptoms of
GERD correlated with reflux events) persistence
or return of these symptoms after anti-reflux
surgery is likely to be associated with persistent
or recurrent reflux. However, in patients who
underwent anti-reflux surgery for atypical
symptoms of GERD (nausea, dyspepsia, cough,
hoarseness, etc.), persistence or return of these
symptoms after surgery does not necessarily
predict a return of reflux. Furthermore, the new
onset of symptoms such as dyspepsia and upper
abdominal pain after anti-reflux surgery in no
way can be taken as firm evidence that reflux is
still occurring or has recurred regardless of
what the preoperative physiological assessment
determined regarding GERD. As a matter of fact,
there are few data regarding the effect anti-
reflux surgery has on upper gastrointestinal
symptom characteristics and it is possible that
surgery alters the way a patient perceives or
communicates symptoms related to a persist-
ence or return of reflux, accounting for some of
the difficulty in evaluating patient symptoms
after anti-reflux surgery.”” Thus, in all of these
clinical situations, when reflux is thought to be
present in the postoperative state, it is necessary
to objectively link persistent or recurrent symp-
toms to reflux events through a thorough and
careful diagnostic evaluation. Only when this
link is established unequivocally can one then
reliably recommend a therapeutic option to a
patient aimed at managing their postoperative
GERD-related symptoms.

MANAGING FAILED ANTI-REFLUX THERAPY

Once one is convinced that the postoperative
symptom(s) may be related to persistent or
recurrent GERD, the second step is to objec-
tively evaluate the upper gastrointestinal tract
anatomically and physiologically, before sug-
gesting one of the therapeutic alternatives.
Although the preoperative diagnostic evalua-
tion for anti-reflux therapy has evolved over
time, and not all agree that a comprehensive
preoperative esophageal physiological evalua-
tion is necessary in all cases, the preoperative
presence of some or all of the following tests
can prove to be enormously useful in making
postoperative management decisions in these
patients: endoscopy, barium swallow, esopha-
geal manometry, ambulatory esophageal pH
testing, and/or gastric emptying study.'"”
Although not all of these tests can be considered
mandatory, some or all of these tests when per-
formed preoperatively are very helpful in deter-
mining whether the recurrent symptoms are
attributable to GERD (by comparing pre- and
postoperative test results) and whether the pre-
operative physiology has been altered postoper-
atively to possibly account for the apparent
failure of the procedure or a cause of any atyp-
ical symptoms.*

This diagnostic approach for what are
thought to be persistent or recurrent GERD
symptoms by definition requires the presence of
preoperative anatomic and physiological infor-
mation in order to compare postoperative find-
ings, and therefore in our opinion, a complete
and comprehensive preoperative evaluation is
not only helpful in planning the original antire-
flux surgery and predicting outcome as it was
previously used, but now is also helpful in accu-
rately evaluating what is thought to be postop-
erative symptoms of GERD. Thus, it is our firm
opinion that these tests, or some of them
(endoscopy, pH monitoring, and esophageal
manometry at a minimum), should always be
performed preoperatively if at all possible.

The most important, and we believe manda-
tory, postoperative anatomic assessment in the
patient thought to have persistent or recurrent
reflux is a careful and complete endoscopic
inspection of the surgical wrap to determine if
anatomic disruption and/or migration have
occurred or whether other pathology may
account for the postoperative symptoms that
otherwise may be wrongly attributed to GERD
(see Chapter 9).
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The most important physiological test to
assess whether postoperative symptoms are
related to reflux is ambulatory pH monitoring
and possible impedance testing if this latter test
becomes widely available. If persistent patho-
logical acid reflux is documented by ambulatory
esophageal pH monitoring along with other
physiological [an esophageal manometry docu-
menting an ineffective lower esophageal sphinc-
ter (LES) barrier] and/or anatomic (a disrupted
or migrated wrap demonstrated endoscopi-
cally) evidence of an ineffective surgical proce-
dure, then the decision must be made between
another surgical anti-reflux procedure (see
Chapter 11), an endoscopic anti-reflux proce-
dure, or institution of pharmacological therapy
for GERD (see Chapter 3). The final treatment
decision will obviously depend on several
factors including patient (their personal
choices, or their specific physiology and
anatomy) and physician (his or her surgical
skills with a repeat anti-reflux procedure, avail-
ability of endoscopic anti-reflux expertise, etc.)
factors and should be made only after a
frank and realistic discussion of all of
these available therapeutic options with the
patient.

Endoscopic Assessment of a
Prior Surgical Anti-Reflux
Procedure

Whereas in the past the postoperative assess-
ment of a surgical anti-reflux repair was often
made by using esophageal manometry to
measure the LES length and pressure as an indi-
cator of the competence of the postoperative
valve, this has largely been supplanted by direct
endoscopic assessment of the surgical repair.
Much has since been written regarding the
normal and disrupted endoscopic appearance
of the various surgical anti-reflux proce-
dures.”"”'"** However, many endoscopists con-
tinue to be unaware of the appearance of a
normal, much less disrupted, anti-reflux surgery
valve appearance or the technique of endo-
scopic inspection or information that is needed
by the treating physician in order to determine
whether the wrap is functionally competent or
has been compromised. It has been taught that

the squamocolumnar junction usually approxi-
mates the proximal border of the lower
esophageal sphincter and as such its location
should be just above or within the surgical anti-
reflux repair. When the location of the squamo-
columnar junction is proximal to the wrap, this
usually indicates a slipped or inappropriately
placed repair. Additionally, the presence of
esophagitis should be considered ample evi-
dence of an incompetent repair and the return
or persistence of reflux. Furthermore, on an
endoscopic retroflexed view, it is expected that
the wrap should appear to have a telescoping
effect with the folds tightly adherent to the
endoscope (Figures 10.1-10.5). Unfortunately,
these various endoscopic findings are often sub-
jectively appraised and not evaluated in a
uniform or systematic way by the endoscopist
attempting to assess the competency of a surgi-
cal anti-reflux repair.

Recently, a method to systematically endo-
scopically appraise the appearance and function
of the various surgical anti-reflux procedures
has been described and physicians that deal
with these patients need to be aware of this
classification scheme in order to accurately
appraise the integrity of the surgical repair and
effectively communicate their findings to others
caring for the patient™ (Table 10.1). In this pro-
posed scheme, Jobe and colleagues® have char-

Figure 10.1. Retroflexed endoscopic view of the normal post-
operative appearance of a“Nissen” fundoplication. Note the thin
lip, adequate length, tight adherence around the scope, and
intraabdominal location.



Table 10.1. Questions needing to be addressed during the
endoscopic appraisal of a surgical antireflux procedure.

1. What is the thickness of the lip of the valve?

2. What is the length of the valve?

3. What is the depth of the anterior and posterior
grooves of the valve?

4. What is the width of the lesser curvature?

5. Is there close adherence of the valve to the
endoscope during all phases of respiration?

6. Isit a flap or nipple valve?

7. Is the valve located intraabdominally?

8. Is the valve in the proper position relative to the
esophagogastric junction?

9. Are the specific characteristics of that type of
surgery evident?

Adapted from Jobe et al.*'
Figure 10.2. Retroflexed endoscopic view of the appearance of
a“slipped” Nissen fundoplication with the wrap and fundus her-
niated across the diaphragm. Note the thicker than normal lip.

A

Figure 10.3. Retroflexed endoscopic view of a disrupted surgical anti-reflux repair with (A) valve laxity such that the retroflexed
endoscope can be withdrawn (B) into the lower esophageal sphincter (LES) visualizing the squamocolumnar junction.

ID. No. :

Figure 10.4. Retroflexed endoscopic view of a disrupted anti-  Figure 10.5. Retroflexed endoscopic view of a disrupted anti-
reflux surgical repair with valve laxity, short intraabdominal  reflux surgical repair with valve laxity, short intraabdominal
length, etc. length, and periesophageal hernia.
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acterized the normal “valve” appearance of the
Nissen, Collis-Nissen, Toupet, Dor, and Hill
anti-reflux surgical procedures and have sug-
gested a common medical terminology that
should be used to describe the appearance of
the postsurgical repair. In this classification
scheme, they used 10 criteria by which to judge
the valve appearance and used this information
to determine the competence of the surgical
repair. Endoscopic valve criteria included the lip
(thin vs broad), body (length in centimeters),
anterior (absent, shallow, or deep), and poste-
rior (absent, shallow, or deep) grooves, lesser
curve appearance (narrow or wide), adherence
to the scope on retroflexion (loose, moderate, or
tight), effect of respiration (laxity at any time
during respiration), valve “type” (flat or nipple),
intraabdominal location being present as the
normal finding, repair position 3 cm proximal to
the gastroesophageal junction, and the unique
appearance characteristics specific to each sur-
gical repair. For instance, in the commonly per-
formed Nissen procedure, they determined a
normal postoperative valve should have a thin
lip, 3- to 4-cm body, shallow anterior and deep
posterior groove, narrow lesser curve, tight
adherence to the scope at baseline and during
respiration, nipple-type valve appearance,
intraabdominal position, typical repair posi-
tion, and a body appearing like a “stacked coil.”
Each of the various anti-reflux surgical proce-
dures has its own unique endoscopic features
that need to be appreciated in order to judge
competency of the specific surgical repair with
this endoscopic method. In the case in which the
repair appears to be intact using these endo-
scopic criteria, then serious consideration of
alternative explanations for the patient’s recur-
rent or persistent symptoms needs to under-
taken. At a minimum, further physiological
testing is now mandatory to prove reflux as
a cause of the symptom(s). Hopefully, this
carefully constructed endoscopic 10-item valve
evaluation scheme can be demonstrated to be
a reliable indicator of valve competency in
prospective studies. Regardless, at this time, we
believe that the above-described endoscopic
evaluation of the valve remains the best initial
test when evaluating a patient with suspected
recurrent reflux after anti-reflux surgery before
recommending further anti-reflux therapy of
any sort.

Ambulatory Esophageal pH
Monitoring in Patients with
Prior Anti-Reflux Procedures

One of the great fallacies in managing patients
with GERD is that pharmacological, endoscopic,
or surgical anti-reflux therapy normalizes
intraesophageal acid exposure in most patients.
The reality is that many GERD patients, even
those with complete resolution of heartburn
and healing of esophagitis, often have improved
but persistent pathological intraesophageal acid
exposure, despite apparent adequate pharmaco-
logical, endoscopic, or surgical therapy. Thus,
pathological intraesophageal acid exposure
after anti-reflux surgery in of itself is not neces-
sarily indicative of a failed surgical procedure.
A postoperative esophageal pH assessment is
difficult to reconcile with postoperative symp-
toms if the preoperative pH values are not
known and unless a symptom correlation is per-
formed between reflux events and symptoms
with the follow-up study. Unfortunately, this
later symptom assessment during interpreta-
tion of pH monitoring is not routinely per-
formed by all that read these tests, but in the
case of suspected postoperative GERD, a
symptom correlation should be part of the
routine assessment of these tracings. Clearly,
unimproved or worsening intraesophageal acid
exposure from preoperative to postoperative
studies is likely to suggest an incompetent
repair as does a good correlation between
symptoms and reflux events.” In cases in which
there has been a decrease or normalization of
esophageal acid exposure between studies and
no or little correlation with symptoms, then it is
unlikely that reflux related to a defective surgi-
cal repair is responsible for the patient’s post-
operative symptoms. Whether a dual probe
assessing proximal as well as the more usual
distal esophageal acid exposure or a 48-hour
study with the Bravo system (Medtronics,
Minneapolis, MN) increases the sensitivity of
this physiological test in the postoperative state
is unknown. Our personal bias is that patients
are more tolerant of the tubeless Bravo probe
and more likely to maintain normal diet and
activity while being studied and therefore
more likely to demonstrate pathological reflux
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if present. However, not all centers performing
anti-reflux surgery evaluations have access to a
Bravo system nor has it been shown to improve
diagnostic outcome in this specific clinical
situation.

Other Tests of
Gastrointestinal Physiology
and Function

Esophageal manometry has been used in the
past to assess the length of the LES, its pressure,
and intraabdominal location as a surrogate of
valve competency after surgical treatment of
GERD. There are no data demonstrating that
this is a reliable means of assessing postsurgical
valve competence, but nonetheless the proce-
dure has been widely adopted and implemented
into clinical practice.”’ Our experience suggests
that the normal range in length and pressure of
the LES after otherwise effective anti-reflux
surgery is so great that unless the pressure is
minimal (<8 mmHg) or the length is extremely
short, competency of the valve in the postoper-
ative state is nearly impossible to determine by
this test alone. However, manometry can be
complementary to other tests of valve function
(e.g., endoscopy, pH monitoring) or diagnostic
when other unusual diseases that can mimic
GERD in the postoperative state are present
(e.g., achalasia).

The barium swallow has also been used in the
past to detect recurrent hiatus hernia or marked
displacement of wrap location after anti-reflux
surgery.”! However, this test is only sensitive to
gross disruption of the surgical repair, and likely
adds little to the preferred method for assessing
valve anatomy after anti-reflux surgery, a careful
and descriptive endoscopic examination (Table
10.1).

Endoscopic and
Pharmacological Therapy
after Failed Anti-Reflux
Surgery

Once it has been objectively determined
through the above diagnostic testing strategy
that the symptoms the patient has are related
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to continued or recurrent reflux, the next deci-
sion one needs to make is how best to manage
the patient’s GERD. Options include repeat
anti-reflux surgery in centers with skill and
experience in this type of surgery, endoscopic
anti-reflux procedures, or pharmacological
anti-reflux therapy. The choice will depend in
part on the patient’s preference as well as their
unique physiology and anatomy as well as the
availability of surgical or endoscopic skill in
performing these types of procedures. There are
no comparative trials in the medical literature
evaluating these different management strate-
gies versus each other. Furthermore, although
there are numerous case series demonstrating
success in treating failed anti-reflux surgery
with reoperation,™* there is no literature
regarding efficacy of anti-reflux endoscopic
procedures (despite personal and anecdotal
reports of success) and surprisingly little
written regarding the utility of standard anti-
reflux drug therapy (although most of us have a
firm clinical impression that these drugs
perform similarly in the postoperative patient
to the efficacy demonstrated in unoperated
individuals with GERD).

Endoscopic Anti-Reflux Procedures
in General

Endoscopic anti-reflux procedures have been in
development for a number of decades and avail-
able for clinical use in the United States for
approximately 5 years. They can be thought of
largely to consist of three categories of inter-
ventions: 1) injection of substances into the
deep muscle layer of the cardia meant to either
bolster the esophagogastric junction and
thereby increase LES pressure or stiffen the
cardia thereby preventing distension of the
cardia and subsequent transient LES relaxations
(tLESRs) that allow reflux events to occur; 2)
plication of the cardia and gastro-esophageal
junction, using either a submucosal suture or a
full-thickness suture or pin plication, thereby
increasing the LES yield pressure and perhaps
stiffening the cardia as well (see above); and 3)
application of radiofrequency energy to the
deep muscle layer of the gastroesophageal junc-
tion and cardia resulting in either a “neurolysis”
and loss of sensation to refluxate or creating
other effects on LES physiology in a way that
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decreases reflux events or duration of acid expo-
sure. The theoretical basis for all of these endo-
scopic approaches is similar to those of surgery
(improve valve function through anatomic and
or physiological remodeling of the LES), but
none of the current endoscopic anti-reflux tech-
niques impact anatomically or physiologically
the LES valve mechanism to the degree that can
be achieved with surgery.”* Additionally, the
exact mechanism of effect leading to improved
GERD symptoms with any of these techniques
is incompletely understood. However, all of
these endoscopic anti-reflux techniques appear
to decrease tLESRs and thus are presumed to
work in part by decreasing cardia distension.
However, none of the devices normalizes
tLESRs, thus another mechanism(s) must also
be effected in order to explain their efficacy
in managing GERD symptoms. Neurolysis in
the case of radio frequency ablation (RFA),
increased yield pressure with plication, etc., are
but some of the many additional mechanisms
that have been postulated to explain the efficacy
of these procedures. Furthermore, it is plausible
that the physiological effects that these endo-
scopic procedures have in the postoperative
stomach may be very different and unique con-
ferring an adjunctive effect to surgery that could
be greater than expected based on what is
known regarding these devices. Surprisingly,
normalization of intraesophageal pH exposure
occurs in 50% or less of patients undergoing
endoscopic anti-reflux procedures and although
there is some correlation between normaliza-
tion of intraesophageal pH and clinical
response, this is not a direct relationship.®*
The effect of these devices on LES length and
pressure has been variable but in general the
devices have very little effect on esophageal
manometry. Nonetheless, each of the above
approaches seems to be effective in treating
GERD.”"® The magnitude of this treatment
effect is still under evaluation as sham trials
comparing each device to a “placebo sham” are
just now being reported or performed.”

Food and Drug Administration
Status of Endoscopic Anti-Reflux
Procedures

Four endoscopic anti-reflux devices have been
cleared or approved for use in the United States:

the Stretta procedure (Curon Medical, Sunny-
vale, CA), the EndoCinch device (Bard, Billerica,
MA), Plicator (NDO Surgical, Mansfield, MA),
and Enteryx (Boston Scientific, MA). Many other
plicator and injection endoscopic anti-reflux
devices are currently in development and are
expected to be marketed over the next few years.
Most have been cleared through a 510k mecha-
nism and only Enteryx has been approved
through the pre-market approval (PMA) process
that involves a public hearing and a data pres-
entation to an independent Food and Drug
Administration (FDA) Advisory Panel. None of
the devices have been specifically “labeled” for
use in patients failing or recurring after anti-
reflux surgery although there are no warnings or
precautions against using these devices in this
clinical situation that we are aware of.

Reimbursement Status of
Endoscopic Anti-Reflux Procedures

A CPT Level I code for one of the endoscopic
anti-reflux devices (Stretta) is forthcoming and
goes into effect in 2005. Until now, most of these
devices either did not have a CPT code or were
assigned lower Level III codes (EndoCinch)
making reimbursement for these procedures a
problem in many locations. This is especially
problematic given that the cost of the devices is
approximately $2000 and when the endoscopic
procedure and physician payment is also
included, the entire cost of the procedure can be
as much as $3000-4000. If the procedure is not
covered by insurance, many patients are under-
standably reluctant to pay this much out of
pocket when other medical and surgical anti-
reflux therapies are covered by their insurer.

Short- and Long-term Outcomes of
Endoscopic Anti-Reflux Procedures

All four of the FDA cleared and approved
devices either have completed sham trials
(Stretta, EndoCinch, Enteryx-European) or have
them underway (Plicator, Enteryx-United
States) and in general the success rates with
these  devices in  these studies is
60-70%.°7°5%% previous uncontrolled studies
of endoscopic anti-reflux devices indicated clin-
ical response rates of 90% or more, but these
earlier studies’ results are not nearly as reliable
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as the data we are deriving from the sham-con-
trolled studies because uncontrolled trials tend
to overestimate treatment effect. Furthermore,
the endpoint of many of these early trials was
less than optimal because the primary endpoint
for success was often a decrease, not elimination
of proton pump inhibitor (PPI) use. It must also
be appreciated that both the preliminary studies
and the newer sham-controlled trials only
enrolled patients with GERD that were respon-
sive to PPIs and having no more than mild to
moderate reflux disease determined endoscopi-
cally (generally hiatus hernias <2-3cm and
nonerosive reflux disease or at most Los Angeles
grade A or B erosive esophagitis). Response
rates in those with more severe disease (larger
hiatal hernias, or those with more severe
esophagitis) or atypical symptoms (dyspepsia,
cough, asthma, etc.) have not been adequately
studied but likely will be less than observed in
the pivotal trials that only included patients
with more mild or moderate forms of GERD.
However, partial improvement in reflux physi-
ology with a prior anti-reflux surgical proce-
dure may make patients previously thought to
have anatomy not applicable for endoscopic
anti-reflux therapy, now possible candidates for
those procedures. Although there are no con-
trolled trial data regarding success of these
procedures in GERD patients with atypical
symptoms or in those with an incomplete
response to antisecretory drugs, anecdotal expe-
rience and uncontrolled observational studies
suggest some success in this situation as well.
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However, again it is unlikely that success rates
>50% will be demonstrated in these types of
patients.

Use of Endoscopic Anti-Reflux
Procedures in This Clinical Situation

There are only anecdotal reports of use of endo-
scopic anti-reflux procedures as an adjunct to
therapy in patients who have failed anti-reflux
surgery. Although it is intuitive that some or all
of these devices could augment the effect of an
ineffective anti-reflux surgical procedure based
on their anatomic and physiological effects at
the LES, there are still no reliable data docu-
menting efficacy in this specific situation.
Nonetheless, we are aware of at least three of the
endoscopic devices being used to augment a less
than optimal anti-reflux surgical outcome with
at least verbal reports of success in some cases.
Hopefully, we will see more reliable data from
clinical trials become available in the near
future regarding the use of these devices as aug-
mentation of either an initial suboptimal surgi-
cal outcome or later with relapse of symptoms.
Until then, one needs to make sure that the
patient and referring physician are aware that
we do not know what the magnitude of treat-
ment success, if any, is with endoscopic anti-
reflux procedures used in the postoperative
state and that patients being treated with these
devices may fail this therapy as well (Figure
10.6).

Figure 10.6. Retroflexed endoscopic view of an anti-reflux surgical repair that (A) has had an attempt at bolstering with EndoCinch
endoscopic plication. (B) Close-up antegrade view demonstrating plication disruption.
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One other consideration regarding endo-
scopic anti-reflux therapy versus other manage-
ment approaches after failed surgery includes
the issue of cost of therapy. In this era of health
care, the issue of cost-effectiveness of a therapy
will always remain a critical question. Payers not
only are demanding efficacy be proven before
paying for new therapies, they often require
proof that new therapies are as, or more, cost-
effective than currently used therapies. All of
the endoscopic anti-reflux devices have high
initial cost, related in part to the need for
endoscopy to apply or direct therapy, but also
related to the device itself and/or its associated
equipment costs (radiofrequency generators,
etc.) as well. If repeat applications of these tech-
niques are required to maintain remission or
co-therapy with drugs are still needed once
these devices have been applied (e.g., they
downgrade the severity of GERD but do not
eliminate symptoms), these costs will have to be
taken into consideration as well, along with
indirect costs (lost work time, etc.). However,
given the enormous upfront cost of repeat
laparoscopic anti-reflux surgery, if efficacy and
durability with these endoscopic techniques
similar to surgery can be demonstrated, it is
intuitive that these devices would then be cost-
effective alternatives to repeat surgery. Whether
cost-effectiveness of endoscopic anti-reflux
devices can be demonstrated versus medical
therapy for treatment of failed anti-reflux
surgery will be more difficult to prove.”””

The availability of over-the-counter and
generic  histamine-2-receptor  antagonists
(H2RAs) and PPIs, make the comparable cost-
effectiveness of these endoscopic techniques
less likely to be achievable. However, if one-time
applications of endoscopic anti-reflux proce-
dures results in substantial efficacy and prove to
be durable in the postoperative patient, it is at
least likely that these therapies would be com-
petitive from a cost standpoint, even with the
availability of inexpensive generic pharmaco-
logical therapies. Formal cost studies will be
required to definitively answer these important
clinical questions.

We believe that endoscopic therapies for
GERD are promising technologies that likely
will find clinical application in at least a subset
of patients with persistent or recurrent GERD
after anti-reflux surgery. But integration of these
new endoscopic GERD therapies into clinical

practice will require more information from
carefully performed and analyzed trials. Issues
that still need to be addressed include the
efficacy of these devices compared with repeat
surgery or PPI therapy and which, if any, endo-
scopic technique works best in this clinical
situation. Once efficacy has been established,
durability of response also needs to be clearly
determined. Intensive postmarketing surveil-
lance, device registries, and long-term clinical
follow-up studies should be able to document
durability. The impact of the learning curve for
endoscopic anti-reflux procedures on outcomes
including efficacy and safety should also be
studied.

Despite these seemingly large hurdles that
still have to be surmounted, we are confident
that one, if not more, of these technologies will
prove to be an effective, durable, safe, and cost-
effective treatment option(s) for patients with
recurrent or persistent GERD after a surgical
anti-reflux procedure.

Pharmacological Therapy for Failed
Anti-Reflux Surgery

Pharmacological therapy of GERD with antise-
cretory agents dates back to the mid-1970s when
H2RAs first became available.”®” These agents
demonstrated healing and symptom relief in
approximately 50% of patients treated. In the
1980s-1990s, use of prokinetic compounds
(cisapride) was also being used primarily or
adjunctively to treat GERD symptoms, with
efficacy similar to that demonstrated with
H2RAs.” In 1989, the first PPI, omeprazole, was
introduced and recently a second-generation
PPI (esomeprazole) has become available. Sub-
stantial data from well-designed clinical trials
with these drugs demonstrated healing and
symptom response rates of 75-95%.”° We now
have at our disposal substantial short- and long-
term PPI efficacy data demonstrating that
80-95% of patients with GERD treated with
these agents obtain symptom relief and can be
maintained in clinical remission.”
Interestingly, in studies in which pharmaco-
logical therapy is directly compared with surgi-
cal therapy for GERD, surgical therapy usually
performs as well or better.'”"**”” Some have
noted that many of these trials were in the era
before PPI use; however, there are also data
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comparing PPI therapy to open fundoplication
that also demonstrate equal if not superior
efficacy obtained with surgical therapy."” None-
theless, we believe that both well-performed
anti-reflux surgery and PPI therapy are effective
primary therapies for GERD and although
repeat anti-reflux surgery for failure has been
well documented as an effective management
option but PPI therapy has not, it is likely that
PPIs are similarly effective as repeat surgery in
treating postoperative GERD.

Use in This Clinical Situation

Why choose medical therapy over a repeat
operation or an endoscopic therapy for recur-
rent GERD symptoms after surgery? The most
obvious reason would be that the patient chose
to be placed back on pharmacological therapy
rather than undergo a second operation or have
an invasive endoscopic anti-reflux procedure.
This is not an evidence-based decision but one
based solely on patient preference (perhaps
with some understanding of the outcomes of
the other various treatment options). Another
reason for this choice would be that pharmaco-
logical therapy was superior in outcomes versus
a repeat anti-reflux surgical or endoscopic
procedure.

However, there have been no comparative
studies of these differing management
approaches nor are we aware of any trials com-
paring these therapeutic approaches being
planned. However, there are limited data sug-
gesting that pharmacological therapy remains
effective (as it would be expected to be) after
anti-reflux surgical failure. In a study of children
who had postsurgical failure and a return of
GERD, both symptoms and complications could
be effectively managed with PPI therapy and
none of the 18 children presenting with recur-
rent GERD symptoms or findings “required”
a second operation.*” In the Veterans Affairs
Cooperative randomized trial comparing
medical and surgical therapy, patients originally
treated surgically and now on medical therapy
expressed similar satisfaction with their
outcome as those still in surgically induced
remission.”® These findings would imply that
pharmacological therapy after failed surgery
remains effective. Indeed, most clinicians have
found similarly. We have never encountered a
patient successfully treated with PPIs before
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surgery whose typical GERD symptoms that
recurred after surgery could not be effectively
retreated by reinstitution of PPI therapy. The
same success with PPIs cannot be assumed for
new or atypical symptoms. A third reason to
choose drugs over endoscopic or repeat surgical
anti-reflux therapy may be one of cost-effective-
ness. It has long been debated as to whether the
long-term costs of therapy for GERD are greater
with pharmacological versus surgical therapy
and more recently endoscopic therapy has
entered this debate.”*” Part of the difficulty in
determining which management approach is
more cost-effective has to do with the difficulties
in relying on models of economic outcomes
given the near absence of directly measured
costs from randomized controlled trials com-
paring these various strategies. Myrvold et al.””
as part of a previously reported randomized
controlled trial, measured the direct costs of PPI
therapy versus surgical therapy in a number of
European countries participating in the study.
Costs for surgical therapy were higher in
Sweden, Denmark, and Norway but not Finland.
Although both therapies were equally effective
in controlling GERD symptoms, it was stated
that PPI therapy was more cost-effective. What
was ignored in the study was the fact that
surgery demonstrated statistically significant
reductions in heartburn scores although “treat-
ment failure” was not different between arms.

Thus, without reporting confidence intervals
for the treatment effect to allow insight into
potential sample size limitations of a study, it
may be that one strategy is not really economi-
cally dominant over another and therefore cost
alone should not be a basis for a decision regard-
ing choice of therapy for GERD. Additionally,
given there are no comparative cost data for any
therapy after failed anti-reflux surgery, this issue
of cost in making a decision regarding therapy
after failed anti-reflux surgery becomes a moot
point in helping one select therapy in this clini-
cal situation.

Thus, it really comes down to patient prefer-
ence based in part on local availability of endo-
scopic or surgical anti-reflux therapy expertise
that will determine the treatment decision. The
only downside to this clinical approach is that
in a patient who chooses surgical anti-reflux
therapy because of the inconvenience, intoler-
ance, or cost of continuous PPI therapy, may be
back to where they started from without resolu-
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tion of their problem. Thus, offering them PPI
therapy to manage their recurrent GERD symp-
toms after anti-reflux surgery may not be an
option they wish to consider.

Conclusions

Failure after surgical anti-reflux therapy is an
increasingly common clinical condition that we
will continue to encounter for years to come.
Once it has been determined that the patient’s
postoperative symptoms are likely representa-
tive of GERD and a careful diagnostic strategy
has confirmed a disrupted surgical repair and
objectively confirmed pathological reflux as a
cause of the patient’s symptoms, then three
therapeutic options can be considered: a repeat
surgical procedure, reinstitution of pharmaco-
logical therapy (usually a PPI), or an attempt at
adjunctive therapy via an endoscopic anti-
reflux procedure. There are no clinical trial data
with the latter two options, although there is
substantial experience with the successful use of
pharmacological therapy in this clinical situa-
tion. Intuitively, an endoscopic anti-reflux pro-
cedure may be effective because of its ability to
possibly augment a less than optimal surgical
repair. Although there is anecdotal evidence
supporting this approach, its cost and invasive-
ness mandates that more substantial informa-
tion documenting its effectiveness as a salvage
therapy be available before it can be recom-
mended for widespread use in this situation.
Ultimately, the choice of therapy resides with
the patient’s wishes and it is our role to make
sure that the choices that are available are objec-
tively discussed along with the specific issues of
their individual anatomy and physiology in
order to assist them in making their decision.
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Reoperation for Failed Anti-Reflux Surgery

Jennefer A. Kieran and Myriam J. Curet

Recurrent gastroesophageal (GE) reflux symp-
toms after fundoplication have been reported in
6-20% of open fundoplications and in 6-17%
of laparoscopic fundoplications.'® The most
common symptoms are recurrent reflux
(30-60%) and dysphagia (10-20%). The majority
of these patients can be treated medically with
only4-6% requiring reoperation.*® Only patients
with persistent, severe, refractory symptoms
shouldbeconsideredforreoperation.Recurrence
and technical failures are discussed in detail in
Chapter8.Inthosepatientschosenforreoperative
surgery, it is imperative that one determines the
cause of failure of the original operation to ensure
that patients receive the appropriate treatment.
The best results for fundoplication occur with
primary operation with success rates reported to
be 90-95%. When recurrences require reopera-
tion,the success of the operation declines precipi-
tously with the number of subsequent surgeries.
Successratesforreoperationsare85% for patients
who have had one previous operation, 66% who
have had two previous operations, and only 42%
for patients with three or more previous opera-
tions.**” Choosing the correct operation for the
individual patientduringtheoriginal surgerywill
decreasetheriskofrecurrentdiseaseand theneed
for reoperation.'

Preoperative Evaluation

The preoperative evaluation of patients being
considered for reoperation should include pH

studies, manometry, upper gastrointestinal (GI)
series, endoscopy, and gastric emptying
studies if symptoms indicate. This evaluation
has been discussed in detail in previous
chapters, but is essential to mention here
because the results dictate the operative strat-
egy. The upper GI series can demonstrate
anatomic reasons for failure including parae-
sophageal hernia, wrap herniation into the
chest, stricture, a wrap that is too tight, or a
short esophagus. Similarly, endoscopy can iden-
tify a disrupted wrap, a recurrent hiatal hernia,
poor gastric motility, or esophagitis. Manome-
try can confirm that a wrap is too tight, poor
esophageal motility, undiagnosed achalasia, or
an incompetent lower esophageal sphincter.
Finally, pH studies can identify recurrent
reflux without other evidence of anatomic
abnormalities.

The goal of this chapter is to identify
the appropriate operation for the individual
patient with failed prior anti-reflux surgery
and describe the different operative techniques
used for such patients. Reoperative choices
include: an open laparotomy, laparoscopy,
or a thoracic approach; partial or total
fundoplication; gastric bypass; pyloroplasty;
gastropexy; antrectomy and vagotomy;
Roux-en-Y biliary diversion; and esophageal
resection.>' Some of these techniques are
addressed in other Chapters 2, 5, 11-14. This
chapter will focus on laparoscopic, open, and
transthoracic approaches with partial or total
fundoplication.

127



128

Operative Techniques

Reoperative surgery is inherently more difficult
than the original procedure. For this reason, a
preoperative cardiopulmonary evaluation is
necessary to ensure optimal physiologic status
before surgery.

Regardless of the method used to gain access
in the reoperative fundoplication, the surgical
principles remain the same. These include
meticulous technique with adhesiolysis, ade-
quate esophageal mobilization, crural closure,
appropriate fundoplication, and anchoring of
the wrap within the abdomen.** Many authors
believe that the original wrap needs to be com-
pletely undone as part of the reoperative strat-
egy. The only potential exception to this might
be a patient who, on preoperative studies and
intraoperative examination, clearly has an intact
and properly performed wrap that had herni-
ated into the mediastinum. All patients undergo
an appropriate preoperative evaluation as
previously described. Deep venous thrombosis
(DVT) prophylaxis with sequential compression
devices and preoperative subcutaneous heparin
are instituted. Preoperative prophylactic anti-
biotics are given and a Foley catheter is placed.

Open Laparotomy for Reoperative
Fundoplication

The most common approach for reoperative
anti-reflux surgery is revision fundoplication
via laparotomy, or the so-called open technique.
Once in the operating room, the patient is
placed in the supine position. The abdomen is
prepped and draped in a sterile fashion. An
upper midline incision is performed and
extensive adhesiolysis may be necessary. Use of
meticulous technique is important to minimize
gastrotomies, enterotomies, or esophagotomies.
If created, they are repaired primarily and, if at
all possible, are subsequently contained within
the wrap. A lighted bougie or endoscope can aid
in the identification of the hiatal structures. The
first step is to dissect the liver off the anterior
surface of the stomach and wrap. Identification
of either the right or left crus as an initial step
is very helpful in confirming the location of dis-
section and in helping to identify the wrap. Dis-
section of both crura should continue until
the wrap is completely dissected free. Retroe-

MANAGING FAILED ANTI-REFLUX THERAPY

sophageal dissection is then performed with
care taken not to injure the aorta. A Penrose
drain can be placed around the esophagus to aid
in mobilization.

The cause of technical failure is then assessed.
Possible causes include wrap migration or her-
niation, wrap failure with either a too loose or
too tight wrap, paraesophageal hernia forma-
tion, and slipped fundoplication onto the
stomach body (see Chapter 8). The wrap is
taken down completely and both vagal nerves
are identified and spared. If the short gastric
vessels had not previously been divided, this is
performed before wrap formation. It may be
necessary to dissect the fundus off the spleen if
the short gastric vessels have already been
divided. If a paraesophageal hernia is the cause
of failure, the hernia sac is excised.

Before creating the fundoplication, it is
imperative that the GE junction is well within
the abdomen. At least 5cm of esophagus above
the GE junction is mobilized. After releasing
tension on the stomach, the GE junction must
remain below the diaphragm without retracting
into the mediastinum. If this is not possible with
esophageal mobilization, an esophageal length-
ening procedure such as the Collis gastroplasty
is performed.»" Additionally, as Hunter et al.”
detail, a Collis gastroplasty may be indicated
in patients who appear to have adequate
esophageal length, but have herniated their
wrap more than once. A Collis gastroplasty is
performed by placing a GIA stapler at the angle
of His and creating a longitudinal staple line
that effectively recreates the GE junction further
distally on the stomach (Figure 11.1). The wrap
is then performed at the new GE junction while
ensuring adequate intraabdominal length.

Regardless of the cause of failure, the hiatus
is closed posteriorly with nonabsorbable sut-
ures in all patients. The revision fundoplication
is performed over a 56- to 60-French bougie
to ensure a “floppy” wrap. Partial or total
fundoplication is selected based on preopera-
tive manometric studies. Patients with poor
esophageal motility are considered for a
partial or Toupet fundoplication in order to
decrease the risk of postoperative dysphagia.
If esophageal motility is adequate, the
preferred operation is the Nissen fundoplica-
tion. In patients with paraesophageal hernias,
surgeons may prefer a Toupet wrap because
that will better anchor the GE junction in the
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Figure 11.1. Collis gastroplasty. A, An area for the initial gastro-
tomy is selected that is adjacent to the indwelling bougie and
3cm from the esophagogastric junction. B, A through-and-
through gastrotomy is performed with an EEA stapler.C, A linear
cutting stapler is positioned through the gastrotomy and is fired
parallel to the lesser curve of the stomach to complete the gas-
troplasty. (Zucker KA. Surgical Laparoscopy. 2nd ed. Baltimore:
Lippincott Williams & Wilkins; 2000:462.)

abdomen and may decrease the risk of recurrent
herniation.

For a total fundoplication, the fundus is
passed posteriorly around the esophagus.
Performance of the “shoe-shine” maneuver, in
which the fundus is grasped on either side of the
esophagus and moved back and forth, ensures
the appropriate amount of fundus is passed pos-
teriorly and the wrap is in the correct orienta-
tion (Figure 11.2). The portion of the fundus
now on the right of the GE junction is released.
If the fundus retracts under the esophagus back
to the left of the GE junction, there is excessive
tension on the wrap and further attempts to
mobilize the fundus need to be undertaken.
Another sign that further mobilization is neces-

sary is seeing the spleen pulled medially when
the fundus is brought posteriorly to create the
fundoplication. Once the fundus is adequately
mobilized, it is passed posteriorly to the GE
junction again. A 56- to 60-French bougie is
passed down the esophagus and positioned
across the GE junction. The anterior portion of
the wrap is secured to the esophagus and the
posterior portion of the wrap with two sutures
approximately 1cm apart, followed by a fundo-
fundal suture at the level of the GE junction.
Pledgets can be used to reinforce the sutures
(Figure 11.3). There should be no tension on the
wrap. This is assessed by passing an instrument
between the wrap and the esophagus to see how
much tension there is. The bougie is then
removed. Given the difficult dissection that
is typically experienced during reoperative
surgery, intraoperative endoscopy with leak test
should be performed at the conclusion of the
operation. The leak test is performed by sub-
merging the wrap under saline, insufflating at
the GE junction with the endoscope, and
observing for bubbles. If bubbles are seen, the
enterotomy is sutured closed, and the leak test
is repeated.

Figure 11.2. Performing a“shoe-shine” maneuver before sutur-
ing a Nissen fundoplication. (Reproduced with permission from
Phillips EH, Rosenthal J,eds. Operative Strategies in Laparoscopic
Surgery. New York: Springer-Verlag; 1995:121.)
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A partial posterior, or Toupet, fundoplication
is indicated for patients who have inadequate
esophageal motility. Patients with dysphagia
from a fundoplication that is too tight may also
benefit from a partial fundoplication if it is not
possible to create a total fundoplication that
is floppy secondary to scarring or ischemia.
Although some authors recommend liberal use
of a Toupet fundoplication, there are higher
failure rates with a Toupet compared with a
Nissen fundoplication.'®"” The Toupet is per-
formed by wrapping the fundus posteriorly and
securing the fundus to the esophagus and crura
bilaterally. Two sutures are placed from the
fundus to the crus on the right, and four fundus
to esophagus sutures are placed, two on each
side. Sutures along the esophagus are placed
lcm apart to create a 2-cm fundoplication
(Figure 11.4).

If the patient had signs of vagal denervation
preoperatively manifested by prolonged gastric
emptying, then pyloric dilation, pyloroplasty, or
pyloromyotomy should be performed to allevi-
ate the symptoms of delayed gastric emptying.
Rieger et al.'® caution against pyloroplasty
because complication rates are significantly
higher in these patients.

Figure 11.3. Use of Teflon pledgets to reinforce a fundoplica-
tion. (Reproduced with permission from Phillips EH, Rosenthal J,
eds. Operative Strategies in Laparoscopic Surgery. New York:
Springer-Verlag; 1995:121.)
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Figure 11.4. Completed Toupet fundoplication. (Zucker KA.
Surgical Laparoscopy. 2nd ed. Baltimore: Lippincott Williams &
Wilkins; 2000:406.)

Siewert et al.>"' summarized the morbidity
and mortality data reported for open redo
fundoplications. The authors identified a wide
range of morbidity reported, ranging from 20 to
40% and a mortality rate of 2%. Good to excel-
lent results were reported in 80-85% of selected
patients undergoing reoperation for failed anti-
reflux surgery. They reemphasized what Little et
al® reported: that multiple operations
significantly and adversely affect the success
rate to the point that, after three operations, one
should consider esophageal resection.

Laparoscopic Revision
of Fundoplication

Operative access for technical failures of fundo-
plications was originally described using
an open abdominal technique or a thoracic
approach. In the past 10 years, there have been
multiple retrospective reviews of personal expe-
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Figure 11.5. Port placement for laparoscopic reoperative
fundoplication surgery. LR, liver retractor; S, telescope; SLH,
surgeon’s left hand; SRH, surgeon’s right hand; ARH, assistant’s
right hand. (Reproduced with permission from Dallemagne B,
Weerts JM, Jehaes C, et al. Laparoscopic Nissen fundoplication:
preliminary report. Surg Laparosc Endosc 1991;1(3):138-143.)

riences with laparoscopic reoperative fundopli-
cation. The overall conclusion to date is that
laparoscopic reoperation is safe and effective if
performed by an experienced laparoscopic
surgeon. In addition, most reports indicate that
laparoscopic reoperative fundoplication is asso-
ciated with fewer complications, shorter length
of stay, and better patient satisfaction.

Laparoscopic refundoplication is performed
with a five-trocar technique similar to the initial
fundoplication procedure (Figure 11.5). Initial
access to the abdomen is obtained either with
an open technique with insertion of a Hasson
trocar or placement of a Veress needle away
from the original operative site, e.g., the left sub-
costal region. Adhesiolysis is then performed as
necessary to insert the subsequent ports. Ini-
tially, it may be necessary to place ports in non-
traditional locations to aid in lysis of adhesions.
The operating ports are then inserted once the
abdominal wall is cleared of adhesions.

The type of device used for hemostasis is
surgeon dependent. Ultrasonic shears can min-
imize heat conduction to surrounding tissue
and reduce the risk of inadvertent enterotomies.

If cautery is used, one must clearly visualize
adhesions and ensure that no conduction to sur-
rounding tissue occurs. Some surgeons prefer
sharp dissection with use of cautery only when
hemorrhage occurs. Regardless of the hemosta-
tic technique chosen, meticulous adhesiolysis is
imperative to prevent gastrotomy or esophago-
tomy. If created, these are repaired primarily
and the operation can continue laparoscopically
if deemed safe. If possible, the repair is included
in the new wrap to protect it.

Once operative trocars are placed, adhesions
from the left lobe of the liver to the fundoplica-
tion are taken down. The liver retractor may
need to be adjusted periodically to aid in the
dissection. Once the liver is retracted, both crura
are identified. To enable the identification and
dissection of the esophagus, an endoscope or
lighted bougie can be placed at the GE junction.
After the crura are identified, the wrap is encir-
cled with a Penrose drain to aid in retraction.
Both vagal nerves are identified and spared if
possible. The wrap is taken down either by
removing the previous fundic sutures, or by sta-
pling the fundo-fundic connection with the
EndoGIA stapler. The anterior vagus is usually
identified in the wrap. If the posterior vagus was
included in the wrap previously, it is much
easier to identify and spare. The short gastric
vessels are divided with the ultrasonic shears if
this was not previously performed. If the short
gastric vessels were previously divided, the
fundic adhesions to the spleen are carefully
lysed.

A crural closure is performed in all patients
(Figure 11.6). This is done with nonabsorbable
suture and may be buttressed with pledgets or
mesh. The data of Granderath et al.”* on the
routine use of polypropylene mesh in crural
closure for both primary and recurrent fundo-
plication reveal that recurrent herniation is
significantly lower in the mesh group (Figure
11.7). They reported 24 patients who underwent
revisional fundoplication.” All patients had
hiatal disruption and all had been previously
closed primarily. There were no intraoperative
complications and only one patient had severe
postoperative dysphagia that responded to dila-
tion. A barium swallow test was performed at 1
year in 19 of the 24 patients, which revealed no
hiatal recurrence. The remaining 5 patients were
asymptomatic. They support the use of mesh in
all patients undergoing fundoplication. This is
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Figure 11.6. Closure of the hiatus with crural sutures. Phillips
EH, Rosenthal RJ. Operative Strategies in Laparoscopic Surgery.
Springer-Verlag 1995, 119.

also supported by Frantzides and Carlson® in a
prospective, randomized trial of 72 patients
who had either suture cruroplasty or
polytetrafluoroethylene mesh repair. This study
determined that the frequency of recurrent
hiatal hernia was significantly higher in the
primary repair group (22%) versus the mesh
group (0%). Carlson et al.” had similar results
in 31 patients who were randomized to simple
suture closure versus mesh closure. Whereas
some authors report mesh erosion into the
esophagus, Granderath et al."” state that mesh
erosion is a very rare complication.

Figure 11.7. Mesh closure of the hiatus. (Reproduced with per-
mission from Granderath et al.,' Copyright ©2003, American
Medical Association. All rights reserved.)
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Once the crura are reapproximated posteri-
orly, the endoscope is removed and a 56- to 60-
French bougie dilator is placed. A Nissen
fundoplication or Toupet fundoplication is then
performed based on the preoperative manome-
try as previously described. Some authors
secure the Nissen fundoplication to the crura
with collar sutures. There are no studies cur-
rently that evaluate recurrence based on secur-
ing the wrap to the crura. In contrast to the
Nissen, the Toupet fundoplication is routinely
secured to both crura. Finally, upper endoscopy
is performed to evaluate the new wrap for leak.
The liver retractor and all ports are removed
under direct vision and the ports >5mm are
closed at the fascial level.

Most authors agree that laparoscopy is a safe
and effective tool in reoperative surgery when
performed by an experienced laparoscopist.
Hunter et al.>" begin laparoscopically in all
patients who underwent previous laparoscopic
fundoplication and usually approach patients
who have undergone previous open surgery
either with a laparotomy or thoracotomy. Other
authors attempt laparoscopy in all patients, but
have a low threshold to convert to open laparo-
tomy if adhesions preclude laparoscopic
completion.»**** Qverall conversion rates vary
from 9 to 60%. In the studies presented, recur-
rent symptoms were evaluated preoperatively as
previously described. Among the technical
causes of failure that were identified for the
initial operation, crural failure with hiatal her-
niation of the wrap was the number one cause
of recurrent symptoms,"'>**** followed by wrap
failure, slipped Nissen, and a wrap that was too
tight.”~*

When choosing the appropriate reoperation,
one must consider the preoperative workup,
which should clearly document the cause of
the failure. Most authors agree that a tailored
approach to each patient based on the cause of
the recurrent symptoms is essential, rather than
attempting the same operation in everyone.” As
is summarized in Table 11.1, most studies are
small retrospective reviews of single surgeons’
personal experience. However, in combining
these data, of 505 total patients, 385 were com-
pleted laparoscopically for an overall conver-
sion rate of 23.8%. The majority underwent
Nissen fundoplication (56%), followed by
Toupet partial fundoplication (17%), then mis-
cellaneous operative procedures including
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Table 11.1. Results of laparoscopic reoperation after failed fundoplication.

Authors Patients  Operative ~ Conversion Morbidity Length of  Follow-up Success
(n) Time (min)  Rate (%) (%) Stay (days) (months) Rate (%)

Awad et al.' 37 240 13,5 — 4 26.5 65

Curet et al.° 27 250 3.7 65.3 3.7 22 96

DePaula et al.*® 19 210 5.2 15.8 intraop 3.1 13 84.3

15.8 postop

Dutta®' 28 55.4 7.1 0 3 25.1 96.2

Floch et al.2 46 210 19.6 40.5 2.3 17.2 89

Granderath et al. 51 L-80 0 11 12 96
0-245

Heniford et al.” 45 L 234 17.8 12.7 4.6 21.3 92.5
0261

Horgan et al.** 31 307 9.7 323 4.1 25 87

Hunter et al.” 75 199 133 5 2.6 — 87

Kamolz et al.** 1 L 80 9.0 — n 26 91
0200

Khaitan et al.* 16 — 56.3 — 53 326 75

O'Reilly et al.”” 8 — 25 50 2.2 12-42 100

Pointner et al.*® 30 L 135 6.7 25 8 29 93
0315

Serafini et al.*® 28 L-184 10.7 16.2 intraop 5 20 89
0-216 37.8 postop

Soper and Dunnegan® 8 25.0 —

Szwerc et al.*” 15 135 0 — 23 3 87

Watson and Krukowski*' 11 141 9.0 20 3 29 91

Watson et al.*” 27 L-80 222 0 3 12 92.5
0-105

Yau® 28 73.4 32.1 — 4 24

L = previous laparoscopic operation.
0 = previous open operation.

Collis gastroplasty and anterior fundoplication
(12%) with 15% not reported. Operative times
were significantly longer in the patients who
had undergone previous open surgery than
those who had undergone previous laparo-
scopic surgery. Average length of stay for all
studies except the Austrian group (government-
mandated longer length of stay) was 4.4 days,
which is shorter than reported in most open
reoperative literature. Mean follow-up was 21.6
months with an average success rate of 90%.
Success rates in most studies were based on
patient satisfaction and not on scientific data.
The relatively short average follow-up in most
studies, although definitely a shortcoming, was
not considered a problem because most recur-
rences occur in the first year. Complication rates
were not consistently reported but ranged from
10 to 65% (Table 11.1). Previous open surgery
was associated with a significantly higher com-
plication rate than previous laparoscopic
surgery. Common complications included

pneumothorax, enterotomy, postoperative leak,
dysphagia, and gas bloating. There were no
operative mortalities reported in any of these
studies. From these data, we conclude that
laparoscopic refundoplication, especially in
patients with previous laparoscopic repair, is
associated with minimal morbidity, no mortal-
ity, a decreased length of hospital stay, and
improved patient satisfaction compared with
both open and thoracic reoperative surgery.
Most authors agree that in the hands of an
experienced laparoscopic surgeon, reoperative
laparoscopy for failed fundoplication is safe and
effective.

Comparison of Open Versus
Laparoscopic Refundoplication
Hunter et al.”” reviewed 100 patients undergo-

ing reoperative fundoplication. Seventy-five of
these operations were initiated laparoscopically,
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with 6 being converted to open (8%). Patients
were offered laparoscopic revision only if they
had undergone a single previous laparoscopic
fundoplication initially. As the authors gained
experience, they offered a laparoscopic ap-
proach to previous laparotomy patients. Their
operative times were reported as 210 minutes,
203 minutes, and 183 minutes for the first,
second, and last 25 patients in the laparoscopic
group. The median operative time for open
laparotomy was 211 minutes. The length of stay
was significantly shorter in the laparoscopic
group (2.6 days vs 7.5 days). Complication rates
were also lower in the laparoscopic group (5%
vs 9%). The only mortality was a patient who
underwent laparotomy who succumbed to
pneumonia postoperatively. Although this was
not a randomized, controlled trial comparing
open versus laparoscopy, it is the most compre-
hensive study to date comparing the two types
of experiences.

Laparoscopic Gastric Bypass for
Recurrent Reflux

Several studies mention the use of gastric
bypass as an alternative and superior technique
for morbidly obese patients who present
with primary GE reflux disease.*** Perez et al.*
identified a higher rate of recurrent reflux in
obese patients undergoing laparoscopic Nissen
fundoplication compared with their normal-
weight cohorts. Applying this theory to patients
with recurrent symptoms, Heniford et al.”* de-
scribed using the Roux-en-Y gastric bypass in
obese patients with recurrent reflux symptoms
after failed anti-reflux surgery. Patients should
meet the National Institutes of Health 1991 Con-
sensus criteria of a body mass index (BMI) >40
or >35 when associated with significant comor-
bidities. They must have also tried and failed
multiple diets. If the recurrent reflux patient
meets these criteria, a gastric bypass should be
offered rather than simply revising the previous
fundoplication.

Laparoscopic gastric bypass is performed
with the patient in a split-legged position. Pre-
operative DVT prophylaxis and antibiotics are
given and a Foley catheter is placed. Five ports
are placed as seen in Figure 11.8. The original
wrap is taken down completely. Once this is
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accomplished, a 15- to 30-cc pouch is created
based on the lesser gastric curve. This can be
performed with an EEA anvil, by visualization,
or by using a 36-French orogastric tube. Next,
the jejunum is divided approximately 20-30cm
from the ligament of Trietz. A 75- to 150-cm
Roux limb is measured and a jejunojejunostomy
is created with the EndoGIA stapler. Some sur-
geons base the Roux limb lengths on preopera-
tive BMI with BMI >50 necessitating a 150-cm
Roux limb and a BMI <50 receiving a 100-cm
Roux limb. Other surgeons use the same Roux
limb length in every case. The Roux limb is
passed antecolic or retrocolic. If an antecolic
route is used, the omentum must be divided to
ensure a tension-free anastomosis. If the limb is
positioned retrocolic, the mesenteric defect is
closed with running, nonabsorbable suture to
prevent internal herniation through the meso-
colic window.

The gastrojejunostomy can be created using
the circular stapler, the linear stapler, or a hand-
sewn technique. The final anatomy is detailed
in Figure 11.9. An intraoperative leak test is
performed with either air or methylene blue
dye. Because leaks are more prevalent in
reoperative surgery, placement of a drain is
recommended.

Figure 11.8. Port placement for Roux-en-Y gastric bypass for
patients with morbid obesity and recurrent gastroesophageal
reflux disease. Courtesy of Ethicon Endo-Surgery, Inc.,a Johnson
& Johnson company. All rights reserved.
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Stomach

Duodenum

Figure 11.9. Roux-en-Y gastric bypass for patients with morbid
obesity and gastroesophageal reflux disease. Courtesy of
Ethicon Endo-Surgery, Inc., a Johnson & Johnson company. All
rights reserved.

The report by Heniford et al.”” of 55 patients
undergoing reoperative anti-reflux surgery
included two patients who met the National
Institutes of Health criteria for morbid obesity
and subsequently underwent gastric bypass.
They both reported good resolution of symp-
toms. As of 2004 there were no other published
reports describing gastric bypass for revisional
anti-reflux surgery.

Thoracotomy

Several approaches to a failed fundoplication
can be applied through a thoracotomy including
a redo Nissen fundoplication and a Belsey Mark
IV. Many authors believe that if the original
operation was performed transabdominally, a
transthoracic approach should be utilized in
reoperations. Others believe that only thoracic
surgeons should perform thoracic surgery and
general surgeons will feel more comfortable,
and will have better results, with a laparotomy
even in redo operations. Currently, transtho-
racic Belsey Mark IV can be useful in patients
who have had multiple abdominal procedures,
and may be considered as an alternative to
transabdominal approaches for surgeons who
are well trained in thoracic procedures."**
Deschamps et al.*® reported their experience
with 185 patients who had recurrent reflux after

previous fundoplication. They performed a tho-
racotomy in 133 of these patients and a Belsey
Mark IV in 47 (25%). Their median follow-up
was 31 months (range, 3-283 months). Compli-
cations occurred in (25%) of patients. Mean
length of stay was 9 days (range, 5-58 days).
Excellent or good results were reported in
only 60.2%. Migliore et al.*’ found that 12.5%
of patients undergoing thoracotomy reported
poor results. They advise patients that
laparoscopy provides better cosmetic results,
has comparable results to open surgery, has less
incisional pain, and offers a quicker return to
normal life. The authors believe the indications
for thoracotomy should be limited to reopera-
tive fundoplication in patients that have
concurrent esophageal pathology or extensive
intraabdominal adhesions. Many thoracic sur-
geons have adopted laparoscopic fundoplica-
tion into their repertoire with good to excellent
results.”

Operative technique. The patient should
have cardiac and pulmonary clearance before
surgery. Once in the operating room, DVT pro-
phylaxis and perioperative antibiotics are given.
A thoracic epidural is placed for postoperative
pain management. The patient is intubated with
a double lumen tube to allow left lung collapse
during the procedure. The patient is then placed
in the semilateral position to allow for a thora-
coabdominal incision, if needed. A left thoraco-
tomy is performed in the 7th or 8th intercostal
space and the left lung is excluded. The pul-
monary ligament is divided and the esophagus
is mobilized to the level of the aortic arch. The
esophagus is encircled with a Penrose drain
above the level of the inferior pulmonary vein.
The middle esophageal artery is divided. The
vagus nerves are identified and spared. The
hiatal adhesions are lysed and the hernia sac,
if present, is excised. Both crura are clearly
defined and the previous fundoplication is
taken down. The esophagogastric junction is
identified and if it cannot be positioned intraab-
dominally without tension, a Collis gastroplasty
is performed with a GIA stapler. Nonabsorbable
crural stitches are placed but are not tied. A 56-
to 60-French bougie is placed and either a
Nissen (360°) or Belsey Mark IV (270°) wrap is
performed based on preoperative manometric
studies. The crural stitches are tied after the
wrap has been completed. Pledgets or mesh can
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be used to buttress the crural closure. Pleural
drainage tubes are placed and the thoracotomy
is closed.*"!

Postoperative Management

Regardless of the operative approach, postoper-
atively, the patient is kept NPO overnight and an
upper GI study is performed the next morning
to evaluate the anatomy and to assess for leak.
Once cleared, the patient is started on a clear
liquid diet and advanced to full liquids. Over the
next couple of weeks, they are advanced to
pureed and soft food. Early dysphagia is
common after anti-reflux surgery and can be
managed conservatively with dietary modi-
fications. Patients should avoid meat and
bread initially. Most patients are discharged
within 1 week, depending on the operative
approach. As previously stated, laparoscopic
technique allows for shorter hospital stays. One
of the early postoperative factors that should be
meticulously controlled whether in primary
or reoperative anti-reflux surgery is retching."”
Soper and Dunnegan®® found that one-third of
patients with early retching developed anatomic
defects that required future intervention.® The
use of perioperative ondansetron can aid
tremendously in controlling retching within the
first week of surgery.

Summary

Several technical points are important regard-
less of the method of access used for reopera-
tive fundoplication. Meticulous adhesiolysis
is essential in preventing inadvertent gastro-
tomies, esophagotomies, or enterotomies. If a
perforation is identified, it is best to repair it
primarily. If a laparoscopic approach is being
used, laparoscopic repair of an enterotomy is
acceptable unless visualization is poor or the
repair appears inadequate. The fundoplication
is used to buttress the gastrotomy. Adequate
esophageal mobilization is essential to ensure
the GE junction remains in the abdomen. A
floppy wrap should be created by taking down
the short gastric vessels, if not previously per-
formed. It may be necessary to dissect the
fundus off the spleen if the short gastric vessels
have been previously divided. The crura are
always closed with nonabsorbable suture. If they
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do not reapproximate easily, one may consider
the use of mesh. It is imperative to identify
the cause of failure and tailor the revision to
the patient. Finally, laparoscopic reoperative
surgery for previous failed anti-reflux proce-
dures is technically feasible with minimal
morbidity and mortality and excellent to good
results. Reported conversion rates, even in the
hands of laparoscopic specialists, are about
17%'l,13,14,20,24,25,29,30,33,39—45 ThlS approach ShOuld
be used only by experienced laparoscopic sur-
geons, because reoperative laparoscopic surgery
is significantly more difficult with higher
conversion rates and higher morbidity than
primary laparoscopic fundoplication.
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Management of Alkaline Reflux

Jose M. Clavero, Philippe Topart, and Claude Deschamps

Gastroesophageal reflux disease (GERD) is the
most common disorder of the upper gastroin-
testinal tract and can lead to complications
such as esophagitis, stricture, ulcerations,
and Barrett’s esophagus. About one-quarter of
patients develop complications despite ade-
quate medical treatment. A mechanically
defective lower esophageal sphincter (LES),
inefficient esophageal clearance, and abnormal-
ities that decrease gastric emptying or increase
intragastric pressure have been described as the
main causes for increased exposure of the
esophageal mucosa to refluxed gastric juices.'
Duodenogastroesophageal reflux (DGER) is the
regurgitation of duodenal contents into the
stomach and esophagus.” It is a condition inti-
mately associated with GERD, but can also
occur after previous surgical procedures such as
pyloroplasty and partial or total gastrectomy.

Pathogenesis

The composition of the refluxed juice has an
important role in the genesis of mucosal
damage and the progression from pure GERD to
complications in the more severe forms of the
disease (esophagitis, stricture, and Barrett’s
esophagus). Acid and pepsin have been recog-
nized for a long time as the main agents
involved in the mucosal damage of esophageal
mucosa.” Over recent years, several studies have
demonstrated that biliary and pancreatic secre-
tions are as noxious to the esophageal mucosa

as acid-peptic secretions and that biliopancre-
atic secretions potentiate the damage produced
to the esophageal mucosa by acid-gastric
reflux.>® Others have shown that conjugated
bile salts remain soluble at low pH and cause
esophageal mucosal damage in the presence of
acid.*'®"" Trypsin is also believed to have a role
in damaging esophageal mucosa, particularly in
postgastrectomy patients.>*™"*

In patients with GERD, esophagitis, stric-
tures, and Barrett’s esophagus are more preva-
lent when there is an increased exposure to
either acid or alkaline secretions.'>'® These com-
plications are more frequent in patients with
combined acid and alkaline secretions than in
patients with acid reflux only. In a study by Stein
et al.,'”” 86% of patients with acid and alkaline
reflux had esophagitis, stricture, or Barrett’s
esophagus compared with 51% of patients with
only acid reflux. Simultaneous esophageal expo-
sure to acid and duodenal reflux was found to
be the most common pattern in a study by Vaezi
and Richter," occurring in 76% of patients with
symptomatic GERD. Other studies have shown
that combined acid and alkaline reflux corre-
lates with an increase in complications.'>'*!

The greater number of complications related
to this mixed refluxate has been attributed to
the detergent effect of bile acids in an acidic
environment. At low pH values, the ionized
forms of conjugated bile acids that enter
through the lipophilic membrane of mucosal
epithelium predominate and accumulate in the
intracellular space. The high intracellular con-
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centration of bile salts can cause dissolution of
cell membranes and tight junctions. The
damage is likely to be accentuated by the
noxious effect of acid and pepsin on membrane
Ceus.Z,é,lO,ZZ

Reflux of duodenal content into the stomach
is most often asymptomatic.”’ Duodenogastric
reflux has been shown to occur most often at
night and after meals. A dysfunctional LES
usually has an important role in patients with
DGER, a factor that is critical in the surgical
treatment of this problem.>"

Stein et al.” used gastric and esophageal
probes and documented duodenogastric reflux
in 21% of patients with foregut symptoms
without GERD and in 29% of GERD patients,
but in none of the normal volunteers.
Esophageal exposure to alkaline content was
significantly higher in patients with GERD and
duodenogastric reflux. Therefore, it seems that
duodenogastric reflux is rare in normal people
but increases in incidence in patients with acid
reflux.”

Pure biliary-pancreatic esophagitis is almost
exclusively iatrogenic, and is seen mainly in
patients with defective LES with an achlorhydric
stomach because of previous vagotomy and
pyloroplasty, gastroenterostomy, or antrectomy
with Billroth I or II reconstruction. Other
patients at risk are those with a prior total gas-
trectomy, and those with an esophagogastrec-
tomy with loss of sphincter, parietal cell mass,
and vagus nerves.”” Stein et al.”” reported
that 30 of 58 patients with duodenogastric
reflux had previous foregut surgery.

Primary duodenogastric reflux is rare and
might represent a global foregut motility disor-
der with gastric emptying problems and bile
vomiting as its key features.*® Manometric
studies by Mason and DeMeester” in bile-
vomiting patients demonstrated a dynamically
defective LES that exhibited normal pressures
when fasting. With gastric distension and accu-
mulation of duodenogastric refluxate, gastric
motility was inhibited by several intestinal hor-
mones, including cholecystokinin, neurotensin,
and peptide YY, which could increase alkaline
esophageal reflux.”

The role of pure DGER in the absence of con-
comitant acid reflux in the damage of the
esophageal mucosa is unclear. In 13 partial gas-
trectomy patients with reflux symptoms studied
by Sears et al.,”® 77% had DGER diagnosed by
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the Bilitec® probe but endoscopic esophagitis
was present only in those with concomitant acid
reflux. Vaezi and Richter” found that in partial
gastrectomy patients, 24% of the upper gas-
trointestinal symptoms were caused by DGER
without acid reflux. These results suggest that
DGER could cause symptoms but in the absence
of acid reflux does not produce esophagitis.

Diagnosis

Symptoms suggestive of alkaline reflux are
epigastric pain, nausea, vomiting, and loss of
appetite. Esophagitis caused by alkaline reflux
should also be suspected in patients with
obvious endoscopic esophagitis and normal 24-
hour pH monitoring. The diagnosis of alkaline
reflux can be made by endoscopy, 99Tc HIDA
biliary scan, detection of bile acids by gastric
aspiration, 24-hour pH monitoring, and biliru-
bin concentration measurement.”'>'>'”?%* The
available tests for the diagnosis of DGER are
summarized in Table 12.1.

Endoscopy

The presence of bile in the stomach or esopha-
gus is not accurate in the diagnosis of DGER.
Stein et al”” found a sensitivity of 37%, a
specificity of 70%, and positive predictive value
of only 55%.

Scintigraphy

Duodenogastroesophageal reflux can also be
documented by observing excessive presence of
radioactivity in the esophagus after 99Tc HIDA
biliary scan.’*” However, it is at best a semi-
quantitative and expensive test and is less phys-
iologic and accurate than the more recent
methods for the diagnosis of DGER. Also,
several technical problems can interfere with
the accuracy of the study.”**

Aspiration Studies

Aspiration techniques that allow detection of
duodenal contents using enzymatic or chro-
matographic measurements have been used for
the diagnosis of DGER. In some early gastric
aspiration studies, the concentration of fasting
gastric bile salts was not found to be particu-
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Table 12.1. Available tests for the diagnosis of duodenogastroesophageal reflux (DGER).

Method

Endoscopy
Aspiration studies

Advantages

Lower cost than endoscopy
Scintigraphy Noninvasive

24-hour pH monitoring
centers; ambulatory prolonged

monitoring in more physiologic conditions
Ambulatory prolonged monitoring in more
physiologic conditions; can be use

24-hour bilirubin
spectrophotometric
measurement concomitantly with 24-hour pH

monitoring

larly helpful.*®* More recent studies, however,
have shown that fasting gastric bile acid
concentrations are increased in patients with
GERD, being highest in patients with Barrett’s
esophagus.”*** The main limitation of these
studies is that they assume that gastric bile acids
are an indicator of esophageal exposure to these
agents. Esophageal aspiration studies have also
been performed to evaluate more precisely the
role of duodenal content in the genesis of
damage to the esophageal mucosa, but results
have been conflicting because of various tech-
nical problems.'®!??!?240:41

Stein and coworkers” used a device that
allows ambulatory aspiration of esophageal
content in normal volunteers and patients with
GERD and correlated the results with 24-hour
pH monitoring. They found that the total bile
acid concentration was higher in patients with
GERD compared with controls. The total bile
acids concentration showed a significant corre-
lation with the time that the pH was >7. Patients
with Barrett’s esophagus or strictures had
markedly increased bile acid concentration in
the refluxed gastric juice and this correlated
with the time pH was >7."

Twenty-four-hour pH Monitoring

The interpretation of the 24-hour gastric pH
monitoring for determining gastroduodenal

Easily available; allows mucosal biopsies

Widespread use; familiar test to most

Disadvantages

Poor sensitivity and specificity

Require enzymatic or chromatographic
measurements; results difficult to interpret

Semiquantitative; more expensive; radiation
exposure; less physiologic; technically difficult

pH >4 is not a reliable indicator of DGER;
concomitant use of gastric probe can increase
its sensibility and specificity

Not in widespread use; requires diet
modification; bilirubin detection is
underestimated in acidic environment in
about 30%; fair to poor correlation with bile
salts, pancreatic enzymes, and lysolecithin
concentrations

reflux is more complex than its use for acid
reflux diagnosis because of the interaction
between mucous and acid secretions, ingested
food, saliva, and duodenal, pancreatic, and
biliary secretions.”” The score proposed by
Fuchs et al.* allows the quantification of duo-
denogastric reflux and gastric acid secretion
and could be helpful in the assessment of DGER
and gastric emptying disorders. The scoring
had a sensitivity of 90% and a specificity of
100%. Alkaline reflux is confirmed by measure-
ment of the time during which the esophageal
pH is >7, but several considerations must be
taken into account. Electrodes made of glass
instead of antimony should be used, and
extreme caution is exerted with the calibration
method. The patient’s diet should be restricted
to food at a pH < 7, the patient should be exam-
ined for dental caries that can raise the salivary
pH, and strictures should be dilated to prevent
pooling of saliva.">'”**** The placement of a
second probe in the stomach may be helpful
in differentiating acid reflux, mixed, and alka-
line reflux.’ Mattioli et al.** used simultaneous
esophageal, fundus, and antrum probes to
demonstrate that 18% of patients with abnor-
mal alkaline reflux could be considered normal
based solely on standard 24-hour pH monitor-
ing.24 However, some authors have found a poor
correlation between DGER and measured
length of time of esophageal pH < 7, possibly
because of increased saliva production or bicar-
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bonate production by esophageal mucosal
glands.

Bilirubin Monitoring

Recently, a system designed to allow ambulatory
monitoring of DGER has been developed
(Bilitec® Medtronic, Shoreview, MN). The
system uses bilirubin as a marker of duodenal
reflux and can be used concomitantly with 24-
hour pH monitoring.** Continuous spectropho-
tometric measurement of luminal bilirubin
concentration is made with a portable optoelec-
tronic data logger and a fiberoptic probe passed
transnasally and positioned in the foregut. The
Teflon probe head has a 2-mm open groove
across which two wavelengths of light are
emitted and material is sampled. The light-
emitting diodes have wavelengths of 470 and
565nm, allowing the measurement of bilirubin
and a reference signal. The photodiode system
converts the light in an electrical signal through
filtration and amplification, and a difference of
the absorbance between the two wavelengths is
calculated. This value is directly proportional to
the bilirubin concentration. The system samples
luminal concentration of bilirubin every 8
seconds. The continuously recorded data are
downloaded into a computer and analyzed. A
threshold of 0.14 absorbance units has been
demonstrated by various authors as having a
good correlation with the measurements of
increased bile acid concentrations in gastric
aspirates, and are considered diagnostic of
DGER. Values <0.14 can be caused by the effect
of suspended gastric particles or mucus. Other
authors have used a threshold of 0.2 based on
their studies in healthy volunteers. An increased
esophageal exposure to bilirubin is identified
when the percentage exposure time to bilirubin
exceeds the 95 percentile level of the values
obtained in normal subjects.?**73>474%

It has been suggested that the amount of
DGER determined by the Bilitec® probe can be
underestimated when it is associated with acid
reflux. Despite the high precision of this probe,
the bilirubin measurement does not necessarily
correlate with the amount of bile salts, pancre-
atic enzymes, and lysolecithin present in the
esophageal refluxate.””*’ It should also be noted
that there is no standardization of the recom-
mended diet while using the Bilitec®. Theoreti-
cally, a solid diet could interfere with the

MANAGING FAILED ANTI-REFLUX THERAPY

bilirubin measurement and the food could plug
the tip of the probe. Therefore, most authors
recommend a liquid diet. Some beverages such
as coffee, tea, and cola should also be excluded
because they have an absorbance close to that of
bilirubin.?******* However, a liquid diet is less
physiologic and could potentially interfere with
the results of the 24-hour pH measurements
obtained simultaneously with the continuous
bilirubin determination. Even with these limita-
tions, the spectrophotometric detection of
bilirubin is the best method currently available
for the diagnosis and measurement of DGER.

Treatment

Long-term medical treatment for true DGER
(prokinetics, proton pump inhibitors, erythro-
mycin, etc.) is notably ineffective and the con-
dition wusually requires surgical treatment.
Topart and Vandenbroucke® have described the
techniques thoroughly.

Bile Diversion Operations

Operations are designed to divert the duodenal
content away from the stomach and, hence, from
the esophagus. The total duodenal diversion
(TDD) as based on the principles of Cesar Roux
is the first and still the most popular operation
used when the reflux occurs after gastric resec-
tion. Other operations that were subsequently
developed include the Tanner 19 Roux-en-Y
operation, the Braun enteroenterostomy, and
the Henley anisoperistaltic jejunal interposi-
tion. In 1985, after an experimental study,
DeMeester et al.”® proposed a new physiologic
approach to the problem of DGER with the duo-
denal switch procedure. More recently, Madura
and Grosfeld”' advocated the use of simple
biliary diversion. Overall, these procedures are
used only in a fraction of the patients showing
severe DGER.

Total Duodenal Diversion

The technique that is most often used currently
was described by Holt and Large™ (Figure 12.1).
The standard operation is performed through
an abdominal incision. When the diversion is
performed in patients who have not undergone
a previous gastrectomy, it includes resection of
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Figure 12.1. On the left is illustrated truncal vagotomy, gastric
antrectomy, and when necessary, segmental esophageal resec-
tion for a nondilatable stricture. On the right, reconstruction is
shown using the 45-cm-long Roux-en-Y gastric drainage proce-
dure to divert biliary and pancreatic secretions away from the
stomach. (Reprinted from Payne.” Used with permission of
Mayo Foundation.)

the mobile part of the duodenum, an antrec-
tomy (gastric division following a vertical line
extending from the angle of the lesser curva-
ture), and a bilateral truncal vagotomy. The
digestive tract continuity is restored using an
end-to-side gastrojejunostomy on a 45- to
60-cm Roux-en-Y jejunal limb. Some authors
suggest closure of the diaphragmatic crura with
an anti-reflux fundoplication. This may be seen
as a therapeutic overkill when acid and bile
exposure have been eliminated. Most authors
agree on the necessity to perform a bilateral
truncal vagotomy, as antrectomy and duodenal
diversion is considered as an ulcerogenic
operation. This is evidenced by frequently
documented postoperative stomal ulcers as
complications of TDD.”

Total duodenal diversion is considered a safe
operation. No mortality is reported when TDD
is used for severe esophagitis lesions. Postoper-
ative morbidity ranges from 9 to 27%. The
higher complication rate was seen when resec-
tion of an esophageal stricture was added. In

general, TDD is very effective in controlling the
reflux symptoms and healing related esophagi-
tis. Most of the strictures are under control early
after the operation or at the most within a year
postoperatively, after 1-3 dilation sessions. Only
5% of all patients require resection of their
esophageal strictures. Fekete et al.** reported
partial regression of Barrett’s mucosa in 20% of
their patients. Most authors, however, report no
change of Barrett’s metaplasia in the esophagus
after TDD.

The results of TDD are frequently expressed
in general terms, looking mostly at the overall
functional results. After a few years of enthusi-
astic use of TDD, several reports emphasized the
side effects and the postoperative complaints of
the operation, namely, postprandial epigastric
fullness, dumping, weight loss, or bile vomiting.
These symptoms were very similar to the duo-
denogastric reflux symptom complex that led to
surgery. The postoperative assessment criteria
used in these patients is mostly subjective, with
the terminology of excellent, good, fair, or poor,
which roughly encompasses the Visick grading
system. This enables a relatively accurate com-
parison between the reported series. Ellis and
Gibb> observed significant improvement in
73-100% (mean 90%) of 14 patients in a series
of TDD reported between 1955 and 1992. This
represents a total of 293 patients treated for
DGER. More recently, there have been reports of
good to excellent results in 76-97% of
patients.”*™®

When the same operation is used to treat bil-
iopancreatic gastritis, the results are less
encouraging. Madura® found that only 54% of
527 patients treated in such manner between
1980 and 1993 reported significant improve-
ment. Hinder®™®' opted for TDD in association
with an anti-reflux procedure whenever possi-
ble. He reported that 15-50% of patients oper-
ated for duodenogastric reflux complain of
significant postoperative symptoms early after a
TDD. On longer-term follow-up, 15-20% of
patients continue to experience the same symp-
toms. The discrepancy in the results comparing
biliopancreatic reflux esophagitis and biliopan-
creatic gastritis without esophagitis remains
unexplained because the basic pathophysiology
is considered to be the same.

The length of the Roux-en-Y limb between
the gastrojejunal anastomosis and the jejuno-
jejunal anastomosis has been a matter of con-



144

troversy. Most authors consider that a 45-cm
limb is a minimum.”> A 50- to 60-cm limb is
usually preferred to minimize the risk of per-
sistent or recurrent symptoms.

Why 15-20% of patients still have postopera-
tive symptoms despite good to excellent endo-
scopic results is still a matter of debate and
controversy. Total duodenal diversion is in itself
a procedure that causes sufficient foregut
modification to explain at least part of the post-
operative problems of either dumping or poor
gastric emptying. The bilateral truncal vago-
tomy and the partial gastrectomy are the most
frequently suggested culprits in the literature.
Denervating the stomach and the proximal
foregut does create motility changes. Despite
these well-documented effects, vagotomy is
considered essential when an antrectomy and
interruption of gastroduodenal continuity are
the result of the operation.

Early in the assessment of this type of recon-
struction, Welch et al.®> documented in the lab-
oratory the increase in gastric secretion of acid
resulting from a Roux-en-Y diversion without
antrectomy or vagotomy. If an antrectomy is
added to the diversion without a vagotomy,
postoperative stomal ulcers on the gastrojejunal
anastomosis are almost inevitable. Gustavsson
et al.®* and Davidson and Hersh,** however,
suggest that the gastric stasis seen after gastrec-
tomy and Roux diversion is not significantly
influenced by truncal vagotomy. Most of the
time, when TDD is indicated, an antrectomy
has already been done, usually with a gastro-
jejunal reconstruction (Billroth II). This opera-
tion has been the leading cause of bile reflux
damage in the remaining stomach and in the
esophagus.

The antrectomy is essential in order to gain
good control of the gastric acid secretion in par-
allel to the control of the bile injury caused by
the diversion. An inadequate gastric resection
has been shown to be responsible for some of
the worst postoperative gastric emptying prob-
lems. A limited antrectomy may result in a
“dependent sump” causing early postoperative
vomiting whereas the opposite, an extensive
two-thirds gastrectomy, usually results in severe
postoperative digestive discomfort. Vogel and
Woodward® reported that revisional surgery for
gastric atony after TDD resulted in clinical
improvement and normalization of gastric
emptying. In these patients, the size of the
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gastric remnant correlated with the amount of
improvement.

The effects of truncal vagotomy on gastric
motility may result in various patterns of gastric
emptying. However, there was no significant dif-
ference in solid meal emptying when Billroth
IT gastrectomy was performed compared with
TDD.* Furthermore, there may be no correla-
tion between persistent postoperative symp-
toms and delayed gastric emptying. Gastric
emptying problems are usually found to im-
prove with time.

Duodenal Switch

The postoperative problems encountered after
TDD prompted DeMeester et al.** in 1987 to
propose a new operation to palliate these effects.
Based on an experimental study, the “suprapap-
illary Roux en Y duodenojejunostomy,” or “duo-
denal switch,” sought to decrease the symptoms
allegedly related to antrectomy, vagotomy, and
bypass of the duodenal channel. It was destined
more specifically to treat patients who had
duodenogastric reflux without previous gastric
resection. The intact pylorus and the proximal
duodenum, divided above the ampulla, are con-
nected end to end to the jejunum. The excluded
duodenum is then reinserted in the digestive
continuity by creating a jejuno-jejunal anasto-
mosis 55cm below the first anastomosis.

After the initial report from DeMeester et al.
in 1987, Wilson et al.”” presented their series of
42 patients operated for biliopancreatic gastri-
tis. Two-thirds of the patients had GERD symp-
toms. Seventeen of the patients had a previous
anti-reflux operation and 12 underwent a
Nissen fundoplication at the time of their duo-
denal switch. For two patients with acid hyper-
secretion a selective vagotomy was added. The
mean follow-up was 2.3 years and 33 of the 42
patients (78%) are reported as having good
results. More recently, Klinger et al.* empha-
sized a good clinical outcome in 94% of their 32
patients. Dumping or vomiting as a manifesta-
tion of poor gastric emptying did not disappear
completely after the suprapapillary duodenal
diversion. In the 65 patients reported by
Csendes et al.,” the entire group had a docu-
mented Barrett’s esophagus. The duodenal
diversion in these patients was in addition to an
anti-reflux repair and a highly selective vago-
tomy. Ninety percent of the patients had a good
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clinical outcome (Visick I and II) with no reop-
eration during a mean follow-up of 28 months.
Erosive esophagitis accompanying Barrett’s
esophagus disappeared in 90% of the patients in
whom it was originally present. Although the
operation did not modify the length of the
metaplastic esophagus, the number of patients
with mild dysplasia decreased from seven pre-
operatively to four after the operation. There
was no postoperative death. Morbidity was
identified in approximately 12% of patients.

Normalization of gastrointestinal hormone
secretion and of the gastric emptying pattern is
the recognized effect of the duodenal switch
operation. The efficacy of the operation in elim-
inating bile reflux has been clearly documented
by using Bilitec® measurements.

Biliary Diversion

This is the most recent operation designed to
relieve of bile reflux into the stomach. Basically,
the 45-cm Roux-en-Y limb used in this opera-
tion is diverting only the bile component
through an end-to-side choledochojejunos-
tomy. Digestive tract continuity is restored by
an end-to-side jejunojejunostomy 45cm distal
from the ligament of Treitz. Cholecystectomy
is added routinely and there is no gastric or
vagotomy procedure.

The results of this operation are assessed in
two distinct reports by Madura and Grosfeld.”
The first is a series of 27 patients with bile gas-
tritis, 24 of whom had already had various
gastric operations such as Billroth I or II gas-
trectomies, Roux-en-Y procedure, and vago-
tomy. Twenty-two of the 26 long-term surviving
patients achieved good to excellent results
(84.6%) with complete relief of the burning
pain, nausea, and bilious vomiting.”'

In a prospective, nonrandomized observation
by Madura,” the biliary diversion operation was
compared with a classic Roux-en-Y duodenal
diversion operation. Fourteen percent of the 16
patients in the biliary diversion group and
37.5% of the 21 patients in the duodenal diver-
sion group had esophagitis. In contrast to the
previous report, there was no significant previ-
ous surgical history except for a Nissen fundo-
plication in two patients of the TDD group and
in three patients of the bile diversion group.
Although the follow-up times were unclear and
unequal for both groups, better results were

reported after the bile diversion operation (14 of
16 patients asymptomatic) when compared with
the results of the TDD operation (2 of 21
patients asymptomatic). However, these good
results did not take into account the fact that
four patients in the bile diversion group had to
be reoperated for gastroesophageal reflux. No
postoperative deaths were reported in either
series. Whereas the morbidity rate was 37% in
the earlier series, only 1 patient of 16 had a post-
operative complication after bile diversion. This
difference may be influenced by the absence of
previous gastric resection.

Technical Aspects

Long-limb Roux-Y Jejunal
Reconstruction after Total or
Proximal Gastrectomy

A segment of jejunum used for distal esophageal
reconstruction is certainly a most useful tool
when it combines the benefits of restoring intes-
tinal continuity and prevention of biliary and
pancreatic reflux as in a long-limb Roux-Y. Its
size is appropriate and peristalsis is retained.”
Because the length of a jejunum interposition is
limited by its vascular supply, and although it
can reach the neck, in most cases it will rarely
reach above the aortic arch. A long-limb Roux-
Y reconstruction with jejunum is the preferred
conduit after a total gastrectomy and short
distal esophageal resection. It is also if a total
esophagectomy and total gastrectomy are
required, where the interposed colon is anasto-
mosed to the efferent limb (Figure 12.2). The
variations in the blood supply to the proximal
jejunum can be a challenge especially when a
long segment is needed (Figure 12.3).
Transillumination is used routinely to
examine the vascular supply. There should be
no interruption in the vascular arcade of the
segment to be used. It is best to start dissection
at least 20 cm from the ligament of Treitz. At this
level, vascular branches are longer and more
amenable to be pedicled for a long segment. In
addition, a minimal length of 20cm is recom-
mended for the afferent limb to facilitate the
construction of the jejunojejunostomy, in order
to prevent distortion of the loop and obstruc-
tion at the anastomotic site. Once the vessels of
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Figure 12.2. In patients requiring total esophagectomy and
total gastrectomy, as is required in the patient shown (center),
with distal esophageal malignant disease and previous Billroth
Il procedures, it is preferable to anastomose the interposed colon
to a long-limb Roux limb (right) to prevent postoperative oral
regurgitation and aspiration of biliary-pancreatic secretions.
Such resection and reconstruction can be effected as shown on
the left, through a left thoracoabdominal incision and left cervi-
cal incision. (Reprinted from Payne.” Used with permission of
Mayo Foundation.)
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the main pedicle have been isolated, temporary
occlusion with atraumatic vascular bulldog
clamps is used on the branches and arcades to
be ligated. The presence of pulsation, peristalsis,
and color should be observed and maintained
before division and ligation of those vessels
(Figure 12.4). The jejunum is then transected
using a linear-cutting stapler and the ends are
oversewn with interrupted 3-0 silk sutures. The
distal cut end of jejunum is brought through a
small defect in the transverse mesocolon and
anastomosed end-to-side to the distal esopha-
gus in one interrupted layer of inverting
3-0 absorbable monofilament polyglyconate
(Maxon®) suture. The anastomosis is con-
structed as close as possible to the end of the
efferent limb to avoid a blind pouch situation.
The proximal jejunal segment distal to the liga-
ment of Treitz passes behind and to the left of
the efferent limb and an end-to-side jejunoje-
junostomy is constructed 45cm distal to the
esophageal anastomosis (Figure 12.5). The
mesentery is closed to prevent internal
herniation.

Figure 12.3. Congenital variations in jejunal mesenteric vascular patterns, such as an interruption in the vascular arcade (right), pre-
clude use of portions of the jejunum that would normally be used for esophageal reconstruction (left). (Reprinted from Deschamps.”

Used with permission of Mayo Foundation.)
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Proximal jejunum ) o

Figure 12.4. After confirmation of viability with trial clamping,
division and ligation of the jejunal branches and arcades is
accomplished, leaving the main pedicle as the primary blood
supply for the efferent loop. Note the uninterrupted arcade and
length of the efferent loop, which should be 45cm. (Reprinted
from Deschamps.”® Used with permission of Mayo Foundation.)

45 cm to
Esophago-
jejunostomy

Figure 12.5. Completed long-limb Roux-en-Y reconstruction
after total gastrectomy and partial esophagectomy.The efferent
loop measures 45cm in length and passes behind the stomach.
The afferent loop measures at least 20cm and passes behind
and to the left of the efferent loop. (Reprinted from
Deschamps.” Used with permission of Mayo Foundation.)

Conclusion

When the surgeon considers the possibility of a
reoperation for a failed anti-reflux procedure,
vagotomy and antrectomy with Roux-Y recon-
struction is performed mostly as a tertiary pro-
cedure when the fundus is inadequate for any
type of repair. Despite the potential disadvan-
tage of regurgitation and aspiration of a bland
refluxate, it remains a viable alternative to
extensive resection.”
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Management of the Short Esophagus

Eric Fréchette and André Duranceau

Positioning the esophagogastric junction below
the diaphragm without any tension, during a
hiatal hernia repair or after an anti-reflux oper-
ation, is of the utmost importance in the surgi-
cal treatment of these conditions. Although in
most patients such a procedure can be under-
taken without technical difficulty, a shortened
esophagus can occasionally become apparent
and can limit the ability of the surgeon to offer
a satisfactory repair. The aim of this work is to
define the short esophagus and its clinical man-
ifestations in order to allow esophageal sur-
geons to recognize the entity and address its
management with a logical approach.

Evolution of Hiatal Hernia
and Anti-Reflux Surgery

The concept of a shortened esophagus is not
accepted by everyone, resulting in controversy
over the years."” Although an occasional patient
may be seen with an esophagogastric junction
clearly irreducible to its proper position under
the diaphragm, there are discrepant opinions
among surgeons on what constitutes a short-
ened esophagus and what is the real incidence
of the condition in patients with gastroe-
sophageal reflux disease (GERD) and hiatal
hernia. There is no exact and reproducible
method of measuring the length of the esopha-
gus before and during surgery. The extent to
which the esophageal surgeon has to address the

problem is unknown. At present the existence of
a short esophagus is based mostly on indirect
and circumstantial evidences.

During the last 50 years, the natural evolution
of the various anatomic hiatal hernia repairs
and, subsequently, of the numerous anti-reflux
operations has resulted in identifying failure
patterns which were then related to the severity
of the disease. How often a failed anatomic
repair was the consequence of not recognizing
a short esophagus remains unknown. The inad-
equate long-term functional results observed
with a perigastric fundoplication or a slipped
fundoplication, or crural disruption with
mediastinal herniation of the repair, raise the
hypothesis that such failures might be at-
tributed to a shortened esophagus.’ In 1950,
Norman Barrett wrongly described an intratho-
racic stomach when observing a columnar-lined
esophagus. He suggested the concept of pro-
gressive shortening of the esophagus with dis-
traction of the stomach into the chest. Barrett
had coined the term “reflux esophagitis” when
ulcers of the esophagus were associated with
reflux of gastric content.*” Just previously,
Allison® had associated the concept of hiatal
hernia to the erosive esophagitis observed and
to the occasional esophageal stricture, attribut-
ing both to gastroesophageal reflux. About the
same period that Allison was proposing his
anatomic repair, Belsey proposed a partial fun-
doplication of the gastric fundus on the pos-
terolateral wall of the esophagus. In patients
treated by this operation without endoscopic
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esophagitis, a reflux recurrence rate of 9.5% was
observed. When esophagitis without stricture
was identified before the operation, 10.3% of
these patients had recurrent reflux. If a stricture
was present, the operation failed in 45% of the
operated population.” The repair difficulties and
imperfect results obtained when an esophagus
is shortened or strictured then led Leigh Collis
to propose a lengthening gastroplasty in order
to provide good, healthy tissue for the repair
while removing tension for its positioning
under the diaphragm.®

Definition

The abdominal esophagus is said to be from 0.5
to 2.5cm in length, although Pearl’ states that
it may be as long as 7cm after mobilization.
Allison,® taking the level of the lowest connec-
tive tissue fibers attaching the esophagus to the
diaphragm as the inferior limits of the medi-
astinum, suggested that there is technically no
abdominal esophagus. Despite these views, the
surgeon usually has access to an appreciable
length of esophagus below the diaphragm.'’
Thus, if at the time of surgery, after adequate
mobilization of the esophagus, the esopha-
gogastric junction cannot be positioned
without tension at 2.5cm or more below the
hiatus, the esophagus can be interpreted as
being shortened. However, such measurements
can be affected by subjectivity and can vary
from one observer to another. The degree
of esophageal mobilization varies with the
approach. Esophageal mobilization at laparo-
tomy succeeds in freeing the distal esophagus
from its attachments in the 3-cm trajectory
through the tunnel of the diaphragm. The left
thoracic exposure has always been championed
as allowing complete mobilization of the esoph-
agus to the level of the aortic arch. During a
laparoscopic approach, as the pneumoperi-
toneum exerts an upward pressure on the
diaphragm, the perceived length of the esopha-
gus is increased. Furthermore, an associated
hiatal hernia and the exact position of the
esophagogastric junction renders the concept of
junction between the esophagus and stomach
difficult to clarify. For these reasons, esophageal
shortening is documented objectively only
when the anatomic esophagogastric junction
cannot be positioned under the diaphragm.

MANAGING FAILED ANTI-REFLUX THERAPY

However, a relative shortening of the esophagus
precluding the reestablishment of its normal
length during esophageal repairs can be
assumed if the durability of the repair and an
unacceptable failure rate are documented over
time. When the clinical evidence shows that a
standard repair performed at a given stage of
the reflux disease, or with a given type of hiatal
herniation, cannot offer the expected durability
of such repairs, this may be seen as indirect
evidence of a “shortened esophagus” As an
example, the upward migration of a standard
repair into the mediastinum may suggest an
undiagnosed short esophagus. Or a large and
irreducible hernia, lying in the distal medi-
astinum, which usually reveals a shortened
esophagus on manometric tracings, is consid-
ered to be associated with a shortened esopha-
gus. The columnar esophagus with a high
stricture on radiological examination and at
endoscopy also suggests to the surgeon a short-
ened esophagus. Despite all these situations in
which the esophagus has all the appearances of
being shortened, proper mobilization at surgery
usually allows restoration of the esophagogas-
tric junction under the diaphragm. Full mobi-
lization and reduction of a repair under the
diaphragmatic hiatus, however, cannot be inter-
preted as an esophagus of normal length. In
such situations, esophageal wall pathology and
the patient’s habitus will spell the difference
between long-term success or failure.

Etiology

Gastroesophageal reflux disease is the main
reason for esophageal shortening. The patho-
physiology of the short esophagus associated
with GERD follows the sequence of erosion
ulcers and inflammation associated with
chronic esophageal reflux. These factors have
been studied in animal experiments and in
human pathological evaluation.™"> The squa-
mous epithelium of the lower esophagus has
poor defense mechanisms against repeated
episodes of gastric refluxes. Chronic exposure to
gastroesophageal reflux episodes, particularly
when acid is mixed with bile salts and/or pepsin,
causes a chemical esophagitis with back diffu-
sion through the epithelium. Edema of the
lamina propria occurs initially. The inflamma-
tion can reach the muscularis mucosae at a later
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stage. Most of reflux strictures are caused by
fibrosis and scar contraction when damage is
present at that depth of the esophageal wall.
These strictures are usually easily dilatable. If
prolonged exposure causes further inflamma-
tion and additional scar formation, the conse-
quences of cyclic esophagitis reach the level of
the muscularis propria and the periesophageal
tissues. Progressive circumferential contraction
creates a more fibrous stricture and, simultane-
ously, longitudinal contraction results in a
shortening of the esophagus. Transmural
fibrous damage is frequently seen in sclero-
derma patients especially when they present
with an associated complication in a columnar-
lined esophagus.

Other conditions have been incriminated in
the formation of a short esophagus. In such cir-
cumstances, fibrosis need not be present for the
acquired esophageal shortening to occur. Type 3
and type 4 paraesophageal hernias and the
periesophagitis after previous anti-reflux oper-
ations or after repairs of esophageal atresia are
examples of these circumstances.

Clinical and radiological findings may imme-
diately suggest the possibility of esophageal
shortening. The presence of a reflux stricture at
endoscopy or of a high stricture radiologically
are known to jeopardize the success of any stan-
dard anti-reflux operation: Donnelly et al.”’ and
Orringer et al."* have documented that 45-75%
of patients with reflux strictures or severe
esophagitis who undergo a Belsey Mark IV
repair will develop a recurrent hiatal hernia
or reflux disease during follow-up. The long
columnar-lined esophagus, especially if a high
stricture is present on radiological examination,
is exposed to the same failure risk.>'®

The repair of massive hiatal hernias and redo
operations are also known to result in a high
failure rate.”” Long-standing type 3 and type 4
sliding and paraesophageal hernias, even if they
do not reveal associated reflux esophagitis, will
present some degree of circular and longitudi-
nal esophageal muscle contracture. In many of
those situations, it is not the anatomic reduction
of the junction that is critical, it is the resulting
tension on the repair once the esophagogastric
junction has been reduced below the
diaphragm.

The prevalence of a short esophagus varies
significantly among observers. Ritter et al.'®
reported the condition in 3-14% of patients

requiring an anti-reflux operation. But in pa-
tients having redo surgery associated with an
esophageal stricture, a paraesophageal hernia,
or a Barrett’s esophagus, a 79-fold increase in
the need for an esophageal lengthening proce-
dure has been observed.”

Investigation

Gastroesophageal reflux is a normal physiolog-
ical process occurring daily without causing
symptoms. Gastroesophageal reflux disease is
the result of the same process but exaggerated
in frequency and time of exposure and ending
in mucosal complications. There is a lack of
correlation between patient’s symptoms and
the actual severity of reflux disease. Collis" and
Skinner® both drew attention to the fact that
patients with severe esophagitis may present
without symptoms. Inversely, severe symptoms
are often found to be perceived without any evi-
dence of esophageal mucosal damage. For these
reasons, standardized objective measurements
should confirm the diagnosis and the severity of
the reflux problem to be treated.

Radiology

The barium swallow is a simple, noninvasive test
that should be used to determine the presence
or absence of any anatomic abnormality associ-
ated with GERD. Free radiological reflux can be
observed and reported by the radiologist with
sometimes subjective efforts at quantification.
However, GERD cannot be concluded from such
observations, because up to 20% of normal indi-
viduals will show reflux of barium in their
esophagus.”’ When patients show an associated
hiatal hernia, they may have a greater chance of
having esophagitis at endoscopy.”

Hiatal hernias larger than 5cm sometimes are
associated with a shortened esophagus.”> Any
stricture should be described and related to
associated abnormalities. Overall, there is very
little agreement about the relevance of a hiatus
hernia to gastroesophageal reflux. In a patient
who underwent a previous hiatal hernia and/or
an anti-reflux operation, the exact position of
the repair should be clarified. The esophagogas-
tric junction needs to be identified within the
configuration of the previous repair. A fundic
wrap migration into the mediastinum can
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remain asymptomatic when the anti-reflux
mechanism remains intact. If a total fundopli-
cation is completely everted around the
stomach, or if a fundoplication has been
completed around the smaller curvature, such
observations can be associated with either
obstruction or reflux symptoms.

Endoscopy and Esophageal Biopsies

The unequivocal documentation of visual and
histological damage on the esophageal mucosa
is the mainstay of decision-making when treat-
ing GERD. Endoscopic evaluation is of primary
importance if a patient is suspected of having
a shortened esophagus, and even more so in
patients with a failed repair. Preferably the
surgeon who will provide the treatment should
perform or observe the endoscopic assessment.
The identification of severe esophagitis or
stricture usually presents no problem. Barrett’s
esophagus can only be documented with multi-
ple biopsies and the histological identification
of intestinal metaplasia in the columnar-lined
esophagus. Multiple biopsies and brush cytolo-
gies are always needed to rule out malignancy if
the esophagus is strictured. Esophageal dilata-
tions, using bougies or balloon dilators, may be
necessary to provide an esophageal lumen that
will allow a proper examination while at the
same time permitting easier food intake.

There are numerous esophageal mucosal
damage classifications. They are evidence of the
lack of reproducible interpretations among
various endoscopists. The MUSE classification
proposed by Armstrong et al.** has the advan-
tage of visually describing and quantifying the
four types of mucosal damage that can be
observed at endoscopy: metaplasia (M), ulcers
(U), stricture (S), and erosions (E). This
classification represents an effort to improve the
objectivity of recording and scoring existing
lesions.

This classification does not recognize obser-
vations that correspond to equivocal evidence of
reflux damage, as mucosal hyperhemia. The
initial observation by Allison” that a funda-
mental difference exists between esophagitis
in squamous mucosa and a columnar-lined
mucosa is retained in this classification. The
refluxate rarely produces deep damage in a
squamous mucosa. In a columnar-lined mucosa,
the refluxate causing esophagitis often is seen
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with deep penetration through the esophageal
wall, occasionally resulting in periesophageal
reaction and mediastinal fibrosis.

Esophageal biopsies should demonstrate the
proven end result of reflux damage. Unfortu-
nately, the endoscopic findings do not always
tally perfectly with the histological assessment.
Confirmation of esophagitis suggested by
endoscopy is obtained in 32-72% of patients.”
Whether this poor correlation between visual
documentation and histological evidence is
attributable to sampling errors, to the patchy
nature of esophageal inflammation, or simply to
overinterpretation remains open to discussion.
At present, unequivocal histological evidence of
reflux damage includes: acute inflammatory
reaction in the epithelium and subepithelium;
erosions and ulcerations of the mucosa; a
fibrotic stricture especially when associated
with mucosal breaks; and histological docu-
mentation of a columnar-lined esophagus with
incomplete intestinal metaplasia.

Motility Studies

Motor function evaluation is essential in the
assessment of GERD. The absence of a lower
esophageal sphincter (LES) tone provides
important prognostic information regarding
the potential for successful management of the
condition.” The quality of the peristaltic activ-
ity as well as the strength of esophageal
contractions are also considered important
aspects of function before selecting a treatment
option.>”® Despite the use of this investigative
technique in defining unequivocal alterations of
esophageal physiology leading to reflux disease,
its use remains limited in defining the short
esophagus. The direct measurement of
esophageal length has been disappointing
because esophageal manometry cannot predict
which esophagus will remain short after ade-
quate mobilization.”” Despite the suggestion
that a manometrically measured short esopha-
gus is associated with a higher number of
lengthening operations, manometry alone
cannot predict the need for a lengthening pro-
cedure.”” Furthermore, manometric findings
are not reliable in predicting the failure of an
anti-reflux operation.’® A clearly hypotensive
LES remains unresponsive to any medication.
Anti-reflux operations, however, help to reestab-
lish a pressure barrier at the esophagogastric
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junction. Little,” in his review of failed anti-

reflux repairs, emphasizes that a persistent
hypotensive LES is usually evidence of the
failure of the sphincter mechanism to stop
reflux, usually associated with a complete dis-
ruption of the original anti-reflux operation.

Monitoring Acid and Bile Reflux

Ambulatory 24-hour pH monitoring has
become the most objective documentation of
acid exposure in the esophageal lumen. It pro-
vides valuable information in patients with
pathological reflux disease by recording the fre-
quency and duration of acid reflux episodes.
The constant monitoring of acid exposure also
suggests the severity of reflux-related mucosal
damage, a severity that always has to be docu-
mented by endoscopy.

Bile reflux documentation using a fiberoptic
probe (Bilitec) may also be measured, because
mixed acid and alkaline reflux has been shown
to be associated with the esophageal wall
damages of the more severe forms of reflux
disease. At present, however, this test is available
in a limited number of centers and has been
used mostly to study the pathophysiology of the
columnar-lined esophagus.” Despite providing
more objectivity to the diagnosis and treatment
of reflux disease, 24-hour acid and bile moni-
toring cannot predict a shortened esophagus
or the need for an esophageal lengthening
operation.

Medical Management

Patients with GERD who are referred for treat-
ment of a suspected short esophagus have
usually been treated for a prolonged period of
time with medication. Proton pump inhibitors
and H, receptor blockers are the recognized
medications proven to offer relief of symptoms
and healing of the esophagitis. However, in
patients in whom an absent LES has been
documented, medication alone does not offer
definitive control of the abnormal refluxate and
cannot reconstitute a normal esophagogastric
junction. For these reasons, symptoms usually
reappear when the medication is discontinued.™

Lifestyle changes are essential. Weight
reduction by reducing alimentary intake while
increasing caloric expenditure by exercise is

often met with poor compliance. Smoking ces-
sation and alcohol intake reduction are impor-
tant as well. When a stricture is present and
symptomatic, dilation can be offered while
medical therapy is undertaken. Simple bougien-
age or pneumatic dilation relieves dysphagia
in 20-30% of patients after the first dilation
session. Slowly progressive dilation sessions
usually provide safe reopening of the eso-
phageal lumen. In order not to impose addi-
tional healing damage to the esophageal wall, a
limit of 10-French size increase per session is
considered appropriate. Esophageal perforation
from these manipulations is seen in <0.5% of
patients.*>*

Surgical Treatment

Failed control of symptoms or progression of
the damage to the esophageal wall over time are
the usual reasons bringing patients for a surgi-
cal consideration. The basic principles con-
sidered essential when offering patients an anti-
reflux repair for complications of reflux disease
are: 1) identify and mobilize a proper length of
esophagus below the diaphragmatic hiatus; 2)
create a tension-free floppy total fundoplication
over a large bougie—division of the short
gastric vessels is usually necessary for such a
technique; 3) closure of the hiatus behind the
esophagus to ensure hiatal muscle function—
anchoring the repair on the right crus of the
diaphragm may be added to ensure that the
repair will remain in an intraabdominal posi-
tion. Protection of vagal nerve integrity is
essential. If the esophagus is thickened and the
gastroesophageal junction difficult to reduce in
a normal intraabdominal position, the abdomi-
nal route should be abandoned for a left thora-
cotomy approach to obtain a safe and full
mobilization of the esophagus to the aortic arch.
If, after such efforts, the repair cannot be com-
pleted with at least 2.5cm of esophagus under
the diaphragm and without tension, the esoph-
agus is considered shortened. These principles
apply independent of the selected approach.

Standard Anti-Reflux Repairs

When a stricture is dilatable and the esophagus
mobilized to the aortic arch, a proper partial
fundoplication can usually be obtained and
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reduced under the diaphragm. Such
repairs include the posterolateral Belsey Mark
IV and the posterior gastropexy of Hill.

They were shown to offer satisfactory reflux
control in 25-85% of treated patients with a
follow-up of 16 months to 6 years. When a total
fundoplication of the Nissen type was used to
treat a strictured esophagus, the short-term
success rate was reported to vary between 88
and 100%.""** However, long-term assessment
of reflux-induced esophageal strictures in pa-
tients treated by a Belsey repair documented
a failure rate of 45% in controlling reflux
damage." Subsequent reports on Barrett’s
patients cohorts treated for their reflux compli-
cations by total fundoplication revealed an
inappropriate failure rate of the operation."'
Repair of massive hernias using standard
operations lead to the same dismal results as
reported by Pearson et al.*’ Low" concluded that
an unrecognized short esophagus with a repair
under tension is responsible for this high failure
rate: esophageal strictures, the columnar-lined
esophagus, the failed repairs, and massive hiatal
hernias should be considered as categories of
esophageal problems at risk of failure when
using standard surgical repairs.

Lengthening Gastroplasties

In 1957, Collis,® dissatisfied with the problems
generated by the short esophagus, including
the frequent periesophagitis present in these
patients, introduced the concept of esophageal
lengthening using the proximal lesser gastric
curvature to create a neoesophagus. The length-
ening gastroplasty was seen as an alternative to
esophagectomy and reconstruction, a solution
which was used more liberally at that time. The
repositioning of the esophagogastric junction
with the recreation of the angle of His was ini-
tially thought to be sufficient to prevent
gastroesophageal reflux.® No anti-reflux mecha-
nism was then added to the gastroplasty,leading
to poor reflux control. Subsequently, the initial
Collis gastroplasty was combined to a Belsey-
type of fundoplication by Pearson whereas
Orringer and Henderson advocated the use of a
total fundoplication to wrap the neoesopha-
gus.” The indications for using a lengthening
gastroplasty with either a partial or a total anti-
reflux fundoplication have been summarized by
Pearson: chronic damage of reflux disease, reop-
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erations for failed previous hiatal hernia repairs
or anti-reflux operations, and massive hernias
with an intrathoracic stomach. More controver-
sial indications are its use in patients with gross
obesity or with asthma and chronic obstructive
pulmonary disease.*

Collis-Belsey gastroplasty. This repair involves
the complete mobilization of the distal esopha-
gus and proximal stomach. A no. 48 or 50 bougie
is passed into the stomach by the anesthetist
and held against the lesser curvature. A GIA
stapler with 4.8-mm staples is applied to create
a 4- to 5-cm gastroplasty. This is usually
sufficient to obviate tension on the repair. The
270° fundoplication replicating the original
Belsey repair is then completed, completely cov-
ering the transection margin of the gastroplasty
while offering the anti-reflux protection of a
partial fundoplication. Using this transthoracic
repair, Pearson and Henderson reported satis-
factory results in 93% of patients treated for a
short esophagus associated with esophagitis
or stricture. The success rate of the operation
was 80% if the operation was offered to patients
with unsuccessful previous repairs. If the oper-
ation was used in patients treated previously by
esophageal myotomy for motor disorders, the
overall results were poor. This operation shows
excellent long-term results when used in
patients with a massive hernia.’® The main cause
for failure when a Collis-Belsey gastroplasty is
used is persistent gastroesophageal reflux.”’

Collis-Nissen repair. Henderson® and Orringer
and Sloan* suggested the use of a combination
of a lengthening gastroplasty with a total
fundoplication. They proposed that this was a
better anti-reflux operation for reflux disease
with a reflux-damaged shortened esophagus.
The gastroplasty tube is created just as
described with the Collis-Belsey repair, result-
ing in a 4- to 5-cm gastroplasty (Figure 13.1).
The transected fundus is then brought as a total
fundoplication around the gastroplasty tube.
The fundic wrap is sutured to itself, creating a
3- to 4-cm-long, 360° total fundoplication
(Figure 13.2). Stirling and Orringer™ reported
the results of this operation. Eighty-eight
percent of the patients in their group had good
control of symptoms and 8% required medica-
tion despite the operation. Ten years after the
operation, 34% of patients assessed by 24-hour
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Figure 13.1. The cut Collis-Nissen as described by Orringer
requires full mobilization of the gastric fundus and placement
of a large bougie along the lesser gastric curvature. A linear
cutting stapler is then fired parallel to the bougie to elongate
the esophageal tube and enlarge the fundus. (Reprinted from
Ferraro P, Duranceau A. Elongation gastroplasty with total
fundoplication. Operative Techniques in General Surgery
200;2:24-37, Copyright 2000, with permission from Elsevier.)

pH testing revealed abnormal acid exposure,
most of them asymptomatic. When a stricture
was present, these authors reported the failure
rate for this operation to be 23%.*

Uncut Collis-Nissen repair. The uncut gastro-
plasty was reported by Langer” and described
by Demos et al.”> and Bingham.” The gastro-
plasty tube is created from the proximal smaller
curvature by the use of a 3-cm linear stapler
with 4.8-mm staples, applied along an inlaying
no. 48 or 50 bougie held against the small cur-
vature (Figure 13.3). The gastroplasty is created
by the apposition of the anterior and posterior
wall of the stomach. The gastroplasty tube is not
separated from the gastric fundus by transec-
tion. The extensively mobilized remaining
fundus is then brought around the entire length
of the gastroplasty as a total fundoplication and
the fundic wrap is sutured immediately anterior
to the staple line (Figure 13.4). This repair pro-
vides excellent clinical and functional results.

Chen et al.* and McDonald et al.”® reported
reflux control in 95% of their patients. The
repair remains competent over time, showing an
excellent LES gradient but an incomplete relax-
ation of the sphincter area. A potential weakness
of this operation is its obstructive character
in patients with poor propulsive capacity.
Bingham™ has also reported the tendency of
staples to come out, leaving the mucosal appo-
sition undone and the stomach wrapped around
itself. The staple line, in our experience, is well
protected by the total fundoplication.

Modified Collis-Nissen repair. When a reopera-
tion becomes necessary after single or multiple
previous repairs, the quality of the gastric
fundic tissue may not be appropriate for a
healthy gastroplasty wrap. In this situation,
Jeyasingham’s modified cut gastroplasty may be
a useful technique as an esophageal-sparing
operation. The gastroplasty is fashioned as for
the uncut technique, using a 3-cm linear stapler
with 4.8-mm staples apposing the anterior and
the posterior walls of the proximal stomach

Bougie in
necesophagus
Suture~ Gastroplasty

Transected
staple line

Fundoplication

D

Figure 13.2. After completing the esophageal lengthening
portion of the cut Collis-Nissen, a standard total fundoplication
is performed with the bougie still in place to appropriately size
the wrap. (Reprinted from Ferraro P, Duranceau A. Elongation
gastroplasty with total fundoplication. Operative Techniques in
General Surgery 200;2:24-37, Copyright 2000, with permission
from Elsevier.)
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Figure 13.3. An uncut Collis-Nissen is initiated by complete
mobilization of the proximal stomach and esophagus. A bougie
is positioned along the lesser gastric curvature and a linear
stapler (noncutting) is fired parallel to it. This elongates the
esophageal tube, around which a fundoplication wrap can be
created. (Reprinted from Ferraro P, Duranceau A. Elongation gas-
troplasty with total fundoplication. Operative Techniques in
General Surgery 200;2:24-37, Copyright 2000, with permission
from Elsevier.)

parallel to a 48- or 50-French bougie held
against the lesser gastric curvature (Figure
13.5). Once the staples are fired, the stomach on
the fundus side is opened and the gastrotomy
incision is elongated toward the apex of the

/'- fi Anterior and posterior
/ agi are dissected free
of lesser curvature
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3 Anchoring sutures
passed through esophagus,
top of fundoplication,

and through diaphragm

Bougie
within
neoesophagus

Figure 13.4. After the staple line is created for the uncut Collis-
Nissen, a fundoplication wrap is created around the extended
esophageal tube. (Reprinted from Ferraro P, Duranceau A. Elon-
gation gastroplasty with total fundoplication. Operative Tech-
niques in General Surgery 200;2:24-37, Copyright 2000, with
permission from Elsevier.)

fundus. The fundus is then closed transversely,
as for a pyloroplasty (Figure 13.6). This closure
provides a widened fundus with enough ante-
rior and posterior gastric wall to create a 3-cm
total fundoplication around the gastroplasty

Figure 13.5. A modified Collis-Nissen fundoplasty is initiated after complete mobilization of the fundus and distal esophagus by
creating a staple line along the lesser gastric curvature in a manner similar to that used for an uncut Collis gastroplasty. The fundus
is opened from the distal end of the staple line toward the tip of the fundus. (Reprinted from Ferraro P, Duranceau A. Elongation
gastroplasty with total fundoplication. Operative Techniques in General Surgery 200;2:24-37, Copyright 2000, with permission from
Elsevier.)
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Figure 13.6. After opening the stomach for the modified Collis-
Nissen fundoplasty, the fundic incision is closed transversely to
widen the fundus. (Reprinted from Ferraro P, Duranceau A. Elon-
gation gastroplasty with total fundoplication. Operative Tech-
niques in General Surgery 200;2:24-37, Copyright 2000, with
permission from Elsevier.)

(Figure 13.7). A positive aspect of this repair is
the usual better quality of the available tissue
provided by the extensive mobilization of the
lower gastric body. This “new” stomach wall
provides a healthy wrap and a good protection
around the gastroplasty tube.*

Stricturoplasty and
Intrathoracic Fundoplication

Intrathoracic fundoplications were used for the
shortened esophagus by Krupp and Rossetti”’ in
1966. They completed a total fundoplication
around the lower esophagus and left the repair
in the chest. The same type of repair was subse-
quently used by Woodward as reported by
Maher et al.”® In their review of this technique,
they reported good to excellent results in 82%
of their patients. An important step that needs
to be added to this technique is the essential
detail of widening of the diaphragmatic hiatus

to avoid functional obstruction or poor
drainage of the supradiaphragmatic stomach.
Thal” initially proposed to split the eso-
phageal stricture caused by the reflux and
widen the esophagus by pulling the fundus into
the chestand applying a fundic patch to cover the
opened esophagus. The healing pattern resulted
in restricture and this was corrected by adding a
skin graft to cover the fundus before the patch
closure. But despite protection of the gastric
serosa by the graft, free reflux and recurrent
esophagitis persisted if an anti-reflux mecha-
nism was not added. A total fundoplication cov-
ering the Thal patch was documented to result in
satisfactory results in 84% of treated patients.*®
Both these types of intrathoracic fundoplica-
tions, although well known to correct reflux, are
not used extensively because of the dangers that
have been reported with supradiaphragmatic

Bougie in
neoesophagus

— Suture

F Transected
staple line

Figure 13.7. Transverse closure of the fundus for the modified
Collis-Nissen fundoplasty provides substantial additional fundic
tissue, enabling creation of a total or partial wrap around the
extended esophageal tube without tension. (Reprinted from
Ferraro P, Duranceau A. Elongation gastroplasty with total
fundoplication. Operative Techniques in General Surgery
200;2:24-37, Copyright 2000, with permission from Elsevier.)



160

fundoplications: paragastric hernias, gastric
ulcerations, and gastric fistulization with medi-
astinal structures.

Vagotomy, Antrectomy,
and Roux-en-Y Diversion

Multiple failed anti-reflux operations, a short
and strictured esophagus, or a failed Collis gas-
troplasty with either a partial or a total fundo-
plication may require a more radical approach.
Resection of the damaged lower esophagus and
reconstruction with the stomach to be left in
the distal mediastinum is not an acceptable
solution, because restricture by reflux can be
expected in nearly 100% of patients so treated.
Payne® treated this permanent incompetence of
the cardia by adding a bilateral truncal vago-
tomy with an antrectomy for acid suppression
and a Roux-en-Y diversion of all pancreato-
biliary secretions using a long jejunal limb. Ellis
and Gibb® and Fekete and Pateron® reported
their respective experience using this operation.
These authors reported a >80% success with this
treatment.

Csendes and associates'® observed an
extremely high failure rate when treating
Barrett’s esophagus patients using conventional
anti-reflux repairs. With this observation, they
opted for bilateral vagotomy, antrectomy and
long-limb Roux-en-Y diversion as primary
treatment for these patients. They tried biliary
diversion without resection (duodenal switch)
but observed a better acid reflux control if an
antrectomy was selected. Using this operation,
they observed a reduction of low-grade dyspla-
sia in the esophageal columnar-lined mucosa in
50% of treated patients.

Treatment of the Short Esophagus
by Minimally Invasive Surgery

Laparoscopic operations to prevent and correct
reflux damage to the esophagus have been pop-
ularized since the early 1990s. An impressive
increase in the number of anti-reflux operations
completed per year has been observed with the
advent of this new approach. Whereas the indi-
cations for anti-reflux surgery have remained
unchanged, the mucosal damage severity has
been reported to be significantly lower in
treated patients.**

MANAGING FAILED ANTI-REFLUX THERAPY

The shortened esophagus has often been
unrecognized with the generalization of anti-
reflux operations among a larger number of sur-
geons able to proceed with the technical aspect
of the operation but not always familiar with the
pros and cons of various esophageal conditions.
Occasionally, this has resulted in disastrous con-
sequences for patients.“

The first attempt at creating a lengthening
gastroplasty by thoracoscopy was by Demos et
al.* Swanstrom et al.” developed a technique in
which the lengthening gastroplasty was created
through a right transhiatal thoracoscopy simul-
taneously to laparoscopic dissection of the
proximal stomach. Johnson et al.*®® used the Ste-
ichen gastroplasty technique with a transgastric
circular stapler to join the anterior and poste-
rior walls of the stomach together around an
inlaying bougie held along the smaller curva-
ture (see Chapters 8 and 11). The gastroplasty is
then completed with an EndoGIA and the fun-
doplication created around the gastroplasty.
Most authors confirm the feasibility of the tech-
nique and satisfactory early results. Few long-
term reports are available. Jobe et al.” reported
on 14 patients treated by a Collis gastroplasty
with a fundoplication. With a 14-month follow-
up, all patients showed an intact repair. Thirty-
six percent of the patients were diagnosed with
active esophagitis and 50% of the group was
found to have an abnormal 24-hour pH record-
ing. Although feasible, the details of creating a
lengthening gastroplasty by laparoscopic and
thoracoscopic surgery must be compared with
those of the open technique. Only with proper
assessment will the functional results and dura-
bility of the two approaches become available.

Conclusion

Complicated GERD can lead to a shortened
esophagus. The diagnosis can be suspected
from the results of preoperative investigation,
mostly after documenting the severity of the
disease. However, the definitive diagnosis often
can be made only at surgery when the surgeon
has completely dissected the esophagus and the
esophagogastric junction. At present, a high
degree of subjectivity is involved in the diagno-
sis of the short esophagus. Its exact prevalence
and incidence among gastroesophageal
refluxing patients is still unclear. Most of our
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knowledge of the condition stems from indirect
evidence given by the treatment results of well-
defined damage severity in the esophageal wall
of patients with severe reflux. Failure to recog-
nize a shortened esophagus will usually result in
poor functional results, recurrent hiatal hernias,
and progressive reflux damage. Long-term
results may well end in resection of the esopha-
gus, exactly what a proper diagnosis and appro-
priate management should prevent.
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Esophagectomy: Indications, Techniques,

and Outcomes
Mark K. Ferguson

The need for esophagectomy for managing gas-
troesophageal reflux disease (GERD) arises in a
small minority of patients who experience
severe complications of reflux or from anti-
reflux surgery. When surgery other than routine
fundoplication is necessary for correction of
reflux complications, a variety of esophageal-
preserving operations is available that mini-
mizes operative risks compared with those
associated with esophagectomy. Preservation of
esophageal function is an important indication
for use of such procedures, because no recon-
structive organ can replicate esophageal peri-
staltic function. In addition, avoidance of
esophagectomy helps preserve gastric reservoir
and digestive capacities, and eliminates the risk
of intrathoracic alimentary tract redundancy
that frequently accompanies esophageal recon-
structive procedures. Such redundancy can lead
to food stasis, early satiety, and weight loss, and
contributes to the risk of postprandial aspira-
tion. Because many reconstructive operations
include an anastomosis to the cervical esopha-
gus, avoidance of esophagectomy helps preserve
swallowing function that can otherwise be
altered by injury to regional nerves that coordi-
nate deglutition or by the development of an
anastomotic stricture.

Examples of esophageal-preserving opera-
tions for reflux-associated problems include
patch esophagoplasty operations for treatment
of intractable strictures, acid suppression and
alkaline diversion for management of primary
duodenogastric reflux (see Chapter 12), and

esophageal lengthening (gastroplasty) opera-
tions for esophageal shortening (see Chapter
13). In some patients, Barrett’s esophagus, a
complication of reflux, has progressed to high-
grade dysplasia or superficial cancer. In such
situations, endoscopic mucosal resection or
ablative procedures utilizing cautery or laser
energy can be used to reduce the risk of inva-
sive cancer while preserving the esophagus.
When these procedures are not appropriate for
a patient with severe complications of reflux or
prior anti-reflux surgery, esophagectomy may
be the only therapeutic option remaining.

History

Most early attempts at esophagectomy were per-
formed for esophageal cancer. Bypass opera-
tions using skin tubes were developed during
the late 19th and early 20th centuries by
Mikulicz' and Garre? for bypass or replacement
of the cervical esophagus and by Bircher’ for
bypass of the entire esophagus. Although these
surgeons demonstrated that fluids could pass
through the skin tubes they had created, suc-
cessful bypass surgery was not accomplished
until 1913 after a transhiatal esophagectomy.*
Most importantly, quality of life was not main-
tained with these operations. After >20 years of
dismal outcomes of surgically addressing the
issue of esophageal obstruction, the first suc-
cessful transthoracic esophagectomy was per-
formed by Torek in 1913.° Even in this patient,
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no reconstruction was performed; instead,
an extracorporeal tube connected a cervical
esophagostomy to a gastrostomy to permit the
patient to take enteral nutrition.

Another two to three decades were to pass
before esophageal resection and reconstruction
were performed routinely. Reasons for this
included the slow adoption of methods for tra-
cheal intubation for controlled ventilation, lack
of understanding of requirements for fluid and
electrolyte replacements, and the absence of
reliable blood transfusion techniques. The large
number of maxillofacial injuries that occurred
during World War I stimulated the adoption of
endotracheal intubation that had been devel-
oped decades earlier.® Subsequent anesthetic
advances included the introduction of intuba-
tion under direct vision, the use of positive pres-
sure breathing apparatus, and the use of curare
as a paralytic agent permitting mechanically
controlled ventilation.”" Experiences during
the Great War also led investigations into trans-
fusion methods and the management of shock,
both of which were vital to progress in major
operations such as esophagectomy. This growth
culminated in the 1930s in the performance of
a transthoracic esophagectomy and, for the first
time, intrathoracic reconstruction.’'™**

Even into the 1930s there was considerable
debate over what constituted optimal methods
of esophageal replacement. In 1934, Ochsner
and Owens" summarized the extant literature
regarding extrathoracic esophageal reconstruc-
tion. Skin tubes (dermatoplasty), jejunoplasty,
coloplasty, gastroplasty, and hybrid procedures
combining two of these techniques all offered
mortality rates from 20 to >50%. The proce-
dures were completed in only about half of the
patients, and overall good results were reported
in only 30-40% of patients. The development of
intrathoracic reconstruction techniques using
the stomach in the 1930s was enthusiastically
adopted, and reports of large series of patients
who had undergone successful esophagectomy
and reconstruction during the 1940s and 1950s
began to appear.””™"

Indications
Peptic Stricture

Uncontrolled pathologic gastroesophageal re-
flux can lead to transmural esophageal inflam-
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mation culminating in intractable peptic esopha-
geal stricture and esophageal shortening. This
results in ongoing severe reflux symptoms
accompanied by dysphagia and weight loss. The
incidence of peptic stricture in the era of effec-
tive acid suppression medications is estimated
to be 1-5% of patients with esophagitis.”” Initial
management of early peptic stricture consists of
a careful clinical evaluation including endo-
scopy with biopsy to rule out cancer, determine
whether Barrett’s esophagus exists, and obtain a
histologic diagnosis. Standard therapy includes
intensive acid suppression and dilation, and is
successful in about 75% of patients. However,
long-term follow-up of such patients is often
inadequate, and the true outcomes of medical
therapy are not known.” Patients with recurrent
stricture or ongoing symptoms of reflux in the
setting of optimal medical therapy are candi-
dates for anti-reflux surgery. Surgical options
include standard partial or total fundoplication,
or fundoplication combined with a gastroplasty
as an esophageal lengthening procedure. The
latter option is often necessary because of
esophageal shortening. In rare situations, patch
esophagoplasty or antrectomy and Roux-en-Y
reconstruction as acid suppression and bile
diversion may be indicated.

Indications for esophagectomy in the setting
of peptic stricture are fortunately rare. They in-
clude nondilatable stricture, perforation during
dilation of a stricture, inability to confirm that
a stricture is benign, and multiple failed fundo-
plication operations in the presence of a stric-
ture. The definition of a nondilatable stricture
varies, but generally includes strictures for
which adequate-sized dilators cannot be passed,
failure of resolution of dysphagia after dilation,
increasingly frequent dilations to relieve dys-
phagia, and strictures requiring dilation that
have suffered previous perforation. Nondilat-
able strictures represent the most common indi-
cation for esophagectomy in patients with
benign strictures.

Gastrointestinal Bleeding

Occasionally severe esophagitis is accompanied
by bleeding manifested by guaiac-positive
stools, melena, or hematemesis. At times bleed-
ing will be intractable in the setting of optimal
medical therapy. In such instances, fundoplica-
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tion surgery may be recommended to eliminate
reflux and permit healing of the raw mucosal
surface. On occasions when such interventions
fail to control bleeding, it may be necessary
to consider esophagectomy for this purpose.
Rarely such bleeding is sufficiently massive that
desperate surgical measures are required for
control. In the presence of uncontrollable bleed-
ing, it is appropriate to consider esophagectomy
as a lifesaving maneuver.

Multiple Failed Anti-Reflux
Operations

Another indication for esophagectomy for
GERD is a history of multiple failed attempts at
anti-reflux surgery. Compromise of esophageal
blood supply occurs each time the esophagus
and stomach are dissected to enable perform-
ance of a fundoplication. In addition, accumu-
lated scar tissue as well as anatomic deformities
caused by prior operations increase the risk of
injury to the vagus nerves and the vagal plexus
during dissection. The cumulative effect of these
injuries results in loss of peristaltic function
(pump function) leading to dysphagia and inef-
fective esophageal clearance of gastric refluxate.
Several reports indicate that satisfactory results
after fundoplication surgery occur in only
50-60% of patients who have had two or more
prior fundoplications.”** The assessment of
esophageal function is more important than
merely counting the number of prior opera-
tions to determine optimal surgical therapy.
Such assessment typically includes endoscopy,
manometry, esophageal transit times measured
by scintigraphy, gastric emptying time, and, in
selected patients, esophageal pH monitoring
may also provide useful information. In patients
in whom pump function has been lost, strong
consideration should be given to performing an
esophagectomy.

Complications of
Barrett’s Esophagus

Reflux is thought to be the primary impetus for
the development of Barrett’s esophagus. Long-
segment Barrett’s esophagus is identified in up
to 1% of individuals without GERD and in
5-10% of patients with GERD symptoms.”?
The incidence seems to increase with advancing

age, making it an important concern in the
elderly. Barrett’s esophagus is an indication for
esophagectomy in two classes of individuals.
First, in rare circumstances a Barrett’s ulcer can
develop, which burrows deeply like a gastric
ulcer instead of spreading superficially like
ulcerations in the squamous esophageal
mucosa. Although such ulcers can be controlled
with intensive medical therapy, they sometimes
extend transmurally and invade other struc-
tures, creating a life-threatening situation. In
the presence of a deep chronic Barrett’s ulcer,
esophagectomy should be strongly considered.

The other situation in which Barrett’s esoph-
agus is an indication for surgery is when high-
grade dysplasia develops. The likelihood of
developing high-grade dysplasia is about 1 in
every 200 patient years, making the overall risk
relatively small.® However, when high-grade
dysplasia is identified on endoscopic biopsy,
there is a 40-50% risk of invasive adenocarci-
noma in the esophagus.”” Moreover, in patients
with high-grade dysplasia who are followed in
an endoscopic surveillance program, the risk of
developing an invasive cancer is about 1 in every
200 patient years.”””' Currently the standard
therapy for Barrett’s esophagus with docu-
mented high-grade dysplasia is esophagectomy.
However, recent information suggests that
the increasing frequency with which Barrett’s
esophagus is being diagnosed has resulted in a
decreasing incidence of high-grade dysplasia.”
This fact, combined with the development of
newer treatment modalities for eradicating
high-grade dysplasia, may lessen the need for
esophagectomy.

Techniques

Patient Preparation

In many operations performed for failed anti-
reflux procedures, the final decision regarding
whether to perform another fundoplication
or resect the esophagus cannot be made preop-
eratively, but depends on intraoperative
findings. This emphasizes the importance of a
thorough preoperative evaluation so that all
facts regarding anatomy and physiology are
available when a final decision is required
during surgery. Both the surgeon and the
patient should be comfortable in the knowledge
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that all appropriate information has been gath-
ered. A thorough discussion with the patient
ensures that the patient is aware of possible out-
comes of surgery, and that upon awakening the
esophagus may have been replaced. In this
regard, the colon should routinely be thor-
oughly prepared so that it is available for use
in esophageal reconstruction should the need
arise.

Because reoperations are often more arduous
than initial operations and require longer recov-
ery periods during which oral alimentation is
not possible, the patient’s physiologic and nutri-
tional status must be optimized preoperatively.
Measures that improve cardiopulmonary func-
tion include walking exercise and pulmonary
toilet exercises such as coughing and incentive
spirometry. Methods of nutritional repletion for
patients whose nutritional status is compro-
mised include intravenous alimentation, use of
oral supplements, placement of a nasogastric
feeding tube, or insertion of an enteral feeding
tube.

Approach

The incision(s) used for esophagectomy is tai-
lored to the individual patient’s needs first and
also to the personal preferences of the surgeon
(Table 14.1). In patients in whom possible redo

Table 14.1. Options for technical approaches to
esophagectomy.

Approach
Left thoracotomy
Laparotomy for transhiatal technique
Left thoracoabdominal incision
Ivor Lewis incisions or modifications thereof
Minimally invasive (especially laparoscopic
transhiatal)

Extent of esophageal resection
Distal only
Subtotal (high intrathoracic anastomosis)
Near total (cervical anastomosis)

Options for reconstruction
Gastric pull-up (high intrathoracic or cervical
anastomosis)
Short-segment bowel interposition
Long-segment bowel interposition
Composite reconstruction (intrathoracic stomach
and bowel or other conduit)

MANAGING FAILED ANTI-REFLUX THERAPY

Figure 14.1. Options for surgical approaches to esophagec-
tomy for failed anti-reflux therapy include the transhiatal
approach (A + (), an Ivor Lewis resection (A + B),a modified Ivor
Lewis esophagectomy (A + B + (), and an exclusive left thora-
cotomy or left thoracotomy extended across the costal margin
into the left upper quadrant of the abdomen (D).

fundoplication is being weighed against possi-
ble resection, an approach should be chosen
that permits either procedure to be accom-
plished; either a left thoracotomy or a laparo-
tomy is appropriate in such situations (Figure
14.1). In contrast, a right thoracotomy does not
permit adequate visualization of the hiatus and
is not appropriate when simultaneous access to
the chest and abdomen is required.

When the diagnosis remains enigmatic, espe-
cially because of a suspicious stricture, a left
transthoracic approach permits optimal visual-
ization of the region of interest and facilitates
biopsies. A left thoracotomy permits complete
esophageal mobilization and allows an easy
approach to the gastroesophageal junction
and proximal stomach either through the
esophageal diaphragmatic hiatus or through a
peripheral incision in the diaphragm. When
technically feasible, an esophagectomy and
reconstruction may be performed through this
incision alone; it provides exposure to enable
the surgeon to complete the resection and
perform reconstruction with stomach or bowel
interposition. If necessary, the left thoracotomy
incision may be extended across the costal
margin into the left upper quadrant to provide
additional exposure to the upper abdomen.
However, this incision is associated with a
higher frequency of chronic postoperative pain
and has an appreciable incidence of chondritis.
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A laparotomy incision facilitates dissection of
a previously performed fundoplication as long
as most of the region of interest remains in the
abdomen. If an esophagectomy is found to be
necessary, the incision may be used as part of a
transhiatal esophagectomy or distal esophagec-
tomy. However, the amount of scarring that is
present when end-stage GERD is the indication
for surgery sometimes can make adequate and
safe dissection of the distal intrathoracic esoph-
agus difficult. Total esophageal replacement is
straightforward after completing a transhiatal
esophagectomy. Distal esophageal replacement
with a short segment of jejunum or colon is
technically feasible under some circumstances
using the transhiatal approach.

Reoperative surgery for benign esophageal
disease, especially recurrent gastroesophageal
reflux, is possible in many patients using laparo-
scopic techniques and has been show to be both
safe and effective in the hands of experienced
laparoscopic surgeons. Similarly, esophagec-
tomy is now being performed in some centers
using a minimally invasive approach exclu-
sively. Current experience with reoperative min-
imally invasive esophagectomy is quite limited;
such experience is likely to grow in the future as
surgeons become more adept at this technically
challenging approach.

Extent of Resection

Patients operated on for recurrent benign esoph-
ageal disease should undergo a so-called “stan-
dard” esophagectomy. There is no rationale for
an en bloc resection or for an extended or three-
field lymph node dissection. The lateral extent
of resection is determined by identifying the
easiest periesophageal plane to work in that
permits esophagectomy. Under most circum-
stances, this dictates dissection directly on the
wall of the esophagus. Entering planes lateral to
this exposes the patient to a variety of compli-
cations: excess bleeding from damage to sur-
rounding structures such as azygos vein, aorta,
and inferior pulmonary vein; pulmonary
parenchymal injury with resultant air leak; chy-
lothorax; pericardial injury associated with post-
operative arrhythmias or postpericardiotomy
syndrome; and recurrent laryngeal nerve injury.

The appropriate proximal extent of resection
is controversial. Patients who have failed

medical and conservative surgical management
of GERD likely have increased sensitivity to
refluxate. This may be manifest as an increased
susceptibility to tissue injury and/or a height-
ened sense of pain and discomfort during
esophageal exposure to the refluxate. Limiting
the resection to a distal esophagectomy with a
low intrathoracic esophagogastric anastomosis
predisposes patients to continued reflux
because it is difficult to create an effective
anti-reflux mechanism in this situation. As a
result, most experts recommend performing
a near total esophagectomy, creating a high
intrathoracic or cervical anastomosis, if the
stomach is to be used for reconstruction. It must
be kept in mind that, after one or more prior
fundoplication operations, the viability of the
gastric fundus may be compromised. This
increases the risk of anastomotic leak or gastric
fundic necrosis when the stomach is used for
total esophageal replacement.

Alternatively, a distal esophagectomy with
short-segment jejunal interposition may be per-
formed. Because the peristaltic activity of the
jejunum is preserved in this setting, it helps
prevent reflux of gastric contents into the esoph-
agus. The jejunum is also relatively resistant to
acid-peptic injury when used for short-segment
esophageal reconstruction. A short-segment
colon interposition is not quite as good an alter-
native for esophageal reconstruction. The colon
lacks true peristaltic properties, and therefore
does not provide as much protection for the
esophagus from gastric contents. However, the
colon is very resistant to acid-peptic injury,
which makes it the favorite organ among some
surgeons for short-segment esophageal
reconstruction.

There is no controversy regarding the appro-
priate distal extent of esophagectomy. All of the
squamous mucosa must be removed, necessit-
ating division of the esophagus below the
anatomic and histologic squamocolumnar junc-
tion. It is useful to visually inspect the margin
to ensure this has been accomplished; if a ques-
tion remains, frozen section confirmation that
the distal margin is free of squamous mucosa is
appropriate. If residual squamous esophageal
mucosa is allowed to remain it will constantly
be exposed to gastric acid and digestive pep-
tides, resulting in pain, ulceration, stricture
formation, or perforation.
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Procedure

Decision making regarding the optimal incision
to use is complex and is discussed earlier in this
section. Once the decision has been made to
proceed with esophagectomy, the distal esoph-
agus is mobilized and the esophagus and
stomach are freed from the diaphragmatic
crura. The order in which this is accomplished
depends on the approach being used. The prox-
imal stomach is mobilized but no major blood
supply (left gastric artery, right gastric artery) is
divided at this point. Any prior fundoplication
wrap is undone. This is usually accomplished
with careful dissection of adhesions between
the esophagus and stomach, dividing the fun-
doplication sutures as they are encountered.
Meticulous dissection usually succeeds in com-
pletely unwrapping the stomach, reestablishing
the normal size and contour of the gastric
fundus. Under some circumstances it is not pos-
sible to delineate the two portions of the wrap
that make up a total fundoplication. If a plane
between the esophagus and the wrap can be
established, the wrap is divided with a linear
cutting stapler (Figure 14.2).

If the stomach can be returned to its normal
anatomy, all options outlined above for the
extent of resection and the organ used for
reconstruction remain available. If the amount
of scarring, ulceration, fistula formation, or
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other pathologic abnormality is so extensive
that the gastric anatomy cannot be reestab-
lished, this usually necessitates partial gastrec-
tomy as part of the esophagectomy, and
precludes use of the stomach as an organ to
replace the full length of the esophagus. In such
a situation, the stomach remnant can be used as
a pull-up for partial esophageal replacement or
a short (or long) segment bowel interposition
may be performed.

Near total esophagectomy. For a near total
esophagectomy and reconstruction with a
gastric pull-up, the esophagus is mobilized cir-
cumferentially from the thoracic inlet to the
esophagogastric junction. The vagus nerves are
divided inferior to the azygos arch to minimize
the risk of injury to the recurrent laryngeal
nerves. The stomach is mobilized completely,
with division of the left gastric vessels and left
gastroepiploic arcade. The blood supply is based
on the right gastric artery and the right gas-
troepiploic vessels. Under circumstances in
which prior fundoplication surgery has failed,
the short gastric vessels will have been divided
previously. This permits development of collat-
eral circulation in the wall of the stomach and
may provide for a better overall blood supply
than is normally the case when preparing the
stomach for use in reconstruction in a previ-
ously unoperated patient. Prior division of short

Figure 14.2. Management of a prior fundoplication. Options include dissection of the wrap (not shown), cutting across the wrap

(left), and proximal gastrectomy (right).
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gastric vessels is often associated with the devel-
opment of adhesions between the stomach and
spleen that require careful dissection and divi-
sion. The first and second portions of the
duodenum are widely mobilized (Kocher
maneuver) permitting the pylorus to reach
almost to the diaphragmatic hiatus. A gastric
drainage procedure (pyloric dilation, pyloro-
plasty, pyloromyotomy) may be performed.

The esophagus is divided from the stomach
with a linear cutting stapler in one of two ways:
by simple transection below the squamocolum-
nar junction, or by creating a gastric tube by
resecting the lesser gastric curvature and the
esophagogastric junction en bloc. The stomach
is brought through the posterior mediastinum,
the shortest available route, and is anastomosed
to the esophagus either at the apex of the thorax
or in the neck through a cervical incision. An
anastomosis to the esophagus at the apex of the
right hemithorax or in the neck is performed. If
the operation is being performed through the
left chest and a high intrathoracic anastomosis
is considered, the esophagus is brought medial
to the arch of the aorta before performing the
anastomosis. Unless there is sufficient length of
esophagus to then pull both the stomach and
esophagus down lateral to the aortic arch to
permit suturing the anastomosis, the surgeon
should consider a cervical anastomosis instead.
Therefore, the surgeon must ensure there is ade-
quate length of the gastric tube before dividing
the esophagus proximally.

Partial esophagectomy. The esophagus is mobi-
lized proximally to a region where the muscular
thickness and mucosa are normal, usually at or
inferior to the level of the inferior pulmonary
veins. This assessment may be aided by intra-
operative endoscopy. The esophagus is divided
from the stomach below the squamocolumnar
junction (distal to the esophagogastric junc-
tion); it is not advisable to create a gastric tube.
As mentioned previously, in patients in whom
normal gastric anatomy cannot be restored, it
may be necessary to resect the proximal
stomach. Additional gastric mobilization is nor-
mally not necessary. A gastric emptying proce-
dure may be performed.

If a short-segment jejunal interposition is
planned, a segment of proximal jejunum based
on the third or fourth branch of the superior
mesenteric artery is prepared (Figure 14.3).

Proximal

Distal

Figure 14.3. The blood supply to the jejunum and construction
of a short-segment jejunal graft.

Alternatively, a short segment of colon based on
the middle colic artery or on the ascending
branch of the left colic artery is prepared
(Figure 14.4). The conduit is brought posterior
to the stomach and through the esophageal
hiatus in an isoperistaltic orientation. An end-
to-side proximal anastomosis is usually per-
formed when jejunum is used, whereas an
end-to-end anastomosis is performed when the
colon is selected. The interposition graft is then
drawn into the abdomen to eliminate any
redundancy and is anastomosed to the back
wall of the body of the stomach. The graft is
sutured to the crura with several interrupted
stitches to prevent herniation of intraabdominal
contents. The stomach is tacked to the
diaphragm in a horseshoe shape around the
interposition to create a low-pressure anti-
reflux barrier. Intestinal continuity is restored.

Postoperative care. A nasoenteral tube is placed
to keep the upper gastrointestinal tract decom-
pressed. Some surgeons leave the tube in place
until a contrast study, typically performed on
postoperative day 5 to 7, shows no evidence for
a leak. However, routine postoperative contrast
studies are notorious for failing to demonstrate
leaks. An alternative management style is to
leave the drainage tube in place only if there is
clinical suspicion for a leak or delayed gastric
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Figure 14.4. The blood supply to the colon includes the ilecolic (IC), right colic (RC), and middle colic (MC) arteries that arise from
the superior mesenteric artery (SMA), and the ascending branch (AB) of the left colic artery that arises from the inferior mesenteric
artery (IMA).For left colon interposition based on the ascending branch of the left colic artery,a short segment (left) or along segment
(right) may be prepared; the latter requires division of the middle colic artery.

emptying. If the patient is doing well, the
drainage tube is removed as soon as bowel
activity has resumed, as evidenced by lack of
abdominal distension and passage of flatus.

Many surgeons routinely administer intra-
venous low-dose dopamine (3-5ug/kg/min) for
the first 48-72 hours postoperatively. Patients
sometimes experience hemodynamic instability
in the early postoperative period because of
fluid shifts, myocardial depression, or mediasti-
nal pressure due to the esophageal reconstruc-
tive organ. When this happens, the mesenteric
vascular bed is the first to be adversely affected
by the body’s attempt to regulate perfusion.
The routine use of dopamine theoretically has
the effect of maintaining mesenteric blood
flow even if the patient has some depression of
myocardial performance or alterations in blood
pressure.

Perioperative antibiotics are used routinely,
but there is no benefit in administering more
than one or two doses postoperatively. Overuse
of antibiotics in a prophylactic setting leads to
antibiotic resistance. If infection develops,
antibiotics are restarted and are tailored to the
specific source of infection.

Although there is some controversy regarding
the utility of postoperative tube feedings, most
surgeons place jejunostomy tubes and use them
routinely beginning on the first postoperative
day. Tube feedings help maintain nutritional
levels and help to prevent bacterial transloca-
tion leading to sepsis. Most patients are sent
home receiving tube feedings at night whereas
eating during the day; the feedings provide a
“safety net” so the patients do not have to
overeat to maintain adequate nutrition and
hydration. This gives them more time to accom-
modate to the new configuration of their gas-
trointestinal tract.

The most common complications after esoph-
agectomy are related to pulmonary problems
and include pneumonia and respiratory
insufficiency. These perturbations result from a
number of factors: thoracotomy or upper
abdominal incisions causing diaphragmatic
dysfunction; fluid shifts postoperatively result-
ing in pulmonary fluid overload; interruption of
pulmonary lymphatics; a space occupying recon-
structive organ limiting lung expansion; and
recurrent nerve injury preventing patients from
generating high airway pressures during cough-
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Table 14.2. Operative outcomes after esophagectomy for failed antireflux therapy.

Author Year Patients Leak
Colon/jejunum

Curet-Scott™ 1987 32 5
DeMeester** 1988 24 1
Mansour® 1997 49 8
Thomas*® 1997 13 2
Gandenstetter” 1998 17 1
Stomach

Young*® 2000 29 3
Orringer® 2001 53 7
Totals 12%

ing exercises. Patients are given supplemental
oxygen as needed and are asked to do deep
breathing and coughing exercises regularly. Use
of an incentive spirometer helps the medical
staff and the patients assess their performance
in deep breathing maneuvers. Optimal pain
management is critical in permitting vigorous
pursuit of pulmonary toilet exercises.

Delayed gastric emptying, which is mani-
fested by chest pressure, early satiety, and some-
times regurgitation or aspiration, is managed
expectantly. Gastric emptying time is substan-
tially reduced with administration of prokinetic
agents such as erythromycin, which acts as a mo-
tilin receptor agonist. For patients who cannot
tolerate or do not respond to erythromycin,
metoclopramide may suffice as an alternative.

Outcomes

The results of iterative anti-reflux surgery are
well documented in Chapter 11; the success rate
for reoperation after a second failed procedure
(good or excellent results) is only 50-60%. The
outcomes for esophagectomy and reconstruc-
tion in well-selected patients surpass that
success rate, indicating that esophagectomy
should be considered more seriously as the
likelihood of success with a redo anti-reflux
operation diminishes.

Because they are technically challenging,
these operations often engender a higher inci-
dence of postoperative morbidity than do
esophagectomies for cancer. The incidence of
complications ranges from 25% to almost 60%;
typical complications include pneumonia, anas-
tomotic leak, graft necrosis (primarily when
bowel interposition is performed), and infection

Graft Necrosis Pneumonia  Other Mortality
6 5 5 1

2 — — 2

2 2 7 3

1 2 4 1

0 1 2 0

1 2 3 1

0 1 — 2

5% 6% 6% 5%

(Table 14.2).”*° The duration of hospitalization
usually is measured in weeks, not days, indicat-
ing that careful preparation of the patient for a
potentially prolonged postoperative course is
wise to consider. The mortality rate is as high as
10% but averages about 5%.

At least 50% of patients have residual symp-
toms long-term after esophagectomy, including
dysphagia, early satiety, and regurgitation.
Persistent heartburn is very uncommon (Table
14.3).2%*%3% There is no apparent difference
between colon interposition and gastric pull-up
in terms of long-term symptomatic outcomes.
Adverse outcomes are identified more often for
physical than for emotional functional compo-
nents of quality-of-life scales.”® Interestingly,
despite negatively scoring a number of physical
components, patients tend to score quality of
life overall in a range similar to that reported by
people who have not undergone esophagectomy
for failed anti-reflux therapy. This outcome
helps to underscore the severity of symptoms
that patients experienced before definitive
treatment by esophagectomy.

Table 14.3. Long-term outcomes after esophagectomy for
failed antireflux therapy.

Variable Incidence (%)
Early satiety 22
Dysphagia 20
Regurgitation 19
Diarrhea 5
Pain 5
Heartburn 2
Aspiration 1
Good/excellent outcome 70
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Reports from the late 1980s through 2001
document a success rate of approximately 70%
for esophagectomy for failed anti-reflux therapy
(Table 14.3).%***® However, interpretation of
the long-term results of esophagectomy per-
formed for benign problems is sometimes
difficult. Many authors fail to provide true long-
term outcomes, reporting only mid-term out-
comes, and often many patients are lost to
follow-up. Importantly, analyses typically fail to
include as a poor outcome patients who suffer
operative mortality. As noted earlier, the opera-
tive mortality for esophagectomy is not negligi-
ble, and far exceeds that documented for more
conservative procedures.

Conclusions

Esophagectomy is the final therapeutic option
for the management of patients with GERD. It
should be reserved for patients with docu-
mented “pump failure,” severe complications of
GERD not amenable to conservative surgical
therapy (nondilatable stricture, penetrating
ulcers, Barrett’s esophagus with high-grade dys-
plasia), or those with multiple failed attempts at
surgical correction of GERD. The final decision
regarding the need for esophagectomy often
must be made at the time of reoperation. If the
problem area is limited to the distal esophagus,
partial esophagectomy and jejunal interposition
should be considered. Near total esophagectomy
is sometimes necessary after multiple failed
fundoplication procedures; the frequent need
for partial gastrectomy in this setting limits
reconstruction options and often necessitates
long-segment colon interposition. Long-term
outcomes for esophagectomy are not nearly
as good as for more conventional surgical
approaches to GERD. In appropriately selected
patients, however, considerable clinical benefit
can be derived. Quality of life in most categories
is maintained, and crippling effects of GERD
symptoms can be largely eliminated. However,
many patients remain somewhat symptomatic,
indicating that resection should be reserved for
carefully selected patients for whom there are
no other viable surgical options. Future efforts
at expanding the use of more physiologic alter-
natives to standard esophagectomy, such as
vagal-sparing esophagectomy (see Chapter 15),
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may further improve the long-term outcomes of
esophagectomy for GERD.
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Vagal Sparing Esophagectomy

Steven R. DeMeester

End-stage reflux disease is a catch-all phrase
used to describe the situation that exists when
there is substantial foregut dysfunction in the
setting of long-standing reflux disease. It can
occur in association with a variety of conditions
including scleroderma or other connective
tissue disorders, treated achalasia, prior gastric
resection or morbid obesity procedures, prior
esophagectomy particularly in association with
a low intrathoracic esophagogastric anastomo-
sis, repair of congenital tracheoesophageal
fistula, or in patients with a history of caustic
ingestion. Often patients with end-stage reflux
disease have had one or more surgical interven-
tions in an attempt to correct the problem, and
many have at least one but more often several of
the following abnormalities: severe esophageal
body motility dysfunction, stricture, long-
segment Barrett’s, delayed gastric emptying,
large hiatal hernia, or significant esophageal
foreshortening.'

Management of these patients is complicated
and often requires resection rather than
attempts at reconstruction, but the treatment in
all cases must be individualized. Once the deci-
sion has been made that a resection will be nec-
essary to improve the patient’s quality of life, the
next critical decision is whether to remove the
esophagus or the stomach. This decision is
based primarily on the severity of injury to the
esophagus. In the setting of Barrett’s or a severe
stricture, generally the best option is esophagec-

tomy, whereas if the esophagus has been rela-
tively spared but profound gastric dysfunction
is present, then consideration should be given to
some type of gastric resection. Many of these
patients have had one or more previous surgi-
cal procedures on the stomach, esophagus, or
both, and the nature of the previous procedure
can influence both the choice of resection and
the options for reconstruction.

One of the most difficult situations is to
recommend resection as the first surgical
intervention in a patient. There is a strong
temptation to attempt reconstruction in these
patients first to see if it gets them by, but often
this just sentences the patient to two procedures
and two recoveries, and delays their ultimate
return to an acceptable quality of life.” This is
not to imply that resection is always the correct
choice, but the decision regarding reconstruc-
tion versus resection is complicated, and many
factors need to be considered. In some situa-
tions, particularly where there has been prior
surgery, the final decision regarding resection
versus attempted reconstruction can only be
made in the operating room after the previous
failed procedure has been undone and the
amount and condition of residual stomach
assessed. Furthermore, initial resection fol-
lowed by staged reconstruction may be the
safest option in some situations, such as in the
setting of a redo esophagectomy after a previ-
ous limited distal esophagectomy.

175
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Evaluation

The first critical step after meeting a patient
with a complex benign foregut problem is a
careful evaluation. Upper endoscopy done by
the surgeon or at a minimum viewed by the
surgeon as it is being done is indispensable for
assessing the situation and developing a strat-
egy. Often a motility study is helpful if the status
of the esophageal body is in question, and a
video esophagram provides invaluable informa-
tion in these patients about the presence or
absence of a stricture, esophageal bolus trans-
port, and the presence and reducibility of a
hiatal hernia. Selectively used tests include
gastric emptying scans, 24-hour pH monitoring,
impedance testing, barium small-bowel follow-
through, and abdominal ultrasound or com-
puted tomography scan. A cardiopulmonary
evaluation is also advisable in this patient pop-
ulation before embarking on complex foregut
surgery.

If esophageal resection is likely to be neces-
sary then the method of reconstruction needs to
be determined, and when considering a colon
interposition then evaluation with colonoscopy
and potentially a visceral arteriogram is recom-
mended. Colonoscopy or an air-contrast barium
radiographic study should be performed before
use of the colon as an esophageal substitute to
rule out polyps, malignancy, or evidence of
either inflammatory disease or significant diver-
ticulosis in the area of the colon to be used.
Careful consideration should be given before
using a colon graft in the presence of any of
these abnormalities with the exception of a
polyp that has been completely excised. Routine
angiography, although not essential, does
provide information about anatomic variations
that may be present, but most importantly
confirms patency of the colonic vessels and the
marginal arcade.” Most surgeons prefer to use
the transverse colon based on the ascending
branch of the left colic artery. A stenosis at the
origin of the inferior mesenteric artery alters
the choice, and either a different graft or use of
the ascending colon based on the middle colic
vessels would be advisable under such circum-
stances. Although intraoperative examination of
the vascular integrity of the graft can in most
circumstances determine the suitability of the
graft, it is time-saving to know preoperatively if
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there are problems so that a suitable strategy
can be prepared.

Operative intervention is undertaken only
after a complete assessment of the problem and
a frank discussion with the patient about the
issues, options, and pros and cons of various
therapies have been completed. It is imperative
that the surgeon and patient are aligned on the
goals of the procedure and the anticipated
outcome. Often it is helpful to review all of the
patient’s symptoms and clarify whether or not
that symptom is likely to change or be relieved
with the therapy because commonly some
symptoms in these complex patients are unre-
lated to the foregut process. Unrealistic expec-
tations by the patient may lead to dissatisfaction
despite what is otherwise a complete success
from a surgical standpoint. Furthermore, great
caution should be used in regard to promises of
pain relief unless there is a clear anatomic or
physiologic explanation for the pain which will
be corrected by the surgical procedure. Upper
abdominal pain seems to be a particularly
prominent component of the collection of
symptoms often encountered in middle-aged
females with a complex foregut problem, and
frank discussions before reoperation about the
necessity of weaning off narcotics is a critical
aspect of the evaluation and care of these
patients.

Indications for Vagal-sparing
Esophagectomy

A vagal-sparing procedure should be consid-
ered in any patient with a benign process that is
to undergo esophagectomy. Ideal conditions
include achalasia, end-stage reflux disease, and
Barrett’s with high-grade dysplasia or perhaps
intramucosal cancer. Absolute contraindica-
tions for a vagal-sparing esophagectomy are the
need for a lymphadenectomy because sparing
the vagus nerves precludes a lymph node dis-
section, and prior vagal transection or evidence
of gastric dysfunction, particularly a gastric
bezoar. Because of the potential for gastric emp-
tying problems, diabetes should be considered a
relative contraindication for a vagal-sparing
procedure. Other relative contraindications
include strictures or a history of caustic injury
to the esophagus. In these circumstances, medi-
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astinal inflammation may prohibit safe strip-
ping of the esophagus or may lead to vagal dis-
ruption even if the stripping is accomplished
safely. We have had one tear in the membranous
wall of the trachea in this circumstance,
although it was easily repaired via the cervical
incision. Nonetheless, in these circumstances,
consideration should be given to a formal
transthoracic esophagectomy. Prior anti-reflux
surgery or other esophageal surgery (repair
of perforation, congenital trachea-esophageal
fistula, etc.) are also relative contraindications
because preservation of the vagus nerves is
more difficult in this setting. Lastly, prior gastric
surgery such as antrectomy or pyloroplasty may
preclude a significant advantage to preserving
the vagal nerves, although even in this setting
avoidance of postvagotomy diarrhea may be a
sufficient reason to spare the vagus nerves if
possible.

Surgical Approach

The operation commences in the abdomen,
although for redo esophagectomy the best
option may be initial transthoracic mobilization
of the esophagus and intrathoracic stomach.
Until the anatomy is sorted out and a final deci-
sion is made regarding resection versus recon-
struction, every effort is made to preserve
gastric vascularity including the left gastric
vessels and the gastroepiploic arcade.

If the fundus is unusable or the gastric vas-
cular supply is inadequate, then the surgical
treatment for reflux shifts to either esophagec-
tomy or gastrectomy. In the setting of a recur-
rent esophageal stricture or long-segment
Barrett’s with a normal functioning stomach,
the best choice is an esophagectomy. In
these patients, vagal preservation should be
attempted whenever possible. Not only does this
reduce the potential for dumping and diarrhea,
but it is also the easiest method for removing
the esophagus from the mediastinum. With
this technique, the esophagus is stripped out
without the need for transhiatal dissection.

The hiatus is opened anteriorly with a
minimum of dissection and the anterior and
posterior vagal trunks encircled with a vessel-
loop. The vagus nerves are retracted gently
toward the patient’s right, and the gastroe-
sophageal fat pad is dissected beginning on the

left of the esophagus and stomach such that it
allows the anterior vagus nerve to be brought
well over to the right of the esophagus. Failure
to do this will lead in most cases to inadvertent
injury of the anterior vagus nerve during
the subsequent steps of the procedure. Once the
anterior vagus is safely over to the right of the
esophagus, a highly selective vagotomy is per-
formed starting just above the crow’s foot near
the antrum. This is necessary if the stomach is
to be used as the esophageal replacement, and is
beneficial with a colon interposition to reduce
gastric acidity and the potential for ulceration
in the distal colon graft. The highly selective
vagotomy precisely follows the lesser curve of
the stomach up to the point where the distal
esophagus is reached and the vagus nerves are
easily separated from the esophagus. I find that
this dissection is facilitated by sequential grasp-
ing of the stomach with Babcock clamps along
the lesser curve, and by using the Harmonic
scalpel for division of the very vascular tissue in
this area. Avoidance of a hematoma or bleeding
in this area is critical to prevent unintended
injury to the distal vagal branches.

At this point, the gastroesophageal junction
has been completely exposed and the lesser
curve above the crow’s foot skeletonized. If the
stomach is to be used for esophageal replace-
ment, then the greater curve is mobilized in the
same manner as for a standard gastric pull-up.
However, if the colon is to be used, then there is
no need to mobilize the greater curve
completely. Instead, the omentum is detached
from the transverse colon and a window created
into the lesser sac along the mid-greater curve
of the stomach. It is also useful to expose the left
crus and divide the most proximal one or two
short gastric and posterior pancreatico-gastric
vessels to create a passage from the lesser sac to
the hiatus for the colon graft. The colon is mobi-
lized in standard manner based on the ascend-
ing branch of the left colic artery whenever
possible.* The necessary length of colon is
marked out by measuring the distance from the
bottom of the left ear to the xiphoid anteriorly
with an umbilical tape and then marking a
similar distance on the colon starting from the
point where the left colic vessels tether the graft
and going proximally. The colon is then divided
and placed in the pelvis for later use.

Attention is directed to the left neck and the
esophagus is exposed. A Penrose drain encir-
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cling the esophagus facilitates traction, and
downward blunt dissection is accomplished
with a finger to free up the cervical and upper
mediastinal esophagus. A gastrotomy is made
near the gastroesophageal junction, or alterna-
tively the cardia is divided with a stapler and a
small portion of the staple line is opened on
the proximal end to provide access to the
esophageal lumen. A red-rubber catheter is
inserted into the esophagus, or alternatively via
a nasogastric tube, one hundred milliliters (ml),
of 10% povidone iodine solution is used to irri-
gate and sanitize the esophagus before stripping
it from the mediastinum. A standard vein strip-
per is passed retrograde up the esophagus and
brought out the anterior wall of the cervical
esophagus as distally as possible. The esophagus
is ligated distal to the exit site of the vein strip-
per in the neck using a heavy suture, and the
cervical esophagus is divided just proximal to
where the vein stripper comes out. The divided
distal end of the cervical esophagus is suture
ligated and tied securely. Several endo-loops
help to facilitate a secure ligation. This is a crit-
ical step because, if the ligatures slip, the vein
stripper will merely pull out, leaving the par-
tially stripped esophagus somewhere in the
mediastinum. After changing the vein stripper
to the large head, the esophagus is inverted by
pulling the vein stripper from below. It is useful
to leave a long umbilical tape tied to the cervi-
cal end of the divided esophagus to provide
access to the tract in the posterior mediastinum
after the esophagus has been removed. The
esophagus comes out inverted with the mucosa
external to the muscular wall, similar to taking
off a stocking inside-out. Bleeding usually is
minimal and very little force is required to pull
the esophagus out. Resistance should raise
concern, and excessive resistance should
prompt conversion to a transhiatal procedure.
After esophageal stripping, the cardia is
divided (if not previously done) distal to the
squamocolumnar junction with a stapler and
the anterior gastrotomy is closed. The mediasti-
nal tract is sequentially dilated using a 90-mL
balloon Foley catheter progressively filled
with more saline and pulled through the
mediastinum. This dilation procedure prevents
mediastinal constriction of the stomach or
colon graft. The stomach or colon graft is then
pulled up through the posterior mediastinum
and a cervical anastomosis is constructed.
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When a colon graft is used, the colo-gastric
anastomosis will be positioned on the posterior
fundus, so it is critical that the colon be brought
behind the stomach and then guided up through
the hiatus into the posterior mediastinum.

When a gastric pull-up is performed, after
completing the cervical anastomosis the graft is
gently pulled into the abdomen to eliminate
redundancy and is sutured to the crura to
prevent herniation of abdominal organs into the
mediastinum. A nasogastric tube is passed and
a feeding jejunostomy tube is placed. When a
colon graft has been used, it is pulled gently into
the abdomen to eliminate redundancy and
divided approximately 10-15cm distal to the
hiatus, taking care not to injure the vascular
arcade. A stapled colo-gastric anastomosis is
performed to the proximal posterior fundus
using a 75-mm GIA stapler, and a nasogastric
tube is guided into the stomach. The colon graft
is sutured to the crura, and the colo-colostomy
is accomplished in standard manner with care
taken to avoid traction on the left colic vessels,
generally by bringing the right colon up into the
left upper quadrant. Finally, the mesenteric
defects are closed and a feeding jejunostomy is
placed.

Results

At the University of Southern California we have
now performed >75 vagal-sparing esophagec-
tomies. In 24 patients the indication was end-
stage reflux or Barrett’s without cancer. Among
these 24 patients, 14 had previous abdominal
surgery including 5 with prior fundoplication
and 1 with prior vertical-banded gastroplasty
for obesity. Nearly half of the patients had an
esophageal stricture that had been repeatedly
dilated, and 1 patient with Barrett’s had under-
gone photodynamic therapy. Reconstruction
was with a colon graft in 22 patients (Figure
15.1) and a gastric pull-up in 2 (Figure 15.2).
One colon graft was removed for ischemia.
However, because the entire stomach is pre-
served with this procedure, the patient was later
reconstructed with a gastric pull-up without
difficulty. One patient with extensive prior
abdominal procedures and diabetes had limited
dumping symptoms, and one patient had diar-
rhea that resolved spontaneously. Two patients
had delayed gastric emptying symptoms. One
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Figure 15.1. A vagal-sparing esophagectomy with colon inter-
position. Note that the colon graft replaces the esophagus and
is anastomosed to the entire, innervated stomach.

had had two prior fundoplications but the
other had not undergone any prior esophageal
surgery. Both had a vagal-sparing esophagec-
tomy with colon interposition, and both
ultimately required revision consisting of a
proximal gastrectomy with colo-antral anasto-
mosis and pyloroplasty.

Three patients developed an ulcer in the
distal colon just proximal to the colo-gastric
anastomosis related to acid production by the
intact and innervated stomach. For this reason
we now include a highly selective vagotomy
along the lesser curve of the stomach in these
patients. There have been several patients that
were taken for a vagal-sparing esophagectomy
but during the operation dense scarring around
the hiatus precluded vagal preservation and a
transhiatal resection was performed. One such
patient had had a congenital tracheoesophageal
fistula repaired and then subsequently under-
went a Nissen for severe reflux as a child, and
subsequently presented to the University of
Southern California with end-stage reflux.
Interestingly, two other patients that had a con-
genital tracheoesophageal fistula repaired with
subsequent end-stage reflux were successfully
resected using a vagal-sparing technique, so this
procedure is an option in some of these patients.

We have previously evaluated gastric function
and confirmed vagal integrity in a series of 15
randomly selected patients at a median of 20
months after vagal-sparing esophagectomy and
colon interposition.’ The indication for the pro-
cedure was benign disease in seven and Barrett’s
with high-grade dysplasia or intramucosal
cancer in eight patients. Outcome was assessed
on the basis of symptoms, Congo red gastric
staining, basal and sham meal-stimulated
gastric acid output, basal and sham meal-
stimulated pancreatic polypeptide response,
standardized meal consumption, and nuclear
medicine gastric emptying half-time. These
results were compared with the symptomatic
and functional outcome in 10 patients after
standard esophagectomy with colon interposi-
tion, 10 patients after standard esophagectomy
with gastric pull-up, and 23 control subjects. We
found that postoperative dumping and diarrhea
were significantly decreased in the vagal-
sparing group compared with the standard
esophagectomy with colon interposition. Fur-
thermore, secretory studies confirmed intact
vagal innervation after the vagal-sparing
esophagectomy, and in contrast to the other

Figure 15.2. Figure 15.2. A vagal-sparing esophagectomy with
gastric pull-up. A highly selective vagotomy along the lesser
curve preserves antral vagal innervation and no pyloroplasty is
performed.
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types of esophagectomy gastric emptying
studies and meal consumption were similar in
normal subjects and patients after vagal-
sparing esophagectomy. We concluded that
vagal preservation was beneficial and warranted
when possible in patients with benign disease or
early esophageal cancer.

Summary

End-stage reflux disease can occur as a conse-
quence of a variety of conditions, and typically
these patients are quite complex. Many will have
had one or more procedures on their esophagus
or stomach, and most have a number of symp-
toms and several esophageal and/or gastric
functional abnormalities. The decision to resect
the esophagus for benign disease is not easy, but
often provides the patient with the surest relief
of their symptoms and the greatest likelihood of
a good quality of life. An important principle is
to minimize the potential for long-term mor-
bidity, and thus preservation of the vagal nerves
when feasible is a worthwhile objective. In an
early series of these procedures in a complex
group of patients, we have had excellent symp-
tomatic and functional results with little
dumping or postvagotomy diarrhea. In patients
with extensive scarring around the hiatus, the
potential for vagus nerve disruption during the
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esophageal stripping process is real, and can
lead to problems with delayed gastric emptying.
Furthermore, patients undergoing reconstruc-
tion with a colon interposition after a vagal-
sparing esophagectomy should have a highly
selective vagotomy to minimize the potential for
ulceration in the distal colon secondary to
gastric acidity. Alternatively, patients could be
kept on acid-suppression medication. Over time
the best indications and most important con-
traindications of a vagal-sparing esophagec-
tomy will become apparent, and the subset of
patients with benign or early-stage malignant
disease most likely to have the best outcome
with this procedure will be defined.
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Future Directions of Therapy for GERD

M. Brian Fennerty and Mark K. Ferguson

This book has been devoted to a critical
appraisal of treatment options for gastroe-
sophageal reflux disease (GERD) and failed
anti-reflux therapy and has provided a physio-
logic basis for managing the postoperative
syndromes associated with surgical anti-reflux
therapy. In this final chapter, we would like to
explore what we feel are future prospects for the
various management options for patients with
newly diagnosed, persistent, or recurrent GERD.
Much of what we hypothesize is speculative but
these thoughts are meant to encourage the
reader to consider what we may be able to offer
and how we might approach these patients in
the near future.

Physiologic Evaluation of
Suspected GERD

The accuracy of intraesophageal pH monitor-
ing will improve as longer monitoring periods
become the norm with increased battery capac-
ity of these devices. Furthermore, the patient
acceptance of this technique will become sub-
stantially better with the tubeless “capsule”
systems that are becoming increasingly avail-
able. However, the real advance in physiologic
testing of the GERD patient will likely come
with improvements in and increased availability
of esophageal impedance testing.'! Impedance
testing not only detects acid reflux events
but also detects nonacidic reflux events as well,

and can evaluate air and liquid esophageal
exposure during a reflux event. This technology
should ensure that nonacidic reflux causing
reflux-type symptoms is accurately diagnosed,
and should also help identify the truly func-
tional heartburn patient who will not respond
to any of the usual treatment options for GERD
(pharmacologic, endoscopic, and surgical anti-
reflux therapies).

Medical Therapy for GERD

Pharmacologic therapy of GERD with antise-
cretory agents originated in the mid-1970s
when histamine-2-receptor antagonists first
became available.”> However, healing of
esophagitis was obtained in only 40-50% of
patients and a similar number of patients con-
tinued to have symptoms of reflux. Omeprazole
was released in 1989 as the first proton pump
inhibitor (PPI) for clinical use. Three other first-
generation PPIs subsequently became available
but all were similar in efficacy, healing esophagi-
tis in approximately 80% of GERD patients
with a similar number achieving acceptable
symptom relief.>* When a more potent PPI,
esomeprazole, was introduced, its use was asso-
ciated with healing of esophagitis and symptom
relief in nearly 90% of patients with GERD.
Physicians recently have come to realize that
many patients require more frequent dosing
(twice daily) or higher doses to achieve and
maintain healing and symptomatic remission.’
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Most importantly, we have learned that these
potent antisecretory agents often do not elimi-
nate all symptoms of GERD, especially regurgi-
tation. Thus, medical therapy as it currently
stands is not an ideal treatment for GERD in all
patients with this disorder and has not proven
to be superior to surgery for this condition,
having been outperformed by anti-reflux
surgery in several studies.”™"

What does the future hold for pharmacologic
anti-reflux therapy? In the antisecretory arena,
longer-acting (e.g., tenatoprazole) and more
rapid-acting (i.e., the newly launched imme-
diate release omeprazole and the forthcom-
ing acid pump antagonists) all appear pro-
mising.'"? Longer-acting agents may prevent
breakthrough symptoms with once-a-day
dosing and rapid onset agents may allow PPIs to
be effective in on-demand situations. It is clear
that antisecretory agents are treating the effects
of reflux, not the underlying mechanism of
reflux.”® Prokinetic agents that increase gastric
emptying (i.e., tegaserod) may be valuable
adjuncts to PPI therapy or effective in manag-
ing regurgitation or other symptoms that PPIs
are relatively ineffective in controlling. Gamma-
aminobutyric acid agonists (e.g., baclofen) or
other neuromodulators may become useful in
treating GERD via their inhibition of transient
lower esophageal sphincter relaxations, the
primary mechanism for a reflux event. Agents
that improve tissue resistance by affecting the
“tight-junctions” between cells are being devel-
oped and may prove to be very effective in
symptom control and healing when reflux
cannot be eliminated surgically.

Endoscopic Anti-Reflux
Procedures

It is expected that the number of commercially
available endoscopic anti-reflux techniques will
markedly expand in the next few years. Almost
all of these new devices will be injection-type
techniques with the remainder being plication
devices. Among the injection techniques, most
of the new devices likely will utilize already
approved human biological substances largely
borrowed from the cosmetic surgery arena. Pli-
cation technology will continue to evolve into
smaller, less cumbersome devices.
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We soon will have results of sham-controlled
clinical trials evaluating all of the currently
Food and Drug Administration cleared or
approved endoscopic anti-reflux devices, and
this will set the standard for the entire field as it
relates to accurately measuring efficacy.' There
will be continued refinements in the techniques
of use for all of these devices, and newer itera-
tions of the devices will optimize the efficacy as
well as safety of these procedures.””™" It will be
interesting to see results of the current endo-
scopic anti-reflux procedures in patients with
more severe reflux anatomy and physiology
(those with larger hiatus hernias, more severe
esophagitis, presence of Barrett’s esophagus) as
well as those with atypical GERD symptoms
(i.e., cough, hoarseness, asthma).

Newer Indications for
Surgical Therapy

Surgical anti-reflux therapy expanded greatly
with the introduction of laparoscopic surgical
techniques. Initially patients were recom-
mended for laparoscopic fundoplication
surgery who fit traditional criteria for open
surgery. Patient selection criteria rapidly
expanded to include patients whose symptoms
were well controlled on pharmacologic therapy
but for whom surgery seemed to provide a
better lifestyle solution. Recent reports advocate
surgical anti-reflux therapy for patients with
Barrett’s esophagus and no dysplasia as a means
for reducing the risk of adenocarcinoma, irre-
spective of their symptom status. That this prac-
tice cannot be sustained on a cost-effectiveness
basis is apparent given the fact that millions of
people in the United States alone are likely to be
candidates for such a procedure. A recent meta-
analysis indicates that the risk of developing
adenocarcinoma is not reduced by fundoplica-
tion surgery."

Newer methods for evaluating patients with
GERD and Barrett’s esophagus may help physi-
cians better select which patients should be
treated more aggressively. In patients diagnosed
with Barrett’s esophagus, biological characteri-
zation of their risk of developing dysplasia or
adenocarcinoma may be achieved through use
of proteomics, gene analysis, or other advanced
techniques. Patients who are stratified into a



183

FUTURE DIRECTIONS OF THERAPY FOR GERD

low-risk group will be initially managed con-
servatively, whereas those identified as being at
high risk for dysplasia or cancer will be treated
surgically. The results of surgery in eliminating
progression in Barrett’s esophagus are best
when reflux is reduced to levels experienced by
a normal population. Thus it will be necessary
to periodically monitor the efficacy of fundopli-
cation surgery through pH or other monitoring.
What to recommend for patients with sympto-
matic relief but who are documented as having
abnormal esophageal exposure to acid or other
refluxate will be problematic.

Centers of
Surgical Excellence

A very large number of fundoplication proce-
dures currently are being performed in Western
societies, with an appreciable rate of subsequent
surgical failure, and a strong association
between failure rates and degrees of surgical
experience. In many regions of Europe, surgical
therapy is performed primarily in centers of
excellence in which a high degree of surgical
experience is concentrated. No such centers
have been mandated in the United States, and
most surgical procedures for GERD are per-
formed in community hospitals by surgeons
with moderate levels of experience. Given the
high cost of GERD therapy, particularly among
patients with failed therapy for GERD, impor-
tant cost savings will be realized when centers
of excellence are established for initial endo-
scopic and surgical anti-reflux therapy.

Evaluation of the Failed
Anti-Reflux Procedure

As has been noted throughout this book, surgi-
cal anti-reflux procedures, when performed by
an experienced surgeon, are effective in elimi-
nating the symptoms of GERD in the vast
majority of patients treated in this manner. Fur-
thermore, because most patients treated surgi-
cally derive a durable effect, anti-reflux surgery
provides healing and maintenance of remission.

Despite the high success rate achieved with anti-
reflux surgery, many patients still will either
fail to achieve an initial symptom response or
experience a relapse of their GERD symptoms
over time. The initial failure rate with anti-
reflux surgery is likely much greater in less-
experienced surgeons’ hands, whereas later
anti-reflux surgery “relapses” seem to occur
even in patients treated by the most experienced
surgeons. The mechanisms or reasons for per-
sistent or recurrent reflux after anti-reflux
surgery are not entirely understood. However,
given the rapidly expanding use of this surgical
procedure, it is clear that we increasingly have
to manage patients who have failed anti-reflux
surgery. The management options after failure
of anti-reflux surgery are either to reinstitute
medical anti-reflux therapy, consider perform-
ing one of the emerging endoscopic anti-reflux
therapies, or perform a repeat anti-reflux surgi-
cal procedure.

In the past, the evaluation of a suspected
failed anti-reflux surgical procedure likely con-
sisted of a barium swallow and esophageal
manometry. These anatomic and physiologic
tests have largely been supplanted by or
expanded to also include a careful endo-
scopic assessment and prolonged ambulatory
esophageal pH monitoring. We suspect that
endoscopy or another means of directly
imaging the suspected failed surgical repair will
always remain a critical requirement of any
postoperative evaluation strategy. However, it is
interesting to speculate that nonendoscopic
direct imaging of the surgical repair site might
become an option in the not-so-distant future.

Recently, a 14 frame per second dual-headed
capsule (PillCam; Given Imaging, Yoqneam,
Israel) has begun initial testing as a means of
evaluating the distal esophageal mucosa for evi-
dence of esophagitis and or Barrett’s esophagus.
It is plausible that further developments with
this noninvasive, office-based test could con-
ceivably offer both an antegrade and retrograde
detailed inspection of the surgical site and
provide the necessary information the physician
needs to assess competency of the original fun-
doplication."”

Another potential means of imaging the wrap
may be through the use of high-resolution com-
puted tomography or magnetic resonance scan-
ners using the newer and increasingly available
multichannel systems along with software that
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allows three-dimensional reconstruction and
“fly-through” imaging of the gastrointestinal
tract. Although most physicians have become
aware of this technology as a means of evaluat-
ing the colon (computed tomography or mag-
netic resonance colonography or “virtual”
colonoscopy), this technology can also be used
to image the small bowel and stomach/esopha-
gus. It is interesting to speculate that three-
dimensional reconstruction with “fly-through”
capability may allow for the same comprehen-
sive antegrade and retrograde evaluation of an
anti-reflux surgical repair that is currently only
available endoscopically. Thus we may be able to
obtain endoscopic-quality imaging of the sus-
pected disrupted fundoplication noninvasively.

In addition to this fly-through capability
for static constructs, increasing computing
memory and speed may eventually permit
dynamic evaluation of hollow organs in three
dimensions at high magnification over time.
The primary limitation of this technique will be
the radiation dose required to complete the
examination, which we estimate will require a
period of 10-20 minutes of real time radiogra-
phy during which patients are put through a
variety of swallowing maneuvers. The informa-
tion obtained would provide imaging at a level
of complexity not currently available in any
single test and in a noninvasive manner. The
three-dimensional evaluation of a dynamic
process, with the ability to reconstruct both the
esophageal and gastric lumens (fly-through
technology) and the fundoplication wrap
(“drive-by” technology), would provide the
clinician with the capacity to identify details
such as inappropriate motion of the stomach
within the wrap or which individual suture is
creating excessive narrowing of the gastric
lumen.

Although both of these above suggestions for
imaging an anti-reflux surgical site may at first
glance appear highly speculative, the progress
made in gastrointestinal imaging with capsule
devices and radiology over the last few years is
simply staggering. It is entirely conceivable that
comprehensive nonendoscopic imaging of the
anti-reflux construct can be obtained with these
or other advanced imaging technology in devel-
opment, and we suspect the only real issue is
how soon reliable imaging of this nature will
become available for clinical use in evaluating a
prior anti-reflux surgical repair.
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Endoscopic and
Pharmacologic Therapy after
a Failed Anti-Reflux Surgery

Once it has been objectively determined
through appropriate and increasingly accurate
diagnostic testing that the symptoms a patient
has in the postoperative state are related to con-
tinued or recurrent reflux, the next decision
one needs to make is how best to manage
the patient’s GERD. Options include repeat
anti-reflux surgery in a center with skill and
experience in this type of surgery, endoscopic
anti-reflux procedures, or pharmacologic
anti-reflux therapy. The treatment choice in this
situation, as noted in Chapter 10, is heavily
dependent on the patient’s preferences regard-
ing further therapy for GERD as well as their
unique physiology and anatomy determined by
a careful evaluation. Furthermore, the availabil-
ity of surgical or endoscopic skill in performing
these types of repeat procedures may limit or
expand the options offered the patient. It is
likely that continued improvements and inno-
vation in surgical, endoscopic, and pharmaco-
logic anti-reflux therapy will further expand the
clinician’s options in managing these patients.

We are not optimistic that we will see con-
trolled trial information on the effectiveness of
endoscopic anti-reflux devices in patients with
prior failed anti-reflux surgery. Although the
anecdotal experience in this clinical arena is
likely to expand exponentially, there are few
incentives for device manufacturers to test their
technology in this patient population that is
difficult to study and treat. It is likely that most
of what we learn in using endoscopic anti-reflux
devices in the failed anti-reflux surgical patient
will be based on “experience” rather than
science.

Having said this, we do believe that as we
further develop data regarding the impact of the
endoscopic anti-reflux procedures on lower
esophageal sphincter anatomy and physiology,
we will more intelligently apply one or more of
the devices in the failed postoperative patient. It
is also likely that data derived in this setting will
allow us to more accurately predict who is a
viable candidate for such therapy as well as
which procedure is most likely to succeed.
In patients with a more intact postoperative
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anatomy, we suspect that one of the injection
techniques will suffice, whereas those with more
disrupted anatomy will require more definitive
closure of the hiatus, possibly with one of the
plication techniques. What we really need to
acquire are data regarding the durability, long-
term safety, and cost-effectiveness of the devices
in the failed postoperative setting. If these
devices prove to be durable as an adjunctive
therapy for failed anti-reflux surgery, then even
a high initial acquisition cost may not be pro-
hibitive in using them in this clinical setting.

What will drive the choice of treatment for
the patient with a failed anti-reflux operation
will always be dependent on patient-centered
goals of therapy, their unique anatomy and
physiology, and the availability of expertise
in surgical or endoscopic anti-reflux salvage
therapy. However, the options within the realm
of pharmacologic and endoscopic anti-reflux
therapies and evidence for the success of those
options in this clinical scenario will likely
greatly expand in the coming years. Physicians
caring for patients such as these will need to stay
abreast of the developments in this field and not
only use the most accurate tools available for
evaluating the patients with persistent or recur-
rent GERD after anti-reflux surgery, but also
consider all of the various options available to
the patient.
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COX-2. See Cyclooxygenase-2
Crural closure, 73, 97. See also Suture cruroplasty
failed anti-reflux surgery and, 96
reoperative fundoplication and, 100, 101, 128, 131,
132
Cyclooxygenase-2 (COX-2), esophageal
adenocarcinoma and, 52

D
Deep venous thrombosis (DVT), reoperative
fundoplication and, 128
Delayed esophageal emptying, failed anti-reflux
surgery and, 93
Delayed gastric emptying, reflux surgery and, 105
DGER. See Duodenogastroesophageal reflux
Diaphragmatic closure
anti-reflux surgery and, 63
Diaphragmatic hiatus, anatomy of, 5
Diaphragmatic sphincter, hiatus hernia and, 7
Diarrhea, 106-107, 109
GERD and, 32-33
Diary records, GERD symptoms and, 40
Diet
GERD and, 32
laparoscopic gastric bypass surgery and, 136
postoperative symptoms and, 80
Dilation. See Esophageal dilation
Disrupted fundoplication, 85
Dissection of Cardia, anti-reflux surgery and, 62
Distal esophagectomy, EG] pressure and, 4

Distension, postoperative, 73
Distention pressure, EJG cross-sectional area and, 8
Domperidone, GERD and, 33
Dopamine, esophagectomy and, 170
Dor fundoplication, 79
advantages of, 61
Duodenal switch
BE and, 160
TDD and, 144-145
Duodenogastroesophageal reflux (DGER), 139, 140
24 hour pH monitoring and, 141
bile diversion operations and, 142
bilirubin monitoring and, 142
diagnosis for, 140-141
tests for, 141
treatment for, 142
DVT. See Deep venous thrombosis
Dyspepsia, 114. See also Quality of life in reflux and
dyspepsia
pharmacologic therapy and, 23-24
rabeprazole and, 24
Dysphagia, 92. See also Acute dysphagia
anti-reflux surgery and, 103-104
esophageal adenocarcinoma and, 53
esophageal stricture and, 48
esophagectomy and, 171
laparoscopic gastric bypass surgery and, 136
new, post-Nissen fundoplication and, 81
partial fundoplication and, 130
postoperative, 79-80, 80, 91, 103
revisional, 96, 133

E
EGJ. See Esophagogastric junction
Electrodes, DGER and, 141-142
EndoCinch device, 119
GERD and, 24
Endoluminal device, stricture and, 17
Endoscopic anti-reflux procedures, 118-119. See also
Anti-reflux surgery; Surveillance endoscopy
GERD and, 182
long-term outcome of, 119-120
reimbursement status of, 119
short-term outcome of, 119-120
Endoscopic assessment endpoints, anti-reflux
therapy outcome and, 38-39
Endoscopic valve criteria, 117
Endoscopy, 39. See also Endoscopic anti-reflux
procedures; Flexible endoscopy; Retroflex
gastroscope; Surveillance endoscopy
alkaline reflux and, 140
BA and, 49
BE and, 51-52
disrupted fundoplication and, 85
esophageal adenocarcinoma and, 53
failed anti-reflux surgery and, 93, 118, 184-185
upper gastrointestinal, 15, 93
foregut disorders and, 176
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Endoscopy (cont.)
GERD and, 24-25, 154
mucosal damage and, 38
postoperative management and, 114
Endpoints, response to treatment and, 39
End-stage reflux, 178,179
Enteral feeding tube, 166
Enterotomy, reoperation and, 133
Enteryx injection, 119
GERD and, 25
Epigastric pain, Nissen fundoplication and, 85-87,

Erosive esophagitis, 36. See also Esophageal acid
acid suppression therapy and, 47
anti-reflux surgery and, 47
epidemiology studies of, 46
Los Angeles grading system and, 38
pathogenesis of, 46-47
prevalence of, 45-46
relapse of, 39
risk factors of, 46-47
symptoms of, 47
treatment for, 47
Erythromycin, dyspepsia and, 23
Esomeprazole
GERD and, 121
omeprazole v., 35
relapse rate and, 39
Esophageal acid
clearance of, 9-10, 11
exposure, normalization of, 38
Esophageal adenocarcinoma, 46, 51, 52-53
COX-2 and, 52
incidence of, 52
pathogenesis of, 52
risk factors for, 52
staging and, 53
symptoms of, 53
treatment of, 53
Esophageal biopsy. See Biopsy, esophageal
Esophageal dilation, 18, 104
dysphagia and, 103
esophageal obstruction and, 16-17
revisional anti-reflux surgery and, 96
Esophageal disorders, early nonsurgical therapy of,
16-19
Esophageal emptying. See also Delayed esophageal
emptying
impairments of, 10, 11
Esophageal lengthening procedures, considerations
for, 98-99
Esophageal malignant disease, long-limb Roux-Y
jejunal reconstruction and, 146
Esophageal manometry, 103. See also Antral
manometry tracings; Esophageal manometry
anti-reflux surgery and, 59
failed anti-reflux surgery and, 93-94
short esophagus and, 154

INDEX

Esophageal mobilization
anti-reflux surgery and, 62
reoperative fundoplication and, 128
Esophageal motility, anti-reflux therapy and, 38
Esophageal obstruction, esophageal dilation and,
16-17
Esophageal perforation, anti-reflux surgery and,
69-70
Esophageal pH monitoring
anti-reflux surgery and, 59
anti-reflux therapy and, 37-38
asthma and, 45
Esophageal reflux. See Reflux
Esophageal resection, foregut disorders and, 176
Esophageal sphincter pressure, erosive esophagitis
and, 47
Esophageal stents, 17-18
Esophageal stricture, 48-49, 53, 104, 139. See also
Endoluminal device; MUSE; Stricturoplasty
bypass, 19
GERD and, 155, 164
heartburn, 48
pathogenesis and prevalence of, 48
PPI therapy, 48
ranitidine and, 48
risk factors of, 48
symptoms of, 48
treatment for, 48-49
Esophageal stripping, vagal-sparing esophagectomy
and, 178
Esophageal ulcerations, erosive esophagitis and, 47
Esophagectomy. See also Distal esophagectomy
approach for, 166-167
BE complications and, 165
gastrointestinal bleeding and, 164-165
GERD and, 163-172
history of, 163-164
indications for, 164
laparotomy incision and, 165
multiple failed anti-reflux surgeries and, 165
outcomes with, 171-172
long-term, 171, 172
operative, 171
postoperative care in, 169-171
resection, extent of, 167
surgical procedure in, 168-171
vagal-sparing procedure and, 176
Esophagitis. See Reflux; Erosive esophagitis
Esophagogastric junction (EG]), 2, 160
constituents of, 2-5
incompetence, mechanisms of, 5
simulated air flow rates in, 9
simulated water flow rates in, 9
Esophagogastroduodenoscopy (EGD), barium
swallow and, 80-81, 82
Evaluation, preoperative, multiple failed anti-reflux
surgeries and, 165-166
Extraesophageal GERD, 36
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INDEX

F
Famotidine, GERD and, 34
FDA. See Food and Drug Administration
Feeding jejunostomy, 86
Fibrosis, short esophagus and, 153
Fistula, postoperatively, 71
Five-trocar technique
laparoscopic reoperative fundoplication and,
131
redo surgery and, 100
Flatulence, 106-107. See also Gas bloat syndrome
Flexible endoscopy, anti-reflux surgery and, 58
Floppy fundoplication, 95
reoperative fundoplication and, 128
Food and Drug Administration (FDA), endoscopic
anti-reflux procedures and, 119
Foregut
disorders
evaluation of, 176
GERD and, 15
motility disorder, primary duodenogastric reflux
and, 140
postoperative symptoms in, anti-reflux surgery
and, 91
Full-thickness endoscopic plication system, GERD
and, 24
Fundic patch esophagoplasty, 20
Fundoplication, 20, 21, 23. See also Dor
fundoplication; Floppy fundoplication; Hill
fundoplication; Intrathoracic fundoplication;
Laparoscopic anti-reflux procedures; Nissen
fundoplication; Open fundoplication; Partial
fundoplication; Reoperative fundoplication;
Slipped Nissen fundoplication; Total
fundoplication; Toupet fundoplication;
Twisted fundoplication; Uncut Collis-Nissen
repair
acute dysphagia and, 74-75
anchoring, 63-64, 65
anti-reflux surgery and, 60
dysphagia and, 103
GERD and, 79
herniation, Nissen fundoplication and, 84
laparoscopic revision of, 130-133

G
Gas bloat syndrome
Nissen fundoplication and, 85-87, 86
postoperative symptoms and, 92
reflux surgery and, 104-106, 105, 106
reoperation and, 133
Gastric aspiration studies. See Aspiration studies
Gastric bypass surgery. See Laparoscopic gastric
bypass surgery
Gastric emptying study, 86. See also Delayed
esophageal emptying; Delayed gastric
emptying
failed anti-reflux surgery and, 93-94

foregut disorders and, 176
postoperative management and, 114
TDD and, 144, 145
vagal-sparing esophagectomy and, 178, 179
Gastric juices, GERD and, 15
Gastric perforation, postsurgically, 72
Gastric pull-up, 178,179
Gastric resection, prior, reflux disease and, 175
Gastric tear, anti-reflux surgery and, 69-70
Gastroesophageal flap valve, 3, 4
EJG and, 7
Gastroesophageal reflux disease (GERD), 1-11, 53.
See also Anti-reflux surgery; Diarrhea;
Heartburn; Reflux; Wretching
airway manifestations of, surgery and, 58
background, 31-32
complications of, 45-53, 139
dysphagia and, 104
early surgical therapy for, 19-20
EGJ mechanisms in, 5-9
epidemiology of, 1-2
esophageal adenocarcinoma and, 52
medical management of
algorithms in, 31-41
outcomes in, 31-41
medical therapy for, 181-182
motility studies and, 154-155
pathogenesis of, 139-140
pathophysiology of, 2
patient evaluation, recurrent disease and,
79-84
physiologic evaluation of, 181
postoperative symptoms of, 79
recurrent symptoms of, 80-82
shortened esophagus and, 151, 152
medical management of, 155
therapy for
considerations in, 155
future directions for, 181-185
indications for, 182-183
Gastroesophageal reflux. See Reflux
Gastrointestinal bleeding. See Bleeding,
gastrointestinal
Gastrointestinal function, tests of, 118
Gastrointestinal junction, reoperative
fundoplication and, 128
Gastrointestinal physiology, tests of, 118
Gastrointestinal quality of life index (GIQLI), 40. See
also Quality of life
Gastrointestinal study, laparoscopic gastric bypass
surgery and, 136
Gastrointestinal tract, GERD and, 11
Gastrojejunal reconstruction (Billroth II), TDD and,
144
Gastrojejunostomy, laparoscopic gastric bypass
surgery and, 134
Gastroparesis, 86
failed anti-reflux surgery and, 93-94
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Gastrostomy, 18
GERD. See Gastroesophageal reflux disease
GIQLI See Gastrointestinal quality of life index

H
H2RA. See Histamine-2-receptor antagonists
Health-related quality of life (HRQOL) assessment,
anti-reflux therapy and, 40
Heartburn, 36, 45, 108, 114
erosive esophagitis and, 47
esophageal stricture and, 48
esophagectomy and, 171
GERD and, 1, 181
postoperative symptoms and, 91, 92
QOL and, 40
recurrent, 107
Helicobacter pylori, GERD and, 2
Herniation of fundic wrap
anti-reflux surgery and, 73
failed anti-reflux surgery and, 94
Herniation of fundoplication into chest, 73
Hiatal closure, 63
Hiatal defects
crura fibers and, 99
management of, 99-100
Hiatal hernia, 132, 176. See also Iatrogenic
paraesophageal hernia; Paraesophageal
hernias
diaphragmatic sphincter and, 7
erosive esophagitis and, 47
failed anti-reflux surgery and, 96
peptic ulcer of esophagus and, 16
reflux and, 5
shortened esophagus and, 153
surgery, evolution of, 151-152
Hill fundoplication, 21, 98
advantages of, 61
Histamine-2-receptor antagonists (H2RA)
dyspepsia and, 23
endoscopic techniques v., 121
erosive esophagitis and, 47
GERD and, 34, 181
reflux esophagitis and, 155
Histamine receptors. See also Histamine-2-receptor
antagonists
dyspepsia and, 23
HRQOL. See Health-related quality of life
assessment

|
Tatrogenic paraesophageal hernia, 97
IBS. See Irritable bowel syndrome
Impedance studies

anti-reflux surgery and, 59-60

foregut disorders and, 176

GERD and, 181

postoperative management and, 115
Implantation therapy, GERD and, 25

INDEX

Incision
laparotomy, esophagectomy and, 165
upper midline, reoperative fundoplication and,
128
Injection techniques. See also Enteryx injection
failed anti-reflux surgery and, 185
Injury, esophageal mucosal, BA and, 50
Intraabdominal insufflation pressure, revisional
fundoplication and, 100-101
Intraesophageal pH monitoring, GERD and, 181
Intrathoracic fundoplication, shortened esophagus
and, 159-160
Irritable bowel syndrome (IBS), 106-107, 107
GERD and, 106

J
Jejunal branches, division of, 147
Jejunum, esophageal reconstruction and, 146

L
Lansoprazole
dyspepsia and, 24
esomeprazole v., 35
relapse rate and, 39
Laparoscopic anti-reflux procedures
reoperation, failed fundoplication and, 133
surgeon and, 67
Laparoscopic fundoplication. See Fundoplication
Laparoscopic gastric bypass surgery. See also Roux-
en-Y gastric bypass
postoperative management of, 136
recurrent reflux and, 134-135
Laryngopharyngeal reflux (LPR), 108
Laryngoscopy, anti-reflux surgery and, 59
Learning curves, endoscopic anti-reflux therapy
and, 121
Left Crus Approach, anti-reflux surgery and, 62
Lengthening gastroplasty, 22, 156-159, 160
LES. See Lower esophageal sphincter
Lifestyle
GERD and, 32
reflux esophagitis and, 155
Liver, reoperative fundoplication and, 87, 131
Long-limb Roux-Y jejunal reconstruction
after proximal gastrectomy, technical aspects of,
145-147
after total gastrectomy, 145-147
partial esophagectomy and, 147
Los Angeles grading system, erosive esophagitis
and, 38, 45, 46
Lower esophageal sphincter (LES)
dysfunctional, 140
EGJ and, 2-4
hypotension, 5, 6, 154
pressure, 2, 3
tone, GERD and, 154
LPR. See Laryngopharyngeal reflux
Lumen dilation, esophageal stricture and, 48
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Luminal bilirubin monitoring. See Bilirubin
monitoring

Lymphadenopathy, esophageal adenocarcinoma
and, 53

M
Magnetic resonance scanners, anti-reflux surgery
and, 183-184
Maintenance medical therapy, esophagitis and, 39
Malignancy, esophageal biopsy and, 154
Manometric studies, preoperative. See also Antral
manometry tracings; Esophageal manometry
reoperative fundoplication and, 128
Mediastinal adhesions, reoperative laparoscopic
fundoplication and, 87
Medical therapy. See also Maintenance medical
therapy
recurrent GERD and, 122
Medication. See Pharmacological therapy
Mesh closure, reoperative fundoplication and, 131,
132
Metaplasia,ulcers,strictures, erosions. See MUSE
classification
Metoclopramide
dyspepsia and, 23
Modified Collis-Nissen repair, 157-159, 158, 159
Morbid obesity. See also Body mass index
anti-reflux surgery and, 58
laparoscopic gastric bypass surgery and, 134-135
roux-en-y gastric bypass and, port placement in,
134,135
Mortality, esophageal adenocarcinoma and, 53
Motility studies
foregut disorders and, 140, 176
GERD and, 154-155
persistent postoperative dysphagia and, 82
Motor function evaluation, GERD and, 154-155
MUSE (metaplasia,ulcers,strictures, erosions)
classification, endoscopy and, 154

N
NAB. See Nocturnal acid breakthrough
Nasoenteral tube, esophagectomy and, 169
Nausea, Nissen fundoplication and, 85-87, 86
NCCP. See Noncardiac chest pain
Near total esophagectomy, 168-169, 172
Nissen fundoplication, 79, 132

acute herniation and, 74

advantages of, 60

anatomic failure of, 84-88

short esophagus and, 72

Toupet procedure v., 96

types of failed, 95
Nissen’s initial technique, 72
Nissen wrap, failed fundoplication and, 135
Nitinol mesh stents, benign strictures and, 18
Nizatindine, GERD and, 34
Nocturnal acid breakthrough (NAB), 35

Noncardiac chest pain (NCCP), GERD and, 109
Nonerosive esophageal disease, 46

0
Obesity. See Morbid obesity
Omeprazole
anti-reflux surgery, 92
dyspepsia and, 24
esomeprazole v., 35
GERD and, 33,121, 181, 182
Ondansetron, wretching and, laparoscopic gastric
bypass surgery and, 136
Open fundoplication
laparoscopic refundoplication v., complications
in, 133-134
PPI therapy v., 122
Organomegaly, esophageal adenocarcinoma and, 53
Over-the-counter medications, anti-reflux therapy
and, 41

P
Palliative surgical therapy, esophageal obstruction
and, 18-19
Pancreatic polypeptide (PP) test, vagus nerve and,
107
Pantoprazole
dyspepsia and, 24
esomeprazole v., 35
Paraesophageal hernias, short esophagus and, 153
Partial esophagectomy, 169, 170
long-limb Roux-Y jejunal reconstruction and,
total gastrectomy and, 147
Partial fundoplication
choosing, 98
dysphagia and, 130
failed anti-reflux surgery and, 94, 96
Patch esophagoplasty, 163
Penrose drain, reoperative laparoscopic
fundoplication and, 87
Pepsin, GERD and, 139
Peptic esophageal ulcer, 15
hiatal hernia and, 16
Perforation, intraoperative, anti-reflux surgery and,
69-70
Periesophagitis, short esophagus and, 153
Persistent postoperative dysphagia, GERD v., 82-84
PGWBI. See Psychological general well-being index
Pharmacological therapy. See also Acid suppression
therapy; Antacids; Antibiotic prophylaxis;
Baclofen; Bethanechol; Cimetidine;
Cisapride; Combination therapy;
Domperidone; Dopamine; Erythromycin;
Esomeprazole; Famotidine; Lansoprazole;
Medical therapy; Metoclopramide;
Nizatindine; Omeprazole; Ondansetron;
Over-the-counter medications; Pantoprazole;
Promotility agents; Proton pump inhibitor
therapy; Rabeprazole; Ranitidine
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Pharmacological therapy (cont.)
anti-reflux therapy and, 40-41
failed anti-reflux surgery and, 118, 184-185
reflux, postsurgical, 107
Pharyngeal pH monitoring, anti-reflux surgery and,
59
pH monitoring. See Esophageal pH monitoring;
Pharyngeal pH monitoring; Twenty-four
hour pH monitoring
Physiological test, postoperative management and,
115
Plicator, 119
Pneumomediastinum, anti-reflux surgery and,
70-71
Pneumonia, esophagectomy and, 170
Pneumoperitoneum, creation of, 61
Pneumothorax
anti-reflux surgery and, 70-71
reoperation and, 133
Polytetrafluoroethylene mesh repair, 132
Port placement
anti-reflux surgery and, 61
reoperative fundoplication and, 131
Positive symptom index, GERD and, 80
Posterior gastropexy, 21
Postoperative leak, reoperation and, 133
Postvagotomy diarrhea, vagal nerves and, 177
PPI plus H2RA therapy, 35
PPI therapy. See Proton pump inhibitor therapy
Primary duodenogastric reflux, foregut motility
disorder and, 140
Prokinetics
GERD and, 182
LESP and, 38
Promotility agents, GERD and, 33-34
Proton pump inhibitor (PPI) therapy, 41, 120, 123
acid exposure and, 38
anti-reflux surgery and, 57-58
Barrett’s acid exposure and, 36
endoscopic techniques v., 121
erosive esophagitis and, 47
esophageal stricture and, 48
GERD and, 34-35, 106, 181, 182
open fundoplication v., 122
reflux esophagitis and, 155
Proximal gastrectomy, long-limb Roux-Y jejunal
reconstruction and, technical aspects of,
145-147
Psychological general well-being index (PGWBI),
anti-reflux therapy and, 40
Pulmonary disorders, esophagectomy and, 170
Pyloroplasty, 86
reoperative laparoscopic fundoplication and, 88

Q
QOLRAD. See Quality of life in reflux and dyspepsia
QOL. See Quality of life

INDEX

Quality of life (QOL), 40. See also Health-related
quality of life assessment
esophagectomy and, 171
heartburn and, 40
Quality of life in reflux and dyspepsia (QOLRAD),
40

R
Rabeprazole, dyspepsia and, 24
Radiology. See also Computed tomography;
Magnetic resonance scanners
GERD and, 153-154
Ranitidine
esophageal stricture and, 48
GERD and, 33
Reflux, 1, 11, 15, 53, 139. See also Acid-gastric reflux;
Acid-pepsin; Alkaline reflux; Antacids; Anti-
reflux surgery; Duodenogastroesophageal
reflux; End-stage reflux; Erosive esophagitis;
Fundoplication; Primary duodenogastric
reflux; Quality of life in reflux and
dyspepsia; Surgery
investigation of, 153
postoperative symptoms of, 80
PPI and, 155
recurrent, documentation of, 113-115
recurrent symptoms
after fundoplication, 127
post Nissen fundoplication, 82
reflux surgery and, 109
Reflux-related asthma, 36
Regurgitation, 107, 108. See also Nausea;
Wretching
erosive esophagitis and, 47
esophageal stricture and, 48
esophagectomy and, 171
postoperative symptoms and, 91
Remission
anti-reflux surgery and, 183
maintenance of, GERD and, 35
Reoperative fundoplication, 87, 96, 101. See also
Laparoscopic anti-reflux procedures;
Lengthening gastroplasty; Shortened
esophagus
exposure for, 87-88
liver and, 131
mesh closure and, 131, 132
open fundoplication v., 133-134
operative techniques for, 128
port placement and, 131
preoperative evaluation for, 127
shoe-shine test and, 129
stomach and, 87
surgical approach for, 97
technical tips for, 100-101
upper midline incision and, 128
Respiratory insufficiency, esophagectomy and, 170
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INDEX

Retroflex gastroscope, fundoplication abnormalities
and, 83

Revisional fundoplication. See Reoperative
fundoplication

Roux-en-Y gastric bypass, 160. See also Long-limb
Roux-Y jejunal reconstruction

port placement for, morbid obesity and, 134
Roux-en-Y limb, TDD and, 143

S
Salivation, esophageal acid clearance and, 10
Satiety, reflux surgery and, 105
Scintigraphy, DGER and, 140
Scleroderma, reflux disease and, 175
Sequential compression devices, anti-reflux surgery
and, 61
Sewing/stapling techniques, GERD and, 24
Shoe-shine test, reoperative fundoplication and, 100,
129
Shortened esophagus, 22, 69, 73, 84
endoscopic evaluation and, 154
etiology of, 152-153
failed anti-reflux surgery and, 94
GERD and, 164
management of, 151-161
minimally invasive surgery and, 160
recognition of, long-term results and, 161
stricturoplasty and, 159-160
Short gastric vessels, transecting, anti-reflux surgery
and, 62
Slipped Nissen fundoplication, 84-85
failed anti-reflux surgery and, 94, 95
Smoking cessation, reflux esophagitis and, 155
Staging, esophageal adenocarcinoma and, 53
Staplers, esophageal lengthening and, 99
Stomach
failed anti-reflux surgery and, 94, 96
fundoplication and, 63
reoperative fundoplication and, 87
Stretta System, 119
GERD and, 25
Stricturoplasty, 20
shortened esophagus and, 159-160
String-guided bougie, 18
Surgery. See also Acute transhiatal herniation of
wrap; Anti-reflux surgery; Enterotomy;
Evaluation; Fundoplication; Gastric
resection, prior; Hill fundoplication;
Incision; Laparoscopic anti-reflux
procedures; Nissen fundoplication; Partial
esophagectomy; Partial fundoplication;
Reoperative fundoplication; Roux-en-Y
gastric bypass; Thoracotomy; Total duodenal
diversion; Total gastrectomy; Toupet
fundoplication; Transthoracic
esophagectomy; Twisted fundoplication
minimally invasive, shortened esophagus and, 160

Surgery, anti-reflux. See Anti-reflux surgery

Surveillance endoscopy, BE and, 50-51

Suture cruroplasty, 132

Symptom assessment, anti-reflux therapy and,
39-40

T
TDD. See Total duodenal diversion
Teflon
pledgets, fundoplication and, 130
probe, DGER and, 142
Tegaserod, GERD and, 33, 182
Tenatoprazole, GERD and, 182
Thoracotomy
failed fundoplication and, 135-136
operative technique in, failed fundoplication and,
135-136
tLESRs. See Transient lower esophageal sphincter
relaxations
TNM classification system, esophageal
adenocarcinoma and, 53
Total duodenal diversion (TDD), DGER and,
142-144, 143
Total fundoplication
choosing, 98
reoperative fundoplication and, 129
Total gastrectomy, long-limb Roux-Y jejunal
reconstruction and
partial esophagectomy and, 147
technical aspects of, 145-147
Toupet fundoplication, 79, 98, 132
advantages of, 60-61
completed, 130
Nissen fundoplication v., 96
Transhiatal herniation of wrap, postoperative
symptoms and, 92
Transient lower esophageal sphincter relaxations
(tLESRs), 5, 38, 104, 105, 118. See also Lower
esophageal sphincter
mechanical properties of, 7-9
transient, 5-6
Transmural tears, anti-reflux surgery and,
70
Transthoracic esophagectomy, 18-19, 177
Twenty-four hour pH monitoring, 108, 109. See also
Esophageal pH monitoring; Intraesophageal
pH monitoring
anti-reflux surgery and, 91
Bravo system and, 117
DGER and, 141-142
failed anti-reflux surgery and, 93
foregut disorders and, 176
GERD and, 80
postoperative management and, 114, 115
preoperative, dysphagia and, 104
prior procedures and, 117-118
reflux disease and, 155
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Twisted fundoplication, 85, 94
Two-compartment stomach, 85

U

Ulcerations. See Barrett’s ulcers; Esophageal
ulcerations

Uncut Collis-Nissen repair, 157, 158

Upper gastrointestinal discomfort, reflux surgery
and, 104-106

Upper gastrointestinal series, surgery and, 59

v
Vagal nerve(s), 179
injury, anti-reflux surgery and, 70
postvagotomy diarrhea and, 177
Vagal-sparing esophagectomy, 171, 175-180
contraindications for, 176
evaluation for, 176
indications for, 176-177
results of, 178-180
surgical approach for, 177-178
vagal nerve and, 179
Vagotomy, 160
TDD and, 144
Vagus nerve
PP test and, 107
reoperative laparoscopic fundoplication and, 88

INDEX

Valve, endoscopic valve criteria and, 117

Vascular injury, anti-reflux surgery and,
68-69

Vein stripper, vagal-sparing esophagectomy and,
178

Ventilation, endotracheal positive pressure, 19

Visceral arteriogram, esophageal resection and,
176

Visiport, 61

Vomiting. See Regurgitation

w
Weight loss
esophageal adenocarcinoma and, 53
reflux esophagitis and, 155
Wrap. See Acute transhiatal herniation of wrap;
Belsey Mark IV wrap; Herniation of
fundic wrap; Nissen wrap; Transhiatal
herniation of wrap; Wrap disruption; Wrap
herniation
Wrap disruption, 132
failed anti-reflux surgery and, 94
Wrap herniation, 98
Wretching
ondansetron and, laparoscopic gastric bypass
surgery and, 136
postoperative symptoms and, 92
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