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PREFACE

Gastroesophageal reflux disease (GERD) is one of the most common gastrointestinal disorders in the
Western world. In recent years, there have been many developments in the field of GERD. At least, all these
developments have helped to find new diagnostic procedures and different treatment concepts. As well
known, GERD affects patients quality of life and leads to a significant economic burden on society. There-
fore, all further investigations should primary aim in an improvement of patients daily life.

The challenge of this book is to critically evaluate the currently available literature and to present for all
you who are interested in the field of GERD the basic principles of disease, diagnostic and treatment. We,
the editors, are more than proud that a large number of the world wide leading experts have accepted our in-
vitation to contribute on this book.

In the first part of the book, the authors discuss aspects of epidemiology, pathophysiology, GERD in rela-
tion to age and gender, the progression of GERD to Barrett’s esophagus, GERD and hiatal hernia or the role
of Helicobacter pylori.

The second part addresses specific areas of medical and endoscopic management as well as general dia-
gnostics and presurgical evaluation: the role of endoscopy, esophageal manometry and pH monitoring or
radiology.

The third part includes all relevant aspects of surgical treatment including a historical review of surgical
history in GERD. The chapters present aspects such as surgical techniques, outcomes, failures of surgery and
their management as well as new trends in surgery such as robotic antireflux surgery or the use of prosthetic
material for hiatal closure.

In contrast to other books, we have finally included a fourth block of chapters describing primary the pa-
tients view of disease. Therefore, aspects such as patients quality of life before and after different concepts of
treatment, psychological aspects of GERD but also the socio-economic view are included.

We all hope that this book will help provide further guidance for all those of you who work in the field of
GERD – independently if they work as a general practitioner, a gastroenterologist, a surgeon or a nurse – and
that you will find the material helpful for your work.

Zell am See, October 2005 Frank A. Granderath
Thomas Kamolz

Rudolph Pointner
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CLINICAL SPECTRUM, NATURAL HISTORY AND 
EPIDEMIOLOGY OF GERD

F. Pace and G. Bianchi Porro

Chair and Department of Gastroenterology, “L. Sacco” University Hospital, Milan, Italy

Chapter 1

Summary

GERD is a spectrum disease, i.e., a disease composed
by many patient subgroups, ranging from symptom-
atic disease without mucosal lesions (or NERD) to the
complications of erosive esophagitis, such as esopha-
geal stricture, ulceration or Barrett’s esophagus. Al-
most all the transitions are possible amongst groups,
even if the progression from one stage to the other has
been described mainly based upon retrospective data.

The natural history of the disease is poorly inves-
tigated: available data would suggest that symptoms
of GERD tend to persist and to worsen with time, in-
dependently from the presence and severity of muco-
sal lesions or the severity of esophageal acid exposure
at presentation.

As far as the epidemiological features are concern-
ed, the prevalence of at least monthly GERD symp-
toms ranges between 26% to 44% in western countries,
whereas the prevalence of endoscopic esophagitis at
open access endoscopy or in symptomatic patients
seem to be very high, up to 20%, with an incidence rate
in the general population about hundred time lower.

The principal complication, e.g., Barrett’s esopha-
gus, has a prevalence of 15–20% of the GERD popu-
lation, with a rate of adenocarcinoma development of
about 0.5% per patient year of follow up. Mortality
for uncomplicated GERD is negligible.

Introduction

The backward flow of gastric content into the esopha-
gus, that is, gastroesophageal reflux (GER), is up to a
certain extent a physiological phenomenon, in particu-
lar during the early postprandial phase [1]. When the
threshold of normality is surpassed, GER may induce
inflammatory changes of the esophageal mucosa, dif-

ferent esophageal and extra-esophageal symptoms
(even in the absence of detectable lesions), and macro-
scopic lesions such as erosive or ulcerative esophagitis
or so-called atypical manifestations (laringytis, far-
ingytis, dental erosions, and many others).

From this brief introduction is already clear that
GER disease (GERD) is a broad disease, with a large
clinical spectrum of signs and symptoms, interesting
not only the esophageal area but many other regions 
of the body, including the mouth, lungs, ear, nose and
throat, and which can be accompanied or not by esoph-
ageal lesions. It is therefore evident that the epide-
miology of GERD is difficult to assess because this 
disease encompasses at least three broad groups of pa-
tients: (a) those with typical symptoms, such as heart-
burn and regurgitation but without reflux esophagits,
so called non erosive reflux disease (NERD) patients;
(b) patients with reflux esophagitis, and with or without
complication, such as stricture, specialized intestinal
metaplasia; (c) patients with atypical manifestations
(Table 1).

In this chapter, we will address the topic of the
clinical spectrum of the disease as well as its natural
history, and review the epidemiological data available
in the literature.

Clinical spectrum

Compared to relatively few years ago, the concept of
GERD clinical spectrum has deeply changed during
the last decade. During the last years, in fact, it has
been increasingly recognized that the GERD patient
population is indeed a multifaceted one; the schema-
tic representation of the entire population of pa-
tients, previously presented as an iceberg [2] (see 
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(Fig. 3). The latter schematization does in fact repre-
sent a new conceptual framework, in that it categorize
GERD patients into 3 unique groups of patients:
non-erosive reflux disease, erosive esophagitis and
Barrett’s esophagus; we disagree with this model,
for various reasons, but basically we think that the
principal conceptual mistake lies in the fact that 
the Fass’ view mix together the concept of natural

Fig. 1) has been modified to take into account, as an
example, the changing epidemiology of Helicobacter
pylori infection (Fig. 2), a factor believed to be linked
in some way to GERD [3] and it has been revisited
up to a point that it has been suggested by Fass [5]
that the original iceberg may in fact break into three
smaller icebergs (or populations), completely separat-
ed and not communicating each other anymore 

Table 1. Atypical (or extraesophageal, or supraesohageal ) GERD manifestations

Pulmonary Ear, nose and throat Others

- Asthma (non seasonal, non allergic) - Chronic cough - Non-cardiac chest pain
- Chronic bronchitis - Laryngitis - Dental erosion
- Aspiration pneumonia - Hoarseness - Sleep apnea
- Bronchiectasis - Globus
- Pulmonary fibrosis - Pharyngitis
- Chronic obstructive disease - Sinusitis
- Pneumonia - Vocal cord granuloma

- Laryngeal carcinoma (possible)

Table 2. Epidemiology of GERD

Epidemiologic factor Reference

Incidence and prevalence of reflux symptoms

- Symptoms of reflux in USA healthy subjects (at least monthly) 36% [40]
- Symptoms of reflux in the USA adult population (at least monthly) 44% [41]
- Symptoms of reflux in the Italian adult population (at least monthly) 26% [42]
- Symptoms of reflux in the ingaporean population (at least monthly) � 2% [43]

Prevalence of esophagitis

- in symptomatic patients (Europe) � 30% [37], [38]
- in symptomatic patients (Japan) 15% [39]
- open access endoscopy 20% [35]

Incidence of esophagitis

- in general populations 120/100,000 [34]

Complications of GERD

- Hemorrhage (% of patients with massive UGI bleeding) 6% [48]
- Stricture (% of patients seeking medical care) 10% [50]
- Stricture (% of patients with Barrett’s esophagus) 50% [35]
- Barrett’s esophagus (% of patients with symptomatic GERD) 5–20% [35]
- Adenocarcinoma in Barrett’s (incidence per patient year of follow up) 0.5%

Mortality

- Death rate per year (general population) 0.10–0.20/100,000 [51], [52]
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clinically possible. We therefore strongly defend the
concept of GERD as a disease composed by many
patient subgroups with almost all the transitions pos-
sible from one group to the other (Fig. 4).

Fig. 2. The “iceberg” of GERD in countries where chronic atro-
phic gastritis and gastric cancer are common and GERD is rare
(from [3]). This illustration depicts the change in the presenta-
tion of gastroesophageal reflux associated with the change in
the average pattern of gastritis from an atrophic pangastritis
to a nonatropic gastritis or normal stomach. Gastric cancer be-
comes rare, whereas duodenal ulcer and GERD become prob-
lems among the populations with H. Pylori infection. Thus,
the prevalence of GERD is inversely related to that of gastric
cancer. This change in patterns occurred during the last part
of the 19th and early 20th centuries and is currently ongoing
in many countries

Fig. 3. The GERD iceberg revisited. According to Fass [5] the
iceberg of GERD population may in fact be composed by
three unique groups of patients: nonerosive reflux disease,
erosive esophagitis and Barrett’s esophagus, independent
from each other and not communicating (modified from [4])

Fig. 1. The iceberg of GERD population (modified from [2]. The
“iceberg’’ represents the populations of patients with gastro-
esophageal reflux. The largest group are those with mild disease
who self medicate with over-the-counter drugs and rarely if ever
visit doctors because of their symptoms. The smallest group are
those who visit gastroenterologists because of severe disease re-
quiring continuous high-dose therapy. (A) represents those with
complications (e.g., symptoms and complications), (B) those with
symptoms who seek medical care (e.g., symptoms and com-
plaints), (C) those with symptoms who self medicate and do not
seek medical care (e.g.,symptoms and no complaints)

history, which is the tendency of the disease to prog-
ress and to worsen in the absence of therapy, with
the concept of clinical spectrum, which simply signi-
fies that many clinical manifestations of a disease are

Fig. 4. Natural history of GERD, based on the Markow-state
diagram. Each circle indicates a GERD subgroup. In each sub-
group is possible to stay (curved arrow) or move into another
subgroup (linear arrow). In some cases, data support possibil-
ity of reverse movement, whereas in a single instance (transi-
tion from NERD to AdenoCa data are insufficient). From [6]
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Natural history of GERD

Evaluating the natural history of GERD is useful for a
number of reasons, for this knowledge may help to:
(a) discern the percentage of the population that will
progress from nonerosive to erosive disease and its
complications, such as stricture, Barrett’s oesophagus,
and esophageal adenocarcinoma, or from exclusively
esophageal to extraesophageal manifestations; (b) de-
fine, assess and validate predictivity of risk factors for
such complicated forms of the disease; (c) determine if
medical, surgical or endoscopic therapies are able to
positively modify the natural course of the disease; and
(d) determine the need for maintenance therapy to
prevent complications and persistent symptoms.

Others [7], [8] have pointed out that many factors
make it difficult to study the natural history of GERD,
notably the evolving definition of the disease and the
lack of diagnostic standard with an unclear demarca-
tion between physiological reflux and GERD. As a
consequence, few studies in the literature have addres-
sed the issue of defining the natural history of erosive
GERD, and even less that of nonerosive gastroesopha-
geal reflux disease (NERD), extraesophageal GERD
and complications.

Natural history of NERD

Until recently, patients with endoscopic-negative reflux
disease (NERD) were considered to suffer from a mil-
der disease [9], i.e., requiring less intensive/prolonged
treatment and possibly characterized by a better long-
term prognosis. This concept was subsequently proven
to be incorrect, since the impairment in disease-related
quality of life (HRQoL), for example, appears to be si-
milar in GERD patients with or without endoscopic
esophagitis and is related in both instances to symptom
severity [10]. Also, the symptomatic acute response to
PPI drugs in patients with or without endoscopic mu-
cosal damage seems not to be different, and in fact
might be worse in NERD [11], [12]. Finally, after dis-
continuation of acute treatment, symptomatic relapse
within 6 months appears to affect a similarly high pro-
portion of both GERD groups [13].

A study of ours published ten years ago was pro-
bably the first reporting the natural history of GERD
patients without endoscopic esophagitis but with a pa-

thological esophageal pH-metry [14]. In that study, we
showed that 5 of 33 such patients treated with antacids
or prokinetc agents developed an endoscopic esophagi-
tis ex novo within 6 months, and that the extent of
esophageal acid exposure at entry was not predictive of
this complication. In a subsequent study [15] we exten-
ded the observation of the original patient group up to
a median duration of 10 years. The first interesting ob-
servation regarding this patient sample is that almost
all patients we were able to trace [28], [29] are affected
by GERD symptoms when antisecretory drugs are dis-
continued, and therefore the majority (75%) was on
such a therapy due to GERD symptoms. Secondly, a
very high proportion (89%) of our patients in whom
repeat endoscopy was performed (N � 18) showed an
erosive esophagitis. Thus, a considerable proportion of
the original patient cohort indeed showed a progression
from nonerosive to erosive disease.

Schindlbeck et al [16], in a study investigating the
fate of GERD patients with and without esophagitis,
reported on 16 patients with pH-documented GERD
and no esophagitis 3 years after the diagnosis. During
this period, four patients (25%) developed reflux
esophagitis, while the majority of patient population,
which included also patients with esophagitis at entry,
was still taking medications on a daily basis because
of their GERD symptoms. Symptoms were rated to
be equal or worse than at entry by 70% of patients, in
the absence of treatment. In the study by Mc Dougall
et al [17], 71% of the 17 patients with a pH-metry
documented NERD complained of frequent heart-
burn 3 to 4.5 years after initial diagnosis, 59% were
on daily acid suppressive therapy, and 24% of those
patients who had repeat endoscopy developed
esophagitis. Again, a progression from nonerosive to
erosive GERD was observed, at least in a proportion
of patients.

These studies, together with our own, seem to
indicate that patients with NERD may indeed move
from one part of the spectrum to the adjacent one:
the model proposed by Fass and colleague appears to
be incorrect, since not only is the progression from
nonerosive to erosive GERD substantiated by the
literature, but also the transition from erosive to
Barrett’s esophagus does in fact occurr, as shown, for
example, in the study by Mc Dougall, in which 11%
of patients with erosive esophagitis at entry showed
BE at follow up repeat endoscopy [17].
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Erosive GERD (ERD)

The above quoted paper by Fass states that “patients
with erosive esophagitis tend to remain within this
group during their lifetime’’ and that Barrett’s mucosa
does not progress or regress over time, and thus patients
continue to harbor this type of lesion as long as they
live. In fact this is not true, as transition to Barrett’s
esophagus and to adenocarcinoma has been reported,
the latter even in the absence of BE as an intermediate
lesion. We have already mentioned the 11% of new de-
veloped BE observed in the study by McDougall;
Lagergren et al [18] have demonstrated that the risk 
of adenocarcinoma of the esophagus is much more
related to the duration and severity of gastroesophageal
reflux disease than to the presence of Barrett’s esopha-
gus, and therefore the latter could be considered to be 
“a common, but not necessary step, in the evolution of
esophageal adenocarcinoma’’ [18]. Similar observations
have subsequently been done by Chow et al [19] and by
Farrow et al [20].

Conio et al [21], in a retrospective survey, were
able to demonstrate that in the Olmsted County
many adenocarcinomas of the esophagus occurred 
in patients without a previous diagnosis of Barrett’s
esophagus. All these studies represent arguments
against the statement that most erosive patients tend
to remain in this group, but rather show that a transi-
tion from the less to the most advanced segment of
the GERD spectrum is possible.

Finally, it has been shown already since many years
[22], and has recently been confirmed [23] that, during
the course of the erosive-ulcerative disease, the esopha-
gus is involved in a slow but progressive process of
“shrinkage’’ which determines not only a progressive
weakness of the anti-reflux mechanism represented by
LES length and position, but also the formation of an
“endobrachyesophagus’’, which, to use a more modern
terminology, is synonymous with circular long-segment
Barrett’s esophagus.

Thus, the progression of the disease in this group
of patients is not only suggested by epidemiological
evidence but is also biologically plausible and clini-
cally confirmed.

Atypical manifestations of GERD

Many extraesophageal (or supraesophageal) manifes-
tations of GERD are now acknowledged as parts of

the disease spectrum [24]; we disagree with consid-
ering these manifestations as only possible complica-
tions of the NERD category, as proposed by Fass 
and Ofman. If, in fact, it holds true that the majority
of such patients do not show esophageal mucosal 
damage at endoscopy, a definite proportion, between
20% and 30% of such patients do indeed have ero-
sive or ulcerative esophagitis [25]. We too dispute
that NERD and “atypical’’ GERD patients should be
regarded as having less severe disease; this is how-
ever not based on the absence or presence of mucosal
damage, but on the pathogenesis of symptom per-
ception in those patients. NERD patients are in fact
possibly at least three groups of different patients
(true refluxers, patients with esophageal hyperalgesia
and patients with psychological disturbances) [9],
and the traditional treatment with antisecretory
agents can possibly be more useful in the first group
than in the others. Grouping these patients and the
“atypical’’ ones into a single disease entity will only
result in greater heterogeneity and less management
skill. On the other hand, the diagnostic criterion
based on the absence of mucosal damage presently
allows only an imperfect, operational diagnosis,
which will be rapidly surpassed by new methods of
investigating the pathophysiology of GERD (i.e.,
impedance measurements), similar to what happened
some years ago for nonA-nonB hepatitis, which was
subsequently positively defined according to virus
etiology (hepatitis C virus, delta, E, etc.), when new
sierology methods became available.

Barrett’s patients

Many studies have shown that the symptom expres-
sion in this group of patients is lower than in erosive
GERD patients, as a manifestation of a reduced mu-
cosal sensitivity to acid [26], [27]. On the other
hand, the presence of a specialized intestinal meta-
plasia in the distal esophageal mucosa is associated
with a small but not negligible risk of developing
adenocarcinoma [28]. In any case, the possibility that
patients with Barrett’s esophagus may subsequently
develop adenocarcinoma is seriously considered by
guidelines proposed by gastroenterological associa-
tions [29], [30], and therefore surveillance is recom-
mended [31], even if the cost-effectiveness of this
recommendation is still debated [32].
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hed in 1993 an important paper dealing with the inci-
dence of RE; they examined al the reports of upper GI
endoscopy performed in patients aged � 16 years and
living in a defined catchment area of 226,776 inhabi-
tants during a 2-year period. The incidence of RE was
calculated to be 120 per 100,000: in 88% it was a simple,
uncomplicated, erosive esophagitis. The incidence of
complicated RE and of Barrett’s esophagus was 5.6 and
1.7 per 100,000, respectively [34]. In this study, the seve-
rity of esophagitis significantly increased with age (p �
0.003) and most (75%) of the patients with complicated
esophagitis were � 60 years of age. Men had more
severe grades of esophagitis than women (p � 0.003).

Prevalence

The percentage of patients with reflux symptoms
found to have esophagitis at endoscopy varies notably
in the published series, from 38% to 75% [35], with an
average of 50% or less [36]. Indeed, several recent
community-based European studies found even a low-
er prevalence, of about 30% [37], [38]. In large endo-
scopic series, reflecting the percentage of patients in
general gastroenterological practice, the prevalence of
esophagitis is nowadays higher than that of duodenal
and gastric ulcer, and ranks first in the upper GI endo-
scopic diagnosis in Europe and USA, with a figure
around 20% [35]. A recent work from Japan [39]
investigating the correlation between symptoms and
endoscopic finding in RE was conducted in 8031 sub-
jects undergoing upper GI endoscopy for various rea-
sons (and not randomly selected from the community)
and who had not taken medication for GI disease; the
study found an overall prevalence of 14.9% for RE,
with a slight tendency for symptoms to increase in
frequency with the increasing severity of esophagitis.
Heartburn, as an example, increased from 38% in Los
Angeles gr. A to slightly less than 60% in grade D [39].

Incidence and prevalence of GERD symptoms

The first and probably more quoted paper concerning
the incidence of GERD symptoms is the study by Nebel
et al, published in 1976 [40]; the study was conducted by
means of a questionnaire administered to 446 hospital-
ized and 558 non-hospitalized subjects, as well as in 385
control subjects. In the latter group, daily heartburn
occurred in 7%, weekly in 14% and monthly in 15%,

Epidemiology of GERD

Before revising the existing literature on this topic, we
would like to recall the code numbers for GERD and
related disorders according to the ninth International
Classification of Diseases (ICD-9); overall, the diseases
of the esophagus are coded under the ICD code 530
(Table 1): esophagitis in its various forms, including the
one induced by GER, is coded as 530.1, ulcer of the
esophagus as 530.2, benign stricture as 530.3. Interestin-
gly enough, in the ICD-9 GERD and hiatal hernia are
separated conditions, the latter having the code 553.3 (if
not complicated); finally, the symptoms of GERD are
listed in the code 787 (GI symptoms), where heartburn
is coded as 787.1, dysphagia as 787.2, etc.

However, the heterogeneity of this classification
does not allow to differentiate, as an example, among
esophagitis due to GER or due to other less common
causes, such as infection or ingestion of drugs and che-
micals. It does also not allow grading of esophagitis
severity, as achievable for example by the Los Angeles
system or the Savary-Miller classification; finally, the
presence of Barrett’s esophagus or extra-esophageal
complications of GERD are left out from the ICD-9
classification, which is therefore not particularly help-
ful. It should not be forgotten, also, that GERD is very
seldom a cause of death and rarely causes hospital
admission. National incidence and prevalence data are
therefore mainly estimated from interviews and are
subject to over and under-reporting problems. It has
also been claimed that, at least for prevalence studies,
the external validity of these data is suspected and
hardly generalizable worldwide [7].

Incidence and prevalence of esophagitis

Studies concerning the incidence rate of reflux esophagi-
tis (RE) and/or GERD are very rare; historically, the first
study on the incidence of (severe) RE was published in
1969 by Brunnen [33], who gave a figure of 4.5 per
100,000 for ulcerative esophagitis or RE complicated by
stricture. The study was conducted among residents
older than 12 years from the northwestern region of
Scotland, and it comprised a total of 200 patients. The
occurrence of esophagitis was confirmed by barium
studies in all, and endoscopy in most of the patients.The
incidence of severe RE showed an almost exponential
rise starting at the age of 40 years. Lööf [34] et al publis-
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giving a total of 36% of subjects having heartburn at
least monthly [40]. Data coming from a large national
poll [41] about three decade later does confirm the high
prevalence of heartburn, with daily heartburn reported
by 7%, weekly heartburn by 20% and monthly heartburn
by 44%, with an estimated population involved of 13, 27
and 61 millions of adult Americans, respectively. A more
recent study conducted in two samples of Italian em-
ployees, composed by 424 and 344 subjects, respectively,
found a lower figure, with a prevalence rate for monthly
heartburn of 21% [42]. Interestingly enough, symptoms
of GERD (as well as reflux esophagitis) are much less
prevalent in the Asian population; as an example, a
monthly occurrence of heartburn is reported by 1.6% of
696 Singaporean subjects participating in a cross-sec-
tional survey using a validate questionnaire [43]. The
importance of racial differences in the frequency of
symptoms is highlighted by a recent study, conducted in
Boston, on 129 out-patients attending general medical
clinics and in an Asian community health centre; the
study shows that black and white American complain of
heartburn by a similar percentage (46% and 35%, re-
spectively) whereas Asian subjects complained much less
frequently (3%) (p � 0.05) [44].The similar high preva-
lence of reflux symptoms among black and white groups
in the USA is confirmed by a recent cross-sectional sur-
vey conducted by questionnaire on 496 employees at a
VA medical centre, who were subsequently submitted to
endoscopy [45]. Interestingly, heartburn occurring at
least monthly was reported by 40.6% of black subjects
and by 35.3% of white ones. Esophagitis however was
present in about 50% of white subjects complaining
weekly of heartburn, but only in 23% of black patients 
(p � 0.02) [45].

Finally, there is robust evidence that symptom se-
verity is a poor predictor of severity of mucosal dam-
age [36], whereas at least the frequency of symptoms
seems to be related to the amount of esophageal 
acid exposure [46]. Thus, the presence or absence of
esophagits, as well as the presence of Barrett’s esopha-
gus might not be predicted by the patient’symptom
profile, and therefore endoscopic diagnosis is still es-
sential to reliably assess these conditions [47].

Morbidity

The morbidity from GERD arises from both esopha-
geal and extra-esophageal complications. GERD ac-

counts for only approximately 6% of massive upper gas-
trointestinal hemorrhage [48]. More recent data show
that this figure is probably increasing, possibly due to
the overall increase of GERD prevalence. For example,
Newton et al [49] found that in a inpatient population
undergoing upper GI endoscopy at a district general
hospital, 58% were referred to gastroscopy for investi-
gation of acute upper gastrointestinal bleeding and
esophagitis was found in 33% of them. Stricture com-
plicates reflux disease in approximately 10% of patients
seeking medical treatment [50]. It is likely that the in-
cidence of these complications is falling since the intro-
duction and the widespread use of potent antisecretory
agents, such as the proton pump inhibitors.

We skip in this chapter the epidemiologic features
of Barrett’s esophagus, which will be covered in a sep-
arate section (cf. Chap. 5).

Mortality

GERD would appear to be associated with a very low
adult mortality rate. According to Brunnen et al [33],
the annual mortality rate from severe esophagitis was
0.1 per 100,000 from 1951 to 1957. When the opera-
tive mortality was considered, this figure rose to 0.16
per 100,000.

Kieser [51] found that there have been 47 deaths in
Switzerland (population in 1963, 5.8 million) from
1963 to 1964 in which hiatal hernia had been a basic, a
contributing or an immediate cause of death, leading to
a mortality rate of about 0.10 per 100,000 per year [51].
More recently, Rantanen et al [52] have analyzed all de-
ath certificated due to GERD in Finland, during the
period 1990–95; they found that 52 individuals out of
the ca. 5 million inhabitants of Finland died of benign
GERD treated conservatively during this period, with a
mortality rate of about 0.20 per 100,000 inhabitant per
year. This figure is even higher than that reported by
Brunnen [33] and by Kieser [51], and also higher than
the figure reported in Finland during the 1960s, when
it was 0.09 per 100,000 [52]. In the study by Newton
et al [49], the 30-day mortality of inpatients with
esophagitis at endoscopy was significantly higher than
in those without (21% vs 10%, p � 0.04). However, the
most common cause of death was carcinomatosis, and
did not differ in patients with or without esophagitis. In
conclusion, death from GERD is extremely rare and of-
ten due to the concomitant presence of other severe
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rhage and ulcers in a case-control study involving 1533
patients with and 3428 patients without endoscopically
diagnosed reflux esophagits [57].

A retrospective cohort study involving all 172 hos-
pitals of the USA Veterans Administration, involving a
total of 194, 527 patients with GERD followed-up for
14 years, found that older age, male sex and white eth-
nicity were risk factors for the development of severe
forms of GERD, i.e., those associated with severe ero-
sive esophagitis, ulcers or strictures [58].

Finally, the risk factors related to the relapse of
symptoms and/or esophagitis have been assessed by a
few studies: Tytgat et al [59] assessed by means of a
Cox proportional hazards regression model the possi-
ble influence of a number of clinical demographic
data on the duration of endoscopic remission within
the frame of two cisapride vs placebo RCTs; it was
found that severe symptoms or mucosal lesions at
entry were significantly related with a poorer outcome
during maintenance treatment. Carlsson et al [60],
using a Cox’ model regression, meta-analysed 1154
patients included in five individual long-term RCTs
comparing the efficacy of different dosage regimens
of omeprazole, ranitidine and placebo for the preven-
tion of reflux esophagitis; they found that four factors
were associated with a higher relapse rate during pla-
cebo and active maintenance therapy: pre-treatment
severity of esophagitis, young age, non-smoking, and
moderate/severe regurgitation prior to entry into the
trials [60].

In a study from Taiwan aiming at assessing the
long-term outcome and the specific prognostic indi-
cators in 128 reflux esophagitis patients in a low
prevalence GERD area [61], found that the presence
of hiatal hernia and the severity of esophagitis at
initial endoscopy were independent, significant pre-
dictors of those patients requiring long-term acid
suppressive therapy.

In conclusions, there is circumstantial evidence
that obesity, older age, the presence of a hiatal hernia
and the severity of symptoms (and of mucosal dam-
age when found to be present) are factors which may
suggest a more aggressive clinical picture and/or the
need of long-term potent antisecretory therapy in
GERD patients.

Finally, Labenz et al [62] recently investigated the
patient-associated risk factors for erosive esophagitis by
means of a multivariate stepwise analysis conducted on

diseases, such as mental disorders, heart diseases, or
alcoholism; however, contrary to general opinion, the
mortality in conservatively treated GERD patients may
not have decreased, possibly due to the overall trend to
an increase number of elderly subjects. This is mirrored
by an increase in death rate from non-malignant disease
of the esophagus (ICD-9 � 530) which has been ob-
served in Europe; as an example, in England and Wales
between 1974 and 1988 the number of deaths due to
this code trebled in women from 118 to 340 (0.5 to
0.13 per 100,000) and doubled in men, from 131 to 251
(0.55 to 1.0 per 100,000) [53]. The calculation of age
specific death rate shows the increase to result from a
rise in mortality in those over 75 years and age standard-
ized mortality confirms a rise in overall frequency 
from 0.29 to 0.70 per 100,000 in men and from 0.52 to
1.31 per 100,000 in women [53].

Risk factors

On the issue of predictive factors for GERD there is a
large bulk of literature, which is however rather confusing
and of relatively poor quality. Most of the existing studies
are retrospective in nature, very few are case-control and
can therefore assess the relative risk (RR) or the odds ratio
(OR) for individual factors. Among the latter, we would
like to recall the study by Nilsson et al [54], which shows
a dose-response association between increasing body
mass index (BMI) and reflux in both sexes, but more sig-
nificant in women: the risk of reflux increased among se-
verely obese (BMI � 35) in comparison with those with
BMI � 25, with an OR of 3.3 in men and 6.3 in wo-
men.The use of postmenopausal hormone therapy incre-
ased in the latter the strength of association [54]. In a
cross-sectional survey conducted in 4095 Japanese men,
it was found that current smoking was significantly asso-
ciated with GERD (OR vs non smoking 1.35) as it was
alcohol consumption [55]. Obesity, the presence of hiatus
hernia and male gender were significant independent risk
factors for severe erosive esophagitis [56] in the retro-
spective analysis, by means of a regression model, of the
baseline characteristics of patients enrolled in four pro-
spective, multicenter, randomized, double-blind compa-
rative trials of once-daily esomeprazole vs omeprazole for
the acute healing of acute esophagitis, involving 6709
Helicobacter pylori-negative patients. Hiatus hernia
emerged once again as a strong risk factor for develop-
ment of GERD complications such as stricture, hemor-
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some 2455 patients, recruited in the ProGERD study.
They found that male gender, overweight, regular use
of alcohol, a history of GERD � 1 year and smoking
were associated with a higher risk of erosive esophagi-
tis, whereas a higher level of education and a positive
Helicobacter pylori status were predictive of a lower risk.
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Chapter 2

Abbreviations used: GERD – gastroesophageal
reflux disease; LES – lower esophageal sphincter;
NERD – non-erosive reflux disease; TLESR – tran-
sient lower esophageal sphincter relaxation.

Introduction

The understanding of the pathophysiology of gastro-
esophageal reflux disease (GERD) has evolved in the
last decade primarily by recognizing the multitude of
factors that contribute to the emergence of the disorder
(Fig. 1). These factors may overlap in some patients
and differ in others. GERD is primarily considered a
motility disorder, because dysfunction of the anti-reflux
barrier is still considered as a prerequisite for the devel-
opment of the disease. However, recent investigation

into symptom generation in GERD disclosed the im-
portant role of altered esophageal sensation. Recent
studies have demonstrated that peripheral and central
factors are pivotal for the emergence of symptoms after
gastroesophageal reflux had occurred; supporting the
view that GERD is a sensory-motor disorder rather
than motor disorder alone.

The primary pathophysiologic event in GERD is
the movement of acid, pepsin, and other injurious
substances from the stomach into the esophagus.
This event also occurs as part of normal physiology,
but results in GERD when symptoms or tissue dam-
age occurs. Esophageal mucosal injury in GERD
results when mucosal defensive factors are over-
whelmed by refluxate, occurring secondary to com-
promised anti-reflux barrier, decreased effective
esophageal acid clearance, abnormal mucosal defen-
sive factors and so on.

Fig. 1. A summary of the diverse etiological factors that result in gastroesophageal reflux and symptoms
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(NERD) [3]. In patients with NERD, the mean LES
basal pressure is similar to normal controls. For most
patients with GERD, the predominant mechanism of
gastroesophageal reflux is transient lower esophageal
sphincter relaxation (TLESR) of an otherwise normal
LES (normal resting pressure) [4]. Physiologic reflux
occurs mainly in an upright posture, postprandially
[5]. This reflux is facilitated by episodes of inappropri-
ate transient LES relaxation. TLESRs are spontane-
ous, abnormally prolonged episodes of LES relaxation,
which are not preceded by a swallow or peristalsis [4],
[6]. Transient LES relaxation is a neural reflex, medi-
ated through the brainstem, and the vagus nerve is its
efferent pathway [7]. Gastric distension and pharyn-
geal stimulation have been demonstrated to elicit such
relaxation [8]. This is considered the only mechanism
of reflux in people without GERD and in most of
those with GERD. GERD patients demonstrate pro-
longed postprandial receptive relaxation of the fundus
leading to a delayed emptying of the proximal stom-
ach [9], [10].

TLESRs have been established as the primary
mechanism for gastroesophageal reflux in normal sub-
jects and patients with GERD [11]–[13]. They also
serve as the underlying mechanism for belching,
which may suggest some relationship with gastro-
esophageal reflux. Although, previous studies sug-
gested that patients with GERD experience more
TLESRs than healthy controls, recent trials found no
increased rate of TLESRs in patients with GERD.
However, TLESR was more likely to be associated
with acid reflux in patients with GERD (65%) when
compared to healthy controls (35%) [11], [14]. Addi-
tionally, it appears that TLESR is the main underlying
mechanism responsible for gastroesophageal reflux
events in patients with NERD. In NERD patients,
who represent the majority of patients seen for reflux
symptoms, TLESR rather than hypotensive LES
accounts for most gastroesophageal reflux events. In
the presence of hiatal hernia, which affects up to 70%
of the erosive esophagitis patients, other mechanisms
than TLESR play an important role, such as abnor-
mally low LES basal pressure and stress reflux. In
NERD patients on the other hand hiatal hernia is re-
latively uncommon (�30%).

Reduced LES basal pressure and stress reflux are
other mechanisms that affect primarily patients with
erosive esophagitis. Dent et al [5] evaluated GERD pa-

Anti-reflux barrier

Failure of the anti-reflux barrier is considered the most
important factor in the pathogenesis of GERD. It is
presently accepted that the two major elements that
compose the anti-reflux barrier are the lower esophageal
sphincter (LES) and the crural diaphragm.The LES is a
thickened ring of tonically contracted circular smooth
muscle that generates a 2–4 cm high pressure zone at
the gastroesophageal junction and serves as a mechani-
cal barrier between the stomach and the esophagus.The
right crus of the diaphragm encircles the LES by the
phreno-esophageal ligament and thus provides addi-
tional mechanical support. Both structures generate a
high-pressure zone in the distal esophagus (15 mmHg
to 30 mmHg above gastric pressure). Failure of one or
both of these complimentary structures may lead to in-
competence of the anti-reflux barrier resulting in patho-
logical gastroesophageal reflux. The variations in LES
pressure are usually coupled with esophageal and gastric
contractions, while the pressure contributed by the cru-
ral diaphragm is in response to physical activity such as
inspiration, coughing, Valsalva maneuver, abdominal
compression and others. Myogenic and neurogenic
mechanisms control the LES resting tone during both
feeding and resting state.

LES resting pressure exhibits a significant diurnal
variation. During daytime, LES pressure is lower in
comparison to the postprandial and nighttime periods
[1]. Additionally, various substances such as hor-
mones, drugs and foods influence the LES basal pres-
sure. Substances that increase LES pressure include
gastrin, motilin, substance P, alfa-adrenergic antago-
nists, beta-adrenergic agonists, protein, histamine, me-
toclopramide and prostaglandin F2a. Substances that
decrease LES basal pressure include secretin, chole-
cystokinin, glucagon, somatostatin, progesterone, alfa-
adrenergic agonists, beta-adrenergic antagonists, fat,
chocolate, ethanol, peppermint, theophylline, prosta-
glandin E2, serotonin, morphine, calcium channel
blockers, diazepam and barbiturates [2].

Originally, gastroesophageal reflux was thought to
occur across a hypotensive LES. However, the LES
basal pressure is variable in patients with GERD, and
in most cases within the normal limits [3]. However,
patients with erosive esophagitis or Barrett’s esopha-
gus demonstrate a significantly lower mean LES basal
pressure than patients with non-erosive reflux disease
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tients with different phenotypic presentations of GERD
and found that with increasing severity of esophagitis,
absent basal LES pressure became a more common
mechanism, accounting for 23% of gastroesophageal re-
flux episodes in patients with severe erosive esophagitis.
Stress reflux is another mechanism responsible for ga-
stroesophageal reflux in which increase in intra-ab-
dominal pressure overwhelms the counter response of
the LES and the crural diaphragm resulting in gastro-
esophageal reflux.

Hiatal hernia is an important factor in the patho-
genesis of GERD as it interferes directly with the anti-
reflux barrier. The role of hiatal hernia in aggravating
gastroesophageal reflux is discussed in another chapter.

Esophageal dysmotility

Gastroesophageal reflux is the result of transient LES
relaxation, stress reflux or an abnormally low LES pres-
sure (free reflux or the common cavity phenomenon)
(see Fig. 2).

The goal of normal esophageal peristalsis and grav-
ity is to eliminate nearly all of the refluxate from the
esophagus, allowing the residual acid to be neutralized
effectively by bicarbonate-rich saliva [15]. Impairment
of acid clearance can be secondary to either peristaltic
dysfunction and/or re-reflux (the to-and-fro move-
ment of the refluxate), which are seen in association
with hiatal hernia.

Peristaltic dysfunction of the esophageal body in
GERD is well documented [16], [17]. Esophageal
peristaltic dysfunction is increasingly observed with
more severe grades of erosive esophagitis and particu-
larly in patients with Barrett’s esophagus [3]. There
has been a long-standing argument as to whether the
observed esophageal dysmotility precedes or is caused
by GERD [16]. However, studies have demonstrated
that elimination of acid reflux and even esophageal
mucosal healing do not result in normalization of
esophageal body motility.

Impairment of primary esophageal peristalsis has
been suggested as the predominant underlying motil-
ity abnormality that leads to prolonged acid clearance
[13], [18], [19]. Non-transmitted peristalsis, failed
contractions and simultaneous esophageal contractions
are ineffective in clearing the volume of the refluxate.
Ineffective esophageal motility, defined by the pres-
ence of abnormally low amplitude (� 30 mmHg)
contractions in the distal esophagus (30% or more of
wet swallows) were also found to be associated with
prolonged esophageal acid clearance in both the
upright and recumbent positions. In more advance
cases of GERD, absence of distal esophageal peristalsis
can be observed. Patients with scleroderma or mixed
connective tissue disorder demonstrate involvement of
the smooth muscle portion of the esophagus. Deposi-
tion of collagen which replaces muscle tissue results in
significant reduction of distal esophageal amplitude
contractions and in severe cases complete elimination
of distal esophageal peristalsis. Additionally, damage
to the LES results in reduced mean LES basal pres-
sure and in advanced cases disappearance of the LES
high pressure zone. As a result, both disorders may be
associated with severe forms of GERD (peptic stric-
ture, Barrett’s esophagus and even adenocarcinoma of
the esophagus).

Another motor abnormality of GERD patients
refers to failed secondary peristalsis of the esopha-
geal body. After a reflux episode, secondary peristal-
sis is the first motor event involved in acid clearance
[14]. In comparison with normal controls, GERD
patients exhibit a lower occurrence of secondary
peristalsis (18% and 40% of the events, respectively)
[20]–[22]. Interestingly, this abnormality does not
correlate with defective primary peristalsis [14].

Although previously suggested, salivary gland dys-
function was not found to be an important factor in

Fig. 2. Demonstration of the 3 underlying mechanisms that
can lead to gastroesophageal reflux. They include, inappropri-
ate transient lower esophageal sphincter relaxation, reduced
lower esophageal sphincter basal pressure leading to “free
reflux’’ and stress reflux (with permission from [13])
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GERD patients [23]. However, patients with reduced
salivary production like those with Sjörgen’s syndrome
or active smokers are at higher risk for increased
esophageal acid exposure and esophageal mucosal
injury. Lastly, some investigators have suggested that
the epidermal growth factor content in the saliva of
GERD patients may be altered, resulting in reduced
rate of esophageal mucosal healing [24].

The refluxate

There is evidence to suggest that both acid and
duodenal contents, mainly pepsin (an acid activated
proteolytic enzyme) and bile salts (conjugated and de-
conjugated), are noxious to the esophageal mucosa
[25], [26]. However, typically gastric content is acidic,
making acid and pepsin the main noxious agents in
the refluxate. Original studies reported that deconju-
gated bile salts and pancreatic enzymes are rendered
ineffective at acidic pH (inactivated) [27], [28]. Fur-
thermore, bile salts do not reach cytotoxic concentra-
tions in the refluxate and typical signs of bile acid
injury are usually missing [29]. These include intracel-
lular bile salt deposits and membrane microvesicula-
tion [30]–[32]. Moreover, the effectiveness of PPIs in
healing esophageal erosions serves as another evidence
to support the role of acid as the main mechanism that
underlies esophageal mucosal injury.

Presently, we are unable to measure bile reflux di-
rectly. Bilirubin, which can be detected in the refluxate
by Bilitec 2000 (a spectrophotometric system that
measures bilirubin concentration within the esopha-
gus, independent of pH), has been used as a surrogate
marker for bile reflux. However, experts elected to use
the term duodenogastroesophageal reflux (DGER) in-
stead of bile reflux to denote that Bilitec measures du-
odenal contents, which may include bile, pancreatic
enzymes and pancreatic juice. However, duodeno-
gastroesophageal reflux alone does not appear to cause
significant damage to the esophageal mucosa but may
act synergistically with acid reflux to produce erosive
esophagitis. By using 24-hour esophageal pH monitor-
ing and Bilitec 2000 in patients with GERD, Vaezi
et al [33] demonstrated that symptoms or esophageal
lesions were relatively uncommon even after partial
gastrectomy, where bile reflux is an important compo-
nent of the refluxate. Furthermore, according to this
study, duodenogastroesophageal reflux was usually 

documented in the esophagus in conjunction with 
acid reflux. Studies have also demonstrated that simul-
taneous exposure to acid and duodenogastroesopha-
geal reflux is higher in the more severe presentations 
of GERD. Barrett’s esophagus, for example, exhibited
the highest esophageal acid and duodenogastroeso-
phageal reflux exposure [33]–[35]. However, in pa-
tients with either long- or short-segment Barrett’s
esophagus as compared to controls there was no asso-
ciation between history of gastric surgery and the
presence of Barrett’s esophagus, suggesting that duo-
denogastroesophageal reflux without acid may not be
sufficient to cause Barrett’s esophagus [13], [18].

Whilst the concept has been entertained in the
past, there is no strong evidence to suggest that
hypersecretion of gastric acid plays an important role
in the pathogenesis of GERD [11], [12], [14].

Helicobacter pylori

See the chapter Helicobacter pylori and GERD.

Gastric dysmotility

Approximately 20%–40% of the patients with GERD
may have delayed gastric emptying, but there is no di-
rect correlation between the degree of the delay and
the severity of GERD [11], [12], [15]. However, slow
proximal gastric emptying in patients with GERD
correlated with increase in 24-hour esophageal pH
monitoring values, number of reflux episodes per hour
and postprandial acid exposure.

Esophageal mucosal defense mechanisms

The esophageal defensive system includes several basic
mechanisms. The anti-reflux barrier (LES and the cru-
ral diaphragm) and the clearance mechanism that limit
the frequency and volume of the refluxate as well as the
duration [36]. The third defense mechanism is the
esophageal mucosal resistance, which prevents injury
by acid, pepsin and other components of the refluxate.
Tissue resistance is constituted of structures grouped in
three areas: pre-epithelial, epithelial and post-epithelial
[36]. The pre-epithelial defense is relatively limited.
The esophagus has no well-defined mucus layer and its
lumen to surface pH gradient creates only a modest re-
duction in luminal acidity [36]. The epithelial area
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consists of cell membranes and intercellular junctional
complexes, which block acid and pepsin diffusion,
intercellular buffers such as bicarbonate that neutralizes
acid and cell membrane ion transporters for cytosolic
acid extrusion [36] (Fig. 3).

Exchangers at the baso-lateral membrane can
restore intracellular pH by exchanging intracellular
H� for extracellular Na� or intracellular Cl� for extra-
cellular HCO3

�. The post-epithelial area consists of
an adequate mucosal blood flow to remove noxious
elements and supply nutrients for maintenance and re-
pair mechanisms [36].

Studies have also shown that GERD patients with
or without esophagitis have dilated intracellular spaces
(DIS), as documented by transmission electron micros-
copy, which may lead to increase in esophageal per-
meability to hydrogen ions [37]. Dilated intercellular
spaces and reduced mucin production improve after
anti-secretory therapy, suggesting that these abnormal-
ities are caused by gastroesophageal reflux [37], [38].

Mechanisms for heartburn

The mechanisms by which patients with GERD de-
velop symptoms remain incompletely understood. It
is postulated that sensitization of esophageal chemo-
receptors either directly by exposure to acid reflux or
indirectly through release of inflammatory mediators

is responsible for symptom generation in GERD [39].
Reducing acid exposure in patients with GERD ap-
pears to normalize the sensitivity to acid [40]. How-
ever, the emergence of symptoms in patients with a
normal esophageal mucosa and thus without obvious
inflammation remains perplexing, particularly among
patients with functional heartburn where little or no
reflux actually occurs.

Both animal models and human studies have dem-
onstrated dilation of intercellular spaces during or
following esophageal mucosal acid exposure [41], [42].
These mucosal findings were evident regardless of the
presence or absence of esophageal inflammation [42],
[43]. It is assumed that these morphological changes
result in an increase in paracellular permeability, allow-
ing acid to reach sensory nerve endings located with-
in the intercellular spaces [44]. However, this altered
permeability does not explain symptoms in GERD,
specifically in NERD and in functional heartburn as
most acid reflux events (� 95%) that occur in these pa-
tients are never perceived and symptoms occur even in
the absence of acid reflux, suggesting the importance of
other factors in modulating esophageal acid perception.

Heartburn symptoms may represent activation of a
common pathway in response to different intra-esopha-
geal stimuli. Hypersensitivity to physiological amounts
of acid appears to be the underlying mechanism for
heartburn in the hypersensitive esophagus subgroup
(functional heartburn). This hypersensitivity to acid
may stem from peripheral sensitization of esophageal
afferents, leading to heightened responses to luminal
stimuli or altered modulation of afferent neural function
at the level of the spinal dorsal root or the central ner-
vous system [45]. What leads to the development of
such hypersensitivity remains an area of controversy. In
healthy subjects, Sarkar et al have recently demonstrated
that infusion of 0.1 N hydrochloric acid into the distal
esophagus for 30 minutes increased the subsequent sen-
sory responses to electrical stimulation in the non-
exposed proximal esophagus [46]. In comparison,
patients with non-cardiac chest pain already had lower
resting esophageal pain thresholds in the proximal
esophagus, which fell further and for a longer duration
than in healthy subjects after acidification of the distal
esophagus. These patients also demonstrated a decrease
in pain thresholds in the anterior chest wall. Therefore,
this study showed the development of secondary allody-
nia (visceral hypersensitivity to innocuous stimulus in

Fig. 3. Epithelial defenses against acid injury that include, cell
membrane, intercellular junctional complexes, intracellular
buffering and HCO3 and H� extrusion process (with permis-
sion from [67])
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reflux events. However, proximal migration of the acid
reflux events has been shown repeatedly to be associa-
ted with a higher likelihood of symptom perception.

The most common trigger for GERD symptoms
is a meal; in particular if the meal is high in fat. How-
ever, the mechanism by which fat exacerbates symp-
toms in patients with GERD remains controversial.
Meyer et al found that fat infusion into the duode-
num of subjects with GERD significantly shortened
latency to onset of heartburn and intensified the per-
ception of acid induced heartburn [49]. The me-
chanisms by which luminal fat and potentially other
nutrients may modulate the perception of esophageal
stimuli remains unclear, but may involve cholecysto-
kinin or other gut neurotransmitters, hormones, and
enzymes. While many of these peptides may exert a
local action leading to symptoms, it is also conceiva-
ble that their action may also involve central neural
pathways. It is even possible that other substances in
the refluxate (pepsin, bile) or volume per se are the di-
rect cause of symptoms.

Several studies have recently speculated that central
and peripheral neural mechanisms modulate esopha-

normal tissue that is in proximity to the site of tissue in-
jury) in healthy subjects and non-cardiac chest pain pa-
tients. In the latter group this phenomenon is amplified
and lasts longer. The resulting visceral and somatic
hypersensitivity is likely due to central sensitization.
The increased excitability of spinal cord neurons ap-
pears to be the result of activation of nociceptive C
fibers due to local tissue injury induced by acid infusion
into the distal esophagus. If extrapolated clinically, this
study suggests that prior injury to the esophageal mu-
cosa may lead to the development of central sensitiza-
tion and visceral hyperalgesia in a subset of patients
long after the local injury has healed.

To date, only a few studies have attempted to as-
sess the cortical processing of esophageal acid expo-
sure sensation in humans. Kern et al [47] evaluated
activation of cerebral cortical responses to esophageal
mucosal acid exposure using functional magnetic reso-
nance imaging (fMRI). Ten healthy subjects under-
went intra-esophageal perfusion of 0.1 N hydrochloric
acid over 10 minutes. None of the study subjects re-
ported GERD symptoms during the acid perfusion.
Cerebral cortical activity was concentrated in the pos-
terior cingulate, and the parietal and anteromesial
frontal lobes. The superior frontal lobe regions activat-
ed in this study corresponded to Brodmann’s areas 31,
the insula, operculum and the anterior cingulate. Furt-
her studies are needed to assess cerebral cortical activa-
tion in symptomatic GERD patients undergoing
esophageal acid perfusion. In addition, it would be of
great interest to determine if there are differences in
central processing of an intra-esophageal stimulus be-
tween GERD patients and those with NERD or func-
tional heartburn.

Patients with GERD do not perceive most acid re-
flux events. Many patients and healthy subjects dem-
onstrate multiple acid reflux events on pH testing but
often report few, if any, heartburn episodes. It has been
estimated that no more than 5% of all acid reflux
events (pH � 4) produce symptoms, either in patients
with or without esophageal mucosal injury [48]. This
intriguing observation raises the obvious question of
what in a specific acid reflux event leads to its con-
scious perception. It is not clear if a specific acid reflux
event is the determining factor in triggering symptoms
or rather the actual hydrogen ion concentration (H�)
of the refluxate, the summation of several short reflux
events, or an increased number and/or duration of acid

Fig. 4. Proposed conceptual model for esophageal symptom
generation. Central and peripheral mechanisms enhance per-
ception of intra-esophageal events (either physiological or
pathological), leading to symptom generation [68]



Dickman R and Fass R 19

geal perception [50], [51] (Fig. 4). Psychological
comorbidity (anxiety, stress, depression, etc.) can mod-
ulate esophageal perception and cause patients to per-
ceive low intensity esophageal stimuli as being painful
[Gut: 27], [52]. These psychological factors seem to be
associated with patients paying an excessive attention
(hypervigilance) to intra-esophageal events and thus
perceiving or interpreting these esophageal events as
being painful [53]. Stress has been implicated by 64%
of GERD patients as an important cause for symptom
exacerbation [54]. However, several studies have failed
to demonstrate an increase in acid reflux during stress-
ful stimuli [55]–[57]. Nevertheless, interventions
aimed at reducing stress (hypnosis and muscle relaxa-
tion) have produced subjective improvement in reflux
symptoms ratings [57], [58]. In a study assessing the
effect of psychologically induced stress on symptom
perception in GERD patients, stress reduced percep-
tion thresholds and enhanced the perception of acid
during infusion, regardless of the degree of esophageal
mucosal injury [59].

A recent study demonstrated that increased basal
sympathetic activity and lower vagal activity, as mea-
sured by power spectral analysis of heart rate vari-
ability, are associated with increased sensitivity to
intra-esophageal acid perfusion in patients with
non-cardiac chest pain compared with healthy
matched controls [60].

These data support the concept of humoral, neural,
and psychological factors being associated with an in-
creased susceptibility to symptoms such as heartburn
but do not provide at this point a satisfactory mecha-
nistic explanation. However, recent advances in our
understanding of the mucosal and esophageal neural
response to reflux begin to address this deficiency.

There are mounting data to suggest that the axiom
“no acid no heartburn’’ is obsolete. Non-acid intra-
esophageal stimuli may also lead to the development
of heartburn. Esophageal balloon distension induces
heartburn symptoms in a large subset of normal sub-
jects and reproduces typical heartburn in half of
GERD patients [39]. Furthermore, high frequency
intra-luminal ultrasonography has demonstrated a
close correlation between heartburn episodes and
abnormally long durations of longitudinal muscle con-
tractions in the esophagus [61]. These muscle contrac-
tions and consequent heartburn episodes can occur in
the absence of acid reflux. Thus, both of these studies

suggest that mechanical stimuli and motor events may
be perceived as heartburn by some patients, even in
the absence of actual acid reflux.

Bile reflux has been suggested as a possible cause for
heartburn symptoms in patients with NERD, but no
study to date has specifically evaluated the role of bile
acid in symptom generation in this group. Assessment of
bilirubin pigment spectrophotometrically, a proxy indi-
cator for bile reflux, revealed a close correlation between
a combination of both acid and duodenogastroesopha-
geal reflux and severity of GERD, as determined by the
presence of esophageal mucosal injury and GERD com-
plications [33]. However, symptoms were not specifi-
cally examined in this study. The combined reflux was
documented in only 50% of NERD patients compared
with 79% in erosive esophagitis and 95% in Barrett’s
esophagus. Others have shown that the mean fasting
gastric bile acid concentration in patients with NERD is
not significantly elevated compared with healthy con-
trols [51]. Future studies are needed to further determine
if bile acid is a contributing factor for symptoms in pa-
tients with GERD.

Recent studies using simultaneous intra-esophageal
impedance and pH measurement demonstrated non-
acidic gastroesophageal reflux (liquid, gas or mixture of
gas and liquid) that was similarly frequent in patients
with GERD and normal controls [62]. However, more
acidic reflux occurred in symptomatic patients with
GERD. Vela et al [63] with a similar technique, ob-
served that during treatment of GERD patients with a
PPI, postprandial reflux became predominately non-
acidic. Although less than acidic reflux, non-acidic re-
flux was also associated with classic GERD symptoms.
It has yet to be determined if the content or volume is
responsible for GERD symptoms in the studied sub-
jects. Additionally, as with acid reflux, most of the non-
acidic reflux events are not perceived.

Genetic factors

Familial aggregation for GERD, in general, was not
demonstrated, but investigators were able to document
a significant rate of familial occurrence for both 
Barrett’s esophagus and esophageal adenocarcinoma
[64], [65]. Recently, a large twin study has shown an
increased concordance for GERD in monozygotic
pairs, compared with dizygotic pairs, suggesting that
genetic factors accounted for 31% of the liability to
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GERD in the U.S. population [11], [66]. Further-
more, a genetic linkage study in pediatric GERD
population mapped a locus in chromosome 13q14.
Although the importance of this locus was refuted by
a subsequent study, it did not completely exclude the
possibility of genetic factors in GERD.
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Chapter 3

Introduction

The diagnosis and management of gastroesopha-
geal reflux disease (GERD) in the elderly presents
numerous unique challenges to the physician.
Between 1980 and 1991, the over 65 year old age
group was the fastest growing age group in the
US [1]. Projections are that this age group will in-
crease by 66%, to 53.3 million, by 2020 [2]. Addi-
tionally, the over 85 year old group will represent
the fastest growing group, increasing from 3 to 7
million by year 2020 [2]. Elderly patients are re-
sponsible for 47% of hospital days, 60% of health
care expenditures, and 35% of hospital discharges
[1]. Due to multiple factors, GERD is an under-
diagnosed and under-treated condition in the
elderly. Older people often under-report and tol-
erate symptoms that younger people would find
less tolerable. Older patients also report less se-
vere reflux symptoms than younger patients, and
yet they more often present with more severe
complications of reflux disease. Extra-esophageal
symptoms are more common in this group, which
may cause an additional delay in diagnosis [3].
Comorbid conditions, such as chronic obstructive
pulmonary disease and coronary artery disease,
can be confused with or exacerbated by GERD,
and these are more prevalent in an elderly popula-
tion. Increased medication usage can also serve to
complicate diagnosis and treatment. Acid related
disease is associated with high morbidity and
mortality in the elderly, and can have a significant
effect on an individual’s quality of life and health
well being. This chapter will review the epidemi-
ology of reflux disease in the elderly, examine age-
related changes in the GI tract that may influence
the pathogenesis of reflux disease, discuss patient
presentation and diagnostic strategy, and explore
treatment options for this chronic disease in an
elderly population.

Epidemiology

Gastroesophageal reflux disease is defined as an in-
creased frequency or duration of exposure of the distal
esophagus to gastric contents. GERD is a chronic
disease, that rarely resolves spontaneously, and it is as-
sociated with frequent relapses. Several studies have in-
vestigated the prevalence of GERD, though few have
specifically targeted the elderly. In the 1970’s, Locke
et al studied the prevalence of reflux symptoms in 
the general population using a group of hospital work-
ers in Olmsted County. This study found that 7% 
of subjects had daily symptoms of heartburn and 14%
had weekly symptoms [4]. A 1994 Gallup study
reported a similar 19% prevalence of weekly GERD
among 1000 randomly selected persons, and 44% of
subjects had monthly symptoms [5]. In Finland, a
study of 1700 patients found daily, weekly, and
monthly heartburn in 5%, 15%, and 21% of subjects,
and acid regurgitation in 9%, 15%, and 29% [6].

The prevalence of hiatal hernia and esophageal
dysfunction increases with age, and since reflux disease
is associated with each of these findings, one might
expect an increased prevalence of GERD in the elderly
(Table 1) [7]. However, the Olmsted study found the
classic symptoms of heartburn and acid regurgitation
to be present in 20% of patients over 65 at least
once/week, and 59% at least once/month, similar rates
as those found in studies of younger subjects (18–35%
with weekly symptoms) [4]. In the 65–74 year old
group, 35% of men and 40% of women reported expe-
riencing heartburn, with 17% and 20% respectively
having symptoms at least weekly. The prevalence of
heartburn, but not of acid regurgitation, was inversely
associated with increasing age in this study. A study of
primary care practices in Oklahoma found 14% of the
313 patients older than 62 years old had heartburn
once a week [8]. In the subset of subjects with pH
data, there was a 20% prevalence of reflux, but only
55% of those with acid reflux reported the symptom of
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report heartburn, with a prevalence of approximately
15% [8]. However, elderly patients often report less
severe reflux symptoms, especially in relation to the
severity of their disease. Elderly patients also regu-
larly present with various atypical symptoms of re-
flux disease. Due to the lack of symptoms in many
elderly patients, they often present with more severe
complications of reflux disease, a consequence of
prolonged and untreated GERD [3]. Elderly pa-
tients may under-report disease, and physicians may
place less emphasis on reflux symptoms when multi-
ple other serious health problems are present, furt-
her delaying diagnosis [9].

Heartburn is classically described as a burning re-
trosternal pain, although it can also be reported in the
epigastrium, neck, throat, and occasionally the back
[10]. It usually occurs within 3 hours after a meal, may
be worsened by bending over or lying down, and can
last up to 2 hours [2]. There is a more variable presen-
tation of reflux disease in the elderly, and heartburn
may less commonly be the presenting symptom in this
group. In a study of GERD symptoms in the elderly,
Triadafilopoulos et al noted heartburn to be the most
common symptom reported by subjects with GERD
(45%) [11]. Acid regurgitation was present in fewer
than 25% of elderly patients with reflux disease. These
authors found that 41% and 30% of patients reported
non-cardiac chest pain and cough, respectively. Raiha
et al studied the prevalence of GERD symptoms in
elderly patients referred for endoscopy [12]. They
found regurgitation in less than 25%, heartburn in
36%, dysphagia in 20%, and 37% of their subjects re-
ported atypical reflux symptoms. At least two studies
have found an increase in dysphagia with increasing
age [4], [13]. Those with dysphagia report symptoms
for a shorter period of time than those with heartburn,
suggesting that dysphagia may be a late manifestation
of GERD. Elderly patients tend to have more noctur-
nal symptoms, which are associated with more severe
complications of GERD [3].

The presence of heartburn in the elderly does not
correlate as closely with the extent of acid exposure to
the esophagus as in younger patients. Several authors
have described a poor correlation between pH testing,
heartburn as a symptom, and the extent of esophageal
damage visualized on endoscopy [3], [12], [14].
Raiha’s study found that only 59% of patients with
abnormal acid reflux on pH monitoring had GERD

heartburn. Compared to other studies of the preva-
lence of heartburn in non-elderly populations, these
data suggest that older people with GERD may less
frequently report heartburn. In a Finnish study of the
prevalence of GERD in the elderly, the authors found
that 8% of men had symptoms daily, 19% weekly, and
54% experienced symptoms at least monthly [7]. For
the female subjects, the rates were 15% daily, 18%
weekly, and 66% at least monthly. There was not an
age-related trend found in the prevalence of symptoms
in this study. Brody and Kleban reported that 34% of
their elderly subjects had indigestion or gas in a one-
month period [9]. One study found age adjusted pre-
valence rates not significantly different between three
racial groups (white, black, other) for GERD symp-
toms [5]. In contrast to the above findings, El-Serag
et al [5] did find a significant age related increase in
the prevalence of at least weekly heartburn and/or re-
gurgitation: 24%, 24%, 30%, 33% for 18–34, 35–44,
45–54, and 55 and older groups. However, the pre-
ponderance of available data suggests that the preva-
lence of classic GERD symptoms is either constant, or
slightly declines with age.

Symptoms

The classic symptoms of GERD are heartburn and
acid regurgitation, and the presence of these symp-
toms can be considered diagnostic of the condition,
and are sufficient to institute empiric therapy. El-
derly patients in a primary care setting commonly

Table 1. Prevalence of heartburn in the elderly

Author Ages Daily Weekly Monthly

Locke � 65 – total 20% 59%
et al [4] � 65 – male 17%

� 65 – female 20%

Mold � 62 14%
et al [8]

Raiha � 65 – male 8% 19% 54%
et al [7] � 65 – female 15% 18% 66%

El Serag 18–34 24%
et al [5] 35–44 24%

45–54 30%
� 55 33%
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symptoms associated with reflux episodes, the rest of
the patients having asymptomatic reflux [12]. Symp-
toms of GERD in this study appeared only when
total acid reflux time exceeded 10% in the elderly
(compared to 4.2% in younger subjects), suggesting
that the threshold for pain perception may be higher
in older subjects. Fass et al reported that only 54% of
elderly patients with documented GERD complained
of heartburn, and also suggested a possible dimin-
ished visceral pain perception [15].

Reflux disease in the elderly appears to be more se-
vere for any level of symptom severity than in younger
individuals, although controversy does exist in the lit-
erature. While some studies have not been able to
demonstrate overall differences in symptom severity
between elderly and younger patients [11], [14], [16],
others have found a decrease in symptom severity in an
elderly group [6], [15]. Fass et al found that, among the
younger patients, 52% reported “severe” to “very severe”
heartburn, while only 18% of elderly patients reported
symptoms of this magnitude [15]. The severity of acid
regurgitation as a symptom was also significantly high-
er in the younger group. Several studies have found
that elderly patients have more severe disease as dem-
onstrated by the extent of mucosal injury and the fre-
quency of complications of GERD [14]. The elderly
tend to have less symptom perception, despite a trend
towards increased acid exposure and esophageal muco-
sal injury [12], [17]. These findings have implications
relating to the extent of diagnostic work-up necessary
in this population.

Extraesophageal symptoms are frequently encoun-
tered in the elderly. This often causes diagnostic dif-
ficulties, as these symptoms (such as chest pain and
chronic throat symptoms) must be given increased
awareness in the elderly patient. This may result in a
costly and extensive evaluation. Raiha et al found that
37% of elderly patients with GERD had respiratory
symptoms [12]. Furthermore, in those with daily re-
flux symptoms, 73% also had chronic respiratory
symptoms, compared to only 30% of the subjects
without reflux symptoms [7].

Asthma due to GERD should be considered in
elderly patients with nocturnal cough, in those who
developed asthma later in life, and in those whose
disease is refractory to standard bronchodilator ther-
apy [18], [19]. Other clues suggesting an association
with GERD include worsening of asthma symptoms

after eating a large meal, drinking alcohol, or being
in the supine position [19]. The estimates of GERD
in asthma patients are between 34–89%, and many
difficult to treat asthmatics may have clinically silent
GERD [19], [20]. Chronic cough is also a common
symptom of reflux, with between 4–60% of those
with this symptom having acid reflux as the cause
[3], [21].

Significant damage to the tracheal mucosa can occur
even when the volume of aspirated gastric fluid is too
small to cause clinically apparent aspiration pneumonia.
Elderly subjects with GERD have shown a restrictive
ventilatory defect, in addition to lower vital capacity and
forced expiratory flow rates [19]. The supine position,
possibly by increasing the likelihood of aspiration of
gastric contents into the lung, may lead to pneumonia
in patients on mechanical ventilators. Nasogastric tubes
augment aspiration of gastric contents by impairing
swallowing, causing stagnation of oropharyngeal secre-
tions, and reducing LES tone [22]. Elevating the head
of the bed may help to prevent nosocomial pneumonia,
a common problem in the elderly population, and one
associated with significant mortality.

One of the most difficult symptoms to diagnose
and treat in an elderly population is non-cardiac chest
pain. Some studies have found that up to 50% of pa-
tients with non-cardiac chest pain may have an associ-
ation with GERD [20], [23]. Esophageal irritation by
acid may also cause true angina through a neural re-
flex, as well as cause tachyarrhythmias [9]. Older pa-
tients with chest pain non-responsive to treatment for
respiratory or angina-like symptoms, who have had
sufficient investigation to rule out serious cardiac
causes, should be investigated for GERD [3].

GERD can be found in relation to obstructive
sleep apnea (OSA) syndrome in the elderly. Many
older patients with OSA complain of sleep-related
heartburn and regurgitation of gastric contents into
the pharynx. Teramoto and Ouchi noted that night-
time treatment with CPAP can correct the sleep ap-
nea related reflux in patients with OSA [24].

In summary, the presentation of GERD in the el-
derly population is not “classic”, and the severity of re-
ported symptoms does not correlate with the severity
of mucosal disease. Due to the variable presentation of
this disease in the elderly, GERD should be suspected
in patients with atypical angina, difficult-to-manage
pulmonary problems, or intractable hoarseness. This is



26 Chapter 3

true not only when other factors or diseases (such as
coronary artery disease or pulmonary disease) have
been ruled out, but also when these conditions are well
documented, but are not responsive to treatment or
have changed in character [9], [10].

Pathophysiology

Many studies investigated the effect of age on gas-
trointestinal tract functioning. After multiple con-
flicting findings, and some drastic paradigm shifts, it
is now believed that, in general, many essential
aspects of GI function are preserved in old age [1],
[25]. Many of the clinically relevant alterations in
esophageal function are more likely due to chronic
diseases, medications, and lifestyle exposures, than
to purely age-related deficits. Comorbid conditions
that may influence gastrointestinal function in older
adults include coronary disease, diabetes, chronic
obstructive pulmonary disease, and neurological
conditions such as stroke and Parkinson’s disease
[1], [3]. For example, a hemispheric stroke will af-
fect the components of swallowing under voluntary
control, as well as the pharyngeal and esophageal
components such as LES relaxation and pharyngeal
peristalsis [26]. The elderly also undergo lifestyle
changes that exacerbate reflux, including reduced
mobility, increased sedentary lifestyle, and increased
recumbency [3], [13]. This section will describe
some of the studies and major findings with regard
to age-related changes in the GI tract (Table 2), and
will show how some of these changes may help ex-
plain the pathogenesis of GERD in the elderly.

In general, there are four factors that lead to the
development of GERD. These include decreased
lower esophageal sphincter (LES) tone, mucosal
damage from acid and pepsin, delayed peristalsis and
esophageal clearance of refluxed gastric contents,
and delayed gastric emptying [27]–[29]. For exam-
ple, reflux can be due to diminished LES pressure,
reduced intra-abdominal esophageal length, inap-
propriate transient LES relaxations, an altered
esophageal mucosal defense barrier, an increased
volume of refluxate, or an abnormal composition of
the refluxate [27].

A competent LES is essential in protecting the
esophagus from the entry of refluxed gastric contents.

The primary underlying mechanism of pathologic re-
flux is a defective LES, either due to anatomical reasons
or due to frequent reflux associated TLESR’s [23], [30].
TLESR’s are responsible for 65–90% of reflux episodes

Table 2. Age-associated changes in the gastrointestinal tract

Lifestyle changes Increased comorbid diseases – 
CAD, Diabetes, COPD, CVA,
Parkinson’s
Increased recumbency
Increased medication usage

LES tone No age-related change in resting 
LES tone
Increased hiatal hernia prevalence
Diminished LES tone secondary to 
medications
Reduced intra-abdominal 
esophageal length

Gastric acid secretion Normal to increased
Esophageal clearance Impaired clearance

Increased duration of acid 
exposure
Decreased mucosal resistance 
and repair mechanisms

Salivary secretion Decreased saliva volume
Decreased salivary bicarbonate 
secretion

Esophageal visceral pain Increased pain threshold
tolerance Decreased acid perfusion 

sensitivity score
Decreased symptom perception

Esophageal motility Decreased amplitude of peristaltic 
pressures
Disordered or absent secondary 
peristalsis
Non-propulsive, repetitive, and 
synchronous contractions

Pharyngeal defenses Decreased esophagoglottal 
closure reflex
Higher threshold for triggering 
pharyngeal swallows
Prolonged swallowing

UES tone Decreased UES tone
Delay in UES relaxation after 
swallow
Decrease in UES compliance

Stomach Possible delayed gastric emptying
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[31]. Multiple studies have reported no significant
intrinsic difference in resting LES pressure between el-
derly and young patients [13], [25], [32], [33]. Mano-
metric studies in subjects older than 70 years old do not
show a consistent decrease in LES pressure with age
[10]. However, LES pressure can be adversely affected
by hormones, CNS activity, drugs, and dietary factors
[29]. Some medications taken by the elderly can exacer-
bate GERD, often through a reduction in LES pressure
[3]. Drugs that can affect LES tone include anti-cho-
linergics, nitroglycerine, theophylline, and beta-agonists.
Isosorbide and calcium-channel antagonists interfere
with calcium uptake by smooth muscle, causing relaxa-
tion of the LES and altering the amplitude of the peri-
staltic contractions.

A hiatal hernia involves the displacement of the
LES toward the thoracic cavity, compromising the dia-
phragmatic component of the LES, and impairing the
clearance of refluxate from the esophagus [33], [34].
Although a hiatal hernia is not sufficient to cause
GERD, it does contribute to the overall decrease of the
LES barrier. Approximately 9% of patients with a hia-
tal hernia will have reflux disease [31]. Additionally,
more patients with proven reflux do have a hiatal her-
nia (85–95%) [9]. It is well documented that the preva-
lence of hiatal hernia increases with age, and has been
found in 60% of patients over the age of 60 years and
in up to 90% of those older than 70 [9], [13], [16].
There is also an increased frequency of esophagitis in
patients with a hiatal hernia, and the severity of eso-
phagitis is proportional to the size of the hernia 
[13], [16]. Several authors have found that although
the total length of the LES high-pressure zone is simi-
lar in older and younger groups, the elderly tend to
have a shorter intra-abdominal segment [32], [33].
This leads to a greater segment the of LES high-pres-
sure zone being above the respiratory pressure inver-
sion point in the elderly, contributing to an increase in
reflux and esophageal damage.

Additionally, certain drugs can delay esophageal
transport, extending contact time with the esophageal
mucosa, and can cause direct mucosal injury [3], [35].
Esophageal tissue resistance may decrease in the elderly
as a result of slow cell regeneration, as well as from di-
rect injury by irritant drugs [36]. Medications in this
group include doxycycline, quinidine, aspirin, NSAIDs,
potassium, tetracycline, and ferrous sulfate [23]. These
drugs are taken up by the mucosa, and cause damage

after concentrating in the mucosa. Patients with motil-
ity disorders may be more prone to esophageal injury
from medications. If present, strictures may impede the
passage of some pills, leading to further local injury
[35]. Alendronate, taken by many elderly patients, is
also a cause of drug-induced esophageal ulceration, and
must be taken with a large amount of water to avoid
prolonged mucosal exposure.

Early studies suggested impaired acid secretion in
the elderly, but pure “age-related achlorhydria” has not
been found in small studies of healthy subjects [37]. It
had initially been suggested that age-related changes in
the function of the gastrointestinal tract include a re-
duction in gastric parietal cell function, leading to im-
paired acid secretion and an elevation in gastric pH.
These early studies found that gastric acid secretion
decreased with age in about 25% of elderly people,
putting them at less risk of esophageal irritation and
symptoms due to regurgitated gastric acid [7]. How-
ever, several studies have since challenged these find-
ings, and Hurwitz et al [37] found no age-related
increase in achlorhydria or in atrophic gastritis in sub-
jects older than 65 years. The level of hyposecretion in
the elderly in this study was similar to that found in a
study of healthy young men and women. Additionally,
colonization by enteric pathogens and malabsorption
of drugs and nutrients – consequences of hypoacidity –
have not been shown in the elderly [37]. Most authors
now believe that physiologic levels of gastric acid secre-
tion are similar in adults of all ages, in the absence of
atrophic gastritis [16], [25], [35], [36]. Although gas-
tric acid secretion does not appear to decrease due to
aging alone, older patients with Helicobacter pylori and
atrophic gastritis may secrete less acid [10]. If atrophic
gastritis is present, the composition of the refluxate
may be changed to a neutral, or even an alkaline pH. In
this case, the refluxate has diminished irritative poten-
tial, which causes a delay in activation of the esopha-
geal clearance mechanism [12].

Three factors contribute to the esophageal clearance
of refluxate – gravity, peristalsis, and saliva – and an
overall decline in esophageal clearance has been noted
in the elderly [1], [3], [23], [34]. Elderly patients with
GERD have pH � 4.0 in distal esophagus for greater
percentage of time than younger patients [16]. The
amount of time that acid is exposed to the esophageal
mucosa is directly related to the risk and extent of mu-
cosal damage [38]. Reduced esophageal clearance dur-
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ception, a higher sensory intensity rating, and an acid
perfusion sensitivity score that was significantly higher
than the older patients. This diminished chemosensi-
tivity was present in the elderly despite increased acid
exposure and esophageal mucosal inflammation. Patel
et al [15] showed reduced visceral pain perception in
the proximal and mid esophagus of normal elderly
subjects compared with normal younger subjects using
the technique of impedance planimetry. Studies have
found an age-related loss of neurons in the myenteric
plexus of the esophagus, and have suggested afferent
autonomic nerve degeneration as a possible explana-
tion of the greater number of elderly patients who
have reflux without symptoms [12], [26], [42]. The re-
duction in pain perception in the elderly may explain
why they often present with complications of reflux
rather than with symptoms.

Early studies on esophageal motility in the elderly
found significant differences that were thought to be
secondary to aging [43]. The term “presbyesophagus”
was coined to describe an age related decrease in con-
tractile amplitude and polyphasic waves in the esopha-
geal body, along with incomplete sphincter relaxation
and esophageal dilatation [25]. However, the subjects
in this study had a high prevalence of diabetes, medi-
cation use, and neurological diseases, and the results
are now thought to be secondary to these factors, rat-
her than a primary degeneration of esophageal func-
tion. Although primary peristalsis may be preserved,
secondary peristalsis has been shown to be less fre-
quent, less consistent, and occasionally is totally absent
[25], [26], [45], [46]. Secondary esophageal peristalsis
is initiated in response to esophageal stimuli, and is
thought to play an important role in volume clearance
of material remaining in the esophagus after a swal-
low, such as refluxate [46]. In the elderly, there are
more frequent non-propulsive, often repetitive con-
tractions, and even failure of contractions after deglu-
tition in the distal esophagus [10], [13], [25], [47].
Additionally, Hollis and Castell found patients older
than 70 years old to have a decrease in the amplitude
of peristaltic pressures, but not in the duration or
velocity of peristalsis [48]. Ali Kahn et al found the
lack of contraction response and relaxation phase of
the LES to be 4–6 times more common in an elderly
group [43]. This study also described a greater
incidence of disordered contractions in the older
group, mostly seen as simultaneous contractions.

ing sleep appears to be a major causative factor in se-
rious forms of GERD in all ages [30]. At night, all
clearance mechanisms are blunted, and there is a de-
creased swallowing rate, explaining why nocturnal reflux
is associated with severe esophagitis [9], [34]. Sedatives
and hypnotics, often used by elderly patients, as well as
alcohol, may further depress nocturnal swallowing
mechanisms and prolong the duration of nocturnal re-
flux episodes [7], [9], [12], [34].

Salivary secretion is critical, as it neutralizes the acid
that covers the esophageal lining after a reflux episode
[39]. Saliva is an effective buffer that helps to re-estab-
lish a more alkaline pH in the esophageal lumen. Some
studies have found a decline in salivary secretion with
age, and Zhu et al found elderly patients to have more
severe reflux episodes and compromised clearance of
acid compared to younger patients [3], [39], [40].
Several studies have described an age-related decrease 
in salivary bicarbonate secretion following acid perfusion
of the esophagus, which may contribute to increased
severity of esophagitis [3], [10], [16], [29]. Some have 
argued that the age-related decline in salivary secretion
may be due to or exacerbated by other comorbid medical
conditions in the elderly [26], [41]. For example, several
medications used by the elderly can decrease saliva 
formation, including antihistamines, antidepressants,
certain anti-hypertensives, antispasmodics, some neuro-
leptics, and antiparkinsonian drugs [9], [23].

One well described age-related change in esopha-
geal function is an increase in visceral pain tolerance,
which may in part explain the decrease in symptom
perception in the elderly. Intraesophageal balloon dis-
tention has been used to evaluate the physiological
functioning of the esophagus, by using increasing dis-
tending volumes to study visceral pain perception.
Lasch and Castell found a significant increase in the
mean pain threshold of their elderly subjects, and over
50% of their elderly subjects felt no pain at all, even at
maximum balloon inflation [42]. These results show a
significantly higher pain threshold in the elderly
group, corresponding with a dramatic decrease in pain
perception. Weusten et al found age-related alterations
in cerebral evoked potentials induced by balloon dis-
tention, with a decrease in amplitude and an increase
in peak latency with age [42]. Fass et al studied che-
mosensitivity to acid infusion in symptomatic elderly
and young patients [15]. The younger patients had a
significantly shorter lag time to initial symptom per-
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Using the technique of pharyngeal water stimulation,
which can induce complete LES relaxation, investiga-
tors have found that the threshold for relaxation is sig-
nificantly greater in the elderly [26], [33]. Xie et al
[33] found that these relaxations were more often as-
sociated with reflux events in the elderly group.

Although the frequency of reflux episodes is not
thought to vary with age, the duration of individual
episodes may be longer in the elderly secondary to de-
fective peristalsis [10], [16]. Ferriolli et al found the
duration of reflux episodes to be longer in an older
group compared to a younger group [47]. Overall,
clearance of the esophagus after reflux episodes in
asymptomatic persons older than 70 is impaired, and
the reflux episodes in this population last longer than
in healthy volunteers younger than 60 years old. These
changes further delay esophageal clearance, increasing
acid contact time, and leading to more severe reflux
disease in the elderly population [47].

Normally, the upper esophageal sphincter (UES)
and the supraesophageal region (trachea and esopha-
goglottal closure reflex) act as additional defense
mechanisms to prevent oropharyngeal reflux. Both
vocal cord closure and an increase in UES pressure are
triggered by an increase in esophageal distention/pres-
sure [32]. Bardan et al along with other authors, found
that the esophagoglottal closure reflex can be either
absent or less reproducible in the elderly [32]. One
study found this protective reflex to be absent in 50%
of those subjects over the age of 70 [46]. Shaker et al
studied the effect of age, position, and temperature on
the threshold volume that triggers pharyngeal swal-
lows [49]. In both the upright and supine positions,
spontaneous swallowing was significantly less frequent
in the elderly compared with the young. In addition,
the threshold volume for swallow initiation in young
volunteers was significantly smaller than in the elderly,
by 3–5 times. The need in the elderly patients for larg-
er volumes to trigger a pharyngeal swallow may have
implications, as the refluxate may have increased risk
of being inhaled into the airway.

It has also been reported that the length of UES
high pressure zone is shorter in the elderly, and the re-
sting UES pressure is significantly lower than in the
younger group [13], [25], [32]. A decreased UES tone
may increase the chances of refluxate reaching the lar-
ynx, pharynx, and lungs [9]. There is a delay in UES
relaxation after swallowing and an increased resistance

to flow across the UES as a result of loss of compliance
with age [13], [25]. Although there are subtle altera-
tions in the coordination of vocal cord closure and
oropharyngeal bolus transit, the overall coordination
between airway protection and the transit aspect of
the oropharyngeal phase of swallowing is preserved in
the elderly [46]. Whether these changes are clinically
relevant in the pathogenesis of reflux disease is un-
clear, and their overall significance may be relatively
minor [45].

Most data tend to support the finding that there is
a decrease in gastric emptying time with increasing
age [13], [23], [29]. While some report impaired
emptying of liquids, others have found that 10–15% of
patients with GERD may have delayed gastric empty-
ing of solids [23]. Gastric emptying in healthy elderly
patients may also be decreased in the presence of
atrophic antral gastritis. Emptying is slowed by fatty
meals, the supine position, gastric outlet obstruction,
anti-cholinergic agents, hormones, and various dis-
eases such as diabetes [9]. Other studies, however,
have reported no difference in gastric emptying be-
tween young and old volunteers [25], [31], [36].

Diagnosis

There are several factors complicating the diagnosis of
GERD in the elderly, and the diagnostic approach in
this group should be different than in a younger popula-
tion. When a healthy young patient presents, with the
classic symptoms of heartburn or acid regurgitation, no
further testing is needed to diagnose GERD. In this
case, the recommendations are to treat first, and reserve
diagnostic testing for those with alarming or atypical
symptoms, symptoms resistant to medical therapy, those
with a sudden onset of symptoms, or patients with
chronic relapsing symptoms [3], [13], [44], [50]. Alarm
symptoms include GI bleeding, unintentional weight
loss, iron deficiency anemia, dysphagia, persistent vomit-
ing, an epigastric mass, or a suspicious barium meal. An
improvement in symptoms on acid reduction therapy
can be considered diagnostic of GERD [13]. If symp-
toms show a change in frequency, severity, or periodicity
(especially if they become nocturnal), investigation with
endoscopy is also warranted [3]. Reflux disease in the
elderly, however, may be more difficult to accurately di-
agnose. Older people may have less severe heartburn,
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non-cardiac chest pain, however, it is no longer com-
monly used in practice [9].

In general, barium radiography is not a reliable test
for diagnosing GERD. Reflux of barium into the
esophagus is not specific for GERD, as it can be seen
in one-third of patients without GERD [13]. This test
has an overall diagnostic accuracy of 24.6% in mild
esophagitis, 81.6% in moderate, and 98.7% in severe
[50]. However, barium swallow may be more effective
in the elderly, as it can characterize anatomy and pro-
vide a qualitative determination of esophageal func-
tion. Barium esophagrams are most appropriate for
those with symptoms of dysphagia for solids or liquids
[13], [23]. Dysphagia in the elderly may be related to
motility disorders, CNS disease, Zenker’s diverticu-
lum, cancer, or a peptic stricture. Barium swallow has a
high sensitivity for masses in the esophagus and for

and may underreport their symptoms. They may present
with atypical symptoms, and their coexistent illnesses
make diagnosis more complex. Potential diagnostic tests
for GERD, with an emphasis on the elderly patient, will
be discussed in this section (Table 3).

The Bernstein test is a provocative test of mucosal
sensitivity to acid and is used to document acid-re-
lated symptoms. A positive test is one that repro-
duces the patient’s symptoms following acid infusion.
Although this test is more likely to be positive in pa-
tients with more severe esophagitis, it has decreased
positivity in those with Barrett’s [50]. The overall
sensitivity of this test is 77% with a specificity of 86%
[50]. This test may demonstrate that the symptoms
are due to GERD, but it cannot grade the degree of
esophagitis. The Bernstein test may be especially
useful in the elderly in the evaluation of reflux related

Table 3. Diagnostic testing for GERD in the elderly

Test Use Advantages Disadvantages

Bernstein Test – Attempt to reproduce reflux – Correlation between infusion – Decreased sensitivity in BE
symptoms using provocative and symptoms suggestive – Cannot grade degree of
acid Infusion of GERD mucosal damage

– Useful in evaluating atypical – Rarely used
symptoms

Barium Swallow – Investigate symptoms of – Increased accuracy with – Cannot reliably diagnose
dysphagia more severe disease GERD

– Can identify hiatal hernia – Characterizes anatomy and – Reduced sensitivity in less
(non-specific finding) structural disease severe disease

– Qualitative measure of
esophageal function

– Quantify degree and
location of obstruction

pH Monitoring – Identify presence of – Can directly relate symptoms – Cannot grade degree of
abnormal reflux to a reflux event mucosal damage

– Correlate symptoms and – Useful in diagnosis of – Does not address alkaline
reflux atypical reflux or mixed reflux

– Evaluate optimization of – Cannot perform biopsy
medical management

Endoscopy – Identify erosive esophagitis – Direct visualization allowing – Potential for adverse
or Barrett’s esophagus grading of damage reactions to sedation or

– Investigate etiology of upper – Allows for prognostic procedure
GI bleeding Information – Decreased use in atypical

– Allows for biopsy useful in symptoms
BE and H. pylori
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strictures, rings, and ulcerations, and can quantify the
severity of esophageal obstruction [13], [23]. The use
of a solid bolus can assist in the localization of the ob-
struction [31].

pH monitoring can quantify the degree of reflux in
a near-physiological setting, and is able to relate symp-
toms to a reflux event [10], [13], [20], [51]. This test
has the highest sensitivity and specificity for diagnos-
ing reflux disease – up to 88% and 98%, respectively
[10], [50]. Six parameters are measured – % total,
upright, and supine time with pH less than 4.0, num-
ber of reflux episodes, reflux episodes longer than 
5 minutes, and longest reflux episode. Patients with
atypical symptoms may have a clarification of their
syndrome with pH testing – especially those with
chest pain, pulmonary symptoms, and chronic hoarse-
ness [2], [13], [50]. This testing is also useful for
patients on acid-suppressive therapy who are still ex-
periencing symptoms, to decide if the medical therapy
is optimized [31]. pH monitoring should always be
performed prior to consideration of anti-reflux sur-
gery. It can also be used in the patient with refractory
esophagitis, as a normal study may point towards an-
other etiology, such as pill-induced esophagitis [10],
[23]. Patti et al studied the utility of esophageal func-
tion tests, including manometry and 24-hour pH
monitoring, and concluded that symptoms alone were
unreliable in diagnosing GERD [52]. A diagnosis of
GERD based on symptoms and endoscopy was incor-
rect in about 33% of patients, and esophageal function
tests were found to be the best way to establish the
diagnosis and identify more severe disease. Manome-
try can measure LES tone, and identify motility pro-
blems, but it does not measure reflux. It is reserved for
LES localization prior to pH testing and for evalu-
ating peristalsis prior to anti-reflux surgery, as findings
can influence the type of procedure done [10], [31].

As early as 1977, Jacobsohn and Levy evaluated and
confirmed the safety and feasibility of upper endoscopy
in elderly patients [53]. Eshchar et al studied endoscopy
in octogenarians, looking at 73 EGD’s, and also found it
to be a safe and well tolerated procedure [54]. There is
no increased morbidity or mortality of endoscopy in the
elderly population compared to younger groups [13].
The diagnostic impact of endoscopy is lower in GERD
patients � 50 years old, especially in the absence of
alarm symptoms [55]. However, endoscopy should be
used early as the initial diagnostic test in all elderly

patients with heartburn, regardless of the severity or du-
ration of their complaints [10]. This approach is advo-
cated because they often have more severe disease
despite milder symptoms. Without endoscopy it is dif-
ficult to predict the presence of esophagitis in the
elderly, as a correlation between symptoms and severity
of disease has not been established [56]. Endoscopy
provides direct visualization, with high sensitivity and
specificity for the detection of mucosal injury, and
biopsy is the most sensitive test for esophagitis and can
diagnose H. Pylori [9], [20], [23]. Endoscopy allows
the physician to objectively grade GERD severity and
gives information on disease prognosis. Although EGD
is sensitive and specific for identifying mucosal disease,
it may miss 36–50% of patients with GERD found by
pH monitoring [13]. Thus, pH testing compliments
endoscopy in the diagnosis of GERD when endoscopic
findings are apparently normal, or in the presence of
atypical symptoms.

Endoscopy should always be performed in the pre-
sence of alarm symptoms, such as dysphagia [57]. If a
patient has a long history of nicotine and/or alcohol ab-
use, or regular use of NSAIDs, they should be referred
for EGD or barium study to exclude structural disease
[29], [57]. Even in elderly patients who are currently
asymptomatic, but who have a strong history of reflux
symptoms, endoscopy is indicated to rule out Barrett’s
esophagus (BE) [10]. There is disagreement among
physicians concerning the age cut-off for endoscopy in 
a patient presenting with new-onset reflux symptoms.
Recommendations range from 45–65 years old [3], [31],
[56], [57]. However, what is agreed upon is that due to
the occult severity of disease in the elderly, endoscopy
should be done very early in the evaluation [23].

GERD complications

GERD comprises a spectrum of disease, ranging from
non-erosive esophagitis, to complications involv-
ing increasingly severe esophageal damage. Compli-
cations of reflux disease include erosive esophagitis,
esophageal ulceration, peptic stricture, BE, and ade-
nocarcinoma of the esophagus. Several studies have
shown that complications of GERD tend to occur
together. Any GERD complication is 10 times more
likely to occur with another GERD complication
than without, and this is most often true for strictures
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disturbances of motility, such as peristalsis, further
prolonging acid contact time [58].

Barrett’s Esophagus (BE) is a metaplastic condi-
tion in which the normal squamous lining of the
lower esophagus is replaced by columnar epithelial
cells in response to chronic reflux of gastric acid, pep-
sin, and duodenal contents [64]. Several studies have
shown an increase in the prevalence of BE in the el-
derly, with a mean age of diagnosis of 60 years of age
[13], [65]–[69]. However, it is estimated that disease
formation itself actually occurs at a mean age of 
40–55 [66], [67]. Cameron and Lomboy studied
51,311 patients who underwent endoscopy to further
characterize the course of BE [67]. BE was found
twice as frequently in men (0.97% vs. 0.49%), and the
age distribution was similar in both sexes. The pre-
valence of disease increased with age to reach a
plateau in the seventh to ninth decades. This large
study also found no difference in the length of BE
segment among different age groups. Patients with
BE develop reflux symptoms at an earlier age, have an
increased duration of symptoms, increased severity of
nocturnal reflux, and increased complications of
GERD [28], [65], [70].

Many authors have investigated symptoms of BE,
and as many as 25% of patients are asymptomatic at
diagnosis [10]. In general, patients with BE report
less severe symptoms than those with GERD alone,
and among those individuals with BE, elderly pa-
tients are less symptomatic that younger patients
[16], [65], [69]. In a study of elderly and younger pa-
tients with BE, the elderly patients were significantly
less symptomatic than the younger subjects, and had
symptom scores that were similar to symptomatic
controls without GERD [11]. There have been speci-
fic studies looking at the relationship between BE,
aging, and the presence of symptoms of heartburn
and acid regurgitation. Grade et al [69] studied
response to acid in elderly compared to young BE
patients. They found that all of the young patients
had a positive acid perfusion test, but only 58% of
elderly patients had a positive test, with 48% of the
elderly group having no symptom perception during
acid infusion. The mean lag time to initial symptom
perception was also significantly longer in elderly pa-
tients, and elderly patients had a lower sensory inten-
sity rating at the end of acid perfusion compared
with the younger patients. Possible explanations for

and ulcers [39], [58]. In fact, ulcers rarely to never
occur as the sole complication. More severe mucosal
lesions are usually associated with less spontaneous
resolution, lower treatment response and early relapse
after the discontinuation of therapy [28], [59].

Several authors have noted that complications of
GERD are more common in the elderly, requiring
increased vigilance and a more aggressive approach to
diagnosis and treatment by physicians. Brunnen et al
estimated the overall incidence of severe esophagitis at 
4.5 per 100,000 population, with a dramatic increase 
after the age of 50 [17]. Studies suggest that 50–60% of
those with typical reflux symptoms will have erosive eso-
phagitis [31]. Collen et al found that complications such
as erosive esophagitis and BE have been reported in up
to 81% of patients over 60, compared to 47% younger
than 60 [14]. The same study noted that 87% of those
70 years old had mucosal disease. Multiple studies have
found that age increases with increasing severity of
esophagitis. Authors have reported the mean age of pa-
tients with BE to be 61, those with stricture have a mean
age of 63–65, and for esophageal ulcer, the mean age is
60–62 [17], [39], [55], [60]. Compared with patients
aged � 50 years, the odds ratio of patients aged �
50 years with a major lesion on endoscopy was 0.5 [55].
Reynolds noted that although GERD related ulcerations
are rare in younger patients, they occur in up to 20–30%
of older individuals [61]. Zhu et al reported grade-III or
IV-esophagitis in 20.8% of patients age 65–76 compared
to only 3.4% of patients younger than 64 [40].

Age has been shown to be an independent risk factor
for esophagitis, with an adjusted odds ratio of 1.18 per
10 year increase [59]. As the severity of esophagitis in-
creases, there is an increase in the proportion of patients
with severe heartburn and heartburn � 5 years in dura-
tion [62]. Male gender and white race have been noted
to be associated with an increased risk for complicated
reflux disease [58], [59]. The presence of hiatal hernia
increases with increasing severity of mucosal inflamma-
tion, and these are more prevalent in an elderly popula-
tion [60], [62]. Many patients with GERD, especially
the elderly, may not seek medical attention until one to
three years into their symptoms, which increases the
likelihood of developing complications.

Peptic strictures occur in approximately 10–20% of
patients with untreated GERD, and they are especially
common in elderly men [6], [10], [17], [58]. Patients
with strictures tend to demonstrate more frequent



Vaezi MF and Swoger J 33

these findings include “reduced acid sensitivity, the
age-related changes in symptom perception, and the
presence of columnar epithelium” [58], [65].

Treatment

The medical and surgical treatment of GERD in the
elderly population generally follows the same princi-
ples as for any adult patient with reflux [10]. The
basic goals of treatment are relief of symptoms, early
detection of lesions, healing of esophagitis, preven-
tion of relapses, and prevention of complications
[28]. Evaluation and management of the elderly pa-
tient does require “attention to more subtle, atypical,
or non-specific symptoms, recognition of the impor-
tance on maintaining function, and patience in the
interaction and in the pace of progress” [1]. Educa-
tion of the patient about the nature of GERD and
the factors that may precipitate reflux continues to
be the cornerstone of therapy. Characteristics of an
ideal agent for the treatment of a chronic condition
in an elderly patient include high safety and efficacy,
minimal side effects, no need for dose adjustment
with age, safety in renal and hepatic insufficiency, a
simple dosing regimen, no significant drug interac-
tions, and cost effectiveness [61].

Some physicians assume that the elderly have less
severe GERD and reduce the dose of anti-secretory
medications because of the belief that basal gastric acid
secretion declines with age [14]. However, there is a di-
rect relationship between the degree of 24 hr acid sup-
pression and healing rates. Elderly patients may in fact
need higher levels of acid suppression to heal esophagi-
tis and to relieve symptoms than younger patients [25].
While patients with mild reflux symptoms may benefit
from a step-up approach to treatment, those with more
advanced disease, complications, or atypical presenta-
tions of GERD need to be initially started on more po-
tent and aggressive therapy [34].

Conservative therapy

Most guidelines recommend instituting lifestyle chan-
ges (Table 4) at the same time as empiric therapy. Life-
style modifications are considered useful in reducing
symptoms, but there are few data to support an impact
on healing the esophagus, or any proven long-term

benefits [13]. Physiologic studies show that elevation of
the head of the bed, decreased fat intake, cessation of
smoking, and avoiding recumbency for 3 hours post-
prandially decreases distal esophageal acid exposure

Table 4. Lifestyle changes

– Elevation of head of the bed – 6 inches, using a wedge
– Lower fat, higher protein diet
– Eat smaller meals
– Smoking cessation
– Avoidance of recumbency 3 hours post-prandially – avoid

late meals
– Weight loss
– Decreased alcohol intake
– Dietary modifications – avoid caffeine, fatty foods,

chocolate, spicy foods, peppermint, onions, garlic,
tomatoes, and citrus products

– Review medications – increase fluid intake with 
medications and avoid medications that decrease LES
pressure when possible

Table 5. Medications and GERD

Decrease LES tone Anticholinergics
Nitroglycerine
Beta-agonists
Theophylline
Isosorbide
Calcium-channel antagonists
Hormones
Meperidine

Direct mucosal Doxycycline/Tetracycline
irritant effect Quinidine

Aspirin
Non-steroidal anti-inflammatory
Medications
Potassium
Ferrous sulfate
Alendronate

Decreased peristaltic Calcium-channel antagonists
amplitude Isosorbide

Decreased salivary Antihistamines
secretion Antidepressants

Antispasmodics
Neuroleptics
Anti-Parkinsonian medications

Decreased swallowing Sedatives
rate (especially Hypnotics
nocturnal effects) Alcohol
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medications have a direct irritant effect on the
esophageal mucosa [9]. An elderly patient’s medica-
tions should be reviewed, and, especially in the case
of the irritant medications, should be taken with
plenty of fluids. These conservative measures should
be continued throughout all steps of pharmacologi-
cal therapy, as they help to eliminate factors that in-
hibit motility-related defense mechanisms. We will
next discuss the currently available medical therapies
in GERD with emphasis on the advantages and dis-
advantages of each agent in the elderly (Table 6).

Antacids/Alginic acid

Antacids work locally to increase the pH of the reflux-
ate, neutralizing the acid. The increase in pH-causes
pepsin to become inactive, and may also prevent the

[50]. However, this life style modification is being re-
commended less often given effectiveness of proton
pump inhibitors in treating GERD. Other lifestyle
changes include weight loss and decreased alcohol in-
take. Several foods contribute to reflux symptoms, and
should be avoided. Foods with an acidic pH can both
lower the LES pressure and increase gastric acid secre-
tion, and can precipitate symptoms [30]. Caffeine 
irritates the esophageal mucosa and increases acid secre-
tion, while fatty foods delay gastric emptying [29].
Additional culprits include chocolate, peppermint, spicy
foods, and onions.

Elderly patients are often on multiple medica-
tions, which can act through different mechanisms
to worsen reflux (Table 5). Medications may reduce
saliva production, lower LES pressure, reduce
esophageal motility and gastric emptying, and some

Table 6. GERD therapy in the elderly

Medication Advantages Disadvantages

Antacids/Alginic acid – Relief of mild/moderate symptoms (20%) – Do not heal mucosal disease
– Over the counter – Diarrhea/Constipation
– Rapid effect – Impaired drug absorption

– Must be upright for effect (alginic acid)

Prokinetic agents – Effectively relieve symptoms – Fatal arrhythmias (Cisapride)
– Heal mucosal erosions – Poor side effect profile – crosses
– Useful for dyspeptic symptoms – nausea, blood-brain barrier (CNS toxicity)

gas, bloating – Anti-cholinergic effects (Bethenechol)
– As effective as H2B’s

Mucosal protective – Provides symptom relief and esophageal – Dosing four times a day
healing – Affects drug absorption

– Drug-drug interactions

Histamine2 receptor – Symptom relief in � 60% – Incomplete acid suppression
blockers – Mucosal healing in � 48% – Tolerance development

– Blocks acid production secondary to – Not as effective for erosive esophagitis
multiple stimuli – May require increased dosing for full effect

– Dosage adjustment in renal failure
– Short duration of action

Proton pump inhibitors – Blocks final common pathway of acid – Increased gastrin production
secretion – Possible alteration of gastritis pattern in

– Symptom relief and mucosal healing in H. Pylori positive patients
up to 95% – Drug-drug interactions are possible

– Effective in severe disease – Decreased vitamin B12 levels
– Once daily dosing
– Effective for maintenance therapy
– No dosage adjustments in renal or

hepatic failure
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injurious effects of certain bile acids [71]. They may
increase LES pressure, decreasing the amount of
gastroesophageal reflux. Alginic acid forms a foamy
barrier on top of the refluxate to protect the esophagus
from acid-induced damage. These agents have been
shown to be more effective than placebo in providing
relief of mild to moderate reflux symptoms [20]. Relief
of symptoms can be expected in up to 20% of patients.
Antacids and alginic acid are not likely to promote
healing of the esophageal mucosa, or any other compli-
cations of chronic GERD [2]. There are some adverse
effects, which may be of particular concern in the el-
derly, including constipation with aluminum containing
preparations and diarrhea with magnesium containing
products. Combination products may lessen these ef-
fects. Aluminum containing antacids can cause dialysis
encephalopathy and osteomalacia, and should be used
with caution in those with renal impairment. Antacids
may promote salt overload, induce hypercalcemia, and
affect absorption of other drugs, especially antibiotics
[10]. In addition, alginic acid requires a patient to be in
the upright position to be efficacious, which may be an
issue in an elderly population. Antacids should not be
use for more than 2 weeks, as this may hide a more se-
vere diagnosis requiring endoscopic evaluation, and
more aggressive medical management [72].

Prokinetic agents

This class of agents targets the underlying motility
dysfunction that causes GERD. Specifically, they in-
crease lower esophageal sphincter pressure, accelerate
gastric clearance, stimulate esophageal peristalsis, and
increase the amplitude of esophageal contractions
[73]. Each of these agents (bethenechol, metoclopra-
mide, domperidone, and cisapride) is effective in im-
proving symptoms and healing erosions. They are
especially useful in the presence of dyspeptic symp-
toms such as nausea, vomiting, and abdominal bloat-
ing [10]. Unfortunately, they have a poor adverse
event profile, which is of particular concern in an el-
derly population, and they should therefore be used
sparingly in this population.

Cisapride was removed from the market in 2000, af-
ter 80 deaths due to cardiac arrhythmias were reported.
It was the most effective promotility agent for the treat-
ment of GERD, both in relieving symptoms (60%) and
promoting healing [73]. It was as effective as H2B’s for

mild to moderate disease, and may have had a role in
maintenance therapy [28]. The combination of cimeti-
dine with a prokinetic agent resulted in improved heal-
ing compared to either agent alone [20]. Cisapride not
only has prokinetic effects, but it stimulates salivation
via a cholinergic mechanism. Orr et al [38] looked at
acid clearance with cisapride in patients with symptom-
atic GERD, and found a significant decrease in the
number of swallows required for acid clearance compa-
red to baseline. These authors concluded that the main
efficacy of cisapride in treating GERD actually results
from its ability to stimulate saliva, not from its relatively
weak prokinetic effects. The removal of this medication
from the US market was due to a drug interaction with
azole antifungals, macrolide antibiotics, and procaina-
mide, resulting in a prolonged QT interval and risk of
cardiac arrhythmias. An investigational limited-access
program is available for patients whose disease has fai-
led to respond to other standard treatment options and
who meet defined eligibility criteria [35].

Bethenachol directly stimulates the parasympathe-
tic nervous system to release acetylcholine. Healing ra-
tes with Bethenachol are between 45–52% [73]. It has
been shown to decrease the frequency and duration of
nocturnal reflux episodes. Bethenachol has significant
side effects of abdominal cramping, flushing, blurred
vision, fatigue, and increased urinary frequency, which
are more common in the elderly. Furthermore, it causes
hypotension, bradycardia, worsening of asthma and
angina, and worsens Parkinson’s disease [9].

Metoclopramide has been found to be as effective
as H2B’s in relieving heartburn and other GERD
symptoms, but it is not more effective in promoting
the healing of erosive esophagitis [73]. Side effects of
metoclopramide are a significant drawback. It crosses
the blood-brain barrier, and 20–30% of patients have
antidopaminergic side effects [13], [73]. These effects
are more significant in the elderly, and include drowsi-
ness and lassitude, anxiety, agitation, confusion,
hallucinations, extrapyramidal problems, and motor
restlessness. The most serious adverse reactions are de-
pression and tardive dyskinesia. Treatment related side
effects from metoclopramide have been reported in
25–31% of patients receiving this drug [13]. Domper-
idone has not been approved by the FDA, and current
studies report conflicting results. Domperidone and
metoclopramide are not as effective as cisapride in re-
lieving symptoms of GERD [3]. One advantage of
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ity of esophagitis, and more severe disease may require
increased dosages or combination therapy [2], [34],
[71]. For grade-II esophagitis, Johnson found 8-week
healing rates of 65–83%, which decreased to 15–58%
in grade III disease [13]. Another study found that
only 17% of patients with grade IV esophagitis achiev-
ed complete healing after three-months of high dose
therapy [34]. Collen et al [14] treated patients with ra-
nitidine in escalating doses to achieve healing of eso-
phagitis and disappearance of pyrosis. While a majority
of patients responded to 300 mg/day, 33% of those
healed required a mean dose of 1200 mg/day (range of
600–3000). Fewer patients with esophagitis or BE had
healing and symptom resolution at the lower dosages.
34% of elderly patients required increased dosage in
this study (mean 1140 mg/day) which was no different
from the 38% of � 60 who required increased doses.
Others have also reported that the elderly require high-
er doses for healing, up to 2400 mg/day, to relieve
symptoms and heal mucosal lesions [2].

These drugs are generally well tolerated by older
adults, however, there are concerns about adverse ef-
fects and drug-drug interactions do exist. The overall
incidence of adverse events is 3–5%, with most being
mild [2]. Cardiovascular events occur most often with
cimetidine, and include bradycardia and hypotension.
Mental confusion has been reported with cimetidine,
with associated factors including high dose, old age,
decreased renal function, and cerebral impairment
[74]. Other central nervous system effects include de-
lirium, hallucinations, depression, and dyskinesia, seen
mostly with the intravenous formulation [31], [74].
Cimetidine causes a reversible decrease in creatinine
clearance in 26%, but does not worsen existing renal
failure. Cimetidine also causes a transient increase in
serum aminotransferases. Other less common effects
include rash, myalgia, and neutropenia with cimeti-
dine, and hepatitis, arthralgias, rash, and bone marrow
suppression with ranitidine.

Concomitant administration of antacids reduces
the bioavailability of most H2 blockers by 20–25%
[35], [74]. Excretion of these drugs occurs through
the kidneys, and they are all partially metabolized by
the liver, with the degree of liver involvement varying
by drug [74]. Cimetidine, and less frequently raniti-
dine, can alter serum concentrations of drugs using
microsomal enzymes, such as phenytoin and theo-
phylline, benzodiazepines, certain beta-blockers,

domperidone is that it does not cross the blood-brain
barrier, and it is therefore better tolerated in an elderly
population than metoclopramide [73].

Mucosal-protective agents

The main mucosal protective agent is sucralfate, which
works by binding damaged mucosa, and forming a
protective barrier against the erosive action of pepsin
and bile. Sucralfate may have a comparable rate of
symptom relief and healing of erosive esophagitis to
H2B’s [2]. The degree of healing with sucralfate corre-
lates inversely with the degree of injury of the mucosa.
However, there are significant drawbacks in using this
medication for GERD in the elderly. It requires four
time a day dosing, and has a potential for drug-drug
interactions with digoxin, phenytoin, quinidine, and
warfarin. This medication may reduce the absorption
of certain drugs, and other medications must be given
2 hours after sucralfate [35]. Due to the increased me-
dication usage in the elderly, this factor makes sucral-
fate difficult to effectively utilize in this population.

Histamine2-receptor blockers (H2B’s)

This class of medications indirectly suppresses gastric
acid and pepsin secretion by occupying Histamine2

receptors. They suppress basal, nocturnal, and penta-
gastrin secretion, as well as acid secretion induced by
insulin, meals, and sham feeding [74]. These medica-
tions have no effect on LES pressure or esophageal
clearance [31]. Acid suppression is incomplete in re-
sponse to meals, thus these are less effective in people
with advanced reflux disease [35]. The H2B’s reduce
nocturnal acid by 85–94% if appropriate doses are
determined [74]. Clinical trials have shown that,
compared to placebo, H2B’s improve the endoscopic
appearance of the esophagus and reflux symptoms in
the majority of patients after 6–8 weeks of treatment
[27], [73]. In a general population, symptomatic re-
lief can be expected in 32–82% of patients (mean
60%) after a 12 week course, with resolution of en-
doscopically confirmed esophagitis in 0–82% (mean
48%) [13], [34], [35], [50], [71], [73], [74].

These medications are effective in the management
of non-erosive reflux disease and the healing of mild
esophagitis [3], [13], [28]. However, esophageal muco-
sal healing rates are inversely proportional to the sever-
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imipramine, ketoconazole, and warfarin [2], [3], [71],
[74]. These agents require dosage adjustments in el-
derly patients with diminished renal function, and ci-
metidine and ranitidine have prolonged elimination
in patients with hepatic dysfunction [2], [23].

Disadvantages of H2B therapy include short dura-
tion of action, incomplete inhibition of acid in re-
sponse to a meal, and the development of tolerance
[73]. Although the addition of a H2B to twice daily
PPI therapy can significantly reduce nocturnal gastric
acid reflux, the phenomenon is temporary for most
people. Tolerance develops in as short as 1 week, and,
after 1 month of continuous therapy, acidity may re-
turn to pre-treatment levels [2], [75]. Although an in-
crease in medication dosage can result in improved
healing, cost becomes an issue in this case considering
the availability of alternate effective medications.

Proton pump inhibitors

Proton Pump Inhibitors (PPI’s) offer the optimal de-
fense strategy against GERD in the elderly [35]. The
proton pump is the final common pathway for acid se-
cretion in the stomach, and it is located on the luminal
surface of gastric parietal cells. The modification of this
pump by the drug causes a more consistent and pro-
found inhibition than can be obtained by modifying the
basal receptors (Histamine and Acetylcholine) [76].

Proton pump inhibitors produce more frequent
and rapid symptom relief and esophageal healing for
a greater percentage of patients than do H2B’s [73].
Several studies have examined rates of symptom
control and healing. A single daily dose will produce
symptom relief and healing of erosive esophagitis in
67–95% after 4–8 weeks of treatment, and continu-
ous therapy will maintain relief and healing for up to
5 years [3], [13], [27]. They also lead to rapid
healing, with lansoprazole healing 67% of erosive
esophagitis after 2 weeks [2], [36]. PPI’s are more
effective in healing grades II–IV esophagitis than
H2B’s [3], [73]. The PPI’s have specific efficacy in
patients with severe, refractory reflux disease, non-
healing BE ulcers, and peptic strictures [70], [77]. In
addition, omeprazole heals between 80–97% of pa-
tients with esophagitis who are refractory to H2B’s
[2], [34], [71]. Several studies have shown PPI’s to
be superior to H2B’s in relieving GERD symptoms,
including the relief of nocturnal symptoms [71],

[76], [77]. PPI’s are not associated with develop-
ment of tolerance, as some H2B’s are [76].

James et al [36] studied H2B vs. PPI in treatment
of reflux esophagitis in an elderly and a young group.
After 4 weeks of treatment, 53% of elderly PPI group
had complete healing of their lesions, while only 27%
of elderly H2B group had complete healing. After 8
weeks, 70% of elderly PPI group was healed, com-
pared to only 29% of elderly H2B group. In terms of
symptom control, 59% of elderly PPI patients were
symptom free after 4 weeks (vs. 33% of H2B group),
which increased to 79% vs. 51% after 8 weeks. At 8
weeks, there were three times as many patients in the
H2B group who remained symptomatic and unheal-
ed. The authors concluded that therapy with ome-
prazole was superior to H2B in resolving the lesions
of esophagitis as well as relieving the symptoms of
GERD in an elderly population.

Adverse events with PPI’s are rare, have similar ra-
tes as H2B’s, and include headache, diarrhea, nausea,
abdominal pain, and flatulence [2], [78]. There is no
difference in the frequency or type of adverse events in
elderly patients compared to younger patients in clini-
cal trials [36]. However, there are other metabolic and
physiologic concerns with long-term PPI therapy. A
main concern with long-term PPI therapy is an in-
crease in gastrin production, which was thought to
possibly have dangerous trophic effects on the gastric
mucosa [50]. There was an increase in the incidence of
micronodular hyperplasia, atrophic gastritis (1% to
25%), and there was a strong association between ar-
gyrophil cell hyperplasia and degree of corpus gastritis
[77]. ECL cell hyperplasia has been shown to occur
after long-term exposure to gastrin, and it was
hypothesized that this may lead to carcinoid tumor
formation. Currently, these potential effects remain
theoretical, and there have been no reports of carci-
noid tumor formation or any other significant adverse
effects from long-term PPI therapy.

Concern was also raised following a study by Kuipers
that questioned a possible link between PPI therapy in
H. Pylori infected individuals leading to gastric atrophy,
and eventually to gastric cancer [79]. H. Pylori infection
causes chronic gastritis, and the persistent inflammation
can lead to loss of gastric glands and specialized cells.
The resulting atrophic mucosa and intestinal metaplasia
increase the risk of dysplasia and gastric cancer. Kuipers
found that the activity of corpus gastritis increases in 
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syndrome, authors found that serum Vitamin B12
levels were significantly lower in patients treated with
omeprazole than in patients treated with H2B’s [81].
In elderly patients with acid hyposecretion, low B12
levels can occur because of malabsorption of protein-
bound B12. Hypochlorhydria also promotes bacterial
overgrowth in the intestine, which may further decre-
ase B12 levels. Many authors agree that it is reason-
able to periodically monitor serum B12 levels in
patients who require long-term PPI therapy, especially
in elderly patients, whose serum vitamin B12 levels
may be diminished at baseline [10], [78], [81].

There are several practical advantages to the use of
PPI’s in an elderly population. Due to the irreversible
mechanism of action of these agents, they only require
once a day dosing, an important consideration in the
elderly [2], [3], [13]. PPI’s can be mixed in a water or
bicarbonate suspension, and administered by naso-
gastric tube without a decrease in bioavailability [31].
Omeprazole and lansoprazole caplets can be opened
and taken with water, apple or orange juice, applesauce,
or yogurt [10]. Pantoprazole is available by infusion,
which makes it particularly useful in meeting the spe-
cial needs of some elderly patients [35]. Finally, due to
the chronic nature of the disease, long-term therapy is
usually indicated, and medication cost is important in
the elderly population [13]. PPI’s are cost effective al-
ternatives to H2B’s in patients with GERD, and PPI’s
as an initial therapy are less costly to treat erosive eso-
phagitis than branded H2B’s [2].

Maintenance therapy

A high percentage of patients with GERD require
long-term, possibly lifelong therapy for symptom con-
trol. Maintenance therapy keeps the symptoms under
control, and prevents development of complications.
After complete healing of esophagitis with omepra-
zole, recurrences occur in up to 82% of patients within
3–6 months if no maintenance therapy is given. Early
recurrence has been associated with a hypotensive LES,
long-standing symptoms, need for long-term treat-
ment for initial symptom relief and healing, high grade
esophagitis, hiatal hernia, and continued symptoms de-
spite esophageal mucosal healing [30]. If ranitidine 150
BID was given, 42% recurred in 6 months. With
20 mg omeprazole/day, only 17% of patients had recur-
rences at 6 months, and 33% recurred at 2 years [71].

H. Pylori patients treated with omeprazole. In his H. Pylori
positive patients, corpus gastritis increased from 59 to
81% (p � .007), with atrophic gastritis increasing from
0 to 31%. Signs of atrophy developed in one-third of
patients with H. Pylori after an average of 5 years of PPI
treatment. He concluded that H. Pylori patients were at
a greater risk for development of atrophic gastritis
during profound acid suppression. Therefore, patients
requiring long-term PPI therapy, who are infected with
H. Pylori, should eradicate the infection prior to institu-
ting therapy [79]. However, in this study, the PPI group
was older, and glandular atrophy increases with age re-
gardless of PPI treatment [80]. The prevalence of atro-
phy is twice as high in H. Pylori individuals 57–68 years
old compared to a younger 46–56 year old group.
Lundell et al found no difference in glandular atrophy
between a PPI and a surgery group [80]. After further
experience, most authors acknowledge that there may 
be a change in the pattern of H. Pylori gastritis during
PPI therapy, but this is not thought to be clinically signi-
ficant [3]. Furthermore, the FDA found that PPI’s do
not accelerate the development of gastric atrophy, intes-
tinal metaplasia, or cancer, and neither the FDA nor the
ACG guidelines recommend a “test and treat” strategy
before starting long-term GERD therapy with a PPI
[62], [80].

Proton pump inhibitors do have a potential for
drug interactions, through the P-450 system [3], al-
though this is mostly confined to omeprazole and lan-
soprazole. PPI elimination is not significantly affected
by renal impairment or hepatic dysfunction, and no
dosage adjustments are recommended, giving this
medication an advantage in older individuals [2], [61],
[71], [76]. There are a few potential drug interactions,
including digoxin, metoprolol, calcium-channel block-
kers, benzodiazepines, phenytoin, theophylline, and
warfarin [3], [61], [71]. These interactions, however,
have not been found to have clinical relevance.

These agents alter intragastric pH, and may poten-
tially alter the absorption of medications including
ketoconazole, ampicillin, vitamin B12, and iron salts
[81]. Studies have found, however, that sufficient ga-
stric acid secretion is produced during PPI therapy to
allow for normal protein and carbohydrate digestion,
iron and calcium absorption, and for the prevention of
bacterial overgrowth [10], [78]. There has been much
debate regarding the effects of PPI treatment on B12
levels. In studies of patients with Zollinger-Ellison
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In a study of 5 maintenance regimens, omeprazole
alone (20 mg/day) was the most effective regimen,
achieving 80% remission [2]. During maintenance the-
rapy with low-dose omeprazole, up to 8% of patients
do continue to report occasional mild heartburn [77].
Continuous therapy with a PPI has been shown to
maintain complete symptom relief and healing of
esophagitis for up to 5 years, even in those patients
refractory to H2B’s [10].

Surgery

As life expectancy increases, the number of elderly pa-
tients presenting with surgically correctable diseases
will increase. However, elderly patients are often me-
dically managed despite refractory symptoms due to
fear of surgical morbidity and mortality [27]. There
has been reluctance to refer elderly patients for lapa-
roscopic surgery until complications develop, some-
times despite the presence of continued symptoms on
appropriate medical therapy [82]. However, many
elderly patients are not satisfied with medical therapy
due to continued symptoms and the cost of medica-
tions. They may also not like the inconvenience of
lifestyle modifications or are concerned with the possi-
ble effects of long-term medication usage [82].

Underlying chronic diseases are more common in
the elderly, increasing their operative risk, and age ab-
ove 70 is a predictor of increased postoperative com-
plications and in-hospital mortality, as well as longer
hospital stay [56]. Laparoscopic procedures have the
benefit of shorter hospitalization, earlier ambulation,
decreased postoperative pain, lower wound-related
morbidity, and more rapid return to normal activities
[56], [83]. The healthy elderly patient should not be
refused surgery solely based on age but careful pre-
operative examination is necessary. Endoscopy needs
to be performed to exclude BE with dysplasia or early
cancer, and manometry can identify a weak esopha-
geal pump. pH monitoring is needed in symptomatic
individuals without esophagitis to confirm the di-
agnosis, and in those with intractable esophagitis to
exclude pill-induced esophagitis. In patients with se-
vere bloating, nausea, or vomiting, an emptying study
can rule out gastroparesis [10].

Surgery should be considered for patients with a
mechanically defective cardia (LES pressure � 6 mm
Hg), short overall LES length, or short intraabdominal

LES segment [50]. Surgical intervention restores the
LES pressure and abolishes acid/alkaline reflux into the
esophagus [84]. Other indications for surgery, include
failed medical treatment, recurrence of symptoms after
stopping treatment, and intolerable side effects from
medical therapy [3], [28], [82]. Surgical therapy should
also be considered for patients with respiratory compli-
cations such as recurrent aspiration pneumonia, laryngi-
tis, or asthma due to GERD [13]. For asthma, around
70% have had improvement of symptoms, and there are
also some reports of improvement in chronic cough
[18]. The best surgical candidates are those who receive
symptom relief with medication, require large doses of
medication to control their symptoms, and have poorly
responding aspiration symptoms [72].

Several studies have found no significant differ-
ences in intraoperative or post-operative complica-
tions between elderly and young groups [13], [27],
[56], [82]. The laparoscopic procedure has a mor-
bidity rate of 8–20% and a mortality rate of less than
1% [13]. Mortality rate does not differ by age group
[82]. The mean hospital stay, reported in several
studies, is 2 days in an elderly population [56], [82].
A summary of efficacy by Richardson found an 
85–95% success rate, with up to 93% having no
heartburn or regurgitation one year post-op [28].
Surgical follow-up studies have claimed symptom
resolution in 77–97% of cases and healing of esopha-
gitis in 75–90% [6], [13], [27]. Trus et al found that
elderly and young patients were equal with respect
to postoperative improvement in symptom scores
[82]. Objective measurements of reflux (using 24 h
pH probes), were equal in both groups, both pre-
operatively and postoperatively. Additionally, at 
1 year post-op, total time of pH � 4 was similar in
the 2 groups. A study with 2 years of follow-up
found only 10% of patients were on PPI’s after sur-
gery for typical GERD symptoms [83]. An addition-
al 5.7% of the study patients had required repeat
fundoplication for heartburn, dysphagia, or bloating.
A longer term follow-up study of fundoplication 
(69 months), showed disappointing recurrences in
heartburn, esophagitis, and decreased LES pressure
[20]. Quality of life one year after lap surgery is
similar to those of normal healthy individuals [28].

Sonnenberg et al showed the cost of a Nissen pro-
cedure to be equivalent to 14.5 years of therapy with a
PPI, so that medical therapy may be more cost effec-
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likely to present with complicated disease, despite
less severe symptoms. Age alone does not sig-
nificantly impact the usage of PPI’s, and these medi-
cations have excellent results in the elderly for
symptom relief, healing of esophagitis, and for
maintenance therapy. With the advent of laparos-
copic surgery, and an increasing life expectancy, this
treatment may become more common in the elderly
population, as it is associated with excellent results
as well as low morbidity and mortality.
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Chapter 4

Introduction

Gastroesophageal reflux (GER), represents the retro-
grade movement of gastric contents into the esoph-
agus, and is a frequently experienced benign but
symptomatic condition. At the one end of the spec-
trum are infants with physiologic reflux, also referred to
in the United States as “happy spitters”, and at the oth-
er end are children with objective pathologic sequelae
comprising gastroesophageal reflux disease (GERD).
GERD also has come to denote symptoms affecting
quality of life even in the absence of objective damage.
GERD is the most common pediatric esophageal dis-
order; although precise data are not available in chil-
dren, GERD accounts for substantial health care costs
in children, as it does in adults [1].

Epidemiology

The epidemiology of GERD in children has been
studied to a limited extent due to the challenges posed
by the evolving disease spectrum, lack of a diagnostic
gold standard, and scarcity of incidence and prevalence
data. Estimates of GERD prevalence are based on data
analyzed from interviews with patients and parents of
children with GERD, and vary according to the symp-
tom frequency and severity queried. The prevalence of
GERD symptoms in the general population of infants
and children is in the range of 1–10%, in contrast to a
prevalence of 15–20% in adults [2], [3]. In a cross sec-
tional study of 798 infants with regurgitation but with-
out neurological or respiratory diseases, pathologic
GER was diagnosed in 11% using Rome II criteria [4].
On a cross sectional survey of 566 unselected children
aged 3 to 9 years, parents reported heartburn, epigastric
pain, and regurgitation in 1.8%, 7.2%, and 2.3% of

them, respectively [5]. In the same study, 615 children
between 10 and 17 years of age reported the symptoms
5.2%, 5%, and 8.2% of the time, suggesting that par-
ents may underestimate their children’s experiences.

Gastroesophageal reflux disease is one of the most
prevalent gastrointestinal disorders in children with
neurologic and chronic respiratory disorders. This as-
sociation is thought to arise as a result of the provoca-
tions of the mechanisms of reflux. In neuromuscular
disorders, spasticity and prolonged recumbency, and in
respiratory disorders, increased abdominal to thoracic
pressure gradients and decreased tone of the lower
esophageal sphincter (LES) due to some of the thera-
pies, are all predispositions to GERD.

Very low birth-weight infants with chronic lung
disease are diagnosed and treated for GERD more
frequently than those without lung disease [6].

Natural history

Infantile GERD is generally regarded to have a favor-
able natural history, with persistent symptoms in
about 5% of infants by one year of age, following a
peak at 4 months, and resolving in the large majority
between 12 and 24 months of age [7], [8]. Epidemio-
logical studies of the natural history of GERD and its
complications in older children are scarce [9]. Un-
selected infants with frequent regurgitation may de-
velop feeding problems in the subsequent year of
follow-up [10]. Children with chronic respiratory and
neurological diseases commonly exhibit recurrent or
chronic GERD symptoms. By nine years of age, chil-
dren with frequent regurgitation during infancy may
be more likely to develop persistent reflux symptoms,
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zation of the lower esophageal sphincter (LES) as hyp-
tonic to the more complicated and accurate current
model. This current model incorporates dynamic
changes at the gastroesophageal junction involving
transient LES relaxations (TLESRs) of a sphincter
supported actively by hiatal crura which are intricately
coordinated with the LES. These motor mechanisms
at the gastroesophageal junction are impacted by more
distal motor mechanisms, involving gastric volume–
pressure relationships promoting TLESRs and reflux,
and by more proximal motor mechanisms, involving
esophageal clearance of the refluxed material. Sensory
phenomena have been appreciated recently, both for
their role in the pain symptoms of reflux (with or
without esophageal inflammation) and for their role as
the gastric afferent limb to the TLESR. Whether re-
flux produces esophagitis depends not only on the fre-
quency and duration of the reflux episodes produced
by the above mechanisms, but also on the balance be-
tween the noxiousness of the refluxate and the counter-
acting esophageal mucosal protective mechanisms.
Current attention focuses on the genetic and environ-
mental factors that modulate all of these pathophysio-
logic mechanisms and thus underlie the determination
of who becomes diseased.

Anti-reflux barrier

Transient lower esophageal sphincter relaxation
Very low pressure of the LES is a prerequisite for
reflux of gastric contents into the esophagus. Most
reflux in infants and children, as in adults, occurs
primarily in association with transient lower esopha-
geal sphincter relaxation (TLESR), defined as an
abrupt decrease in LES pressure to the level of the
intragastric pressure unrelated to swallowing [18].
Premature infants as young as 26 weeks of gestatio-
nal age who were diagnosed with GERD exhibited
more acid reflux during TLESRs, compared with
healthy controls [19]. TLESRs may be triggered by
gastric distention and by increased intra-abdominal
pressure [20], as occurs with straining, obesity, tight
clothing, cough, and increased respiratory effort. In
infants, extrinsic abdominal compression in semi-
seated postures in the post-prandial period is an
important factor contributing to the pathogenesis of
reflux. Also important are the influences of the meal

a phenomenon exacerbated by maternal smoking and
maternal reflux symptoms [8]. Children over one year
of age without neurological impairment most com-
monly have “endoscopy-negative GERD”, and their
esophageal inflammation, even if present, is unlikely
to deteriorate during a mean of 28 months of follow-
up [11]. However, half of older children with GERD
have a chronic relapsing course [12]. Adults with
GERD were twice as likely to recall having at least
one childhood symptom of GERD as adults without
GERD, in a survey of 400 adults [13]. In an uncon-
trolled study of a cohort of 80 children with GERD
followed up as adolescents and young adults at an
average of 15 years later, 80% reported monthly reflux
symptoms, and at least one third of the individuals re-
ported use of anti-reflux medications [14]. Erosive
esophagitis was present in 3 of the 14 individuals who
were evaluated by an upper endoscopy.

The increasing diagnosis of GERD in older chil-
dren and adolescents is a cause for speculating that
GERD beginning in infancy or childhood may per-
sist into adult years, thus predisposing to the com-
plications of peptic strictures, Barrett’s esophagus,
and adenocarcinomas.

Genetics

GERD and its complications are recognized as cluster-
ing within families, suggesting a genetic background
for GERD phenotypes. A gene mapped for “severe pe-
diatric GERD” with prominent respiratory symptoms
in five kindreds was localized to chromosome 13q14
[15]. Later, a genetic linkage for “infantile esophagitis”
was identified at a separate locus [16]. A candidate
gene approach to screen for mutations that might be
causally associated with reflux suggests that a GERD1
gene on chromosome 13q14 might be located within
20 kb of SNP160 or SNP168 [17]. Due to the hetero-
geneity in GERD phenotypes, more than one genetic
locus may be involved and might influence various of
the pathophysiologic factors.

Pathophysiology

Understanding of the mechanisms underlying reflux
episodes has expanded from the primitive conceptuali-
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size, intragastric secretory volume, and osmolarity
on the occurrence of TLESRs.

The TLESR is primarily a vagal reflex with neu-
ral pathways in the brainstem, and may be triggered
by mechanoreceptor afferents upon stretching of the
gastric fundus. The neuroenteric mediators responsi-
ble for inducing TLESRs include nitric oxide, vaso-
active intestinal polypeptide, and cholecystokinin A,
while somatostatin, gamma-amino butyric acid B
(GABAB), and opiates have the opposite effect. In-
creasing proximal gastric volumes increases the rate
of TLESRs [21].

Hiatal hernia
Hiatal hernia is a fairly common finding in adults,
with estimates of its prevalence ranging from 10–80%.
Although widely believed to be a predisposition for
reflux, it may be also be an incidental finding in
asymptomatic persons [22]. Hiatal hernias have
affected family members across multiple genera-
tions, leading some to suggest an autosomal domi-
nant pattern of inheritance [23]. The diaphragmatic
crura normally reinforce the LES as an anti-reflux
barrier, and relax when a TLESR occurs. The lack of
this reinforcement assumes significance when abrupt
changes in abdominal pressure, such as during strain-
ing, overcome the LES pressure in a person with a
hiatal hernia. Hiatal hernias are more prevalent in
severe reflux disease, and have also been reported to
be common in conditions associated with severe re-
flux, such as cystic fibrosis and neurological impair-
ments [24]. Of 718 children with reflux, 6% were
identified to have a hiatal hernia, and nearly a fourth
of them were neurologically impaired [25]. Severe
esophageal damage may occur during the prolonged
esophageal acid exposure that can result from the
trapping of acid in a hiatal hernia. The risk for reflux
is considered to be greater with increasing size of 
a hiatal hernia, and complications of reflux like 
Barrett’s esophagus are also associated with hiatal
hernias [22].

Delayed gastric emptying
Delayed gastric emptying has been associated with
more severe GERD in children [26]. Delayed emp-
tying leads to gastric distention, more triggering of
TLESRs, and accentuation of the volume and fre-

quency of post-prandial reflux. Gastric emptying is
influenced by the volume and osmolarity of the
meal consumed; thus overeating and ingestion of
fatty foods further provoke reflux. Children with
cerebral palsy are considered to be more prone to
reflux, due to disturbed motility, particularly gas-
troparesis. However, gastric emptying, measured 
by scintigraphy in 28 children with cerebral palsy,
was not significantly different from that in a con-
trol group, and the emptying times did not corre-
late with GERD severity on pH monitoring [27].
Gastric fundic accommodation, the increase in gas-
tric fundic volume in response to a meal, measured
by barostat or scintigraphically, also likely impacts
the occurrence of TLESRs, with greater accom-
modation allowing acceptance of greater volumes
without provoking TLESRs. Other factors affect-
ing intragastric pressure include obesity, tight cloth-
ing, provocative postures, straining, coughing, or
wheezing.

Gastric sensorimotor aspects
In many patients including children, reflux symp-
toms of heartburn and chest pain correlate poorly
with endoscopy findings. In the absence of erosive
esophagitis, these symptoms are referred to as
non-erosive reflux disease. In some of these cases,
the pain of reflux disease may be associated with
histologic esophagitis. In those patients lacking
even microscopic inflammation, other potential
explanations for the pain sensation include in-
creased sensitivity of esophageal receptors to both
nociceptive (painful) and non-painful stimuli,
akin to visceral hyperalgesia causing functional
pain in irritable bowel syndrome or dyspepsia.
Such sensitization is proposed to be due to acti-
vation of the prostaglandin (PG) E receptor, and
this may be an attractive target for treatment [28].
Studies conducted in adults with reflux demon-
strate that acid infusion promotes esophageal 
pain hypersensitivity that is reduced by proton 
pump inhibition [29]. Symptoms elicited during
acid infusion are also associated with increased
esophageal contractility, postulated to be due to 
peripheral sensitization [30]. In support of a 
mechanism involving central sensitization of spi-
nal afferents is the report of esophageal hyper-
sensitivity upon duodenal acid exposure [31].
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of this complex act in infants as early as 35 weeks of
gestation. A disruption of the normal swallowing
function particularly threatens the airways of fragile
and physiologically immature infants with aspira-
tion, apnea, cyanosis, and bradycardia. In older
children, as in adults, upright posture confers an
advantage in clearing refluxed material by the
action of gravity, but this advantage is lacking in
infants, who are generally recumbent in supine and
semi-seated positions. Esophageal motor responses
were nearly normal in response to infusion of saline
in piglets with reflux, including those with eso-
phagitis, but were impaired in response to acid in-
fusion and influenced by acid volumes as well [38].
Primary esophageal peristalsis, initiated by swallow-
ing, comprises 83% of all esophageal responses to
reflux in infants [39]. Secondary peristalsis is in-
duced by reflux and esophageal distention, and plays
an important role in clearance during active sleep,
thereby being crucial to infants who spend a great
portion of time asleep. Peristaltic abnormalities may
develop secondary to esophagitis; evidence for
failed or hypotensive peristalsis is present in 20% of
adults with mild, and 50% with severe esophagitis
[40], [41]. Long lasting reflux episodes, those great-
er than 5 minutes, were reported to be more fre-
quent in children with severe reflux than in those
with mild reflux and controls [42]. Salivary func-
tions include stimulation of wet swallows and the
wash-down and neutralization of refluxed acid
secretions. Other protective components proposed
in the mucosal defense against acid reflux are prost-
aglandin E2 and nitric oxide, in low concentrations,
but their contributions in children are poorly un-
derstood [43].

Helicobacter pylori

The role of H. pylori in relation to GERD symp-
toms and pathogenesis remains controversial. A re-
cent prospective study compared symptoms before
and after H. pylori eradication in 95 children.
Symptoms remained unchanged, and were indepen-
dent of H. pylori status [44]. Another study found
that neither the diagnosis nor the severity of peptic
esophagitis in H. pylori-infected, neurologically-
impaired children was influenced by H. pylori eradi-
cation [45].

Refluxate

The pathogenicity of the refluxate is determined by the
noxiousness of its constituents namely, acid, pepsin,
trypsin, and bile salts. Acid in combination with pepsin
has been found to be the most injurious to the esopha-
geal mucosa. Most patients with reflux have normal
gastric pH, and it has been suggested that volume rath-
er than acidity of the refluxate may be more impor-
tant in the pathogenesis of reflux. Infants, including
premature infants of 24 weeks gestation, maintain that
basal gastric pH below 4 from day one of life, but acid
secretion is modified by neurocrine, endocrine, and par-
acrine pathways [32]. Severe reflux, defined by reflux
index scores and esophagitis grade, in a small number
of children correlated with gastric acid hypersecretion
[33]. Pepsin and trypsin, being proteolytic enzymes, are
directly damaging to the surface epithelium in their
usual milieu, which is pH less than 4 for pepsin, and
between 5 and 8 for trypsin. Increased serum pepsin-
ogen values in neonates with upper gastrointestinal
bleeding and esophageal lesions further support a path-
ogenetic role for pepsin [22]. Bile reflux may cause
esophageal mucosal damage by rendering the mem-
brane more permeable to acid. Simultaneous pH and
bilirubin monitoring demonstrated bile and acid reflux
in 9 of 13 children with severe esophagitis as graded by
endoscopy [34]. Another report suggests a pathoge-
netic role for duodenogastric reflux, which was found
to be higher in 10 patients with cystic fibrosis com-
pared with 7 healthy controls [35]. Alterations in
amino acid metabolism leading to increased esophageal
mucosal taurine to serine ratio in patients with in-
creased esophageal mucosal acid exposure may repre-
sent adaptive responses to acid reflux, and may precede
esophageal inflammation [36]. Polyunsaturated fatty
acids, precursors of eicosanoids, are also proposed 
to have a role in the pathogenesis of esophagitis [37].
In children, increased esophageal mucosal polyun-
saturated fatty acids correlate positively with esoph-
ageal acid exposure but not with esophageal mucosal
damage [37].

Esophageal clearance and mucosal resistance

An important line of defense against reflux is
provided by effective peristalsis in coordination
with swallowing; sucking appears as an integral part
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Clinical presentations

Esophageal presentations attributed to GERD vary
according to the age of the patient, and include re-
gurgitation, irritability, arching, and feeding aversion
in infants, and vomiting, chest pain, heartburn, and
abdominal pain in older children. Circumstantial
evidence strongly suggests a relationship between re-
flux and a variety of extraesophageal presentations.
These extraesophageal manifestations involve the
airways or dental erosions. The former are best ap-
preciated in light of the intricate coordination of the
intimately related human respiratory and the diges-
tive tracts, especially in fragile infants [46]. The re-
lationship between reflux and respiratory symptoms
is bi-directional; reflux may precipitate or exacerbate
respiratory disease, and vice versa.

Esophageal

Vomiting and regurgitation
Regurgitation and vomiting are the most easily rec-
ognizable symptoms of pediatric reflux. Episodes are
usually effortless, non-bilious and post-prandial. It is
usually the quantity and type of emesis that dif-
ferentiates physiologic reflux in “happy spitters”
from symptomatic reflux in infantile GERD. Some
children have persistent or intermittent symptoms
beyond the first year of life. Projectile non-bilious
emesis in the first few weeks of life may mimic
hypertrophic pyloric stenosis but simply represent
reflux, whereas bilious emesis mandates evaluation
for intestinal obstruction.

Irritability and pain
Irritability coupled with arching in infants is
thought to be a nonverbal equivalent of heartburn
and chest pain reported by older children with re-
flux, and strongly believed to be clinical manifesta-
tions of esophagitis. However, these symptoms may
correlate poorly with gross and microscopic fin-
dings in the esophageal mucosa. Infant crying has
been demonstrated in association with reflux episo-
des during video and esophageal pH probe moni-
toring [47]. In patients with non-erosive reflux
disease and normal esophageal histology, these
symptoms are speculated to represent heightened
sensory perception or visceral hyperalgesia. An

important presentation overlapping with GERD,
particularly in infants, is cow’s milk allergy; studies
report the two conditions co-existing in 42–58%
children [48], [49]. Generally, in all children with
the aforementioned symptoms, other causes of esoph-
agitis, such as eosinophilic or infectious esoph-
agitis, and esophageal motility disorders, warrant
consideration.

Failure to thrive
Infants and older children with reflux are frequently
reported to suffer from failure to thrive, but preterm
infants are relatively protected, probably as a result
of special care in intensive care units [50]. In a retro-
spective review of 295 children with clinical presen-
tations suspicious for reflux, 72.5% (mean age four
years) had at least one positive diagnostic test, and
these children had a higher frequency of failure to
thrive compared to those with negative testing for
GERD [51]. Severe reflux may predispose to feeding
refusal, and, in turn, to inadequate caloric intake,
due to pain provoked by esophageal acid exposure
during meals. In addition, loss of nutrients and
calories due to emesis may predispose a child to
poor growth. As an iatrogenic factor, the use of re-
stricted diets to treat overlapping food sensitivities
could also impair oral feeding abilities and con-
tribute to poor growth.

Extra-esophageal

Apnea
Apnea is a frequently cited extraesophageal mani-
festation of reflux in infants, but the causal rela-
tionship is controversial, despite being examined by
multiple investigators. Most episodes of apnea of
prematurity occur in the post-prandial period, and
likely follow bouts of regurgitation, and yet studies
using impedance and monitoring cardiorespiratory
events have been contradictory [52], [53]. In 21 in-
fants with a history of intermittent reflux and apnea,
81% of apneic events did not follow episodes of re-
flux [52]. However, using pH and impedance testing
in 22 infants with a history of irregular breathing
and reflux, 29.7% (49 of 165) apneic episodes were
associated with reflux, though only 22.4% of these
were related to acid reflux [53], (Fig. 1) [54]. Apnea
related to reflux has been explained on the basis of a
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ing stridor, chronic cough, hoarseness, and “lump in
the throat” [56]. Several laryngoscopic and broncho-
scopic findings have been described as predictive of
reflux. These include post glottic edema, vocal cord
edema, nodules, arytenoid edema, tracheal cobble-
stoning, and sub-glottic stenosis [57]. Significant
associations in adults may be limited to posterior
commisure erythema (in 76% of GERD, 0% of nor-
mals), vocal cord erythema (in 70% of GERD, 2% of
normals), and arytenoid medial wall erythema (in
82% of GERD, 30% of normals) [58]. Airway abnor-
malities such as tracheomalacia and laryngomalacia
are often diagnosed in infants and children with stri-
dor, and notably associated with laryngopharyngeal
reflux [59], [60], though it is possible that the airway
obstruction promotes the reflux. The prevalence of re-
flux as diagnosed by barium studies and pH metry
was 70% in 54 children with laryngotracheomalacia
compared with 39% in a control group. Gas reflux
episodes with mild acidity have been demonstrated in
adults with reflux laryngitis on concurrently perfor-
med impedance and pH studies, suggesting a contrast
in the quality and quantity of refluxate involved in
esophageal and extraesophageal presentations [61]. In
20 adults with laryngitis, a three month open label
trial of high dose omeprazole (60 mg/day) resulted in
significant improvement in laryngoscopic findings,
including in all those patients who had a positive
pharyngeal pH study. Symptoms of laryngitis and
quality of voice as outcomes did not improve signifi-
cantly [62]. In 90 of 100 children diagnosed with
GERD based on the results of pH metry, the com-
mon laryngeal abnormalities were erythema and
edema of the posterior laryngeal mucosa, vocal nod-
ules and granulomas. A significant improvement in
voice quality and laryngeal status occurred in those
with laryngeal abnormalities in response to 12 weeks
of anti-reflux therapy [63]. Possible mechanisms un-
derlying these associations are neural reflexes media-
ted by intraesophageal acid, stimulation of laryngeal
chemoreceptors, aspiration, and direct acid related in-
flammation [64]. Exacerbation of reflux possibly oc-
curs as a consequence of negative intrapleural pressure
and altered thoraco-abdominal pressures that allow
acid to breach the anti-reflux barrier [65]. In a case-
control study, neurologically normal children with
GERD were found to be significantly more often af-
fected by sinusitis, laryngitis, asthma, pneumonia, and

laryngeal chemoreflex causing respiratory pauses and
laryngospasm [54], but might also be due to prolon-
gation of normal mechanoreceptor-induced glottic
closure [55], or to immaturity of pharyngo-esoph-
ageal clearance functions.

Otolaryngologic
Gastroesophageal reflux has been associated with se-
veral important otolaryngologic manifestations, includ-

Fig. 1. Intraluminal impedance and simultaneous pH probe
and pneumogram illustrating non-acid reflux: retrograde eso-
phageal bolus passage with sequential decrease of imped-
ance over time at pH � 4. Temporal association with body
movement and central breathing irregularity is apparent on
the oronasal and chest wall movement sensors. [Wenzl TG
(2202) Investigating esophageal reflux with the intraluminal
impedance technique. J Pediatr Gastroenterol Nutr 34(3):
261–268]
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bronchiectasis, but not by otitis media, than those
without GERD [66]. Esophageal clearance was sig-
nificantly delayed in 89 children with chronic respira-
tory symptoms when compared with those with
primarily gastrointestinal symptoms (n � 83) or mi-
xed symptoms (n � 64) in a study determining the
severity of acid reflux by pH metry [67].

Asthma
Asthma and reflux commonly co-exist, but the contri-
butions of each to the pathogenesis and symptoms of
the other remain debatable, mainly due to differences
in the selection criteria of study participants, and out-
come measures evaluated [68]. Adult asthmatics report
reflux symptoms more frequently than non-asthmatics,
and experience more nocturnal awakening in relation
to their late eating habits [69]. Children with asthma
experience a high prevalence of reflux [70]–[72], but
both are common conditions and thus could be associ-
ated by a chance in some children. One recent study
described a 75% prevalence of reflux in 36 asthmatic
children; reflux episodes were more frequent in upright
versus supine positioning, but the overall reflux dura-
tion was not significantly different between positions
[73]. Nuclear scintigraphy, used to detect clinical corre-
lation between reflux symptoms and asthma episodes
in asthmatic children, revealed scintigraphic evidence
of reflux in 10 of 26 (38.5%) with GER symptoms,
compared with 23 of 100 (23%) children without GER
symptoms, but did not provide support for a direct
causal effect of reflux on asthma [74]. A randomized
controlled trial, rare in pediatric reflux-respiratory dis-
ease literature, evaluated asthma outcome in 37 chil-
dren (10–20 years old, mean 14 years), using ranitidine
for only four weeks as the intervention. A positive out-
come was reported for nocturnal asthma symptoms but
not for pulmonary functions [75]. Proposed me-
chanisms for reflux-induced asthma symptoms are
acid-stimulated vagal nerve afferents triggering bron-
chospasm, or aspiration of gastric contents.

Dental erosions
A limited number of studies have examined the role of
acid reflux in producing dental erosions in children
[76], [77]. In 37 children evaluated for GERD, 20 of
them were identified to have dental erosions, and all of
them also had an endoscopic diagnosis of GERD [77].
As in adults, dental erosions in association with acid

reflux affect the posterior dentition along the lingual
surfaces. Ingestion of acidic (juices) and caffeinated
beverages, consumption of ascorbic acid, and poor oral
hygiene are other contributory factors.

Sandifer’s syndrome
Sandifer’s syndrome is characterized by hyperextended
posturing involving the head, neck and upper torso.
Originally the syndrome was thought to be a manifes-
tation of reflux accompanied by hiatal herniation, but
subsequent reports have identified cases in children
without a diagnosis of a hiatal hernia [78], [79]. Many
of these children are also diagnosed to have a neurolog-
ical disorder. The majority of children with Sandifer’s
syndrome respond well to anti-reflux therapy.

Complicated GERD

The important esophageal complications of chronic
reflux are strictures, Barrett’s esophagus, and adenocar-
cinoma. Aggressive medical management, preferably
with proton pump inhibitors, and close follow-up,
using tests to assess symptoms and severity of reflux,
are warranted in complicated GERD. Surgical man-
agement is contemplated in patients who remain un-
responsive to medical therapy.

Strictures
Exposure of the esophagus to acid and perhaps to
pepsin is crucial to the pathogenesis of reflux stric-
tures; hiatal hernia and esophageal dysmotility are
other risk factors [80]. Reflux strictures are typically
located in the distal third of the esophagus, and
should be distinguished from congenital esophageal
stenosis and other types of strictures: caustic (gene-
rally more proximal), eosinophilic, postoperative/
anastomotic, following radiation therapy or sclero-
therapy, or (rarely in children) malignant. Esoph-
ageal mucosal biopsies obtained below the stricture
help to confirm the diagnosis of reflux esophagitis
and exclude eosinophilic esophagitis, Barrett’s
esophagus, or malignancy. Reflux strictures are trea-
ted with a series of dilations in conjunction with
potent antireflux therapy [81]. Surgical resection or
strictureplasty are reserved for recalcitrant strictures
[82].
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differentiating GERD from other diagnostic possi-
bilities (Fig. 2a–c). It is performed as an outpatient
procedure, and is less cumbersome than a 24-hour
pH metry. Histologic abnormalities may be present
in biopsies sampled from grossly normal esophageal
mucosa. A review of endoscopic evaluation of reflux
in 402 neurologically normal children, between 18
months and 25 years of age and without congenital
esophageal disease, revealed erosive esophagitis in
more than one-third, strictures in 1 to 2%, and su-
spected Barrett’s esophagus (but without histologic
confirmation) in nearly 3%.

Histology
A diagnostic upper endoscopy in children is almost
always supplemented by distal esophageal biopsies.
Biopsies at two levels are important to demonstrate
differential eosinophilia in eosinophilic esophagitis.
Histologic findings of reflux esophagitis are epithelial
hyperplasia (the upper limit of normal basal layer thick-
ness and papillary height in infants is 25% and 53%,
respectively [89]), intraepithelial inflammation, vascu-
lar dilatation in papillae, balloon cells, and ulceration
(Fig. 3a–c) [90]. Due to the often superficial, fragmen-
ted, and randomly oriented nature of biopsies in chil-
dren, cellular inflammatory infiltrate may be the only
recognizable finding [91]. Neutrophils are seen in ab-
out 20% or less of pediatric cases of reflux esophagitis,
appearing in the most severe cases, and are hence not a
sensitive marker. Eosinophils are not normally present
in the epithelium of young children and can be indica-
tors of GERD, but in concentrations greater than
20/high-power field (hpf ) are likely to represent eosi-
nophilic esophagitis, making them nonspecific for
GERD. A few intraepithelial lymphocytes (“squiggle
cells”) are normally found, but � 6 squiggle cells/hpf
indicate reflux esophagitis [90].

Esophageal pH-probe monitoring
Esophageal pH monitoring (EpHM) is widely accep-
ted as a safe and reliable method for detecting acid re-
flux. Perhaps its greatest utilities are in clarifying the
relationship between reflux and discrete respiratory
events such as apnea (with pneumogram), in quanti-
fying acid reflux in extraesophageal GERD, and in
assessing the efficacy of antisecretory therapy. In a re-
trospective analysis of children evaluated for GERD,
EpHM detected reflux episodes at a higher rate com-

Barrett’s esophagus
Barrett’s esophagus, a rare diagnosis in children, is
known to occur with long-standing acid exposure,
and in association with cystic fibrosis, severe mental
retardation, and repaired esophageal atresia [83], [84].
Genetic predispositions, prolonged duration of esoph-
ageal acid exposure, more severe nocturnal symptoms,
and a reduced sensitivity to acid are implicated in the
causation of Barrett’s esophagus. Normal esophageal
squamous epithelium is replaced by intestinal colum-
nar metaplasia with goblet cells; the metaplasia is re-
cognized in the distal esophagus as salmon-colored
tongues of tissue projecting proximally into the paler
pink esophagus. Guidelines for screening and surveil-
lance have been proposed to help identify patients
with Barrett’s esophagus who may progress to develop
dysplasia and adenocarcinoma [85].

Adenocarcinoma
Adenocarcinoma is extremely rare in childhood, but it
does occur and should be sought in those with Barrett’s
esophagus. In an 11 year-old patient, the diagnosis of
Barrett’s esophagus was reported to progress to adeno-
carcinoma [86]. The risk of developing esophageal ade-
nocarcinoma increases with hiatal hernia size, Barrett’s
esophagus length, and acid reflux severity.

Diagnosis

The diagnosis of uncomplicated esophageal reflux is
usually established on the basis of a good history, and
a thorough examination, with attention to the child’s
growth, nutritional, respiratory, neurological, and atop-
ic status. A validated questionnaire has been develo-
ped for symptom assessment in infants and translated
into multiple languages; others designed specifically
for older children are now in use in epidemiological
studies but must be further tested for reliability and
validity [87], [88]. Complicated, unresponsive, and
atypical presentations of GERD are indications for
specialized investigations such as those discussed in
the following section.

Endoscopy
An upper endoscopy, particularly when supplemen-
ted by histology, is the most accurate method of de-
monstrating esophageal damage by reflux, and for
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pared with barium examinations (83% versus 43%),
and showed a lower false negative rate (7% versus
48%) [92]. Its utility in infants and children may be lim-
ited in the presence of structural upper airway or GI
anomalies, and due to the buffering effect of non-acid-
ic infant formula; probe placement, patient positio-
ning, and dietary factors may contribute to day-to-day
variability in pH-metry results [93]. Parents of chil-

dren undergoing pH studies also perceive changes in
their child’s feeding pattern and activities during
EpHM investigations, but the large majority regarded
it as a well-tolerated test [94]. The utility of three dif-
ferent formulas to calculate pH probe placement based
on patient height has been the subject of recent analy-
ses [95], [96]. Fluoroscopy and, rarely in pediatrics,
manometry are also used to verify probe positioning.

Fig. 2a–c. Endoscopic images from children with (a) a normal
esophagus, (b) an esophagus with erosive reflux esophagitis, and
(c) an esophagus affected by eosinophilic esophagitis. Eosino-
philic esophagitis, distinct from GERD, often appears as in this
image, with furrowing of the esophageal mucosa, and white
specks on the surface resembling candidiasis
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Bravo pH capsule system in children with GERD,
sparing the patient the discomfort of an indwelling
transnasal probe; this technique has the potential for
higher quality data acquisition than conventional pH
metry [105].

Fluoroscopy
Fluoroscopic evaluation of swallowing and of the
upper gastrointestinal tract is often important in the
evaluation of the child presenting with obstructive
gastrointestinal symptoms or chronic respiratory
symptoms. It may also disclose other diagnoses: py-
loric stenosis, malrotation, achalasia, and strictures.
It has a low sensitivity and specificity for diagnosing
reflux and is only a brief snapshot of overall reflux
[92]. Barium esophagography or specialized swallo-
wing studies may be useful in identifying abnormali-
ties of pharyngeal, laryngeal, or upper esophageal

Conventional pH metry normative data includes re-
flux index (the percentage of time during a 24-hour
day that the esophageal pH is �4), number of episo-
des and number of episodes longer than five minutes.
Scores have been developed to associate reflux with
respiratory disease, but are not widely used currently
[97], [98]. Symptom association with reflux episodes
comprises a frequently used function of EpHM [99],
[100]. Dual pH monitoring, with the upper probe in
upper esophagus, pharynx, or even the airways, is sug-
gested as a potentially useful technique in patients
with reflux and airway symptoms, but the limited pe-
diatric data are conflicting and warrant further valida-
tion [101], [102]. The value of combining pH metry
with impedance to improve the diagnostic yield and to
clarify the pathogenetic role of non-acid reflux is now
being explored in infants and children. [103], [104].
An exciting development is the application of the

Fig. 3a–c. Biopsies of the esophagus from children
with (a) normal histology, (b) morphometric chang-
es of reflux manifest in papillary lengthening 
and basal layer thickening, and (c) eosinophilic
esophagitis. Extensive esophageal epithelial eo-
sinophilia, as shown in this image (�20eos/hpf ),
along with papillary elongation and basal layer
hyperplasia, constitute the histological features of
eosinophilic esophagitis.
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function that may prompt aspiration during swallo-
wing and during reflux.

Nuclear scintigraphy
Scintigraphy, also referred to as “a milk scan”, is gen-
erally performed in infants and children suspected of
reflux to gather information regarding reflux-
associated aspiration, and to quantify gastric empty-
ing times. The study employs liquid (generally in
infants) or solid meals labeled with technetium 99m
– for its short (6 hour) half-life and limited radiation
burden. It offers the advantage of detecting non-acid
reflux in the post-prandial period, but is technically
demanding and restrictive for a child. Scintigraphy
has a sensitivity of 79% and specificity of 93%, when
pH metry is used to define reflux [106]–[108].

Impedance
The multiple intraluminal impedance technique is a
valuable tool for diagnosing reflux, and its relationship
to respiratory events, particularly in infants, in whom
post-prandial reflux is non-acidic (Fig. 1) [54]; it also
evaluates esophageal clearance and swallowing. In an
early report of its use in infants, the sensitivity of impe-
dance was 98.7%, compared with 18.9% for pH metry
in identifying all reflux [109]. Despite time-consuming
and visually complex analysis, impedance studies are
gradually being applied to the evaluation of pediatric
GERD, and its therapies [53], [104], [110].

Tests for reflux aspiration
The identification of lipid-laden macrophages in
tracheal aspirates is generally considered a useful
marker for aspiration but lacks the sensitivity or
specificity for it to be considered a highly reliable
test [111], [112]. Scores are computed, based on
the number of lipid-laden macrophages in a given
sample, and used to grade the probability of aspira-
tion. Moderate to large number of macrophages
may imply aspiration but does not differentiate
between reflux- and swallow-related aspiration.
Pepsin in tracheal aspirates, sputum, and saliva has
been proposed as a more reliable and specific test
of reflux aspiration. A strong association has been
reported between positive tracheal pepsin assays in
children with reflux or respiratory symptoms, parti-
cularly in those with coexisting symptoms [113],
[114].

Management

Conservative anti-reflux therapy
Aspects of anti-reflux conservative therapy recommen-
ded for adults may also be applied to older children and
adolescents with GERD, but must be tailored to in-
fants because of unique developmental and matura-
tional factors.

For infants, who are mostly supine, the gastro-
esophageal junction is constantly “under water,” and
accessible to reflux of gastric contents. Although prone
position has been shown to reduce reflux compared
with supine or seated infant positions, support for in-
stituting such measures has been less than enthusiastic
due to the link between prone position and sudden in-
fant death syndrome. Efforts to minimize physically
engaging and excitable situations in the post-prandial
period may also help in reducing reflux, because of the
increase in regurgitant reflux promoted by abdominal
contractions [115]. Effective parental reassurance and
telephone conversations aimed at educating parents re-
garding reflux go a long way in symptom resolution for
a large number of infants [116]. Thickening of feeds is
a first line anti-reflux therapy in infants [104], [117],
[118]. Formula viscosity may be increased either by ad-
ding rice cereal to feeds or by using commercially avail-
able pre-thickened (with rice starch or locust bean
gum) anti-regurgitant formulas. This intervention re-
duces regurgitation, decreases crying, and increases
sleep time [118], [119]. Adding 15 mL rice cereal per
30 ml of milk formula increases the caloric density by
50% and may induce constipation. Pre thickened or
home thickened formulas are comparable in their anti-
regurgitation efficacy, but the former may be better tol-
erated [119]. Frequent and small volume feedings, as
well as lower osmolality feedings, have all been advoca-
ted as beneficial to infants with reflux [120].

Pharmacotherapy
Pharmacotherapeutic agents encompass anti-secretory
agents, antacids, barrier agents, and prokinetic agents
(Table 1). Anti-secretory agents are the first line of
pharmacotherapy because they are most efficacious in
treating acid related symptoms and complications of
reflux. Anti-secretory agents include histamine-2 re-
ceptor antagonists (H2RAs) and proton pump inhibi-
tors (PPIs). PPIs have assumed a significant position
in management of severe, complicated and extraesoph-
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in fasting and nocturnal reflux, despite their generally
lower potency and tendency toward tachyphylaxis
[123]. Most studies, at least in older children, have
found PPIs to be more efficacious in symptom relief
and healing of esophagitis compared with H2RAs,
antacids, or barrier agents [121], [122]. The daily
doses of PPIs administered to children are higher on a
weight basis than the standard adult dosages.

A failure to respond to optimal doses of PPIs
should raise considerations of incorrect diagnosis,
improper administration (should be given just before

ageal reflux presentations, and have the potential for
obviating the need for anti-reflux surgical procedures.
Data on the efficacy, safety, tolerability, and dosage for
omeprazole and lansoprazole in children are available
[121], [122]. Important developments pertaining to
the subject include approval of PPIs for pediatric use,
as well as the availability of new formulations of both
these drugs that are expected to simplify treatment op-
tions and compliance. Further information on safety
and efficacy of H2RAs is also being gleaned in chil-
dren, which may prove useful because of their efficacy

Table 1. Anti-reflux pharmacotherapy, oral dosages, and side-effects. AC � ante-cibum; PC � post-cibum; HS � hour of sleep

Prokinetics

Metoclopramide 0.1 mg/kg/dose qid: AC, HS Drowsiness, restlessness, dystonia, gynecomastia,
galactorrhea

Erythromycin 3–5 mg/kg/dose qid: AC, HS Diarrhea,vomiting, cramps, antibiotic effect, pyloric stenosis
Domperidone Pediatric doses not defined Hyperprolactinemia, dry mouth, rash, headache, diarrhea,

nervousness
Bethanechol 0.1–0.3 mg/kg/dose qid: AC, HS Hypotension, bronchospasm, salivation, cramps, blurred

vision, bradycarida

H2-receptor antagonists

Cimetidine 10–15 mg/kg/dose qid: AC, HS Headache, confusion, pancytopenia, gynecomastia
Ranitidine 3–5 mg/kg/dose bid-tid: AC, HS Headache, rash, constipation, diarrhea, malaise, elevated

transaminases, dizziness, thrombocytopenia
Famotidine 0.5 mg/kg/dose bid: AC Headache, dizziness, constipation, nausea, diarrhea
Nizatidine Pediatric doses not defined Headache, dizziness, constipation, diarrhea nausea,

anemia, urticaria,

Proton pump inhibitors

Omeprazole 0.7–3.3 mg/kg/d, 1–2 div doses: AC Headache, rash, diarrhea, nausea, abdominal pain,
vitamin B 12 deficiency

Lansoprazole 15 mg/d ( � 30 kg); 30 mg/d Headache, diarrhea, abdominal pain, nausea
(�30 kg): AC

Pantoprazole Pediatric doses not defined Headache, diarrhea, abdominal pain, nausea, flatulence
Rabeprazole Pediatric doses not defined Headache, diarrhea, abdominal pain, nausea
Esomeprazole Pediatric doses not defined Headache, diarrhea, nausea, abdominal pain, flatulence, dry

mouth, constipation

Barrier agents

Sucralfate 40–80 mg/kg/d qid: AC, HS Vertigo, constipation, dry mouth, aluminum toxicity,
decreases absorption of concurrently administered drugs

Sodium alginate 0.2–0.5 mL/kg/dose 3–8 times/d PC Same as antacids

Antacids

1 mL/kg/dose, 3–8 times/d Constipation, seizures, osteomalacia, hypophosphatemia (AI),
diarrhea (Mg), fluid retention (Na), milk-alkali syndrome (Ca)
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a meal and not in the presence of antacids or
H2RAs), or genetic variation in hepatic cytochrome
P-450-2C19, which results in more rapid metabo-
lism of PPIs. For children unable to swallow PPI
capsules, granules can be administered orally in a
weakly acidic material such as apple juice or yogurt,
or in a solution of sodium bicarbonate for adminis-
tration through jejunal tubes.

Antacids neutralize already-secreted acid, must
be given in relatively large doses to compare with
anti-secretory therapies, and convey potential side
effects. Nonetheless, their immediate neutralization
of refluxed acid may be useful for occasional instan-
taneous relief, and thus also as a rapid diagnostic test
for the cause of pain.

Sucralfate is the most widely used barrier agent,
and acts by forming a complex with the base of ulcers
or erosions. Its main use is in erosive and ulcerative
esophagitis.

Prokinetic agents have theoretical benefit in reflux,
particularly in young children, but their use has been
limited due to lack of objective demonstration of benefit,
and due to concerns about serious side effects and toxic-
ity. Bethanechol, a non-selective cholinergic agonist, is
without clear benefit and is currently rarely used. Meto-
clopramide is a dopamine-2 receptor antagonist, 5-HT3
antagonist, 5-HT4 agonist, and a slightly anticholinergic
agent that acts by increasing the LES pressure and im-
proving gastric emptying. It has a narrow therapeutic
range; extrapyramidal side effects and drowsiness are the
most common side effects [124]. Domperidone is a pe-
ripheral dopamine-D2 receptor antagonist that has a
therapeutic potential for improving gastric emptying and
esophageal motility, but clinical efficacy data are lacking
[125]. A small number of studies investigating the ef-
fects of erythromycin in children with gastroparesis sup-
port a role for erythromycin as a prokinetic agent, but it
has not been studied in children with reflux [126]. It
exerts its prokinetic effects at low doses by direct activa-
tion of gastric motilin receptors on cholinergic neurons.
Higher doses of erythromycin may stimulate the alter-
native pathway, activating the muscular motilin receptors,
and producing prolonged, non-propagated antral con-
tractions which will not improve gastric emptying.
Potentially serious side effects are rare with low dose
erythromycin; emergence of antimicrobial resistance has
not been studied [126]. Cisapride is now generally un-
available for use in United States. A new motilin recep-

tor agonist without antibacterial activity, ABT-229, was
shown in a placebo controlled study to significantly re-
duce mean percentage of time esophageal pH was less
than 4, but did not change the results of the esophageal
manometry and gastric emptying studies [127].

The potential beneficial effects of baclofen, a
GABA type-B receptor agonist, are attributed to its
reducing the frequency of reflux episodes by its re-
duction of TLESRs. Pediatric experience with baclo-
fen in neurologically impaired children was recently
reported; administration of baclofen orally or via fee-
ding tube three times daily for one week significantly
reduced the frequency of emesis, as well as the pH
parameters of total number of reflux episodes, and
episodes longer than five minutes. However, baclofen
did not positively impact the reflux index [128].

Anti-reflux surgery
Fundoplication remains an important, and perhaps the
most definitive, technique for eliminating reflux. The
most common indications for performing this surgery
in children are GERD refractory to pharmacotherapy
and life threatening respiratory complications associated
with reflux, such as aspiration. [129]–[131]. The exact
role of fundoplication in extraesophageal GERD and in
those children with chronic lung diseases is unclear
[130]. Symptoms and signs suggestive of reflux may
persist or recur after surgery, and may prompt resump-
tion of pharmacotherapy, despite lack of documentation
of reflux. In a two-year post fundoplication follow-up of
176 children (two-thirds of whom also had other medi-
cal disorders, including neurodevelopmental delay,
asthma, and cystic fibrosis), two thirds reported reflux-
like symptoms necessitating therapy [132].

Laparoscopic Nissen fundoplication is being incre-
asingly performed in infants and children. Reports cite
it as well-tolerated, and associated with favorable early
and late outcomes [133]–[135]. Forty-eight children
with reflux and symptoms of airway disease had no re-
currence of reflux during a one year follow-up post-
procedure, and the overwhelming majority of parents
perceived the outcome as positive [135]. During a
median follow-up of three years after laparoscopic
fundoplication in 38 children, 66% were completely
asymptomatic and 26% were improved. In comparison
with the open surgical technique, children undergoing
laparoscopic Nissen fundoplication have a shorter
hospital stay and a lower complication rate [136]. The
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Conclusion

Gastroesophageal reflux is the most common esoph-
ageal disorder in children, and is responsible for
heterogeneous presentations ranging from effortless
regurgitation in “happy spitters” to complex esopha-
geal and extra-esophageal GERD. The frequency
and noxiousness of refluxate in proportion to the var-
ious esophageal defense mechanisms, and genetic,
physiological and environmental influences ultimately
determine the pathogenicity and complications of
the disorder. While most children may be confi-
dently diagnosed solely on the basis of a detailed
history followed by appropriate response to therapy,
diagnostic tools may be useful to clarify the role of
reflux in extra-esophageal, and complicated GERD.
Prompt identification and intervention for GERD in
children is crucial to the prevention of strictures,
Barrett’s esophagus and adenocarcinoma that are as-
sociated with long-standing reflux exposure. The
first line of anti-reflux therapy in children is conser-
vative therapy emphasizing thickened feeds, smaller
volume meals, proper positioning, and elimination
of smoke exposure. Proton pump inhibitor therapy
has an established role in the management of those
with GERD sequelae, and as empiric therapy in
those with extra-esophageal GERD. Fundoplication,
reserved for children who are refractory to pharma-
cotherapy, is being performed successfully; results of
laparoscopic surgery in children are favorable with
respect to shorter hospital stay, and lower complica-
tion rate than open fundoplication.
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Chapter 5

Introduction

Barrett’s esophagus (BE) is defined and the clinical
presentation of the disease described. The explosion of
information about BE results from the impetus of the
continuing increase in the incidence of esophageal ade-
nocarcinoma in the Western world. The lifetime risk
for the development of cancer in patients with BE is
often overestimated by physicians and patients. The
lifetime risk for a patient with BE is 5% or less.

The rationale for screening and surveillance of BE
is the potential for the early detection of high grade
dysplasia and cancer to enable therapy improving out-
come. Better risk stratification for screening and sur-
veillance would result in a major reduction in resource
expenditure. Dysplasia is the histologic marker which
drives surveillance. Proposed surveillance intervals are
presented. Developments in the optical detection of
dysplasia and molecular markers are discussed.

The treatment of BE from pharmacologic to surgi-
cal and endoscopic is described; proton pump inhibitor
therapy, esophageal resection for early cancer and en-
doscopic ablation therapy for high grade dysplasia.

The criteria and options for managing a patient
with high grade dysplasia are detailed. Cancer pre-
vention is the ultimate goal of the management of
patients with BE. The role of surveillance and of
molecular and optical strategies to improve risk
stratification is outlined. Recent developments in
chemoprevention with the potential for broader and
earlier application are highlighted.

The disease

Barrett’s esophagus (BE) is a change in the lining of
the distal esophagus from the normal squamous epi-
thelium to a columnar appearing mucosa with intesti-
nal metaplasia demonstrated by biopsy [1]. Endoscopy
with biopsy of the abnormal appearing distal esopha-
gus is necessary to meet the current working definition

of BE. Intestinal metaplasia (IM) is an epithelium with
goblet cells like the small intestine but with a different
architecture reflecting the result of an underlying chro-
nic inflammatory condition – GERD. IM is important
because it represents the premalignant lesion for
esophageal adenocarcinoma (EAC), the most feared
complication of BE and the most rapidly rising inci-
dence cancer in the United States and Western Europe
since the mid 1970’s [2], [3].

At the time of endoscopy the minimal essential
evaluation includes measuring the length of and syste-
matically biopsying the BE. The endoscopic landmarks
to identify by centimeters from the teeth include the
proximally displaced squamocolumnar junction, the
esophagogastric junction (EGJ) and the diaphragmatic
pinch. The EGJ is equivalent to the “endoscopic lower
esophageal sphincter,” the location of the change from
the tubular esophagus to the saccular stomach and/or
the proximal margin of the gastric folds of the com-
monly present hiatal hernia with minimal air insuffla-
tion [4]. Systematic biopsies are necessary to identify
IM in what may be a mosaic of metaplastic epithelium
in the Barrett’s segment. The precise number of biop-
sies necessary to identify IM is not defined.

The clinical context of Barrett’s esophagus

BE is most commonly recognized as part of the en-
doscopic evaluation of patients with chronic heartburn
and/or regurgitation – the most common symptoms of
GERD. On a population basis, 5% of adults with
chronic GERD have BE [5].

Recently there has been increasing assessment of
asymptomatic individuals undergoing colon cancer
screening for BE. In a small predominantly male (90%)
Veteran study, 25% of subjects lacking reflux symptoms
had BE – 7% long segment (� 3 cm) [6]. In a larger
study of a more diverse population, 60% male, 5.6%



66 Chapter 5

The US annual incidence of EAC is 3.6/100,000 in
Caucasian men, 0.8 in African American men and 0.3
in Caucasian women [3]. A population based case con-
trol study in Sweden documented the relation of fre-
quency – (� 3 times per week OR 16.7) and longer
duration (� 20 years OR 16) of reflux symptoms to
the risk of EAC [13]. The longer duration of GERD
symptoms have been related to the greater likelihood
of finding BE at endoscopy [14], [15].

The likelihood of finding of BE is age related. Un-
der the age of 45 only 1 of 363 patients with dyspepsia
lacking alarm symptoms had BE [16]. Based on an
epidemiology study, the median age of onset of BE is
estimated to be 40 years of age although the first en-
doscopy diagnosing BE is usually in the 60s [17].

The above data have led to an approach of screening
older Caucasian men with chronic GERD symptoms for
BE [1]. To be cost effective, the population screened has
to include a high prevalence of BE, HGD, and EAC,
accurate endoscopic recognition of BE and histologic
documentation of intestinal metaplasia and dysplasia,
and finally a small drop in health-related quality of life
after therapy for HGD/EAC [18]. These criteria are
difficult to meet, requiring effective risk stratification.

Surveillance of BE is the current strategy to detect
EAC at a treatable stage in patients with BE. There
are no prospective randomized trials to determine op-
timal surveillance intervals. There probably never will
be because of the expense of performing such a large
trial over many years and the failure to fund such a
study by the agencies of 2 countries.

Dysplasia is the biologic marker used in the clinical
context for risk stratification. The database culled from
6 prospective series and one registry is seen in Table 1
[11], [19]–[25]. Patients lacking dysplasia or with low
grade dysplasia have a low risk of progressing to EAC
over the short run. In contrast, patients with HGD
have a risk of progressing to EAC greater than 20%
over 3 to 7 years.

had BE, 0.36% long segment [7]. These patients with
presumed asymptomatic BE account for the incidental
finding of BE in patients being assessed for upper GI
bleeding, ulcers and dyspepsia. The asymptomatic pose
a major challenge for screening for BE and cancer pre-
vention and account for a major percent of esophagec-
tomy series for cancer and BE.

The development of neoplasia

Dysplasia is the first step in the neoplastic process. It
represents a change in the cytologic characteristics of
cells and the glandular architecture detected histologi-
cally. The progression of neoplasia can result in 
cancer – in BE that means EAC. Although the inci-
dence of EAC in BE is controversial, both cohort stud-
ies [8] and a funnel analysis of the literature estimate
the incidence at 0.5% per year [9]. A more realistic
estimate may be the lifetime risk – younger patients do
not have a greater risk of developing cancer just be-
cause they have a longer life expectancy. An individual
patient with BE has an estimated lifetime risk of EAC
of 5% or less. This has been documented in a popula-
tion based study [10] and an accumulation of 10 cohort
studies [11]. This is a significantly greater risk than
someone with GERD lacking BE or the general popu-
lation, but less of a risk than perceived by many physi-
cians and patients. What action to take to reduce this
risk of EAC will be discussed.

Screening for and surveillance 
of Barrett’s esophagus

Screening is looking for the premalignant disease BE,
and surveillance is evaluating the premalignant disease
for the early detection of HGD or EAC. The rationale
for screening is to detect BE in order to recognize early
prevalent HGD and EAC and to appropriately control
reflux symptoms. Less than 5% of patients surgically
treated for EAC have had BE previously identified
[12]. The only opportunity for improved outcome in
the highly fatal disease EAC is early detection and ef-
fective intervention.

Risk stratification for screening for BE is not evi-
dence based but is de-facto commonly performed in
the US as part of the evaluation of GERD patients.
The epidemiology of EAC highlights those at risk and
provides indirect evidence for who is likely to have BE.

Table 1. Dysplasia and the development of esophageal ade-
nocarcinoma in prospective cohorts

Dysplasia n Cancer (%)

None 382 9 (2.4)
Low grade 145 8 (5.5)
High grade 175 39 (22.3)

From a total of 1077 BE patients followed over 2.9–7.3 years
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Based on the limited information on the time course
of the progression of dysplasia, recommendations for
surveillance intervals based on dysplasia have been
made by the American College of Gastroenterology [1]
(Table 2 – adapted).

Surveillance endoscopy is increasingly supported by
retrospective datasets. Initial information was from ret-
rospective surgical experience demonstrating that sur-
veillance detected EAC was earlier stage with greater 5
year survival than patients presenting symptomatically
found to have EAC and BE [26], [27]. More recently
the survival advantage of endoscopic surveillance has
been demonstrated in a community based population
study and in the SEER/Medicine database [28], [29]. In
the former study the small number of patients with sur-
veillance detected cancer had 73% survival versus none
in the EAC patients not undergoing surveillance.

Treatment of Barrett’s esophagus – medical

The mainstay of medical therapy of BE is proton
pump inhibitor (PPI) therapy for the control of under-
lying GERD symptoms. Patients with BE tend to have
more prolonged esophageal acid exposure as a result of
a more defective anti-reflux barrier. Many patients re-
quire bid dosing to control reflux symptoms. Even bid
PPI therapy fails to normalize esophageal pH � 4 ex-
posure in 25% of BE patients in spite of symptom
control [30], [31]. The endpoint of medical therapy is
controversial – symptom control versus esophageal pH
control. Until more direct data document an effect of
esophageal acid control on outcome, this difficult end-
point will unlikely be pursued in practice.

Surgical therapy

The major role of surgery in BE is for curative re-
section of EAC. Esophagectomy is the only therapy

that gives long term cancer free survival. Contempo-
rary results for early stage EAC (T1-tumor limited
to the mucosa/submucosa) are impressive with more
than 80% 5 year survival [32]–[34].

The problem with esophagectomy is the recogni-
tion of the relationship of operative mortality to insti-
tutional volume [35], [36]. A low volume hospital can
have an operative mortality 3 times that of a high vol-
ume hospital. Referral to an experienced institution is
essential. The role of esophagectomy in the treatment
of HGD will be discussed below.

With the widespread application of laparoscopic
fundoplication, anti-reflux surgery has been increas-
ingly utilized. Unfortunately, the 5 year results in BE
patients, even at an expert center, demonstrate a 20%
symptomatic and objective failure rate [37]. Addition-
ally, fundoplication does not prevent the neoplastic
progression of BE, both in a meta-analysis of the liter-
ature [38] and a randomized trial [39]. A recent col-
lected surgical experience even demonstrated the late
occurrence of EAC after fundoplication. Twenty three
of 652 patients developed EAC after antireflux sur-
gery – 52% of these 6 or more years after surgery [40].

Endoscopic therapy

Recently, after years of investigation, endoscopic ther-
apy has entered the clinical arena. Endoscopic muco-
sal resection provides a large specimen, 1 cm or greater
in diameter, to better stage early cancers. Additionally,
it has been utilized for primary therapy [41] or cother-
apy [42]. Photodynamic therapy (PDT) utilizing
sodium porfimer as the photosensitizer has been ap-
proved in North America for treatment of HGD in
patients with BE. In a multicenter randomized trial
PDT significantly reduced HGD and the development
of EAC after a 2-year follow-up [43]. This is the
largest randomized trial to date of any form of therapy
in BE and the first to document a reduction in the
development of EAC. A long term follow-up of this
form of PDT – a mean of 51 months – has been re-
ported with a success rate by intention-to-treat analy-
sis of 93, 78 and 44% for LGD, HGD and early EAC
respectively [44].

HGD has been treated with a variety of endoscopic
modalities with less deep tissue injury than PDT with
porfimer sodium, resulting in lower rates of developing
strictures – argon plasma coagulation [45], PDT with

Table 2. Surveillance intervals for Barrett’s esophagus

Dysplasia How established Endoscopy

None 2 endoscopies 3–4 years
LGD Highest grade on 1 year and annual 

2nd endoscopy until no dysplasia x2
HGD Repeat endoscopy: 3 months

large capacity forceps/
intensive biopsy protocol
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5-aminolevulinic acid [46], and PDT with green light
and m-tetrahydroxyphenyl chlorin [47].

The management of high grade dysplasia

HGD poses a special dilemma for both the physician and
patient. The factors to be weighed are multiple and not
always quantifiable. These include the variable natural
history of HGD, interobserver variability in reading
HGD, the difficulty of ruling out synchronous EAC, the
patient as a surgical candidate, the risk aversion of the
patient, and the expertise of the available institution 
(Table 3).These factors have to be addressed for and with
the individual patient to determine an appropriate
management strategy. HGD associated with a mass or
mucosal irregularity is more likely to have early EAC and
even regional nodal involvement [48], [49]. The most
recent experience with patients having only HGD prior
to esophagectomy demonstrates a lower likelihood of
unexpected cancer in the resected specimen – 17% from
1994–2001 versus 43% from 1982–1994 [50]. Once
there is cancer below the muscularis mucosa as documen-
ted by EMR or endoscopic ultrasound, endoscopic ther-
apy is no longer appropriate as a curative approach. If the
patient is elderly and/or has major comorbidity, preclud-
ing a substantial duration of life expectancy, then a ther-
apy with major comorbidity or significant mortality may
not be appropriate. A patient who values cancer free sur-
vival over the short term risk of mortality may well elect
surgery. An elderly patient with limited life expectancy
may elect local endoscopic therapy.

Cancer prevention

Current efforts at cancer prevention are crude and not
documented to be effective. They are focused on sur-

veillance of patients known to have BE in order to de-
tect cancer at an early, curable stage. PDT offers an
opportunity for non-surgical reduction of cancer de-
velopment. Yet only a distinct minority of patients
with BE are identified – less than 5% of patients with
resected EAC and BE have had previously recognized
BE. Better strategies are necessary. A non-endoscopic
and less invasive screening method would enable iden-
tification of a larger pool of BE patients. Unsedated
endoscopy with an ultrathin endoscope lowers the
time and cost of the procedure, is accepted by patients,
but not widely utilized [51].

Surveillance has to be focused on higher risk pa-
tients to be cost-effective [52]. This requires more
effective risk stratification. Molecular markers of
neoplastic progression have been pursued as the holy
grail over a number of decades. Despite the identifi-
cation of scores of markers, only two have been as-
sessed in a large cohort of patients with BE followed
prospectively with an endpoint of development of
EAC. Flow cytometric abnormalities of aneuploidy
and increased 4N fraction are predictors of the deve-
lopment of EAC. Most importantly, none of 215
patients with no or LGD without flow cytometric
abnormalities progressed to EAC over 5 years (95%
confidence interval 0–4.7%) [21]. The same group
demonstrated that baseline 17p (p53) loss of hetero-
zygosity predicts progression to EAC with a relative
risk of 16 [53]. These markers await validation in
multicenter studies of BE cohorts.

Techniques to optically detect dysplasia at the time
of endoscopy would enable real time stratification of
patients as well as the opportunity to apply therapy.
These techniques include laser induced fluorescence,
photodiagnosis with 5-aminolevulinic acid, light scat-
tering spectroscopy, Raman spectroscopy and optical
coherence tomography. Some of these techniques rec-
ognize only HGD, others HGD and LGD. These
technologies are developmental, expensive and have
only preliminary data.

Chemoprevention offers the opportunity for
early intervention to prevent the progression of neo-
plasia in BE. Because of its potential application to
many patients it must be safe, inexpensive and effec-
tive. Appropriate targets for chemopreventive agents
can be gained from advances in the understanding of
the molecular biology, cytokines and growth factors
and environmental factors leading to carcinogenesis

Table 3. Management of HGD

1. Confirm with therapeutic endoscopy, large capacity biopsy
forceps, intensive biopsy protocol

2. Confirm histology interpretation by expert in reading
dysplasia

3. EMR for mucosal irregularity
4. Stage with EUS/CT
5. Evaluate patient as operative candidate/risk aversion
6. Expertise at institution
7. Individualize intervention
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in BE. A current example of such a targeting is cy-
clooxyegenase 2 (COX2). COX2 expression increases
with the progression of IM to dysplasia and EAC
[54]. Both selective and non-selective COX2 inhibi-
tion significantly reduced the development of EAC
in a rat esophagojejunostomy model of BE [55]. A
meta-analysis of epidemiologic case control studies
demonstrates a significant reduction of EAC with
ASA and NSAID use in patients [56]. These data
have led to the initiation of a large randomized trial
of aspirin and PPI to test their impact on the devel-
opment of EAC in BE patients. Retrospective anal-
ysis of two cohort studies document the reduction of
the development of dysplasia by PPI therapy 4 to 5
fold [57], [58].

With the continuing rise in the incidence of
EAC, there is a continuing stimulus to technologic
and molecular breakthroughs. These will ultimately
provide more effective risk stratification of patients
with BE. Emerging information from large chemo-
prevention trials may offer the necessary break-
throughs to alter the neoplastic progression of BE.
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Chapter 6

Introduction

The contrary epidemiological trends of an increase of
gastro-oesophageal reflux disease (GORD) and a de-
crease of Helicobacter pylori infection have induced the
suggestion that Helicobacter pylori is a possible etiologic
factor contributing to the increase of GORD pre-
valence. These have forwarded several hypothesis to
explain the phenomenon, but none is convincing. Fur-
thermore eradication of Helicobacter pylori leads to an
increase of oesophagitis in patients with ulcer disease as
reported by some authors, but not confirmed by others.
Finally there are several implications of Helicobacter
pylori infection to gastric physiology that need to be
considered in search for a satisfacting explanation.

This article shall give insights into the complex re-
lationship of Helicobacter pylori infection with GORD
and its implications for the clinical management.

Epidemiology

There is not a gold standard for the definition of
GORD [1]. As 24 hour pH-metry studies have shown
that only a minority of acid episodes are associated
with GORD symptoms and correlate only somewhat
with the presence of oesophagitis, definition of GORD
has been a point of discussion during the last decade.
The Geneval workshop defined GORD pragmatically
as “heartburn symptoms sufficient to impair quality of
life” knowing that there is an overlap with the defini-
tion of dyspepsia and that this definition will cause
confusion between the definition of a disease entitiy
and a working diagnostic criteria for clinical use.

Heartburn prevalence ranges from 9% in Europe
to 38% in Northern Europe and 42% in the US [2].
Frequency of oesophagitis has been described with a
prevalence from 4–76.9% [1]. One of the predispos-
ing factors for GORD is the hiatal hernia (Fig. 1),

which can be found in 2.9–20% of patients if it is
smaller than 2 cm and from 4.1–40% if the hiatal
hernia is more than 2 cm [1].

In patients with reflux symptoms or oesophagitis a
lower prevalence of Helicobacter pylori infection was
found in some studies, suggesting a possible protective
effect of Helicobacter pylori infection [3]–[6]. A syste-
matic review evaluating 20 studies found the average
prevalence of Helicobacter pylori infection in patients
with GORD to be 38% from a world perspective [1],
[7]. The pooled estimate of the odds ratio for the pre-
valence of Helicobacter pylori in patients with GORD
was 0.60 (0.47–0.78 CI, Table 1). However evidence
for this protective role was equivocal. Whereas a lower
prevalence of Helicobacter pylori infection was found
among asian GORD patients [8], [9], this effect is less
prominent in caucasian populations.

These ethnic differences may be attributed to
different patterns of Helicobacter pylori gastritis
among these populations and therefore may also ex-
plain different study results.

Fig. 1. The impact of hiatal hernia in the pathophysiology of
GORD (LOS: lower oesophageal sphincter)
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gastritis results in hypergastrinaemia and acid hyper-
secretion. Corpus predominant or atrophic pangas-
tritis lead to decreased acid production and therefor
can play a somehow protective role for oesophageal
acid exposure ([11]–[13], Figs. 2 and 3).

If Helicobacter pylori is eradicated, gastritis with low
acid output is healed leading to higher acid exposure of
the esophagus and possibly resulting in GORD [3] if
gastro-oesophageal reflux barrier is impaired [14]. As
many Helicobacter pylori infected patients without dis-
ease have a mixed pattern of gastritis, the elevated
gastrin resulting from antral inflammation fails to cause
gastric acid secretion because of corpus inflammation.

Clinical observations

The clinical effect of the above described relation-
ship has to be analysed under six different aspects:

- The effect of Helicobacter pylori eradication on
GORD symptoms and severity

- The effect of Helicobacter pylori infection and 
its eradication on proton pump inhibitor (PPI)
efficacy

- The effect of Helicobacter pylori infection and 
its eradication on histology if long term PPI therapy
is required for GORD maintenance therapy

- Helicobacter pylori infection and its role in
Barrett’s oesophagus

- The role of cagA-positive-strains in patients with
Barrett’s oesophagus

- The role of cagA-positive-strains in patients with
oesophageal adenocarcinoma.

Type of gastritis and impact on gastric 
physiology

One reason for the variable effect of Helicobacter
pylori infection and its eradication on acid secretion
is the dependence on the type and distribution of
gastritis [10]. Non-atrophic predominantly antral

Table 1. Odds ratio for prevalence of Helicobacter pylori in
patients with esophagitis [1], [7]

Fig. 2. The pathophysiology of GORD (TLESR: transient lower
esophageal sphincter relaxation; LES: lower esophageal
sphincter pressure)

Fig. 3. Impact of the pattern of gastritis: antrum predominant
gastritis vs. pangastritis
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Effect of Helicobacter pylori eradication 
on GORD symptoms and severity

The actual data range from a more beneficial to an
harmful or simply no effect of Helicobacter pylori er-
adication on GORD.

The first report of Labenz et al on an increase of
the incidence of oesophagitis in ulcer patients after
Helicobacter pylori eradication has been confirmed by
further studies in patients with corpus predominant
gastritis and associated hypochlorhydria. The effect
was attributed to the recovery of acid secretion after
Helicobacter pylori eradication [15], [16]. Further stu-
dies confirmed the increase of gastro-oesophageal re-
flux [17], [18] after eradication. A recent prospective,
double blind, placebo controlled, randomised trial in-
cluding 104 Helicobacter pylori infected GORD pa-
tients could show that Helicobacter pylori eradication
was the only predictor of treatment failure of GORD.
The authors explained the worsening control of reflux
disease after Helicobacter pylori eradication with the
ammonia production of Helicobacter pylori infection
which augments the acid suppressing effect of medi-
cation. After successful eradication rebound acid se-
cretion on reduced dosage of PPI may have caused
relapse of GORD [19]–[21].

Additionaly the resolution of corpus gastritis af-
ter successful Helicobacter pylori eradication and re-
covery of gastric acid secretion itself [11], [22], [23]
have to be mentioned as the main pathophysiologi-
cal factors.

However not all studies could confirm these fin-
dings. A prospective, controlled trial could demon-

strate a GORD relapse rate of 83% within one year
of follow up independent of Helicobacter pylori status
[24]. Additionaly further studies did not find any
changes in 24-hour oesophageal acid exposure after
successful eradication [24], [25]. A recent prospec-
tive randomised study on 231 patients aimed to
investigate the influence of Helicobacter pylori erad-
ication on gastritis during long term omeprazole
therapy for GORD [26] did not find a worsening of
reflux disease, nor a need for increased omeprazole
maintenance dose.

There are even studies reporting a benefit after
Helicobacter pylori eradication: Schwizer et al report of
a benefit during a six month follow up in which pa-
tients with GORD and persistent Helicobacter pylori
infection relapsed earlier than patients in whom
Helicobacter pylori had been eradicated [27]. The au-
thors explain their result with the pattern of gastritis
which functionaly can be linked to normal or in-
creased acid secretion, which possible can change to
lower acid output following eradication [28]. These
results have been confirmed by Kupcinskas et al [29].

The discrepancy of the results of the above men-
tioned studies is probably due to different study de-
signs, such as inclusion criteria, timing of follow up
investigations and ethnic differences in the pattern of
Helicobacter pylori gastritis. There are suggestions that
the incidence of patients with predominant corpus
gastritis is increased in populations with predomi-
nantly cagA� strains, leading to a worsening of
gastro-oesophageal reflux [30], [31]. Although this
point is still under discussion, it hints to the impor-
tance of respect of ethnicity [32].

Fig. 4. Epidemiology of oesopha-
geal adenocarcinoma (from [63])
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The effect of Helicobacter pylori
on PPI efficacy

More than 70% of patients suffering from GORD are
dependent on long term use of acid suppressants [33].

It is well known that Helicobacter pylori infection
leads to a higher intragastric pH during PPI treat-
ment [19], [20], [34], [35]. Patients with Helicobacter
pylori infection treated with pantoprazole have better
symptom relief and better healing of severe forms of
erosive oesophagitis [36]. These results have been
confirmed in a study with 483 patients with uninve-
stigated heartburn [37].

However in clinical reality most patients have mild
to moderate severity of GORD and in most studies a
difference in the efficacy of PPI is neither detectable,
nor required [38], [39]. Carlsson and colleagues report-
ed from 1350 patients with GORD treated with ome-
prazole similar symptom relief and healing rates in
patients with or without Helicobacter pylori infection
[40]. These data have been confirmed from other stud-
ies [41], [42]. Maintenance dose after healing of ero-
sive oesophagitis was independent of Helicobacter pylori
status [39].

In summary most treatment trials with PPI do not
show an effect of Helicobacter pylori on symptom re-
lief, healing of acute oesophagitis or maintenance
treatment of erosive oesophagitis.

The effect of Helicobacter pylori infection 
and its eradication on histology if long 
term PPI therapy is required for GORD 
maintenance therapy

Considering the effect of persistent Helicobacter pylori
infection on the type of gastritis under long term PPI
therapy Kuipers et al first reported progression of
atrophic gastritis in Helicobacter pylori infected pa-
tients receiving long term PPI [43].

Atrophic gastritis itself is a well recognised risk
factor for gastric cancer in Helicobacter pylori infect-
ed subjects. The paper of Kuipers was criticised for
weakness in design [44] and his results have not
been confirmed in a subsequent randomised trial 
by Lundell et al [45]. However anxiety did not
relieve as Lundell et al also reported of evidence of

accelerated development of moderate and severe
atrophy in the Helicobacter pylori infected group on
PPI therapy.

Subsequently in a new prospective, randomised
trial in 231 patients Kuipers himself could not confirm
findings of progression of atrophic gastritis, same as
other authors [46]–[49]. However he could demon-
strate that corpus gastritis progressed on long term
omeprazole treatment if Helicobacter pylori had not
been eradicated [50].

As a consequence there is only little evidence that
PPI therapy accelerates corpus atrophy in Helicobacter
pylori positive patients but PPI therapy moves the pre-
dominant type of gastritis from the antrum to the cor-
pus. This may be of importance as Uemura et al re-
cently showed that the strongest risk factor for cancer
is the presence of corpus predominant gastritis [51].

As a consequence recommendation for Helicobacter
pylori eradication before prescribing long term PPI is
indicated [52].

Helicobacter pylori infection and Barrett’s 
oesophagus

The definition of Barrett’s oesophagus is a subject 
of controversy over the last years. It is applied to a
columnar-lined oesophagus with biopsy specimens
that contain specialized intestinal epithelium. This
definition applies to patients with long segment and
short segment Barrett’s oesophagus and those with
circumferential disease or tongues. Barrett’s oesopha-
gus is the consequence of gastroesophageal reflux.

A prospective evaluation of Barrett’s oesophagus in
550 patients found three factors being significantly as-
sociated with index diagnosis of Barrett’s high-grade
dysplasia or adenocarcinoma: larger size hiatal hernia,
Barrett’s length and absence of Helicobacter pylori in-
fection [53].

Another study from Japan underlined the protective
role of Helicobacter pylori infection in the development
of Barrett’s oesophagus especially in the development of
long segment Barrett’s oesophagus in 112 reflux pa-
tients [54]. This group additionally included endoscopic
gastrin test finding that gastric acid hypersecretion may
be concerned with the development of Barrett’s oeso-
phagus in addition to the absence of Helicobacter pylori.
However there is no evidence that Helicobacter pylori



Knippig C and Malfertheiner P 77

status itself does affect the presence of Barrett’s compli-
cations such as stricture or ulcer [55].

The role of cagA-positive-strains 
in patients with Barrett’s oesophagus

An important marker of the virulence of Helicobacter
pylori strains is cagA encoding the cytotoxin-
associated gene protein (cagA) [4]. Almost all
Helicobacter pylori isolates from patients with peptic
ulcers, atrophic gastritis and gastric cancer are
cagA� [56]. As there is an inverse relation between
carcinoma in the cardia and lower oesophagus and
colonization with cagA� strains [57] it has been
proposed that Helicobacter pylori colonization with
especially cagA� strains may protect against the
development of GORD and its complications.

These suggestions have been underlined by the re-
sults of a cross-sectional study in 736 consecutive pa-
tients examining the relation between cagA� and
cagA� Helicobacter pylori strains in patients with re-
flux oesophagitis and Barrett’s oesophagus [4]. The
authors found a significant lower prevalence of
Helicobacter pylori (34,9%) in reflux patients than in
controls with a prevalence of 59% cagA� strains in
the control group vs. 35% in the reflux group.

In conclusion cagA� strains may on the one side
be most harmful by increasing the risk of ulceration
and distal cancer but on the other side be most bene-
ficial by protecting against reflux oesophagitis and its
sequelae. Further studies proved this concept [58].

The role of cagA-positive-strains in patients
with oesophageal adenocarcinoma

Different studies hint on a protective role of Helicobacter
pylori infection – especially cagA�-strains – against the
development of oesophageal adenocarcinoma.

The incidence of oesophageal adenocarcinoma
increased over the last years [59] reaching 4–12 per
100.000. This is in contrast to the decreasing inci-
dence of non-cardia gastric cancer (Fig. 3), [63].

Quddus et al did not find any Helicobacter pylori
infected in 19 patients with Barrett’s adenocarcinoma
[60]. In a larger study population Helicobacter pylori

again has been identified in significantly higher
proportion of patients with benign Barrett’s oeso-
phagus than in those with dysplastic Barrett’s
oesophagus or Barrett’s adenocarcinoma (34% vs.
17%) [61].

A multicenter study did not find a difference in
the prevalence of Helicobacter pylori infection in pa-
tients with oesophageal adenocarcinoma when com-
pared to age- and sex-matched controls. However
infection with the cagA� strain of the bacteria
resulted in a reduced odds ratio for developing
oesophageal adenocarcinoma [57]. These results
have been confirmed in a smaller study by Vicari
et al [5] and may be explained by Helicobacter pylori
induced apoptosis in Barrett derived oesophageal
adenocarcinoma cells which is mainly dependent on
the presence of the cagA and picB/cagE gene pro-
ducts [62].

Conclusion

The interesting pathophysiological interaction 
between Helicobacter pylori infection, type of 
gastritis, acid secretion and GORD complicated by
weakness of study designs with small numbers of
patients should not lead to confusion. The risk of
gastric carcinogenesis and peptic ulcer formation
against the need for possible higher doses of acid
suppressive therapy for symptom control after erad-
ication should be balanced carefully and can only
lead us to one conclusion: there are more reasons
that favour Helicobacter pylori eradication than to le-
ave the bug in the stomach of your patients.
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Chapter 7

Introduction

The defining abnormality in gastroesophageal reflux
disease (GERD) is exposure of esophageal epithelium
to gastric juice to an extent sufficient to result in ei-
ther histopathological injury or bothersome symp-
toms. Implicit in this definition is that some degree of
reflux and esophageal acid exposure is normal or
“physiological” and that the esophagogastric junction
(EGJ) is normally permissive of some degree of retro-
grade flow. However, the normal processes of acid
clearance and the inherent impermeability of the
esophageal epithelium are such that this is easily tol-
erated. With reflux disease, this tolerance is exceeded
because of excessive reflux events, the effect of which
may be accentuated by impaired acid clearance. Of
the primary defensive factors preventing the clinical
manifestations of GERD, EGJ competence is the
most fundamental. Given that cardinal importance,
this chapter will focus on mechanisms of function
and dysfunction of the EGJ as an antireflux barrier.

The integrity of the EGJ as an antireflux barrier is
the product of a number of anatomical and physio-
logical properties: the intrinsic lower esophageal
sphincter (LES) pressure, extrinsic compression of the
LES by the crural diaphragm, the intra-abdominal
location of the LES, integrity of the phrenoesopha-
geal ligament, and maintenance of the acute angle of
His promoting a “flap valve” function. Physiological
investigations have revealed that individual reflux
events occur by one of three mechanisms: (1) tran-
sient LES relaxation, (2) strain-induced reflux in the
setting of a hypotensive LES, or (3) free reflux during
periods of low LES pressure or deglutitive relaxation.
Each of these reflux mechanisms occurs in the setting
of specific anatomical and physiological determinants.
The more aberrant those determinants, the worse the
antireflux integrity of the EGJ. Thus, each functional
component of the EGJ will be discussed individually
in terms of its role in preventing gastroesophageal

reflux and the mechanisms that lead to abnormal
gastroesophageal reflux.

Antireflux function of the EGJ

The distal end of the esophagus is anchored to the dia-
phragm by the phrenoesophageal membrane that in-
serts circumferentially into the esophageal musculature
around the squamocolumnar junction (SCJ). Viewed as
a barrier to reflux, the EGJ is generally conceptualized
as the locus of a high-pressure zone within this anato-
mically complex region (Fig. 1). Maintenance of that
high-pressure zone assures that the distal esophagus is
sealed off from the stomach and protected from con-
tact with caustic gastric juice. However, the EGJ pres-
sure profile is the composite of three key elements: the
intrinsic LES, the influence of the surrounding dia-
phragmatic hiatus and crural diaphragm, and the mus-
cular architecture of the gastric cardia that constitutes
the distal aspect of the overall EGJ high-pressure zone.
Furthermore, the tubular esophagus joins the stomach
in almost a tangential fashion with the shared medial
wall functioning as a flap valve under normal circum-
stances. Consider each of these contributions to the
EGJ high-pressure zone.

Lower esophageal sphincter

The LES is a 3–4 cm segment of tonically contracted
smooth muscle in the distal esophagus. Among nor-
mal individuals basal LES tone varies from 10–
30 mmHg relative to intragastric pressure and exhibits
substantial temporal variation. Studies utilizing con-
current fluoroscopy and manometry, localize the pro-
ximal aspect of the EGJ high-pressure zone 1–1.5 cm
proximal to the SCJ and the distal aspect extending
about 2 cm distal to it (1) (Fig. 1). Anatomical studies
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balance between antegrade and retrograde flow, the
LES has a complex neurological control mechanism
involving both the CNS and peripheral enteric nervous
system. LES pressure is modulated by reflexes involv-
ing both vagal and sympathetic nerves [6]. Efferent
function is mediated through neurons of the myenteric
plexus that can effect either LES contraction or relaxa-
tion. Synapses between the efferent vagal fibers and the
myenteric plexus employ a cholinergic system. The
post-ganglionic transmitter effecting contraction is
acetylcholine while several studies suggest that NO is
the dominant inhibitory nonadrenergic-noncholinergic
transmitter with VIP serving some type of modifying
role [7], [8].

Crural diaphragm

The hiatal orifice is an teardrop shaped opening
through the diaphragm through which the esopha-
gus and vagus nerves gain access to the abdomen.
Although minor variants are recognized, the most
common anatomy is for the hiatus to be formed by
elements of the right diaphragmatic crus with partial
contribution from the left crus [9]. The crura arise
from tendinous fibers emerging from the anterior
longitudinal ligament over the upper lumbar verte-
brae (Fig. 2). The crura pass upward in close contact
with the vertebral bodies for most of their course
and only incline anteriorly as they arch around the
esophagus [9]. Once muscle fibers emerge from the
tendinous origin of the right crus, they form two
overlying ribbon-like bundles separated from each
other by connective tissue. The dorsal bundle forms
the left limb of the right crus and the ventral bundle
becomes the right limb of the right crus. As they ap-
proach the hiatal canal, the muscle bands diverge
and cross each other in a scissor-like fashion and
merge anterior to the esophagus. The lateral fibers
of each hiatal limb insert directly into the central
tendon of the diaphragm but the medial fibers, that
form the hiatal margins, incline toward the midline
and decussate with each other in a trellis-like
fashion anterior to the esophagus (Fig. 3) [9]. Nor-
mally there is about a centimeter of muscle separat-
ing the anterior rim of the hiatus from the central
tendon of the diaphragm.

Under normal circumstances, the esophagus is an-
chored to the crural diaphragm by the phrenoesopha-

suggest that the EGJ component distal to the SCJ is
largely attributable to the sling and clasp fibers of the
middle layer of gastric musculature in the cardia [2],
[3]. In this region, the lateral wall of the esophagus
meets the medial aspect of the stomach at an acute an-
gle, defined as the angle of His.

Large fluctuations of LES pressure occur during
phase III of the migrating motor complex during
which LES pressure may exceed 80 mmHg during this
phase. Minor fluctuations occur throughout the day
with pressure decreasing in the post-prandial state and
increasing during sleep [4]. Basal LES tone is a
property of both the smooth muscle itself and of its
extrinsic innervation [5]. Consequently, LES pressure
may be altered by myogenic factors, intra-abdominal
pressure, gastric distention, peptides, hormones, various
foods, and many medications. To maintain the delicate

Fig. 1. Pressure topography of the EGJ of normal subjects (left)
and hiatus hernia patients (right). Position zero on the axial scale
is the midpoint of the diaphragmatic hiatus.The proximal clip in-
dicates the position of the squamocolumnar junction (SCJ) and
the distal clip marks the median position of the intragastric
aspect to the EGJ as imaged endoscopically. All values of length
and pressure are the medians of seven subjects in each subject
study group.The bottom tracings represent maximal radial pres-
sure for normals (left) and hiatus hernia subjects (right). Note the
two peaks in the hiatus hernia group correlating to the above
axial topography figures. (From [1]: Kahrilas PJ, Lin S, Chen J et al
(1999) The effect of hiatus hernia on gastro-oesophageal junc-
tion pressure. Gut 44: 476–482, with permission)
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distal esophagectomy for esophageal cancer [17].
These patients still exhibited an EGJ high-pressure
zone of about 6 mmHg within the hiatal canal de-
spite having had the entire smooth muscle intrinsic
sphincter removed.

Hiatus hernia

Hiatal hernia is a perturbation of EGJ anatomy such
that elements normally confined within the abdomen
traverse the hiatal canal. The most comprehensive clas-
sification scheme recognizes 4 types of hiatal hernia
and the main distinction is the difference between
types-I and II (Fig. 4). Type-I or sliding hiatal hernias
are associated with a widening of the muscular hiatal
tunnel and circumferential laxity of the phrenoesopha-
geal membrane, allowing a portion of the gastric cardia
to herniate upward. Due to the inherent subjectivity in
defining type-I hiatal hernia, estimates of prevalence
vary substantially, from 10% to 80% of the adult popu-
lation in North America [18]. Most type-I hiatal
hernias are asymptomatic and, even with larger type-I
hernias, the main clinical implication is the predilec-
tion to develop reflux disease, the likelihood of which
increases with increasing hernia size. With a well de-

Fig. 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 hia-
tus hernia the muscle becomes thin and atrophic limiting its
ability to function as a sphincter. ([53]: Pandolfino JE, Kahrilas PJ
(2001) Esophageal motility abnormalities in Barrett’s esopha-
gus. In: Barrett’s esophagus and esophageal adenocarcinoma
(Sharma P, Sampliner RE, eds). Malden: Blackwell Science,
pp 35–44, with permission)

Fig. 3. The most common anatomy of the diaphragmatic hia-
tus in which the muscular elements of the crural diaphragm
derive from the right diaphragmatic crus. The right crus arises
from the anterior longitudinal ligament overlying the lumbar
vertebrae. Once muscular elements emerge from the tendon,
two flat muscular bands form which cross each other in scissor-
like fashion, form the walls of the hiatus, and decussate 
with each other anterior to the esophagus. (Modified from
Marchand P (1959) The anatomy of esophageal hiatus of the
diaphragm and the pathogenesis of hiatus herniation. Thorac
Surg 37: 81–92, with permission)

geal ligaments (membranes) and the stomach cannot
be displaced through the hiatal canal into the thoracic
cavity [10], [11]. The phrenoesophageal membrane is
formed from the fascia transversalis on the under
surface of the diaphragm and fused elements of the
endothoracic fascia. This membrane inserts circum-
ferentially into the esophageal musculature, close to
the squamocolumnar junction, and extends for about
a centimeter proximal to the EGJ at which point it
merges with the perivisceral fascia of the esophagus
[12]. Thus, the axial position of the squamocolumnar
junction is normally within or slightly distal to the
diaphragmatic hiatus [13].

Independent control of the crural diaphragm can
be demonstrated during esophageal distension,
belching and vomiting when electrical activity in the
crural diaphragm is selectively inhibited [14], [15].
This reflex inhibition of crural activity is eliminated
with vagotomy. On the other hand, crural diaphrag-
matic contraction is amplified during abdominal
compression, straining or coughing [16]. Additional
evidence of the sphincteric function of the hiatus
comes from manometric recordings in patients after
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veloped hernia, the esophageal hiatus abuts directly on
the transverse membrane of the central tendon of the
diaphragm and the anterior hiatal muscles are absent
or reduced to a few atrophic strands [9]. The hiatus it-
self is no longer a sagittal slit but a rounded opening
whose transverse diameter approximates its sagittal di-
ameter in size (Fig. 3). This change in caliber of the hi-
atus is most apparent during distention (Fig. 5) [19].
Associated with the widening of the hiatal orifice, the
phrenoesophageal membrane also becomes attenuated.
However, the phrenoesophageal membrane remains
intact and the associated herniated gastric cardia is
contained within the posterior mediastinum [18].

Although there are instances in which trauma, con-
genital malformation, and iatrogeny can be implicated,
most evidence suggests that type-I hiatus hernia is usu-
ally an acquired condition. Allison observed that the
typical age of onset was in the fifth decade of life [20]
and pregnancy has long been suspected to be an inciting
factor [21]. Marchand theorized that the compounded
stresses of age-related degeneration, pregnancy, and

obesity take their toll on the supporting structures of
the EGJ. The positive peritoneo-pleural pressure gra-
dient acts to push the abdominal contents into the chest
and is opposed by the entire surface of the diaphragm.
In this respect, only the esophageal hiatus is vulnerable
to visceral herniation because it faces directly into the
abdominal cavity. Furthermore, since the esophagus
does not fill the entire hiatal canal, the integrity of this
opening depends upon its intrinsic structures, especially
the phrenoesophageal membrane [22]. Add to this su-
sceptibility the repetitive stresses of deep inspiration,
Valsalva, vomiting, physiologic herniation with swallo-
wing, and tonic contraction of longitudinal muscle in-
duced by gastroesophageal reflux, and then compound
this stress by filling the abdominal cavity with adipose
tissue or a gravid uterus and eventually the integrity of
the hiatus is gradually compromised.

The type-I, or “sliding”, hiatal hernia described ab-
ove accounts for the vast majority of hiatal hernias,
while less common types (II, III and IV) are varieties 
of “paraesophageal hernias.” Together, paraesophageal
hernias account for approximately 5–15% of all hiatal
hernias [24]–[26]. Although these hernias may also be
associated with significant gastroesophageal reflux their
more worrisome clinical consequence lies in the poten-

Fig. 4. Alteration of the hiatal anatomy associated with sliding
hiatal hernia. Note that the main change is a widening of the hi-
atal canal. Associated with this there can be substantial atrophy
of the abutting muscular elements, thinning and elongation of
the phrenoesophageal membrane, and axial displacement of
the gastric cardia. Sliding verses paraesophageal hiatal hernia.
With sliding or axial hiatal hernia there is thinning and elonga-
tion of the phrenoesophageal membrane leading to herniation
of the stomach into the posterior mediastinum. As such, there is
no potential for incarceration or strangulation. With paraeso-
phageal herniation, visceral elements herniate through a focal
weakness in the phrenoesophageal membrane with the poten-
tial to lead to the usual array of complications associated with
visceral herniation through a constricted aperture [Modified
from Skinner DB (1985) Hernias (hiatal, traumatic, and congeni-
tal). In: Gastroenterology (Berk JE, ed). Philadelphia: Saunders,
p 705, with permission]

Fig. 5. (A) Dimensions and radial symmetry of the EGJ. Mea-
surements of EGJ opening diameters were made from PA and
lateral fluoroscopic projections and are plotted for each intra-
bag pressures relative to intragastric pressure distention pres-
sure. Some degree of radial asymmetry of the hiatus was seen
in all three groups; the lateral diameters were similar among
the three groups but the hiatal hernia (HH) and non-hiatal
hernia (NHH) GERD patients had increased PA diameters com-
pared to normal subjects (NLS) (From [51]: Pandolfino et al
(2003) Gastroenterology 125(4): 1018–1024, with permission)
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tial for mechanical and ischemic complications. A type-
II paraesophageal hernia results from a localized defect
in the phrenoesophageal membrane while the EGJ it-
self remains fixed to the preaortic fascia and the median
arcuate ligament (Fig. 4) [18]. The gastric fundus then
becomes the leading point of herniation and the natural
history of a type-II hernia is progressive enlargement so
that the entire stomach eventually herniates into the
chest, inverting as it does so with the pylorus juxtaposed
to the gastric cardia. Type-III, or mixed, paraesophageal
hernias have elements of both types-I and -II hernias
with both axial displacement of the EGJ above the dia-
phragm and a focal defect within the phrenoesophageal
membrane adding a paraesophageal element (Fig. 3).
Type-IV hiatus hernia is associated with a large defect
in the phrenoesophageal membrane, through which
other abdominal organs, such as colon, spleen, pancreas
and small intestine to enter the hernia sac. Type-IV
hernias are usually encountered only in individuals with
prior surgical procedures involving the left upper quad-
rant. In general, paraesophageal hernias are associated
with abnormal laxity of structures normally preventing
displacement of the stomach; the gastrosplenic and
gastrocolic ligaments and are a recognized complication
of surgical manipulation of the hiatus.

Proximal gastric musculature

In addition to the intrinsic sphincter and crural
diaphragm described above, another mechanism of
barrier function at the EGJ lies in the positioning of
the distal esophagus in the intra-abdominal cavity. A
flap valve is formed by a musculo-mucosal fold cre-
ated by the entry of the esophagus into the stomach
along the lesser curvature. Increased intra-abdominal
or intragastric pressure can acutely decrease the angle
of His thereby compressing and collapsing the sub-
diaphragmatic portion of the esophagus, preventing
reflux during periods of abdominal straining. Viewed
intraluminally, this region extends within the gastric
lumen, appearing as a large fold that has been refer-
red 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 esophagus
[27], [28] (Fig. 6). As evidenced in Fig. 6, this distal
aspect of the EGJ is particularly vulnerable to disrup-
tion as a consequence of anatomical changes at the
hiatus and axial migration of the EGJ.

Mechanisms of EGJ dysfunction in GERD

Reflux occurs with either intermittent or constant
compromise of the EGJ high-pressure zone. An added
element to EGJ competence is EGJ opening and the
degree to which the EGJ opens during periods in
which the high-pressure zone is compromised. Just as
with the upper esophageal sphincter, it has become ap-
parent that sphincter opening is not synonymous with
sphincter relaxation. During swallowing, despite being
neurally inhibited, the EGJ must open to facilitate the
esophago-gastric flow of a swallowed bolus while at the
same time intermittently closing to prevent reflux of
gastric contents into esophagus. During rest the EGJ
must contain gastric juice but also be able to transiently
relax and open enough to selectively permit gas venting
without allowing reflux of caustic gastric juice. These
functions are accomplished by the delicate interplay of
the anatomical components and physiological respon-
ses of the EGJ. The dominant mechanism protecting
against reflux will vary with physiological circumstance.
For example, the intra-abdominal segment of the LES
may be important in preventing reflux associated with
swallowing, the crural diaphragmatic may be of pri-
mary importance during episodes of increased intra-
gastric pressure, and basal LES pressure may be of
cardinal importance during sleep. As these protective

Fig. 6. Three-dimensional representation of the progressive 
anatomical disruption of the gastroesophageal flap valve along
with corresponding endoscopy photos (Grade I). 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 III). 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 (Modified from [28]: Hill LD,
Kozarek RA, Kraemer SJ et al (1986) The gastroesophageal flap
valve: in vitro and in vivo observations. Gastrointest Endosc 44:
541–547, with permission)
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While tLESRs typically account for up to 90% of
reflux events in normal subjects or in GERD patients
without hiatus hernia, patients with hiatus hernia have
a more heterogeneous mechanistic profile with reflux
episodes frequently occurring in the context of low
LES pressure, straining, and swallowing [33]. These
observations support the hypothesis that the functional
integrity of the EGJ is dependent on both the intrinsic
LES and extrinsic sphincteric function of the diaphrag-
matic hiatus. In essence, gastroesophageal reflux re-
quires a “two hit phenomenon” to the EGJ. Patients
with a normal EGJ require inhibition of both the in-
trinsic LES and extrinsic crural diaphragm for reflux to
occur: physiologically this occurs only in the setting of
a tLESR. In contrast, GERD patients, especially those
with a hiatal hernia may exhibit pre-existing compro-
mise of the hiatal sphincter. In that setting reflux can
occur with only relaxation of the intrinsic LES, as may
occur during periods of LES hypotension or even de-
glutitive relaxation.

Lower esophageal sphincter (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 overcome and “blown
open” in association with an abrupt increase of intra-
abdominal pressure [34]. Manometric data suggest
that this rarely occurs when the LES pressure is
greater than 10 mmHg [34], [35]. It is also a rare
occurrence in patients without hiatus hernia [33].
Free reflux is characterized by a fall in intra-esopha-
geal pH without an identifiable change in either
intragastric pressure or LES pressure. Episodes of
free reflux are observed only when the LES pressure
is within 0–4 mmHg of intragastric pressure. A wide
open or patulous hiatus will predispose to this free
reflux as both the intrinsic and extrinsic sphincter
are compromised.

A puzzling clinical observation, and one that sup-
ports the importance of transient LES relaxations, is
that only a minority of patients with gastroesophageal
reflux disease have a fasting LES pressure value of 
� 10 mmHg [36]. This observation can be partially
reconciled when one considers the dynamic nature of
LES pressure. The isolated fasting measurement of

mechanisms are compromised, the deleterious effect is
additive resulting in an increasing number of reflux
events and consequently an increased amount of
esophageal acid exposure.

Investigations have focused on three dominant
mechanisms of EGJ incompetence (1) transient LES
relaxations, without anatomic abnormality, (2) LES
hypotension, again without anatomic abnormality,
or (3) anatomical and mechanical distortion of the
EGJ inclusive of, but not limited to, hiatus hernia.
Which reflux mechanism dominates depends upon a
number of factors, the most important being the
anatomy of the EGJ.

Transient lower esophageal relaxations

Compelling evidence exists that transient LES relaxa-
tions are the most frequent mechanism for reflux during
periods of normal LES pressure (� 10 mmHg). Tran-
sient LES relaxations occur independently of swallow-
ing, are not accompanied by peristalsis, are accompanied
by crural diaphragmatic inhibition, and persist for longer
periods than do swallow-induced LES relaxations (� 10
seconds) [29], [30]. The dominant stimulus for transient
LES relaxation is distension of the proximal stomach,
not surprising given that transient LES relaxation is the
physiological mechanism for belching [31]. Transient
LES relaxation can be experimentally elicited by either
gaseous distension of the stomach or distension of the
proximal stomach with a barostat bag. Gastric distension
activates vagal afferent mechanoreceptors in the gastric
cardia that project to the nucleus tractus solitarii in the
brainstem and subsequently to the dorsal motor nuclei
of the vagus and finally to the myenteric plexus.

With respect to the role tLESRs play in GERD,
it appears that it is not the number but the quality of
the refluxate associated with these events. Prolonged
manometric recordings have not consistently demon-
strated an increased frequency of transient LES
relaxations in GERD patients compared to normal
controls [32]. However, the frequency of acid reflux
(as opposed to gas reflux) during transient LES relax-
ations has consistently been reported to be greater in
GERD patients [32]. The cause for this difference in
the frequency of acid reflux during tLESRs is un-
clear and hypotheses include differences in EGJ
morphology and differences in the acid environment
of the proximal stomach.
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LES pressure is probably useful only for identifying
patients with a grossly hypotensive sphincter; individ-
uals constantly susceptible to stress and free reflux.
However, there is probably a larger population of pa-
tients susceptible to strain induced or free reflux when
their LES pressure periodically decreases as a result of
specific foods, drugs, or habits (Table 1).

The diaphragmatic sphincter and hiatus hernia

Endoscopic and radiographic studies suggest that
50–94% of patients with gastroesophageal reflux dis-
ease (GERD) have a type-I hiatal hernia while the
corresponding prevalence in control subjects ranges
from 13–59% [37]–[40]. Most patients with severe
esophagitis have a hiatal hernia [41], [42] and 96%
of patients with Barretts esophagus have a � 2 cm
hiatus hernia [43]. However, the importance of a
type-I hiatal hernia is obscured by the misconcep-

tion that this is an all or none phenomenon. It is
more useful to view type-I hiatal hernia as a contin-
uum of progressive disruption of the gastroesopha-
geal junction, as illustrated in Fig. 6. Type-I hiatus
hernia impacts on reflux both by affecting the com-
petence of the gastroesophageal junction in prevent-
ing reflux and in compromising the process of
esophageal acid clearance once reflux has occurred.

Physiological studies by Mittal have clearly demon-
strated that the augmentation of EGJ pressure observed
during a multitude of activities associated with transient
increases in intra-abdominal pressure is attributable to
contraction of the crural diaphragm [44]. With hiatus
hernia, crural diaphragm function is potentially com-
promised both by its axial displacement (1) and poten-
tially by atrophy consequent from dilatation of the hiatus
[45]. The impact of hiatus hernia on EGJ susceptibility
to reflux elicited by straining maneuvers was demon-
strated in studies in normal volunteers compared to

Table 1. Factors that influence lower esophageal sphincter pressure and tLESR frequency

Increase Decrease Increase transient Decrease transient
LES pressure LES pressure LES relaxations LES relaxations

Foods Protein Fat Fat
Chocolate
Ethanol
Peppermint

Medications Metoclopramide Nitrates Sumatriptan Atropine
Domperidone Calcium channel blockers Morphine
Prostaglandin F2	 Loxiglumide
Cisapride Theophylline

Morphine
Meperidine
Diazepam
Barbituates

Hormones and Gastrin Secretin Cholecystokinin Baclofen
neural agents Motilin Cholecystokinin L-arginine L-NAME

Substance P Glucagon Serotonin
	-Adrenergic agonists Gastric inhibitory polypeptide

-Adrenergic antagonists Vasoactive intestinal polypeptide
Cholinergic agonists Progesterone

	-Adrenergic antagonists

-Adrenergic agonists 
Cholinergic antagonists
Serotonin
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than the EGJ pressure of a comparator group of nor-
mal controls [47] (Fig. 1). However, simulating reduc-
tion of the hernia by arithmetically repositioning the
intrinsic sphincter back within the hiatal canal resulted
in calculated EGJ pressures that were practically indis-
tinguishable from those of the control subjects. Along
with previous investigations these data also demon-
strated that hiatus hernia reduced the length of the
EGJ high pressure zone [1]. This is likely due to
disruption of the EGJ segment distal to the SCJ
attributable to the opposing sling and clasp fibers of
the gastric cardia [2].

Gastroesophageal flap valve

Although the clinical relevance of the gastroesopha-
geal flap valve (GEFV) concept has been controver-
sial, several studies have helped bolster its validity.
Hill et al demonstrated the presence of a gastroeso-
phageal pressure gradient in cadavers without a hia-
tal hernia [28]. They also showed that ability of the
cadaveric EGJ to prevent reflux in the setting of in-
creased intra-abdominal pressure could be increased
by surgically accentuating the length of the flap
valve. Hill and colleagues then went on to define a
GEFV classification grading scheme based on en-
doscopic inspection (Fig. 6). Two endoscopic studies
have reported that this grading scheme correlated
with the severity of reflux disease [28], [48]. In ad-
dition, a recent study assessing exercise induced gas-
troesophageal reflux using a radiotelemetry pH
probe in 20 subjects revealed a strong correlation
between exercise-induced acid exposure and GEFV
grade [49]. This relationship remained strong even
when subjects with overt hiatus hernia (grade IV)
were excluded. In contrast, the relationship between
esophageal acid exposure during exercise and basal
LES pressure was not statistically significant.

The exact mechanism by which disruption of the
GEFV leads to increasing reflux severity is unclear,
however, most theories focus on the effect it has on
the subdiaphragmatic segment of the esophagus.
Grade-3 and -4 flap valves are associated with de-
creased prominence of the musculo-mucosal fold
that abuts the esophageal inlet [28]. Consequently,
the angle of His is also increased and there is no lon-
ger a subdiaphragmatic segment of the esophagus to
be compressed when intra-abdominal pressure rises.

GERD patients with and without hiatus hernia [34]. Of
several physiological and anatomical variables tested, the
size of hiatus hernia was shown to have the highest cor-
relation with the susceptibility to strain-induced reflux
(Fig. 7). The implication of this observation is that pa-
tients with hiatus hernia exhibit progressive impairment
of the diaphragmatic component of EGJ function pro-
portional to the extent of axial herniation [1].

Another effect that hiatus hernia exerts on the
anti-reflux barrier is to diminish the intraluminal pres-
sure within the EGJ. Relevant animal experiments
revealed that simulating the effect of hiatus hernia by
severing the phrenoesophageal ligament reduced the
LES pressure and that the subsequent repair of the lig-
ament restored the LES pressure to levels similar to
baseline [46]. Similarly, manometric studies in hu-
mans using a topographic representation 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

Fig. 7. Model of the relationship between the lower esophageal
sphincter (LES) pressure, size of hernia, and the susceptibility to
gastroesophageal reflux induced by provocative maneuvers as re-
flected 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 � hernia size).The hernia size
is in cm, and the LES pressure is in mmHg.The multiple correlation
coefficient of this equation for the 50 subject data set was 0.86 
(R2 � .75). Thus, the susceptibility to stress reflux is dependent
upon the interaction of the instantaneous value of LES pressure
and the size of the hiatus hernia (From [34]: Sloan S, Rademaker
AW, Kahrilas PJ (1992) Determinants of gastroesophageal junction
incompetence: hiatal hernia, lower esophageal sphincter,or both?
Ann Intern Med 117: 977–982,with permission)
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Mechanical properties of the relaxed EGJ
In contemplating the occurrence of reflux in the
setting of a relaxed or hypotensive sphincter it is
also necessary to consider other mechanical attri-
butes of the system that may account for a relaxed
sphincter remaining closed in one case and physi-
cally open in another; one such attribute is com-
pliance, or distensibility of the sphincter. Acquired
anatomic changes inclusive of, but not restricted
to, hiatus hernia may alter the compliance at the
relaxed EGJ thereby decreasing the resistance to
gastroesophageal flow.

Recent physiologic studies exploring the role of
compliance in GERD reported that GERD patients
with and without hiatus hernia had increased com-
pliance at the EGJ compared to normal subjects [50],
[51]. These experiments utilized a combination of
barostat-controlled distention, manometry, and fluo-
roscopy to directly measure the compliance of the
relaxed EGJ. Several parameters of EGJ compliance
were shown to be increased in hiatus hernia patients
with GERD: (1) the EGJ opened at lower distention
pressure, (2) the relaxed EGJ opened at distention
pressures that were at or near resting intra-gastric
pressure, and (3) for a given distention pressure the
EGJ opened about 0.5 cm wider (Fig. 8). These alte-
rations of EGJ mechanics are likely secondary to a
disrupted, distensible crural aperture and may con-
tribute to the physiological aberrations associated
with hiatus hernia and GERD.

Increased EGJ compliance may help explain
why patients with hiatus hernia have a distinct
mechanistic reflux profile compared to patients
without hiatus hernia [52]. Anatomical alterations,
such as hiatal hernia, dilatation of the diaphrag-
matic hiatus, and disruption of the gastroesopha-
geal flap valve may alter the elastic characteristics
of the hiatus such that this factor is no longer pro-
tective in preventing gastroesophageal reflux. In
that setting, reflux no longer requires “two hits”
because the extrinsic sphincteric mechanism is al-
ready disrupted. Thus, the only prerequisite for re-
flux becomes LES relaxation, be that in the setting
of swallow-induced relaxation, tLESR, or a period
of prolonged LES relaxation.

Increased compliance may also help explain why
GERD patients may be more likely to sustain acid
reflux in association with tLESRs compared to

asymptomatic subjects. In an experiment that sought
to quantify this difference, normal subjects exhibited
acid reflux with 40–50% of tLESRs compared to
60–70% in patients with GERD [32]. This diffe-
rence may be the result of increased EGJ compliance
and its effect on trans-EGJ flow.

Trans-EGJ flow � �P � R4/C � L � �

In the flow equation, flow is directly proportional to
EGJ diameter to the 4th power and inversely propor-
tional to the length of the narrowed segment and
the viscosity of the gas or liquid traversing the seg-
ment. Should tLESRs occur in the context of an
EGJ with increased compliance, wider opening dia-
meters will occur under a given set of circumstances
and trans-EGJ flow will increase. Patients without
obvious hiatus hernia may still have increased com-
pliance secondary to more subtle defects at the EGJ
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-2 gastroesophageal flap
valve or defects in the LES musculature.

Fig. 8. EGJ cross sectional area as a function of distention
pressure. Cross-sectional area at intrabag pressures 
� 0 mmHg was significantly increased in the NHH GERD
patients compared to normal subjects (p � 0.0001) and in
the HH patients compared top the NHH patients 
(p � 0.005). At pressures � 0 mmHg the EGJ cross-sectional
area of HH GERD patients was significantly greater than
both the NHH GERD patients and NLs (p � 0.05). At pre-
ssures below 0 mmHg there was no significant difference
between NHH GERD patients and NLs (From [51]: Pandolfino
et al (2003) Gastroenterology 125(4): 1018–1024, with
permission)
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[7] Yamato S, Saha JK, Goyal RK (1992) Role of nitric
oxide in lower esophageal sphincter relaxation to swal-
lowing. Life Sci 50(17): 1263–1272

[8] Richards WG, Sugarbaker DJ (1995) Neuronal control of
esophageal function. Chest Surg Clin N Am 5(1): 157–171

[9] Marchand P (1959) The anatomy of the esophageal hi-
atus of the diaphragm and the pathogenesis of hiatus
herniation. Thorac Surg 37: 81–92

[10] Barrett NR (1932) Discussion on hiatus hernia. Proc R
Soc Med 122: 736–796

[11] Schatzki R (1932) Die Hernien des Hiatus oesopha-
geus. Deutsches Arch F Klin Med 173: 85–103

[12] Low A (1907) A note on the crura of the diaphragm
nd the muscle of treitsz. J Anatomy Lond 42: 93–96

[13] Kahrilas PJ, Wu S, Lin S, Pouderoux P (1995) Attenu-
ation of esophageal shortening during peristalsis with
hiatus hernia. Gastroenterology 109(6): 1818–1825

[14] De Troyer A, Sampson M, Sigrist S, Macklem PT
(1982) Action of costal and crural parts of the diaphragm
on the rib cage in dog. J Appl Physiol 53(1): 30–39

[15] Altschuler SM, Boyle JT, Nixon TE, Pack AI, Cohen S
(1985) Simultaneous reflex inhibition of lower esopha-
geal sphincter and crural diaphragm in cats. Am J Physiol
249(5 Pt 1): G586–G591

[16] Mittal RK, Fisher M, McCallum RW, Rochester DF,
Dent J, Sluss J (1990) Human lower esophageal sphinc-
ter pressure response to increased intra-abdominal pres-
sure. Am J Physiol 258(4 Pt 1): G624–G630

[17] Klein WA, Parkman HP, Dempsey DT, Fisher RS (1993)
Sphincterlike thoracoabdominal high-pressure zone after
esophagogastrectomy. Gastroenterology 105(5): 1362–1369

[18] Skinner DB (1985) Hernias (hiatal, traumatic and
congnital). In: Gastroenterology (Berk JE, ed), 4th ed.
Philadelphia: W. B. Saunders, pp 705–716

[19] Pandolfino JE, Shi G, Cisler J, Joehl RJ, Brasseur JG,
Kahrilas PJ (2002) Opening characteristics of the re-
laxed EGJ during low-pressure distention in normal
subjects and hiatus hernia patients. Gastroenterology
122(4): 430–450

[20] Allison PR (1951) Reflux esophagitis, sliding hiatal
hernai and the anatomy of repair. Surg Gynecol Obstet
92: 419–431

[21] Rigler LG, Eneboe JB (1935) Incidence of hiatus her-
nia in pregnant women and its significance. J Thorac
Surg 4: 262–268

[22] Marchand P (1957) A study of the forces productive of
gastroesophageal regurgitation through the diaphrag-
matic hiatus. Thorax 12: 189–202

[23] Paterson WG, Kolyn DM (1994) Esophageal shortening
induced by short-term intraluminal acid perfusion in

Conclusion

Theories of the mechanism of gastroesophageal junc-
tion competence have seesawed between strictly ana-
tomic explanations, focusing on type-I hiatus hernia,
and physiologic explanations focusing on the vigor of
LES contraction while ignoring the significance of
anatomic factors. As detailed above, current thinking
recognizes contributions from both sphincteric com-
ponents. Furthermore, there is an increasing under-
standing of mechanical elements of the antireflux
barrier, inclusive of, but nor restricted to hiatus hernia
and the intrinsic LES. Thus, our view of GERD
pathogenesis as it pertains to EGJ competence is now
focusing on quantifying the mechanical properties of
this complex anatomical zone. Future research will
likely focus on methods to measure EGJ compliance
and elasticity, as these are the mechanical parameters
that influence gastroesophageal reflux.
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Chapter 8

Introduction

Most individuals with symptoms compatible with gas-
troesophageal reflux disease (GERD) who undergo
endoscopy will not show evidence of erosive esopha-
gitis. Indeed, it is now clear that non-erosive or nega-
tive-endoscopy reflux disease (NERD) [also referred to
as endoscopy-negative reflux disease (ENRD)], may
account for up to 70% of patients with GERD in the
community [1]–[3]. This contrasts with the spectrum
of patients seen in a gastroenterological practice or ter-
tiary referral center, where esophagitis and complicated
GERD may predominate. However, until recently,
most studies of diagnostic or therapeutic interventions
in GERD were performed in the latter setting and
may well, therefore, not be representative of the true
spectrum of GERD. It is appropriate, therefore, to re-
view our understanding of the clinical features, natural
history, pathophysiology, evaluation and management
of GERD, recognizing that the majority of patients
have NERD and not erosive reflux disease (ERD) or
one of its complications.

Definitions

1. NERD

Patients with NERD do not, by definition, have
esophagitis and appear to be at low risk to develop
esophagitis; NERD is best defined, therefore, on the
basis of symptoms and/or their impact on an indi-
vidual’s health-related quality of life (QOL) [4]. In-
deed, it is apparent that NERD patients can, and do,
suffer from symptoms as severe as those with ERD,
and the impact on quality of life can be at least as
disabling in NERD as in other manifestations of
GERD [5], [6]. It is appropriate, therefore, that re-
cent definitions of GERD incorporate the issue of

quality of life [4]. In defining NERD, one must be
cognizant of prior therapy; an esophagus rendered
free of esophagitis by acid-suppressive therapy does
not constitute NERD. Attempts to define GERD on
the basis of histological findings, in those in whom
the mucosa is endoscopically normal, have also prov-
en disappointing [7], [8].

Fass and colleagues have suggested that NERD
may be further defined and sub-classified based on
the results of 24-hour pH recordings in to three dis-
tinct groups [9] (Fig. 1):

(i) Those with an abnormal acid exposure time
(AET); these individuals appear to behave, in
terms of therapeutic response, in a manner ana-
logous to those with obvious esophagitis,

Fig. 1. GERD subgroups
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between symptoms and acid exposure; needless to say,
there is no macroscopic or microscopic evidence of 
acid-related mucosal injury. The precise prevalence of
this disorder is unknown; estimates suggest that approx-
imately 40% of NERD patients (or 20% of all GERD)
will fall into this category [3], [17]–[19] and its patho-
physiology remains virtually unexplored [20]. Clinical
impressions suggest that there is considerable overlap
with other functional disorders such as irritable bowel
syndrome and non-cardiac chest pain; one can assume,
therefore, that such phenomena as visceral hypersensi-
tivity and abnormal cerebral perception of visceral events
may be involved. Anecdotal evidence, derived largely
from referral centres, suggests a significant role for
psychological factors; given the context of this observa-
tion and of prior experience with the perils of extrapola-
ting from a referral sample to the community in other
functional disorders, one needs to exert extreme caution
in the interpretation of this association, however.

Pathophysiology

While gender and age are by no means absolute dis-
criminators for any group of GERD, it is noteworthy
that, in contrast to GERD, in general, females do pre-
dominate in NERD, a group who, on the whole, tend
to be younger, by a factor of about a decade, than their
erosive GERD counterparts. Existing data on the
pathophysiology of NERD suggest that while, as in
ERD, acid and pepsin play a central role in the induc-
tion of symptoms, abnormal esophageal acid exposure
cannot be the sole mechanism. Thus, on ambulatory
esophageal pH testing, the acid exposure time (AET),
expressed as the total percentage of time that the pH
is less than 4, is abnormal in only one-half to two-
thirds of NERD patients [9], [21]. In the remainder,
GERD may be defined on the basis of a positive cor-
relation between symptom onset and reflux events
[22]. As a result, it has been suggested that these indi-
viduals are hypersensitive to physiological degrees of
esophageal acid exposure. Experimental evidence to
support this concept comes from studies which have
demonstrated that these patients are hypersensitive to
intra-esophageal balloon inflation, in comparison to
both control subjects and to GERD patients with ab-
normal AET [22], [23]. Fass and colleagues failed,
however, to demonstrate an effect of acid exposure on

(ii) Those who demonstrate a normal AET but in
whom symptoms and reflux events are signifi-
cantly correlated (as estimated by some form of
symptom index or other measure of symptom-
reflux event association); these individuals have
been referred to as “the sensitive esophagus”
[10],

(iii) Those with typical reflux symptoms (i.e.,
heartburn and acid regurgitation), yet in whom
all parameters of the pH study are normal.
These individuals appear highly resistant to
acid-suppressive therapy [10] and are more likely
to demonstrate psychopathology [11].

The definition of functional heartburn is especially
problematic and confusing. For example, the second
iteration of the “Rome” criteria [12] and other ex-
perts [13]–[15] incorporate groups (ii) and (iii),
above, in the definition of functional heartburn.
Given that classification should advise diagnostic and
therapeutic decisions and predict pathophysiology,
most clinicians would reserve this term for group (iii)
alone. This is also the opinion of this author; it is, to
my mind, counterproductive and well as counterintu-
itive to include two quite distinct groups of patients
(i.e., those who do and do not demonstrate an asso-
ciation with acid exposure and a response to acid
suppression) in the same category.

This reliance on pH data could be construed to
imply that this test plays a pivotal and essential role
in the evaluation of NERD. If one accepts that the
true NERD patient (as distinct from the individual
with therapeutically-resolved esophagitis) is at low
risk for progression to such worrisome complica-
tions as Barrett’s esophagus, then a therapeutic trial
(also referred to as the PPI test) emerges as a valid
diagnostic alternative [16]. This approach has the
additional benefit of rapidly identifying those who
are likely to benefit from long-term PPI therapy.

2. Functional heartburn

Among the various manifestations of GERD described
so far in this review, functional heartburn may represent
the greatest challenge to the clinician. Affected patients
present with typical reflux symptoms, yet, as described
above, all diagnostic modalities fail to reveal either
evidence of pathological acid reflux or an association
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mechano-sensitivity, in their study; they did, however,
describe an accentuation of the chemo-sensitive re-
sponse to acid following prolonged acid exposure [24].
Visceral hypersensitivity has, of course, been invoked
as an important factor in the etiology of such
functional gastrointestinal disorders as non-cardiac
chest pain, functional dyspepsia and the irritable bowel
syndrome. It should come as no surprise, therefore,
that there is accumulating evidence to indicate an
overlap between NERD and functional dyspepsia
[25], [26]; in our own experience, up to 50% of NERD
patients have dysmotility/dyspeptic symptoms [27].

Is NERD truly non-erosive? Ultrastructural stud-
ies on human tissues, as well as experimental animal
models, have demonstrated dilatation of the inter-
cellular spaces in the esophageal epithelium in
esophagi that look macroscopically normal [28]–
[30]. Such changes could increase permeability and
facilitate access for acid to submucosal neurons,
thereby, inducing either spasm and/or visceral
hypersensitivity [9]. Given the very low rate of pro-
gression, among NERD patients, to more obvious
mucosal disease [31]–[39], it seems most unlikely
that these subtle changes are the harbingers of
esophagitis to come. Recent studies employing mag-
nification and other techniques have revealed subtle
abnormalities at the gastro-esophageal junction in
NERD [40], [41]; how these findings relate to
symptoms and to possible disease progression re-
main to be defined.

What is the etiology of functional heartburn?
Given that acid exposure is, by definition, normal in
affected patients and episodes of acid exposure do
not predict symptoms, one must look elsewhere to
explain the precipitation of heartburn in this popu-
lation. Pending definitive study and based on our
experience with other functional gastrointestinal
disorders, it seems reasonable to propose likely roles
for visceral hypersensitivity, abnormal central per-
ception and psychopathology, among others [20]. It
is also clear that stimuli other than acid can evoke
typical heartburn [24] and that the pathophysiology
of heartburn even in “classical” GERD is complex
[42], [43]. Utilising miniaturised intraluminal ultra-
sound probes, Mittal and colleagues have, for exam-
ple, revealed acid-induced episodes of shortening of
the longitudinal muscle layer in relation to the oc-
currence of heartburn, thereby, revealing another

mechanism whereby acid may induce symptoms
[42]–[44]. Whether this and other methodologies,
such as intra-luminal impedance measurements
[45]–[47], to detect reflux of gas and non-acid liquid
components of the refluxate, and brain mapping
studies [48], to identify the cortical representation of
esophageal symptoms, will reveal as yet unrecog-
nised associations between luminal acid, bile or other
agents in the refluxate and symptoms in functional
heartburn, remains to be defined. Even in functional
heartburn, where acid exposure is normal and tem-
poral associations between acid reflux and symptoms
are not readily identified, acid cannot be discounted.
Prior, or even remote, episodes of physiological
reflux may sensitise the esophagus, in predisposed
individuals, to the subsequent development of symp-
toms in relation to non-acid stimuli [43], [49].
Hyperensitivity to acid may, indeed, reflect sensitiza-
tion of afferent neurons leading from the esophagus
to the central nervous system [20].

Available evidence does indicate that the more
one strays into the realm of those with normal pH
studies in a heartburn population, the lower the re-
sponse to acid suppression and the greater the over-
lap with other functional disorders. To date, however,
most studies of NERD pathophysiology have failed
to differentiate between the various subgroups of
NERD and, in particular, to separate out those with
functional heartburn. Those that have indicate, as
one would predict, that NERD patients with abnor-
mal acid exposure and acid hypersensitivity resemble
patients with erosive and complicated esophagitis
whereas parameters of esophageal physiology are
more closely akin to normal subjects among those
with functional heartburn [50]. Fass and Tougas
suggest that symptom induction in the functional
heartburn patient represents a complex interaction
between the intraluminal stimulus, esophageal recep-
tors, visceral afferent neurons and central perception
[20]. In keeping with other functional disorders, it is
to be expected that a hypervigilant brain, sensitized,
perhaps, by environmental or intrinsic stressors may
play a significant role.

For all of these reasons, this author proposes that
future definitions of this subpopulation will remove
functional heartburn patients from the spectrum of
GERD and place them where they belong, among
the functional gastrointestinal disorders.
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NERD and dyspepsia

As overlap between these functional syndromes
comes to be accepted as a clinical reality, it has posed
a dilemma for those who seek to develop precise
clinical definitions for the individual functional dis-
orders. For example, where does NERD end and
functional dyspepsia begin? [51] This is far more
than an issue of semantics; the inclusion of patients
with predominant heartburn in a dyspepsia study
population which examines the response to an acid-
suppressing agent will significantly bias the study in a
positive direction [52], [53]; as a corollary, the ex-
clusion of heartburn, as advocated by some [54], will
lessen the impact of the same agents. The approach
to definition will similarly have a significant impact
on studies of the epidemiology, pathophysiology and
natural history of the respective disorders. The need
to delineate succinct patient categories notwithstand-
ing, the clinical reality is that many NERD patients
complain of heartburn and dyspepsia; attempts to
separate patients on the basis of the relative
“predominance” of one or other symptom complex
seems unrealistic, if not impossible. Other data sup-
ports the overlap between the disorders.

Firstly, the intimacy of physiological relation-
ships between the lower esophagus and the upper
stomach continues to be revealed. Thus, fundic dis-
tension is a primary mechanism of induction of
transient lower esophageal relaxations (TLESR’s)
[55]; which are, in turn, responsible for most epi-
sodes of reflux in both health and in GERD [26].
Secondly, similar disturbances in upper gut motility,
including gastric emptying delay, have been de-
scribed in NERD and functional dyspepsia [26]. In
functional dyspepsia, impaired fundic accommoda-
tion appears to be a prominent feature [56]. Very
recent data suggest that dysfunction of the upper
stomach may occur in NERD also [57], [58]. Just as
the overlap with functional dyspepsia, and the po-
tential role of motility and or sensory dysfunction in
symptom generation, have been implicated to ex-
plain the relatively inferior response to proton pump
inhibitors in NERD, these same factors have encour-
aged investigation of a potential role for prokinetic
agents. To date there have been few studies of pro-
kinetic agents in NERD; those that have been per-
formed have not proven encouraging [27], [59], [60].

Assessment

Can one predict NERD on the basis of clinical evalua-
tion? While the NERD patient is, on average, younger
and more likely to be female that the individual with
complicated GERD, these demographic features are
not sufficiently discriminating to be of diagnostic val-
ue. In terms of typical GERD symptoms, neither se-
verity nor duration can discriminate between NERD
and GERD, or predict complications or manometric
or pH study results. Some atypical or extraesophageal
symptoms, in contrast, tend to be associated with
NERD and may in of themselves predicate a different
therapeutic strategy. It has been suggested, for exam-
ple, that both laryngitis and asthma related to GERD
require more intensive and more prolonged acid-
suppressive therapy in order to optimise symptomatic
response. It is also abundantly clear that this area con-
tinues to suffer from a striking paucity of data derived
from randomised controlled clinical trials.

Many approaches may be taken to the evaluation
of the individual presenting, for the first time, with
symptoms indicative or suggestive of GERD. Deci-
sions regarding the extent of assessment are based on
individual patient factors and on some generic issues.
With regard to the former, patient age and nature of
symptomatology are fundamental; few would dispute
the appropriateness of endoscopy in a 63-year old
patient with heartburn and dysphagia referred to the
lower esophagus. More controversial are the generic
issues and one, in particular, Barrett’s esophagus. One’s
assessment of the role of Barrett’s in the pathogenesis
of esophageal adenocarcinoma and one’s attitude to
the efficacy and appropriateness of screening and sur-
veillance policies for this manifestation of GERD will
determine enthusiasm for such approaches to GERD
as “once in a life-time endoscopy for every GERD
patient” or “endoscopy for all over 50”. In the absence
of conclusive data, approaches are largely empiric and
extend from one of recommending endoscopy in all
GERD patients to a position which, unimpressed by
the efficacy of either screening or surveillance, would
not factor Barrett’s into the equation when making
decisions on evaluation. Endoscopy may have other
roles in assessment. These include the obvious value of
defining GERD, on the basis of endoscopic findings,
in a patient with atypical or non-responsive symptoms
and also the less well-defined role of endoscopic fea-
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tures in predicting long-term prognosis and therapeu-
tic response. If, as some evidence suggests, GERD
phenotypes remain stable, over time, this has funda-
mental implications from a management perspective.
In choosing a therapeutic strategy for a NERD
patient, for example, one can do so confident that pro-
gression to esophagitis or Barrett’s esophagus is so un-
likely that the effect of a particular treatment modality
on natural history is not an issue. Several studies from
Lagergren and colleagues, in Sweden, have raised a
note of caution in this regard. Their suggestion that
the risk for adenocarcinoma of the esophagus, in the
patient with GERD, relates to heartburn frequency,
severity and duration and not to such mucosal pathol-
ogies as Barrett’s epithelium [61], certainly requires
confirmation but cannot be ignored.

Management

Of interest, several studies as well as recent reviews
and meta-analyses, while confirming a significant
response, in terms of symptom relief, to proton
pump inhibitors in NERD, have demonstrated, with
some consistency, that these agents are somewhat
less effective in NERD [3], [9], [59], [62]–[68] than
in ERD [69]. Several factors might explain this
somewhat unexpected finding and include the rela-
tively greater importance of abnormal acid exposure
in ERD and the significant overlap with functional
dyspepsia and other functional disorders [64], in
NERD; a disorder where acid suppressing agents
have a far smaller impact than in GERD [51], [52].
This is not to say that NERD patients with dyspep-
sia do not respond to proton pump inhibitors; in-
deed, functional dyspepsia patients with heartburn
are perhaps those most likely to respond to acid
suppression [51]–[53]. At the present time there is
relatively little information on the use of non-acid
suppressing approaches in NERD [62]. In terms of
other forms of acid suppression, studies of histamine
H2-receptor antagonists in NERD [62], [65], [70]
suggested a response rate similar to, and as disap-
pointing as, that seen in ERD [71], [72]. For the
moment, at least, potent acid suppressing agents,
such as proton pump inhibitors, remain the first-line
option for these patients. The response is not opti-
mal and other approaches to restore normal motor

function and modulate sensation may be of value to
those with normal esophageal acid exposure or who
demonstrate significant dyspeptic symptoms.

While the natural history of NERD remains
poorly documented, available evidence suggests a
benign course. Symptom control and restoration of
quality of life become the primary therapeutic goals,
therefore [73]. These concepts, together with the ex-
pense of sustained proton pump inhibitor therapy,
have prompted an evaluation of on-demand therapy
for NERD patients [74]–[77]. This approach proved
effective using omeprazole 20 mg per day; only 50%
of patients required the proton pump inhibitor, in
addition to antacids, to maintain quality of life. On-
demand therapy may represent a more cost effective
approach to management for this large group of
GERD patients. The adoption of this strategy
necessitates an acceptance of the benign nature of
NERD; it must be stated that available data, though
consistent in this regard [31]–[39], are far from ade-
quate to permit a definitive statement on the natural
history of this disorder. The recent suggestion that
adenocarcinoma risk relates to heartburn frequency,
severity and duration and not mucosal pathology
[61], must also be taken into account.

The introduction of the laparoscopic approach
has revolutionized the surgical approach to GERD
and has led to a virtual epidemic of fundoplication
procedures. Not surprisingly, many patients with
NERD are being considered for, and subjected to, lap-
aroscopic fundoplication. The precise proportion of
NERD patients in surgical series is often difficult to
discern as the effects of prior acid-suppressive medi-
cation is usually not accounted for in describing pre-
operative endoscopic findings. Several recent pieces
of evidence indicate that the clinician needs to exert
cautious and careful judgement in considering the
surgical option in the NERD patient. Firstly, it has
become clear that the best results from surgery are
obtained in those with typical GERD symptoms, an
abnormal esophageal pH study and a good symp-
tomatic response to acid suppression [78], [79]; fea-
tures not common to all NERD patients. Secondly,
it is evident that the NERD patient with prominent
dyspeptic features may fare especially poorly and be-
come crippled by gas-bloat and other symptoms
post-fundoplication. There is, indeed, a potential
pathophysiological explanation for these unfortunate
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Conclusion

NERD is a real entity and its importance in the
spectrum of GERD must be appreciated. Functional
heartburn needs to be further differentiated as that
subgroup of patients in which there appears to be no
relationship between symptoms, albeit “typical” of
GERD, and acid exposure. Several aspects of NERD
need to be appreciated including the overlap with
functional dyspepsia and potential differences in
response to such therapeutic interventions as acid
suppressive therapy and fundoplication. While de-
finitive studies on this issue are yet to be completed,
it remains quite possible that our failure to separate
functional heartburn from NERD, in general, has
contributed in large measure to diagnostic difficul-
ties and therapeutic disappointment in GERD. This
author contends that functional heartburn should be
removed from the spectrum of GERD and relocated
to the functional gastrointestinal disorders; only
then will effective approaches to the assessment and
therapy of this challenging disorder emerge.
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Chapter 9

Treatment of gastro-oesophageal reflux disease
(GERD) has to take into account that GERD shows a
considerable variation in the way of manifestations:
the spectrum ranges from intermittent heartburn of
minor severity to severe daily symptoms; additionally,
dysphagia and bleeding may be due to complications
such as strictures and oesophageal ulcers. Further-
more, gastro-oesophageal reflux has also been linked
to a number of symptoms of the respiratory tract 
(e.g., chronic cough, posterior laryngitis). Thus, the
questions arises whether a tailored treatment strategy
is necessary for each individual aspect in this broad
spectrum. The therapeutic strategy may also be in-
fluenced by results from diagnostic procedures, pri-
marily from upper gastrointestinal endoscopy. More
than half of the patients undergoing endoscopic
evaluation do not reveal any changes of the mucosa
(non-erosive reflux disease � NERD). These ques-
tions will be answered and a practical guideline based
upon published literature as well as personal expe-
rience will be given.

Medical treatment primarily relies on drug-in-
duced acid suppression whereas prokinetic agents
do not play any role any more (if they ever played a
role). A controversy exists as to what lifestyle modi-
fication have a role in the management of GERD.

Drugs

Proton pump inhibitors

Today, proton pump inhibitors (PPI) are the drug of
choice for the vast majority of patients with GERD.
This class of drugs consists of substituted benzimid-
azoles which are prodrugs activated at low pH in the
parietal cell. After entering the acid space of the parietal
cell, PPI are transformed to a sulfenamide, a tetracyclic

compound which covalently binds to the H�/K�-
ATPase (proton pump). The ability of the individual
parietal cell to regain its function of acid production is
restored by newly synthesised H�/K�-ATPase. Since
only a fraction of parietal cells is simultaneously active
and thus possesses an acidic compartment, acid inhibi-
tion usually reaches its maximal extent within a couple
of days with ongoing therapy.

Since PPI bind irreversibly to the proton pump, its
duration of action covers 24 hours; therefore, in most
instances a once daily administration is sufficient.
However, the degree of acid suppression shows pro-
found interindividual variability. One major reason is
the speed of metabolism via the cytochrome P 450
isoenzyme 2C19: it has been shown that slow metabo-
lizers exert more profound inhibition of acid secretion
than rapid metabolizers; this effect on acid inhibition
is paralleled by differences in healing rates of oesopha-
gitis [1], [34]. Another factor influencing the intragas-
tric pH is the Helicobacter pylori (H. p.) status [5]: acid
inhibition leads to higher pH levels in individuals in-
fected with H.p. irrespective of drugs employed for
acid suppression but most pronounced in patients with
PPI of therapy. Whether other factors (e.g., differen-
ces in the rate degradation and new synthesis of the
proton pump) also influences the pH levels achieved
under PPI therapy remains unclear so far.

Largely, standard doses of the racemic PPI ome-
prazole (20 mg), lansoprazole (30 mg), pantoprazole
(40 mg) and rabeprazole (20 mg) are comparable in
efficacy. It has been claimed that the more recently
developed isomeric PPI esomeprazole at its standard
dose (40 mg) may be more effective than the former
but this has been shown convincingly only in com-
parison to omeprazole [17] whereas its superiority
over the other racemic PPI remains to confirmed. In
this context one common observation is always
puzzling: in comparative double-blind (!) trials of
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magnesium, aluminium-induced constipation, inter-
ference with other drugs taken etc). Therefore, ant-
acids can only be recommended in patients with
infrequent heartburn (which according to the defini-
tion of GERD that includes impaired quality of life
cannot be regarded as sufferers from reflux disease
but from sporadic reflux symptoms).

GABA antagonists

The neurotransmitter 
-butyric acid (GABA) has
been shown to be involved in the initiation of tran-
sient sphincter relaxations of the lower oesophageal
sphincter (LES) which are thought to play the
major role in the pathophysiology of reflux disease.
Attempts have been made to suppress these relaxa-
tions not associated with swollowing, e.g. by the
prototype of GABAB receptor agonist, baclofen. In
fact, GABAergic stimulation increases the pressure
in the lower oesophageal sphincter [7]. So far, clini-
cal trials with GABAB agonists in patients with
GERD show limited clinical efficacy [9], [18], [30],
but it seems too early to make a firm judgement
about this interesting and maybe promising phar-
macological principle.

Clinical efficacy

Lifestyle modifications

Several modifications of habits are recommended
for patients with GERD. These include rising of
the head of the bed, early evening meals with suffi-
cient time to elapse before going to bed, weight
reduction, stopping smoking and avoidance of al-
coholic beverages etc (for overview, see [22]). None
of these measures have been studied with sufficient
quality so far. Therefore, its merits – if there are
any – cannot be evaluated based employing the
methods of evidence-based medicine. Certainly,
some suggestions may have some limited value in
an individual patient. It seems, however, question-
able to recommend these lifestyle modifications as
a prerequisite for starting effective drug therapy. It
is completely unknown whether life style modifica-
tions have any effect as an adjunct to effective drug
therapy.

(oeconomically highly) competitive drugs the supe-
riority of a particular compounds tested often corre-
lates to the sponsor of the study who simultaneously
is the manufacturer of the respective drug; if a simi-
lar trial is repeated by the competitor studying the
same drugs, the results are often vice versa. Even ta-
king into consideration that some of the differences
are without any clinical relevance although they may
be statistically significant (and thus supporting the
oeconomical expectations of the respective com-
pany), those discrepancies remain obscure.

H2-receptor antagonists

H2-receptor antagonists competitively inhibit bind-
ing of histamine at the respective receptor located at
the basolateral membrane of the parietal cell. The
stimulatory effects of both gastrin and acetylcholine
which are largely mediated via histamine release
from the enterochromaffin-like (ECL) cells are also
partially blocked by these compounds. However, the
class of H2-receptor blockers are less profound in-
hibitors of acid secretion than PPI. Particularly,
H2-blockers are inferior in the inhibition of food
stimulated acid secretion – a significant disadvantage
since the majority of reflux patients suffers predomi-
nantly from postprandial reflux symptoms. A further
problem arises from a phenomena called tolerance
[23]: during prolonged therapy with H2-receptor
antagonists the degree of acid suppression decreases.
This further limits its use in the treatment of reflux
disease in which more effective acid suppression is
necessary compared to gastroduodenal ulcer healing.
On the other hand, H2-blockers are meanwhile
cheap compounds which make them attractive from
the oeconomical point of view.

Antacids

Antacids act by neutralising acid thus leading to
prompt disappearance of symptoms. Therefore, ant-
acids regularly serve as rescue medication in studies
on the effect of acid inhibitory compounds and are
also preferred by patients with sporadic heartburn.
However, antacid consumption several times a day
(which indicates the presence of reflux oesophagitis)
should not be encouraged: intake of high doses of
antacids inherits a lot of problems (diarrhoea due to
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Drug therapy

Several controlled trials have been performed com-
paring the effect of different acid inhibitory drugs in
the treatment of reflux oesophagitis (erosive reflux
disease; ERD). Data on the effect of acid suppres-
sion in non-erosive reflux disease (NERD) are less
frequent; in particular, studies comparing the effect
of PPI and H2-blockers are scare.

In patients with ERD (Table 1), PPI have been
shown to be much more effective than H2-receptor
antagonists in terms of healing of erosions, resolu-
tion of heartburn, prevention of relapsing heartburn
and endoscopic recurrence of erosions [6], [10],
[14]. The differences are even more pronounced
with increasing severity of ERD. According to evi-
dence-based medicine [29], the superiority can be
regarded as proven at the highest possible level I a
(confirmed by multiple randomised, double-blind
controlled studies and meta-analyses). In a compara-
tive study, omeprazole was even more effective than
a combination of the H2-blocker ranitidine at a dose
of 150 mg three times daily and the prokinetic agent
cisapride 10 mg three times daily [33].

A recent updated Cochrane review also showed
that empirical treatment of GERD with PPI was
significantly more effective than with H2-blockers
[29]. The same applies for a comparison of PPI with
prokinetics. Maintenance therapy with PPI was the
most effective strategy; whereas H2-blockers had
some symptomatic effect, its ability to prevent re-
lapse was regarded as marginal.

As far as NERD is concerned, it is much more
difficult to evaluate the comparative efficacy of H2-
blockers and PPI. Inclusion criteria vary consider-
ably, and in most instances PPI were compared only
to placebo (and found to be superior [13]). In an
earlier study, the differences between H2-blockers
and 2 doses of omeprazole were small in patients

without erosive oesophagitis, but patients with
heartburn at least twice a week were allowed to en-
ter the study according to the inclusion criteria [32].
Whether this is a reliable criterion for NERD appe-
ars questionable but is seems likely that patients
with functional complaints not related to acid reflux
may have been included in the study to a significant
extent. Within the group of PPI, a dose-depending
effect of PPI could not be observed [3]. In all these
studies the problem of lacking reliable criteria for
the definition of NERD remains.

Other drugs such as sucralfate are difficult to
evaluate since they have not been studied to a suffi-
cient degree; therefore, they are not even mentioned
in some guidelines or judged as compounds without
confirmed evidence of efficacy [2], [12], [20].

Practical considerations

Treatment of acute reflux symptoms

For practical reasons it seems important to review the
optimal strategy in a given patients depending upon
presence or absence of information about the results
of endoscopy. Thus, empirical therapy and treatment
of ERD and NERD are discussed separately.

Another questions also has also to be considered
particularly in respect to empirical treatment: should
we increase the efficacy of medical therapy in rela-
tion to its symptomatic effect (“step-up’’) or should
we initially employ the most effective drugs in order
to achieve most efficient and immediate resolution
of symptoms and/or most rapid healing of lesions
then followed by gradually reducing the intensity of
therapy as long as the patient remains symptom-free
(“step-down’’). So far, this controversy about the
most appropriate strategy is present also in the
scientific literature: some groups of authors support
the escalation scheme [28] whereas others favour the
concept of starting with a kind of treatment which
brings prompt relief to the greatest possible popula-
tion [11]. The author of the present chapter discour-
ages the step-up strategy for several reasons: first,
most patients have used antacids before they show
up in the doctor’s office but found antacids to be in-
sufficient (that’s why they seek medical attention);
therefore, it seems inappropriate to recommend a

Table 1. Efficacy of drug treatment in acute reflux oesopha-
gitis.The therapeutic gain over placebo after 8–12 weeks of
therapy are displayed (data from Kahrilas, 2000)

Drug class Therapeutic gain over placebo

Proton pump inhibitors 40–80%
H2-receptor antagonists 10–25%
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healing [8], discrepant results can be detected in up
to 20%; however, in such cases residual lesions are
predominantly minor in asymptomatic patients or
heartburn of little intensity in healed cases.

Healing rates are influenced by the initial degree of
severity with slower disappearance of peptic lesions in
severe reflux oesophagitis. The EXPO study [21] in-
cluding more than 3000 patients may serve as an
example: after 8 weeks of pantoprazole (40 mg) the-
rapy healing rates were 97% in mild forms (grade A
according to the Los Angeles (LA) classification) gra-
dually declining to only 74% in more severe forms
(LA grade D). Nevertheless, in patients with lesions of
high severity healing rates similar to those in less se-
vere forms can be observed after more extended peri-
ods of PPI administration and/or dose escalation.
Even patients with peptic strictures can be managed
conservatively if PPI therapy (with even more often
higher doses necessary) is combined with dilatation.

A small proportion of reflux patients will not ade-
quately respond to standard doses of PPI, though the
proportion is small in patients with uncomplicated re-
flux oesophagitis. In such cases, doubling the dose will
lead to healing of lesions in the vast majoritiy. Failure
to higher doses are rare and should question the con-
cept that symptoms are related to oesophagitis.

Therapy of non-erosive reflux disease

Since PPI are also the most effective therapy in NERD,
it is advisable to start treatment with these compounds.
However, results from treatment in patients with
NERD are much more complex.This has to be ascribed
to the heterogenous population: solely based upon a
careful history of symptoms it is not always possible to
exclude patients with predominant non-acid reflux or
aerophagia who often also report to suffer from heart-
burn, but who will eventually not respond to acid
inhibitory drug. Thus, the outcome from an effective
treatment will also generate valuable diagnostic infor-
mation. Taken these facts into consideration, prompt
response to PPI therapy supports the assumption that
pathological reflux is the underlying pathophysiological
mechanism though placebo effects cannot be excluded.
On the other hand, complete failure of PPI therapy
casts doubt on the suspected diagnosis of NERD.

Since acid inhibitory effects vary considerably
interindividually, PPI dose should be doubled if

treatment which the patient has already found to be
unsatisfactory. Second, the next step up the ladder
would be the administration of H2-blockers, a class
of drugs which have not convincingly shown to be
potent enough in patients with GERD; conse-
quently, a significant number of patient will remain
symptomatic [4], [16]. Probably after many weeks of
inadequate symptomatic responses these patients
will finally end up in the therapy they deserve: PPI
which will effectively suppress the reflux symptoms.
Using the alternative strategy with the step-down
approach, the goal of resolution of heartburn can be
achieved within several days using PPI in 50–80% of
patients. During follow-up, the optimal choice of
drug and dosing scheme can be established by
reducing the dose according to the patient’s individ-
ual severity and frequency of symptoms. It is not
excluded that some of the patients may eventually be
treated with (cheap) H2-receptor antagonists if these
are capable of controlling symptoms.

Empirical therapy

In patients with symptoms suggestive of GERD, in
many instances it will be impossible to gain access to
immediate endoscopy or prompt endoscopy appears
not necessary at an early stage but rather an exagger-
ated diagnostic procedure. This seems, according to
recent data of the CADET-PE study [27], appro-
priate since reflux disease is by far the dominating
endoscopic diagnosis whereas other benign diagno-
ses (e.g., peptic gastro-duodenal ulcers) were much
less frequent and malignancies were rare and occur-
ring only in patients aged over 50 years. Therefore,
approaching a given patient with symptoms sugges-
tive of reflux disease but without any alarm symp-
toms (e.g., dysphagia, weight loss, anaemia etc), the
first option will often be empirical therapy; a pre-
scription of a PPI is recommended due to its superi-
ority over alternative drugs.

Therapy of reflux oesophagitis

Treatment of choice is the administration of PPI.
Within 6–8 weeks, oesophagitis has healed in up to
90%, and more than half of the patients are free of
heartburn after the first week. Though disappear-
ance of symptoms is a valuable predictor of effective
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responses to PPI therapy are unsatisfactory. The op-
timal intervals after which the dose escalation should
be initiated is unclear so far, but should be carried
out not later than 6–8 weeks after starting therapy. If
doubled or tripled PPI doses (preferentially admini-
stered in divided doses which will produce profound
and prolonged acid inhibition close to achlorhydria
with the exception of only few patients) will not lead
to disappearance of reflux symptoms, it can be con-
cluded with almost certainty that acid reflux does not
play a significant role for the symptoms. Only in rare
cases, pH-metry will be necessary to confirm absence
of pathological reflux (for further discussion see
chapter on therapeutic failure).

Treatment of therapeutic failure

Several reasons may be responsible for the failure of
drugs as antireflux therapy (Table 2). Probably the by
far most important factor is inadequate inhibition of
acid secretion. This may be due to administration of
H2-recptor antagonists which do not produce suffi-
cient acid suppression to control reflux symptoms and
achieve healing of peptic lesion. Furthermore, also
standard doses of PPI are not effective either in about
10–20% of subjects. Thus as a logical consequence
PPI should be administered as first line treatment,
and in case of insufficient responses at standard doses,
PPI doses should be doubled (given b.i.d.). In symp-
tomatic reflux reflux disease, lack of compliance is a
relatively rare phenomena since interruption of the-
rapy leads to reoccurrence of symptoms. Some patient
still will not show adequate responses even to doubled
or tripled doses, a scenario more frequently observed
in NERD than in ERD patients.

In oesophagitis patients one always assumes that
lesions found at endoscopy will also be responsible
for a symptom profile which suggests reflux disease;
however, detection of minor lesions is not an infre-
quent observation in patients undergoing endoscopy
for other reasons (e.g., work-up for diarrhoea).
Thus, there is a population with asymptomatic re-
flux oesophagitis which has not been characterized
well enough until now. It can be speculated that
such patients may have upper abdominal or retro-
sternal symptoms for other reasons, but thought to
be related to ERD; under these circumstances PPI
therapy even at higher doses might fail. Another
reason for PPI failure may occur in patients after
gastric surgery which by itself resulted in profound
reduction of acid secretion; in such patients a predo-
minant biliary but only little acid reflux may be the
underlying mechanism for generating oesophageal
lesions and/ or symptoms but which will not well re-
spond to acid inhibitory therapy. In general however,
unresponsiveness to individually tailored PPI the-
rapy is a minor problem in ERD [15].

Failure to PPI in NERD is a much greater problem.
It is well established that demonstration of pathologi-
cal reflux by pH-metry is associated with much better
results of acid suppression thus demonstrating that
proven exaggerated acid reflux will be also – analogous
to ERD – a predictor for treatment success. In patients
with symptoms suggestive of GERD but a reflux

Table 2. Factors which may play a role for therapeutic failure
of medical therapy in gastro-oesophageal reflux disease

● insufficient acid inhibition
O ineffective drug (e.g., H2-blockers instead of PPI)
O inadequate dosing (PPI dose to low)

● compliance
● wrong diagnosis (e.g., functional disease instead of reflux

disease)
● predominant biliary reflux (after gastric surgery)

PPI � proton pump inhibitors

Fig. 1. Management algorhythm for the unendoscoped
patient with symptoms suggestive of reflux disease. PPI �

proton pump inhibitors
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pathophysiological condition can be unequivocally
identified which can be corrected by surgery).

Finally, there is some overlap in patients with
GERD and those who otherwise would be assumed to
have non-cardiac chest pain (NCCP). A subgroup will
also improve when given PPI (which suggests that
acid reflux may play a central role) but a significant
portion will not (e.g., with motor disorders of the
oesophagus) but may subsequently respond to tricyclic
antidepressants. Since symptoms are sometimes in-
distinguishable between reflux disease and NCCP,
some patients with refractory retrosternal symptoms
may belong to the group of NCCP patients.

Long-term strategy

Once a patient has been shown to improve with acid
suppression therapy, the question of long-term man-
agement becomes evident. Since GERD is in most
instances a chronic (relapsing) disease, a concept for
the further treatment is needed in the vast majority.
The speed of recurrence of symptoms after cessation of
treatment represents a reliable predictor for the neces-
sity of ongoing therapy: those who will become symp-
tomatic within a few days after stopping treatment will
probably require (almost) daily doses to achieve pro-
longed remission whereas those remaining asympto-
matic for a considerable period can most likely treated
by on demand therapy. Particularly in NERD, cessa-
tion of therapy after treatment of an acute episode of
reflux symptoms is advisable since about half of the
patients will remain in symptomatic remission within a
6-month interval. In symptomatic patients, tailoring of
long-term treatment can be well orientated at the
presence of symptoms whereas endoscopic guidance is
predominantly required only in patients without or
with minor reflux symptoms. Reflux oesophagitis in-
itially with high degree of severity as well as complica-
ted reflux disease will most probably require daily
administration of PPI.

The strategy with on demand therapy has been
developed primarily for patients with NERD since
freedom of heartburn and other reflux symptoms is
the only therapeutic goal in this group of patients.
However, many patients overwhelmingly with mild
reflux oesophagitis will also switch voluntarily to an
on demand concept as long as they remain symptom
free. Since there is no evidence that such a strategy

pattern quantitatively within the normal range, the
suggested diagnosis is functional heartburn [15]. It is
unclear so far whether episodes with heartburn are
induced by minute episodes of acid reflux or whether
other mechanisms apply (e.g., motor events). There-
fore, it is also unproven that acid suppression will
benefit those patients. In studies with combined intra-
oesophageal impedance and pH monitoring (which
allows separate analysis of acid, non-acid, and air re-
gurgitation) it has been shown that in patients with
GERD the number of acid reflux episodes can be well
reduced by PPI treatment but non-acid reflux persists
to the same extent. This observation may explain why
some patients report no change in symptoms under the
conditions of acid suppression although they well re-
spond to therapy in terms of acidic reflux because they
link non-acid reflux to treatment failure. These patients
will subsequently not benefit from dose escalation eit-
her. Furthermore, many patients with aerophagia and
air eructation will often be referred to specialists under
the diagnosis of refractory reflux disease after they had
(expectedly) not responded to PPI treatment; these pa-
tients will not gain any benefit from acid suppressants
and have otherwise to be regarded as a demanding
population in general. One important rule should be
obeyed: transfer of NERD patients refractory to high
PPI doses to antireflux surgery should be avoided since
functional diseases do not respond to operative proce-
dures but this will lead to an even more complex symp-
tomatology (surgeons should only be involved if a

Fig. 2. Management algorhythm for the endoscoped patient
with reflux oesophagitis. PPI � proton pump inhibitor
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will bear the risk for the development of Barrett’s oe-
sophagus or other complications of reflux disease,
symptom-orientated drug administration can be well
accepted also in patients with low-grade oesophagitis
since absence of heartburn is associated with healing
of lesions in the vast majority [8] despite the fact that
endoscopic investigations may reveal some minor
peptic lesions during follow-up.

Whereas PPI are the acute treatment of choice
for all forms of reflux disease, the question remains
whether other compounds, in particular H2-blockers
which are attractive due to low costs, can be regard-
ed as an alternative in long-term management in
accordance with the step-down concept. So far,
there are very little reliable data which demonstrate
unequivocally the benefits from such an H2-receptor
antagonist treatment e.g. compared to PPI. It seems,
however, justified to try such an approach in patients
with mild symptoms requiring only minute doses of
PPI to remain free of heartburn. Patients should be
advised to return to the office if symptom control is
unsatisfactory after switching to H2-blockers.

Treatment in selected conditions

Pregnancy. Though H2-receptor antagonists have
been regarded as the first line therapy during preg-
nancy, administration of omeprazole to control reflux
symptoms can be regarded as a safe treatment option
today – at least in those women who will not respond
sufficiently to H2-blockers. Whether this applies for
the other PPI compound available remains unclear so
far though there has been no evidence for an increased
risk from clinical practice as well as from the mode of
action regarding this class of acid suppressants.

Peptic strictures. In the era of potent antisecretory
drugs the incidence of peptic strictures seems to
decrease though reliable data are missing. The com-
bination of PPI with dilatation offers an effective
kind of treatment which substitutes formerly neces-
sary surgery in such cases [25], [26]. Obviously,
more pronounced acid suppression than in mild
form of ERD is required to maintain the success of
dilatation, and higher doses than those defined as
standard dosing by the manufacturers are needed in
up to 20% which have to be administered also in the
long-term management of such strictures [19].

Safety of medical therapy

Adverse events. Since the introduction of acid inhibi-
tory drugs, many potential risks have been attributed
to the use of these substances, particularly if taken
on the long run: bacterial growth in gastric juice and
formation of N-nitroso compounds increasing the
risk for gastric cancer, hypergastrinaemia with sub-
sequent risk of developing gastric carcinoids arising
from ECL cells, development of gastric atrophy in
the fundus of the stomach etc. As we know today,
most of these hypotheses have been refuted, and
only some controversy remains whether gastritis
may be accelerated in the presence of Helicobacter
pylori (H. p.) during prolonged acid inhibition. Data
from the ongoing Scandinavian trial in which ome-
prazole therapy is compared to antireflux surgery,
but also from randomised H.p. eradication trials
show that progression of atrophy is a rare pheno-
mena which by the way can easily be overcome by
eradication therapy if long term acid suppression is
likely to be necessary in the future.

Interactions with concomitant medication. In re-
spect to drug interactions, PPI can be regarded as
safe drugs with little interaction: all compounds alter
pH-dependent absorption of other pharmaceuticals
(e.g. konazoles), and some PPI (e.g., omeprazole,
esomeprazole) show interaction with drugs which
plasma concentration (phenytoin) or clinical effect
(warfarine) is under strict control under any circum-
stances.

In summary, PPI as well as H2-receptor antago-
nists (except cimetidine) exert an excellent safety
profile which has already led to the availability of
both H2-blockers and the first PPI omeprazole as
over-the-counter (OTC) drugs in some countries. It
is likely that other PPI will follow in this line.
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Introduction

The diagnosis of gastroesophageal reflux disease
(GERD) can be made by a number of methods in-
cluding endoscopy, patient’s symptoms, Bernstein
test, 24 hr ambulatory pH and by using a short
course of acid suppressive therapy (proton pump in-
hibitors). Newer techniques including magnetoence-
phalography, postiron emission tomography and
functional magnetic resonance imaging (fMRI) are
currently being evaluated for the diagnosis of GERD
[1]. None of these tests can be considered as the gold
standard for the diagnosis of GERD. The role 
of endoscopy in GERD is to evaluate changes in the
mucosa of the distal esophagus and offers the poten-
tial to obtain biopsies, treat reflux induced strictures
and rule out other structural lesions in the upper gas-
trointestinal tract. However, endoscopy is relatively
insensitive for making a diagnosis of GERD since
only 40–50% of patients with typical reflux symp-
toms undergoing endoscopy may have GERD in-
duced changes. Utilization of newer techniques like
chromoendoscopy, high resolution and magnification
endoscopy may play an important role in the endo-
scopic evaluation of GERD in the near future.

Endoscopic findings suggestive of GERD

The findings at endoscopy that suggest a diagnosis
of GERD include the presence of erosive esopha-
gitis, Barrett’s esophagus and peptic stricture. In
combination with reflux symptoms, these findings
are highly suggestive for a diagnosis of GERD. In
this chapter, we will discuss the findings of erosive
esophagitis, Barrett’s esophagus, role of esophageal
biopsies and the impact of a negative endoscopy in
patients with GERD.

Erosive esophagitis

Multiple studies have shown that only 30–40% of pa-
tients with typical reflux symptoms (i.e., heartburn,
regurgitation) have evidence of erosive esophagitis 
(Fig. 1) on upper endoscopy whereas the other 60–70%
of patients even with troublesome reflux symptoms
have no clear-cut esophageal mucosal abnormalities
[2]–[7]. Thus, overall endoscopy is an insensitive test
for diagnosing reflux disease. However, if detected,
erosive esophagitis has a good positive predictive value
for the diagnosis of GERD as discussed below.

Role in diagnosis
A number of different classification systems for grad-
ing erosive esophagitis have been described inclu-
ding the Savary-Miller, Los Angeles (LA) (Table 1),
Hetzel-Dent etc. [8]–[11]. The LA classification is a
well validated, widely used system and is listed in
Table 1. In general, as the grade of erosive esophagitis
worsens, the degree of esophageal acid exposure in-
creases. Lundell et al showed that the severity of
esophageal acid exposure was significantly (p � 0.001)

Fig. 1. Endoscopic appearance of erosive esophagitis
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[15]. In another study of 100 patients with reflux
symptoms, 51% and 48% of patients respectively with
grades 1 and 2 esophagitis had a normal DeMeester’s
score (� 14.7) [16]. This raises questions whether mil-
der grades of esophagitis on endoscopy may overdiag-
nose GERD, if other causes of esophagitis may have
been present and last but not the least, if results of 24-hr
pH monitoring may have been falsely negative. Fur-
thermore, some patients may be susceptible to esopha-
geal damage at relatively low levels of acid exposure.

All these studies have compared endoscopic find-
ings to 24-h ambulatory pH – using it as the gold
standard, which is less than a perfect test for the diag-
nosis of GERD. Studies have shown that 37–60% of
patients with non erosive reflux disease (NERD), as de-
fined either by symptom response to PPI or significant
symptom correlation with reflux episodes, will have
normal ambulatory 24-H esophageal pH results [4],
[6], [17], [18]. Moreover, when the reproducibility of
prolonged esophageal pH testing is measured on two
separate days in patients with reflux symptoms or with
esophagitis, the results change the diagnosis (normal or
abnormal based on the percentage time pH � 4.0) in
11% of the cases [19]. Thus, comparison with 24-h pH
monitoring may lower the sensitivity of milder forms
of erosive esophagitis in the diagnosis of GERD. It is
possible that these shortcomings may be overcome by
using the new Bravo wireless pH device and correlat-
ing these pH results to the presence of erosive esopha-
gitis. Results of such studies are as yet awaited.

Overall, in the presence of typical reflux symptoms
(i.e. heartburn), detection of macroscopic endoscopic
injury is strongly predictive of the diagnosis of GERD.

Role in prognosis
Given the lack of efficacy of non-drug measures and
antacids and the relatively low efficacy of H2 receptor
antagonists, the majority of patients with erosive
esophagitis require acid suppression therapy using
PPI’s (proton pump inhibitors) [2]. Also, patients with
erosive esophagitis, especially those with higher grades
are less likely to be effectively managed with less than
standard dose of PPI therapy, and step-down attempts
in this group are less successful [20]. Castell et al [21]
noted in a large study (n � 5,241) declining efficacy
of PPI’s in patients with more severe grades of
esophagitis (healing at 8 weeks- 92–94% in grades
A/B compared to 70–72% in grades C/D).

related to the grade of esophagitis as judged by the LA
classification for erosive esophagitis [10]. Another
study of 150 patients demonstrated a significantly
higher duration of esophageal acid exposure in
patients with grade-III/-IV esophagitis compared to
grade-II esophagitis (percent time pH � 4.0 17.5%
vs. 10.4%; p � 0.001). Both groups (i.e., patients with
esophagitis) had significantly higher pH scores com-
pared to control subjects (percent time pH � 4.0
1.8%; p � 0.0001) [12].

The presence of erosive esophagitis has a good cor-
relation with results of 24 h pH monitoring showing
increased esophageal acid exposure. In a study by
DeMeester et al [13], the combination of typical
reflux symptoms (i.e., grade-II or -III heartburn and/or
regurgitation, scale of severity 0–3) and the presence
of erosive esophagitis or Barrett’s esophagus on en-
doscopy had a 64% sensitivity and 97% specificity for
accurately diagnosing GERD as defined by a positive
24-hr ambulatory pH result. A study of 24 controls
and 64 patients with reflux symptoms (all of whom
underwent 24-hr pH monitoring), showed that the
distinction in degree of esophageal acid exposure was
excellent between asymptomatic controls and patients
with severe erosive esophagitis (sensitivity and specific-
ity both 100% by logistic regression) but discrimination
was relatively poor when asymptomatic controls were
compared to symptomatic patients without esophagitis
(71% and 79% by logistic regression) [14].

On the other hand, a study from Spain showed that
34% of patients with grade-I and -II esophagitis show-
ed variable patterns of reflux whereas most patients
(76.2%) with grade-III and -IV esophagitis showed a
clearly defined pattern of gastroesophageal reflux in
both the supine and the upright positions (p � 0.05)

Table 1. The Los Angeles Classification System for the end-
oscopic assessment of grade of esophagitis [10]

(A) One or more mucosal breaks no longer than 5 mm, none
of which extends between the tops of the mucosal folds

(B) One or more mucosal breaks more than 5 mm long, none
of which extends between the tops of two mucosal folds

(c) Mucosal breaks that extend between the tops of two or
more mucosal folds, but which involve less than 75% of
the oesophageal circumference

(D) Mucosal breaks which involve at least 75% of the
oesophageal circumference
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Multiple studies have also shown that the presence of
erosive esophagitis at baseline is predictive of the need
for chronic acid suppression [22], [23]. A long term
follow up study (� 3 years) in elderly patients 
(� 65 years) with documented esophagitis as a inclu-
sion criterion suggested that the presence of severe
grades of esophagitis at baseline (p � 0.009) was a risk
factor for relapse of esophagitis, suggesting need for
maintenance therapy in this group of patients [24].

Thus, it is clear that more severe grades of
esophagitis require more complete acid suppression
for intial healing as well as for maintenance of hea-
ling [10]. However, GERD is a symptom driven
disorder and this information may not be necessary
to guide therapy in all patients [25].

Barrett’s esophagus

The definition of Barrett’s esophagus (BE), as discussed
at a recent evidence based workshop, is based on a com-
bination of endoscopic and histologic criteria consisting
of an abnormal appearing distal esophageal lining (end-
oscopic BE) with histologic evidence of intestinal meta-
plasia (confirmed BE). Barrett’s esophagus has been
arbitrarily divided into long (� 3 cm) and short seg-
ment (� 3 cm), although there is no evidence that a
risk gradient for complications (i.e., dysplasia/cancer
risk) may be demarcated at a particular segment length
[26].The role of gastroesophageal reflux in the develop-
ment of BE has been consistently shown in animal and
human studies. In a rat model, BE could be induced in
80% of the animals following a jejunoesophageal loop.
In a recent prospective study of 40 patients who under-
went esophagogastrostomy and sub-total esophagectomy
(done for adenocarcinoma or squamous cell carcinoma),
10 developed BE above the anastomosis [27].

Role in diagnosis
Longer lengths of BE have been found to be highly
predictive of gastro esophageal reflux. In some studies,
the sensitivity of pH testing in BE patients is reported
to be as high as 90% [28]. Some studies have also
found a significant correlation between the percent to-
tal time pH � 4 and the length of BE (r � 0.6234,
p � 0.0005) [29], [30]. Other investigators have per-
formed studies correlating esophageal acid exposure in
long segment BE and erosive esophagitis patients
compared to controls. Most studies have demonstrat-

ed that BE patients have more pronounced acid reflux
than patients with mild-moderate esophagitis 
(grades-I and -II Savary-Miller) and controls 
[31]–[34]. In a study of 150 patients, no significant
difference was observed in esophageal acid exposure
between patients with grades-III/IV esophagitis and
long segment BE, although both groups had signifi-
cantly higher values compared to controls (17.5% vs.
21.5% vs. 1.8%, respectively) [12]. Similarly, other
studies have also shown the duration of reflux in BE
patients to be significantly higher compared to
controls, but not different than patients with grades-
III/-IV erosive esophagitis [35]–[37].

The shorter lengths of BE have attracted consider-
able attention in recent years. The issues around this
are more complex than traditional or long segment BE
[2], [3], [38]–[41]. A study comparing 21 patients
with short segment BE and 18 with long segment BE
showed that the percent time pH � 4.0 was signifi-
cantly lower in short segment (8.6%) compared to
long segment BE (24.4%) patients. These numbers
were significantly higher compared to controls (1.8%)
arguing that short segment BE may be a true patho-
logical finding albeit reflecting a lower severity of
esophageal acid exposure [42]. In a recent interesting
study, a group of predominantly male, Caucasian
patients undergoing colorectal cancer screening were
offered an upper endoscopy. Long segment BE was
detected in 0.36% and short segment BE in 5.24% of
subjects without any history of heartburn compared to
2.6% and 5.7% respectively in those with a history of
heartburn [43]. These results raise many questions, the
most relevant to this discussion is whether the finding
of BE in asymptomatic individuals is equivalent to
pathological reflux.

In conclusion, the presence of longer lengths of
BE may be reliable for the diagnosis of GERD but
shorter lengths as a diagnostic criterion for GERD
by itself may have poor specificity.

Newer endoscopic techniques to increase yield 
of Barrett’s esophagus (BE)
Chromoendoscopy, i.e., endoscopy with dye spraying
has been utilized to increase the detection of intestinal
metaplasia in the columnar lined segment. Different
stains that have been used include methylene blue, in-
digo carmine and Lugol’s iodine. In an intial report of
14 patients with known BE and 12 controls, Canto
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et al reported a sensitivity of 95%, specificity of 97%
and positive predictive value of 98% with methylene
blue staining for detecting intestinal metaplasia [44].
Sharma et al showed that methylene blue increased
the yield of intestinal metaplasia in shorter segments
of BE compared to controls that had undergone ran-
dom biopsies (61% vs. 42%; p � 0.02) [45]. A recent
study from Greece also showed that chromoendos-
copy done immediately following conventional en-
doscopy increased the yield of intestinal metaplasia
from 1.6% to 3.5% (p � 0.001) [46]. On the other
hand, in a crossover study by Wo et al [47], the
sensitivity and specificity of methylene blue staining to
detect intestinal metaplasia were poor at 53% and 51%
and for dysplasia 51% and 48%, respectively.

The addition of magnification endoscopy to
methylene blue staining may further increase the
yield of metaplastic and dysplastic tissue by identify-
ing specific mucosal patterns. Yagi et al [48] found
this combination to have a sensitivity of 84.8% and
specificity of 91.7% for detecting intestinal meta-
plasia. The pattern suggestive of intestinal metaplasia
on magnification chromoendoscopy was a tubular,
cavernous or elliptical appearance of the mucosa.
Using a combination of indigo carmine with magni-
fication endoscopy in 80 patients, Sharma et al
showed that the presence of a ridge/villous pattern
had a sensitivity of 97%, specificity of 76% and PPV
of 92% for the detection of intestinal metaplasia
[49]. Six patients with an irregular/distorted pattern
proved to have high grade dysplasia on biopsies.

Thus, chromo and magnification endoscopy of-
fers great promise in the diagnosis and follow up of
patients with BE and further large multicenter trial
are awaited in this field.

Endoscopically normal mucosa

The absence of changes in the distal esophagus on
conventional endoscopy does not rule out the di-
agnosis of GERD. It is estimated that upto 70% of
patients with typical symptoms of GERD have nor-
mal esophageal mucosa on upper endoscopy (NERD)
[4], [6], [7]. At least, two different approaches have
been attempted in these patients: biopsies of the nor-
mal appearing squamous mucosa and evaluation of
the distal esophagus with newer techniques such as
high resolution and magnification endoscopy.

Role of biopsy
Histologically, acute reflux damage consists of superfi-
cial epithelial swelling and/or necrosis accompanied by
intraepithelial neutrophilic infiltrates. Chronic reflux
induces eosinophilic infiltrates, basal cell hyperplasia,
epithelial thickening, and elongation of the vascular
papillae (Ismail-Beigi Criteria) [50], [51]. Basal hyper-
plasia in excess of 15% and papillary elongation in
excess of 2/3 of the epithelial thickness have been pro-
posed as criterion to diagnose reflux esophagitis 
(Fig. 2). The number of eosinophils in reflux esophagi-
tis is usually 1–20/high power field. More than 20
eosinophils/HPF should alert the clinician to the possi-
bility of an alternative diagnosis such as eosinophilic
esophagitis [52]. However, the lack of eosinophils does
not rule out reflux esophagitis [53].

Although, initial reports in 1970s suggested that
histologic features of basal cell hyperplasia and loca-
tion of the papillae close to the epithelial surface
correlated well with the presence of GERD [50], [51],
other studies directly comparing esophageal 24-hr pH
results to histology have attested to the lack of
discriminatory value of these histological criteria. In a
report of 100 patients, (69 with positive pH studies),
Johnson et al [54] found a significant correlation be-
tween esophageal acid exposure and the length of both
the papillary and basal cell zones, although the corre-
lation coefficients were low (none exceeding 0.33). In

Fig. 2. Biopsy of the squamous mucosa in a patient with
reflux symptoms showing histological signs of reflux esoph-
agitis. (A) represents Basal cell hyperplasia; (B) represents
papillary elongation
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another study, Schindlbeck and colleagues found only
minor differences in the prevalence of histological fea-
tures between 13 NERD patients, 11 patient controls,
and 7 healthy controls [55].

In a recent study, the correlation between the
histological criteria and 24 hour pH testing was pre-
dominantly negative, with the exception of neutro-
phil inflammation [56]. However, another recent
study, which analyzed data from a large prospective
GERD trial (the ProGERD study; n � 1475), found
that elongation of papillae and basal cell hyperplasia
were seen in 40.7% and 12.7% of NERD patients
and 46.1% and 15.7% of patients with erosive
esophagitis, respectively, at 2 cm above the z-line.
The presence of intraepithelial inflammatory cells
showed a high specificity but very low sensitivity
[57]. However, the lack of a clearly defined control
group makes it hard to make conclusive recommen-
dations as some of these histological findings may be
observed in biopsies from asymptomatic individuals.

Some other groups have evaluated the presence of
dilated intercellular spaces (DIS) as a marker for
GERD. Calabrese et al used transmission electron mi-
croscopy to study DIS in patients with GERD and
duodenal gastro-esophageal reflux disease (DGER).
Patients with GERD and DGER had intercellular spa-
ces dilated to at least two times greater than controls
and there was no significant difference in DIS between
patients with erosive esophagitis and NERD [58].

At this time, unless histological criteria are up-
dated or better correlated to either symptoms, 24 h
pH results or response to acid suppressive therapy,
biopsies of the distal normal appearing distal esopha-
geal mucosa cannot be routinely recommended for
the diagnosis of GERD.

Role of newer techniques
High resolution and magnification endoscopy has
recently been used to develop endoscopic criteria for
non-erosive esophageal injury from gastroesopha-
geal reflux [59]. Lugol’s Iodine was used in 13
patients with heartburn and pathologic 24-hour
esophageal acid exposure but with no erosions on
standard endoscopy and in 10 asymptomatic volun-
teers with normal esophageal acid exposure. A few
subtle endoscopic findings, such as pin-point vessels
and triangular indentation of the squamocolumnar
junction upward into the squamous mucosa, were

found in NERD patients using high-resolution
magnification chromoendoscopy with Lugol’s stain-
ing [60]. These preliminary findings demonstrate
that NERD patients may show minimal mucosal
changes on high-resolution endoscopy.

A recent elegant study correlated histologic and
endoscopic findings in patients with NERD with the
help of magnification endoscopy before and after
PPI treatment [61]. Patients with NERD, more of-
ten than controls, showed endoscopic changes of
minimal change esophagitis with punctate erythema
as the most important finding, which resolved after
PPI therapy. A sensitivity of 64%, specificity of 85%
and a positive predictive value of 80% were deter-
mined for these findings on magnifying endoscopy.
In the same study, an increased length of papillae
(14/39 with NERD vs. 2/39 in controls; p � 0.005)
and basal cell hyperplasia (17/39 vs. 4/39; p � 0.009)
were seen in the NERD group which resolved in the
majority of patients after PPI therapy. These new
techniques appear very promising for the future but
are not yet ready for routine clinical practice.

Utility of endoscopy in addition 
to confirmation of diagnosis

In patients with atypical symptoms or symptoms
over and above those of typical reflux, endoscopy
may also have utility in ruling out alternative dis-
eases, such as peptic ulcer disease, eosinophilic
esophagitis and complications like adenocarcinoma.
Eosinophilic esophagitis, also known as primary
eosinophilic esophagitis or idiopathic eosinophilic
esophagitis, occurs in adults and in children and
represents a subset of eosinophilic gastroenteritis
with an isolated severe esophageal eosinophilia.
Patients with eosinophilic esophagitis present with
symptoms similar to those of gastroesophageal re-
flux but may be less responsive to antireflux medi-
cation. The importance of recognizing this entity,
especially in children is underscored by the need for
different treatment approaches, e.g., dietary restric-
tion or corticosteroids and in preventing unneces-
sary fundoplication [62]. Dyspepsia and GERD
may overlap and sometimes they may be difficult to
distinguish by symptoms alone. Many patients with
upper gastrointestinal symptoms have significant
anxiety about their diagnosis, including fear of
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Finally, endoscopy may be useful to rule out other dise-
ases in the upper gastrointestinal tract.
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Chapter 11

Introduction

Gastroesophageal reflux disease (GERD) is a highly
prevalent disease in industrialized countries. In the US
alone, 40% of the adult population frequently com-
plains of heartburn, one of the cardinal symptoms of
GERD [1]. In a recent study by Sandler et al [2] gas-
troesophageal reflux disease (GERD) has been report-
ed to be the 4th most prevalent GI disease in the US
(19 million cases/year), being surpassed only by non-
food-borne gastroenteritis and other gastrointestinal
infections (135 million cases/year), food-borne illness
(76 million cases/year) and cholelithiasis (20 million
cases/year). In the same study, GERD was found to be
the most costly gastrointestinal disease with direct and
indirect costs estimated at $ 9.8 billion 1998 US
Dollars, surpassing the costs of treatment for choleli-
thiasis ($5.8 billions), colorectal cancer ($4.9 billions)
and peptic ulcer disease ($3.1 billions).

Reflux esophagitis, a term first introduced by
Allison [3] in 1946, was considered for many years to
provide the evidence of gastroesophageal disease. As
clinicians became more familiar with the spectrum of
GERD it became clear that esophageal symptoms
(heartburn, regurgitation, dysphagia, chest pain, etc.)
might be caused by gastroesophageal reflux in the
absence of endoscopic evidence of esophageal lesions.
With this understanding it became clear that other
tests for the diagnosis of GERD were needed. Over
time esophageal manometry, pH monitoring and
more recently multichannel intraluminal impedance
(MII) combined with pH (MII-pH) were added to
the clinical armamentarium to diagnose GERD.

Esophageal manometry

Esophageal manometry has been used as a diagno-
stic test for esophageal disease for over 40 years [4]

and is currently considered the gold standard 
to diagnose esophageal motility abnormalities.
Esophageal manometry provides information on
amplitude and coordination of esophageal contrac-
tions and the relaxation and coordination of the
upper and lower esophageal sphincter. Simulta-
neous video-fluoroscopy and manometry studies
have been used to document bolus transit depen-
dence on esophageal peristalsis (Fig. 1) [5]. Even
though it is not used to primarily diagnosed
GERD, esophageal manometry is frequently used
in patients with GERD in order to support the
diagnosis in a complex patient, to evaluate patients
with atypical symptoms, to detect defective peri-
stalsis prior to fundoplication, to exclude sclero-
derma or achalasia as cause of the patient’s
symptoms and to assist placing of pH-probes.

Fig. 1. Manometric/videofluoroscopic comparison during
normal swallows. Schematic representation of esophageal
peristalsis as measured by manometry corresponding to the
time when the barium column is advancing through the
esophagus. The timings (in sec) indicate that effective peristal-
tic contractions are responsible for bolus transit through the
esophagus
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Performing esophageal manometry

Esophageal manometry is usually performed as an out-
patient procedure and patients are requested to fast for
at least 4–6 hours prior to testing. After calibrating the
esophageal manometry catheter outside the patient, the
tube is typically inserted transnasally after applying vis-
cous lidocaine to decrease the discomfort as the cathe-
ter passes the nasal cavity. The esophageal catheter is
advanced into the stomach where gastric baseline pres-
sures are measured as reference and then slowly pulled
back (stationary pull-through) to identify the lower
esophageal sphincter. Depending on the configuration
of the catheter LES dynamics and esophageal body ac-
tivity can be measured during the same or during sepa-
rate swallows. In our laboratory we use a solid-state
transducer catheter that allows evaluation of esopha-
geal peristalsis and LES relaxation during the same
swallow (Fig. 2). Once the catheter is placed in the
right position ten 5 ml swallows are administered at
20–30 second intervals and the subject is asked to
swallow once. The 20–30 second interval is necessary
to avoid falsely low contraction amplitudes determined
by deglutitive inhibition. Double swallow and/or

Esophageal manometry equipment

The main components of a manometry system are
(1) the esophageal manometry catheter, (2) pres-
sure transducers, (3) signal acquisition, and (4)
information storage devices. The majority of
esophageal laboratories use either water-perfused
catheters with external transducers or catheters
with solid-state transducers. Water perfused sys-
tems include a thin, flexible catheter with small
capillary orifices connected to an external water
supply and pump and external pressure trans-
ducers. The pressure measured by external, water-
column, transducers reflects the pressure that the
water pump has to generate in order to overcome
the pressure with which the esophageal wall oc-
cludes the capillary orifice. These systems have
the advantage of relatively low-cost catheters but
have the disadvantage of requiring additional
equipment (water supply, pump) and are more
difficult to operate and maintain. Another disad-
vantage of water-perfused systems is that the
external, water-column transducers require the
patient’s body to be aligned with the pressure sen-
sors, often limiting esophageal motility testing to
the recumbent position.

Solid-state transducer systems include equally
thin, flexible catheters with pressure transducers
mounted directly on the catheter. The solid-state
transducers use small, oil-filled chambers with
extremely high compliance to transmit esophageal
pressure to miniature sensors incorporated in the
catheter. The increased cost of solid-state transducer
catheters is compensated by easier, more convenient
operability of the system without additional equip-
ment (pumps and supplies). Solid-state transducer
systems can also be used for ambulatory monitoring
and motility testing in upright positions.

Signal acquisition devices consist of sets of am-
plifiers and converters while, these days, computer
systems have long replaced polygraphs as data stor-
age devices.

In addition to this primary equipment certain
smaller equipment (calibration chamber) and sec-
ondary consumable supplies (disinfection and ster-
ilization materials, tape, lubricating gel, viscous
lidocaine, emesis basins, syringes, testing substances,
etc.) are needed to perform esophageal manometry.

Fig. 2. Solid-state sensor esophageal manometry catheter.
The distal pressure transducer has a circumferential sensor
collecting 360 degrees data from the lower esophageal
sphincter. Unidirectional sensors placed in the esophagus
5, 10 and 15 cm above the LES allow measurement of esoph-
ageal peristalsis. This system allows measuring esopha-
geal body peristalsis and LES relaxation during the same
swallow
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Fig. 3 (continued)
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Fig. 3 (continued)
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Fig. 3. Manometric diagnoses: (a) Achalasia is defined by
absent esophageal body peristalsis and, if present, poorly
relaxing LES. (b) Scleroderma is defined based on an appro-
priate clinical diagnosis and confirmed by low amplitude or
absent contractions in the distal esophagus with or without
a low LES pressure. (c) Distal esophageal spasm is defined as
20% or more simultaneous contractions. (d) Ineffective esoph-
ageal motility is defined as 30% or more swallows with
contraction amplitude less than 30 mmHg in either of the
two distal sites located at 5 and 10 cm above the LES.
(e) Nutcracker esophagus is defined as normal peristalsis of
the esophageal body with average distal esophageal am-
plitude (DEA) exceeding 180 mmHg. (f ) Poorly relaxing LES
is defined as average LES residual pressure exceeding
8 mmHg associated with normal esophageal body con-
tractions. (g) Hypertensive LES is defined as LES resting
pressure exceeding 45 mmHg with normal esophageal
body contractions. (h) Hypotensive LES is defined as LES
resting pressure below 10 mmHg with normal esophageal
body contractions. (i) Normal esophageal manometry is
defined as not more than 20% ineffective and not more
than 10% simultaneous swallows with DEA � 180 mmHg
and with normal LES resting and residual pressures

closely spaced swallows are discarded and repeated.
Liquid swallows of a fixed volume (i.e., 5 ml) are pre-
ferred over dry swallows since the pressure generates is
more reproducible. The administration of 10 liquid
swallows allows a more convenient determination of
the percentage of normal peristaltic, ineffective and
simultaneous swallows.

Interpreting esophageal manometry
The interpretation of esophageal manometry data is
based on comparing information about swallows
against data collected in normal volunteers [6]. It is
important to recognize that different laboratories
may use slightly different manometric criteria based
on their individual experience. In our laboratory, in-
dividual swallows are classified as normal peristaltic
if their contraction amplitude exceeds 30 mmHg in
the distal esophagus and the velocity of the contrac-
tion onset does not exceed 8 cm/sec. Swallows are
declared ineffective if the contraction amplitude is
less than 30 mmHg in the distal esophagus. This
definition allows including in the manometric inef-
fective category swallows classified by other authors
as “failed peristalsis” or “non-transmitted”. Swallows
are classified as manometric simultaneous if their
amplitude exceeds 30 mmHg in the distal esophagus
and have a simultaneous or retrograde onset of con-
traction or the velocity of the contraction onset in
the distal esophagus exceeds 8 cm/sec.

For the overall interpretation of manometric findings
we recommend using criteria published by Spechler and
Castell [7] (Fig. 3). Achalasia is defined by absent
esophageal body peristalsis and, if present, poorly relax-
ing and hypertensive LES. Patients with GERD may
have a variety of esophageal manometric abnormalities,
low amplitude contractions (i.e., ineffective esophageal
motility; IEM) being particularly frequent. Abnormal
esophageal acid exposure has also been associated with
incoordinated esophageal peristalsis (distal esophageal
spasm), high amplitude contractions (nutcracker
esophagus) but also with normal esophageal body peri-
stalsis. Decreased resting LES pressure (i.e., hypotensive
LES) has been associated and is a pathophysiologically
plausible cause of abnormal gastroesophageal reflux, but
is a rather infrequent finding.

Some of the currently used definitions are chal-
lenged by functional information obtained from
combined multichannel intraluminal impedance and
manometry [8]. Data from our laboratory suggest
that the manometric definition of IEM may be too
sensitive as approximate half of the patients with 3
or more manometric ineffective swallows have nor-
mal bolus transit for liquid. Stricter criteria for IEM,
i.e., requiring 5 or more low-amplitude contractions
before classifying a study as manometric ineffective
should increase the specificity of these findings.
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currently thought to be the most important patho-
physiologic mechanism of GERD [11]. During con-
ventional manometry the detection of tLESR’s can
be very difficult since the position of the LES is
moving with respiration. Therefore, for prolonged
measurements of the LES pressure either pressure
sleeves [12] or closely spaced pressure measuring
sites [13] should be used. While these measure-
ments are very important in understanding the pa-
thophysiology of GERD, their clinical applicability
during routine clinical practice is limited.

For many clinicians esophageal manometry is an
important tool in evaluating GERD patients who are
considering surgical antireflux procedures. A complete,
360 degree wrap of the gastric fundus around the distal
esophagus (Nissen fundoplication) creates a higher re-
sistance to flow compared to a partial, 270 degree wrap
(Toupet fundoplication) [14]. Since patients with
esophageal peristaltic dysfunction may have poor bolus
clearance [15] tailoring the surgical approach towards a

Clinical implications of esophageal manometry
findings in GERD patients

Esophageal manometry can detect esophageal body
or LES abnormalities associated with GERD. Hiatal
hernias and low LES resting pressure (i.e., hypoten-
sive LES) can be detected during stationary pull-
through and abnormal esophageal peristalsis during
standardized swallows.

Gastroesophageal reflux episodes are very difficult
to identify during esophageal manometry. It has been
proposed that a rapid rise of 4–10 mmHg at multiple
levels in the esophagus a phenomenon known as
“common cavity”, could be used to detect the pres-
ence of gastroesophageal refluxate in the esophagus
[9] (Fig. 4). This finding is difficult to identify and
has recently been shown to be not very sensitive in
identifying reflux episodes [10].

On the other hand, manometry can be adapted
to identify transient lower esophageal relaxations,

Fig. 4. Gastroesophageal reflux episode identified on manometry as a rapid rise of 4–10 mmHg at multiple levels in the esophagus
(“common cavity”) while the lower esophageal sphincter is relaxed.The refluxate is subsequently cleared by an esophageal peristalsis
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partial wrap in patients with abnormal esophageal peri-
stalsis is a rational approach [16]. This concept was
challenged by the recently published publication by
Fibbe et al [17]. In a prospective study they stratified
200 patients with longstanding GERD into those with
and without esophageal dysmotility and then random-
ized them to undergo either Nissen or Toupet fund-
oplication. While finding similar proportion of patients
with dysmotility complaining of post-operative dys-
phagia after either full or partial fundoplication they
concluded that pre-operative identification of esopha-
geal dysmotility does not affect the outcome and that
tailoring of the surgical approach is not needed.

Esophageal pH monitoring

It was in the late 1960ies when Spencer first report-
ed on prolonged intraesophageal pH monitoring to
study gastroesophageal reflux disease [18] and not
until the mid 1970ies when Johnson and DeMeester
established the first normal values for this technique
[19]. Intraesophageal pH monitoring allows study of
the role of gastroesophageal reflux in patients with
esophageal symptoms in the absence of endoscopic

Fig. 5. Ambulatory pH catheter placement. (a) Dual channel
proximal and distal esophageal pH monitoring is used to
monitor patients with reflux symptoms off therapy. (b) Dual
channel distal esophageal and gastric pH monitoring is used
to monitor patients with reflux symptoms on acid suppressive
therapy

visible lesions (i.e., endoscopy negative reflux
disease). Over the years many experts have accepted
this as the gold standard in diagnosing GERD.

Conventional, catheter-based pH-monitoring

The main components of catheter based pH monitor-
ing systems are (1) flexible catheter with pH-sensors,
and (2) data logger. Esophageal pH catheters distin-
guish themselves based on the type of pH sensor (i.e.,
glass vs. antimony) and the location of the reference
electrode (i.e., external reference or built-in reference).
Systems using external reference electrodes typically
use a cutaneous reference and are therefore influenced
by the contact between the skin and the external refer-
ence. Occasionally loosening of the skin contact or
perspiration-induced changes in the ionic composition
surrounding the reference electrode can lead to arti-
facts. In vitro studies suggest that the more expensive,
glass-electrodes are superior to monocrystaline anti-
mony electrodes as they respond much quicker to
changes in pH, have less drift and a better linear re-
sponse [20]. However, in clinical studies the less ex-
pensive antimony electrodes provide similar results
and better insertion comfort compared to the larger
(up to 4.5 mm) glass-electrodes [21].

Prior to ambulatory pH monitoring the pH elec-
trodes are calibrated using buffer solutions with
distinct pH values. The catheter is then passed trans-
nasally into the esophagus and one sensor is posi-
tioned 5 cm above the previously determined proximal
border of the lower esophageal sphincter. This posi-
tion was reached by global consensus and is considered
at an optimal depth in order to monitor distal esopha-
geal acid exposure while preventing accidental slipping
into the stomach. While virtually all laboratories use
this location (Fig. 5), individual groups prefer using
also a second proximal esophageal site (15 or 20 cm
above the LES) to better characterize reflux episodes.
In other circumstances (i.e., on acid suppressive ther-
apy) the second pH sensor is placed in the stomach,
10 cm below the LES in order to monitor intragastric
acidity. After positioning of the pH sensors and taping
the catheter in place the patient is instructed to repro-
duce as much as possible daily scenarios during which
she or he experiences symptoms. Patients are provided
with diaries and asked to record the timing and con-
tents of ingested meals, periods of upright and recum-
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While telemetric intragastric pH recordings (the
Heidelberg capsule) were first reported in mid 1960ies
[23], [24] it was not until recently that catheter-free
pH monitoring was approved for clinical use by 
the US Food and Drug administration [25]. The
Bravo system (Medtronic Inc. USA) includes a
26 mm � 5.5 mm � 6.5 mm capsule containing 
an antimony pH electrode with internal reference,
miniaturized electronics with radiofrequency trans-
mitter and battery, a capsule delivery system and an
external receiver to monitor intraesophageal pH 
(Fig. 6). The capsule delivery system is passes trans-

bent position and the time of symptoms. They are
then discharged from the clinic and asked to return
the data logger the following day. Typically ambula-
tory pH data is recorded over 24 hours although
recent data suggest that 16-hour studies provide accu-
rate information and improve patient tolerance [22].

Catheter-free pH-monitoring (Bravo® system)

The clinical acceptability of ambulatory pH-monitor-
ing is limited by the discomfort of the pH catheter
reported by the patient and perception of clinicians.

Fig. 6. Catheter free pH-monitoring system (Bravo System)
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orally and the capsule is positioned 6 cm above the
endoscopic determined gastro-esophageal mucosal
separation (“Z-line”). Once the capsule is “pierced” to
the esophageal mucosa the delivery system is removed
and pH data is recorded from the distal esophageal
site. In addition to improved patient comfort this
system has the advantage of a fixed placement of the
pH electrode, eliminating the risk of “slipping” into
the stomach and also prolonged (48–72 hour) record-
ing. These advantages are unfortunately offset by the
high cost of the pH capsule, need of endoscopy for
accurate placement and impracticality of multiple
recording sites.

Esophageal pH-data interpretation

Both, catheter based and catheter free pH
monitoring provide prolonged intraesophageal pH
data. The interpretation of pH monitoring should
attempt to answer 2 questions: (1) Does the
amount of gastroesophageal reflux exceed normal
values, and (2) are the symptoms reported by the
patient during pH monitoring associated with
gastroesophageal reflux?

By consensus, gastroesophageal reflux during pH
monitoring is detected by a sudden decrease in
intraesophageal pH to below 4.0 (Fig. 7 ). The ratio-
nal for choosing this cutoff value are observations
that the proteolytic enzyme pepsin is inactive above
this value [26] and because patients with reflux
symptoms are more likely to report heartburn at an

intraesophageal pH below 4.0 [27]. This cutoff value
has been challenged over the years by studies sug-
gesting that a pH value of 5 may provide better dis-
crimination between healthy volunteers and patients
with reflux symptoms [28], by studies suggesting
that the best discrimination between patients with
reflux symptoms and healthy volunteers occurs
within the full range between pH 3 and 6 rather
than a single pH value [29] or by studies proposing
different pH threshold values for different electrode
positions based on pH distribution curves [30]. Still,
the widespread acceptance of the cutoff pH value of
4.0 to identify gastroesophageal reflux prevails.

Based on the cutoff value of pH 4 several param-
eters can be defined to quantify the amount of gas-
troesophageal reflux: number of episodes of drop in
pH below 4, number of episodes of certain duration
(i.e., � 5 minutes) of drop in pH below 4, duration
intraesophageal pH below 4. Currently, the most
widely used parameter to quantify gastroesophageal
reflux is the proportion of time that the pH is below
4, also known as acid exposure time. Recognizing
that body position and the degree of activity includ-
ing state of consciousness (i.e., awake vs. asleep) 
can affect intragastric pressure, LES resting pressure,
bolus clearance and salivary acid neutralization, acid
exposure time is reported separately depending on
the body position (upright vs. recumbent). Further,
observing that times spent upright and recumbent
by individual patients vary, reporting a “normalized”
percent time (i.e. duration of intraesophageal pH

Fig. 7. Reflux episode identified by pH monitor-
ing as a rapid drop in pH from above to below 
4.0 distally longer than proximal
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less than 4 divided by the total recording time in one
position) is preferred. A final detail in reporting acid
exposure time (percent time pH less than 4) relates
to excluding meal periods from the recording time.
The rationale for this is the understanding that
some foods, especially drinks (carbonated beverages,
wine, juices), have pH values below 4 and, if not ex-
cluded, will artifactually increase the esophageal acid
exposure time. Excluding meals is preferred over
limiting the ingested food since one of the goals of
the patient during pH monitoring is inducing situa-
tions (including ingesting meals) that may generate
symptoms.

Normal values for percent time pH less than 4
have been established for both catheter-based and
catheter-free system based on studies in healthy vol-
unteers (Table 1). Intraesophageal pH data from in-
dividual patients are compared against these values
and esophageal acid exposure times are reported as
normal or abnormal (Fig. 8 ).

Fig. 8. Ambulatory pH-monitoring tracings. (a) Normal proxi-
mal and distal esophageal acid exposure. (b) Abnormal distal
esophageal acid exposure during upright position. (c) Abnor-
mal distal esophageal acid exposure during upright and re-
cumbent position

Table 1. Normal values for ambulatory pH-monitoring.
Catheter based dual probe (distal and proximal) esophageal
pH monitoring [19]

Variable Normal

Proximal Distal

Time pH � 4 (%)
Total period � 0.9% � 4.2%
Upright period � 1.2% � 6.3%
Recumbent period � 0.0% � 1.2%

Distal � 5 cm above manometric defined proximal border of
the LES
Proximal � 20 cm above manometric defined proximal bor-
der of the LES

Catheter free distal esophageal pH-monitoring [25]

Variable Normal
Distal

Time pH � 4 (%)
Total period � 5.3%
Upright period � 6.9%
Recumbent period � 6.7%

Distal � 6 cm above endoscopic defined gastroesophageal
junction
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uses the composite score or individual acid exposure
times a detailed evaluation of the pH tracing is of
pivotal importance to recognize and exclude artifacts
(Fig. 9) and to assess symptom association.

Equally important information from intra-
esophageal pH monitoring is evaluating the rela-
tionship between symptoms and acid reflux. Like 
the pH threshold and reflux parameters to quantify
GER, there are different ways to assess the associa-
tion between symptoms and reflux episodes. The
simplest way to evaluate this association is by report-
ing the symptom index. First described by Wiener
et al [33] the symptom index is the percentage of
symptoms preceded by a drop in esophageal pH be-
low 4 within a 5-minute time window divided by the
total number of symptoms. The symptom index
should be determined separately for each different

Fig. 9. Artifacts during pH monitoring: (a) meal
artifact, and (b) pseudoreflux (slow drift in proxi-
mal pH channel only)

Another method in reporting esophageal acid expo-
sure, particularly popular in the surgical literature is a
cumulative score originally established by Johnson
and DeMeester ( JD score). The JD score take into
account and weighs 6 different parameters: (1) total
percent time pH less than 4, (2) percent time pH less
than 4 in the upright period, (3) percent time pH less
than 4 in the recumbent period, (4) the total number
of reflux episodes, (5) the total number of reflux
episodes longer than 5 minutes and (6) the duration
of the longest reflux episode. To date, commercially
available pH software programs report this score
along with individual exposure times. Studies com-
paring the composite score against time pH less than
4 have indicated that the later discriminates at least as
well as the score between healthy volunteers and
GERD patients [31], [32]. Regardless whether one
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monitoring can detect reflux episodes during which
the pH drops below 4 but provides limited informa-
tion about the refluxate bolus and reflux episodes
during which the pH does not drop below 4.

The ability to detect intraluminal bolus move-
ment using multichannel intraluminal impedance
(MII) was first described by Silny in 1991 [36].
Recognizing that the presence of boluses in the
esophagus changes the electrical conductivity of the
intraluminal content measured between two rings
separated by an isolator, Silny described this method
that allows detection of intraesophageal bolus move-
ment without the use of radiation. The appearance
of liquid bolus is detected by a drop in the imped-
ance from baseline to a nadir value that is recorded
as long as the bolus is present in the impedance-
measuring segment. The intraluminal impedance
will then rise back to baseline once the bolus leaves
the impedance-measuring segment [37]. Using mul-
tiple impedance measuring segments on a catheter
the direction of bolus movement can be determined:
a rapid decline in impedance progressing from
proximal to distal suggests aboral (antegrade) bolus
movement as seen during swallowing while a rapid 
decline in impedance progressing from distally to 
proximally is indicative of oral (retrograde) bolus
movement as seen during reflux episodes (Fig. 11).
Multichannel intraluminal impedance can be added
to esophageal manometry (combined MII-EM) in
order to evaluate bolus transit during swallowing or
added to pH catheters (combined MII-pH) in order
to obtain information about refluxate boluses and to
detect reflux episodes during which the pH is not
below 4.

Combined MII-EM
Combined MII-EM has been approved by the US
Food and Drug administration as a diagnostic test 
for esophageal function in July 2002. Solid state 
combined MII-EM catheters are very similar to
conventional solid-state manometry catheters where
impedance rings are added around the pressure trans-
ducers. This design allows simultaneous measuring
bolus transit and pressures at the same level in the
esophagus (Fig. 10). Esophageal function testing
using combined MII-EM helps clarify the functional
defect in patients with esophageal motility abnorma-
lities. Normal values have been established by a

symptom and a positive symptom association is
declared if the symptom index is greater or equal to
50% (i.e., at least half of the reported symptoms are
preceded within a 5-minute time window by an
intraesophageal pH below 4). Over the years the
definition and use of the symptom index have been
challenged. Based on a sensitivity analysis in patients
with chest pain Lam et al [34] have proposed using a
shorter, 2-min time window after the onset of a
reflux episode in which a symptom has to occur in
order for it to be consider associated with reflux.

Recognizing that in patients with multiple reflux
episodes and few symptoms the association may oc-
cur by chance other authors have advocated using, in
addition to the symptom index, a symptom sensitiv-
ity index. The symptom sensitivity index is defined
as the percentage of reflux episodes associated with
symptoms out of the total number of reflux ep-
isodes. A symptom sensitivity index greater than
10% would further strengthen the symptom associa-
tion with reflux.

In a more complex approach, Weusten et al [35]
have proposed using the symptom association prob-
ability (SAP). The SAP tries to evaluate if, from a
statistical approach, the pattern of reflux and symp-
toms during the monitoring period may have oc-
curred by chance or if the association of symptoms
and reflux episodes is not by chance. Commercially
available software programs have the ability to re-
port the SAP in percentage based on the method-
ology used by Weusten et al. When interpreting the
SAP it is important to remember that this parameter
indicates the statistical probability with which
symptoms and reflux episodes are associated. There-
fore only an SAP greater than 95% (i.e., the proba-
bility of this association having occurred by chance
is less than 5%) is considered positive.

Multichannel intraluminal impedance

Esophageal manometry and catheter-based or
catheter-free esophageal pH monitoring have some
inherent limitations. The information provided by
esophageal manometry is limited to pressure record-
ings within the esophagus with only indirect infor-
mation about the functional aspect of esophageal
contractions, i.e., bolus transit. Esophageal pH



Tutuian R and Castell DO 133

multicenter study in 43 healthy volunteers [38].
Normal liquid esophageal bolus transit is declared if
at least 80% of liquid swallows have a defined entry in
the proximal esophagus and exit the region between 5
and 15 cm above the LES. During viscous swallows
70% of swallows have to fulfill these criteria in order
to declare normal bolus transit.

Studying a group of patients with various mano-
metric abnormalities [8] we identified abnormal
bolus transit in all patients with achalasia and
scleroderma esophagus, and normal bolus transit for
liquid in virtually all patients with normal manome-
try, nutcracker esophagus and isolated LES abnor-
malities (i.e., poorly relaxing LES, hypertensive or
hypotensive LES). In this study, approximately half
of patients with ineffective esophageal motility

(IEM) and distal esophageal spasm (DES) had nor-
mal bolus transit. Studying in more detail patients
with IEM we identified that there is no perfect (i.e.,
highly sensitive and highly specific) manometric
pressure cutoff that would predict complete bolus
transit, that the current manometric criteria for
diagnosing IEM (i.e., 30% or more manometric in-
effective swallows) may be too sensitive and lacks
the specificity of identifying patients with abnormal
bolus transit. In addition approximately one third of
patients with IEM have normal bolus transit for liq-
uid and viscous (suggesting a mild functional de-
fect), approximately one third have abnormal bolus
transit for either liquid or viscous (i.e., moderate
functional defect) and the remaining third of IEM
patients have abnormal bolus transit for both liquid
and viscous (i.e., severe functional defect) [39].

Combined MII-EM provides information about
bolus transit in patients with post-fundoplication
dysphagia [40]. Combined impedance-manometry
and videofluoroscopy studies in patients with post-
fundoplication dysphagia indicate the ability of
MII-EM to identify bolus pooling above the wrap
and retrograde escape of the bolus into the proximal
esophagus after the completion of an otherwise
normal-peristaltic contraction.

While prospective studies evaluating the role of
combined MII-EM in assisting in the selection of
patients for anti-reflux surgery and evaluating post-
operative dysphagia are underway the above men-
tioned data suggest that combined MII-EM,
through its capability of assessing bolus transit
without the use of radiation during esophageal
manometry, has great potential.

Combined MII-pH
While the majority of clinicians and investigators
consider esophageal pH monitoring to be the “gold
standard” in diagnosing GERD they also acknowl-
edge its limitation in detecting only gastroesopha-
geal reflux when the pH of the intraluminal content
produces a rapid decline in pH from above to below
4.0. Gastroesophageal reflux with pH above 4.0 is
difficult to detect by conventional pH-monitoring
and different approaches (i.e., bilirubin monitoring,
scintigraphy, manometry, etc.) have been pro-
posed to overcome this limitation. Recently multi-
channel intraluminal impedance has been described

Fig. 10. Esophageal function catheter. Circumferential solid-
state pressure sensors located in LES high-pressure zone (P5)
and 5 cm above it (P4), unidirectional solid-state pressure sen-
sors located 10 cm (P3), 15 cm (P2) and 20 cm (P1) above LES.
Impedance measuring segments centered at 5 cm (Z4), 10 cm
(Z3), 15 cm (Z2) and 20 cm (Z1) above LES



134 Chapter 11

7.0 and non-acid if the intraesophageal pH dur-
ing an MII-detected reflux episode remains above
7.0.

as a new method in monitoring gastroesophageal
reflux.

Similar to combined MII-EM, multiple imped-
ance measuring segments can be mounted on 
a regular 2.1 mm pH catheter (Fig. 12) and 
gastroesophageal reflux monitored by combined 
multichannel intraluminal impedance and pH 
(MII-pH). Combined MII-pH represents a shift
in the GERD testing paradigm. Gastroesophageal
reflux episodes are detected by retrograde (i.e.,
distal to proximal) progressing declines in intralu-
minal impedance determined by the increased
conductivity of the liquid GER while the pH sen-
sor is simply used to categorize the reflux into acid
or non-acid. Traditionally, gastroesophageal reflux
with a pH above 4.0 is considered non-acid in or-
der to underscore the difference to the acid reflux
episodes detectable by conventional pH monitor-
ing (Fig. 13). In an attempt to comply to the
chemical definition of acid and non-acid a group
of leading esophageal experts have proposed sepa-
rating gastroesophageal reflux detected by MII
into acid, if the pH drops from above to below 
4.0, weakly acidic if the pH is between 4.0 and 

Fig. 11. Direction of intraluminal bolus move-
ment as detected by multichannel intraluminal
impedance. Drops in impedance starting proxi-
mally and moving distally are indicative of ante-
grade bolus movement as seen during swallowing
(a). Drops in impedance starting distally and 
moving proximally are indicative of retrograde
bolus movement as seen during reflux (b)

Fig. 12. Combined multichannel intraluminal impedance and
pH catheter
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Non-acid reflux is relatively infrequent in subjects
not taking acid suppressive therapy. In individuals
off acid suppressive therapy it occurs primarily in
the post prandial periods [41] and rarely at night.
On the other hand in individuals taking acid sup-
pressive therapy the medications primarily change
the composition of the gastroesophageal refluxate
without affecting the total number of GER episo-
des [42]. Since esophageal mucosal healing occurs
in up to 90% of patients taking potent acid sup-
pressive therapy the question of the clinical rele-
vance of non-acid reflux is appropriate. While
non-acid reflux may have a limited contribution
to esophageal structural lesions, it has a role in
causing persistent symptoms in patients on acid
suppressive therapy. In a large trial including over
5000 GERD patients once daily acid suppressive
therapy controlled the symptoms in only 60–65%
of patients [43] and non-acid reflux has been do-
cumented to be associated with esophageal symp-
toms [40].

Current clinical practice guidelines favor empiric
trials of PPI over pH testing to diagnose GERD.
Esophageal pH testing is then recommended pri-
marily in patients with persistent symptoms despite
acid suppressive therapy. In these circumstances the
decision to test the patient on or off therapy be-
comes difficult since, on one hand esophageal pH
testing is more accurate when performed off ther-

apy, but on the other hand esophageal pH testing
cannot exclude non-acid reflux in patients. In our
opinion combined MII-pH has the potential of
overcoming this impasse and we propose the algo-
rithm depicted in Fig. 14 in evaluating patients
with GERD symptoms.

Fig. 13. Gastroesophageal reflux detected by
combined MII-pH monitoring. Impedance-
detected reflux episodes during which the intra-
esophageal pH drops from above to below 
4.0 are considered acid (a) while impedance-
detected reflux episodes during which the 
intraesophageal pH remains above 4.0 are 
considered non-acid (b)

Fig. 14. Suggested diagnostic GERD algorithm
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Conclusions

Gastroesophageal reflux disease is a common condi-
tion encountered in clinical practice. Upper GI
endoscopy remains the best modality to diagnose
erosive esophagitis and Barrett’s esophagus but rec-
ognizing that GERD can be present in the absence
of esophageal lesions other techniques are employed
in documenting an abnormal amount of gastro-
esophageal reflux and the relation between reflux and
symptoms (Table 2). Esophageal manometry is an
important test in supporting the diagnosis in com-
plex GERD patients and can be used to clarify the
pathophysiologic mechanisms of GERD. The role of
manometry in evaluating patients prior to undergo-
ing antireflux surgery has been recently challenged
although combined multichannel intraluminal im-
pedance and manometry (MII-EM) may help refine
the diagnostic abilities to identify patients at risk of
developing post-fundoplication dysphagia.

Gastroesophageal reflux monitoring using pH
electrodes is an important tool in evaluating patients
with GERD symptoms not taking acid suppressive
therapy. Combined multichannel intraluminal im-
pedance and pH (MII-pH) may be the preferred
method to evaluate patients with persistent symp-
toms on acid suppressive therapy.
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Introduction

Gastro-esophageal reflux disease (GERD) has in-
creased substantially in the developed world over the
past 30 years [1]. Epidemiological data show a preva-
lence of heartburn at least once weekly of about 20%
[2]. GERD seriously affects quality of life. Variables
such as daily fitness, vitality, emotional control, and
quality of sleep are notably diminished compared
with the healthy population [3], [4].

The severity and frequency of symptoms correlates
not only with the presence and extent of organic
lesions. Some 50–60% of patients do not have visible
tissue changes on endoscopy [5], [6], which means
that they have endoscopically negative reflux disease
(NERD, stage 0, according to Savary and Miller). The
role of endoscopy is to help in staging the disease and,
quintessentially, in the early recognition of complica-
tions such as Barrett’s esophagus or adenocarcinoma,
which have become increasingly common in tandem
with the increase in reflux disease [7], [8].

The treatment of choice is acid suppression with a
medical drug, preferably with a proton pump inhibi-
tor. Some 90% of patients are completely complaint
free on such a regimen [9]. General measures such as
weight reduction, sleeping with a raised upper body,
and dietary changes have shown only marginal or no
effects in studies [10]–[13]. Even with long-term use,
the side effects of drug treatment are negligible rela-
tive to their usefulness [14].

For selected patients, an alternative to medical
drugs is surgical treatment, i.e., laparoscopic fundopli-
cation after Nissen or Toupet. The indications for sur-
gical anti-reflux treatment according to the European
Study Group for Antireflux-Surgery are the following:

- Persistent or recurring symptoms in spite of op-
timal drug treatment

- Persistent or recurring complications of the dis-
ease in spite of treatment

- Negative effects on quality of life because of de-
pendence on medical drug treatment or adverse
effects from the drugs

- Restricted quality of life and presence of a large,
symptomatic hiatus hernia (regurgitation, feeling
of pressure after meals).

The reported primary success rate of laparoscopic
fundoplication is 85–95% [16]. Thirty day mortality
is 0.0–0.6%. Typical complications, such as postop-
erative dysphagia, gas-bloating syndrome, and mete-
orismu have been reported in 25–30% of patients. In
the long term, up to 38% of patients will require
drug treatment with proton pump inhibitors because
of typical reflux symptoms [16]–[19].

The different methods of reflux therapy have to
be assessed against this background. Some proce-
dures have been approved by the regulators, and
some have already disappeared from the market. The
following overview presents the currently available
therapies and their published results.

Principles of endoscopic treatment methods

All endoscopic anti-reflux therapies aim at strengthen-
ing the lower esophageal sphincter. The three different
fundamental principles used to achieve this objective are:

(1) Suture techniques
Endoscopic gastroplasty (EndoCinch, BARD®,
USA)
Full-thickness plication (Plicator®, NDO-
Surgical, USA)

(2) Injection and implantation techniques
Injection of biopolymers (Enteryx®, Boston
Scientific, USA)
Implantation treatment (Gatekeeper®, Med-
tronic, USA)
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tions included a perforated stitch in one patient, which
could be managed conservatively. Reported complaints
after the treatment included pharyngitis in 31% patients,
stomach pains in 14%, chest pain in 16%, and vomiting
in 14%. The procedure had to be repeated in 11 patients
as one or several stitches had loosened (the authors gave
no details). The patients had been randomised into two
groups according to suture technique: in one group the
sutures followed a circular arrangement, in the other, a
linear one. Results between the two treatment arms did
not differ [21].

Because of the positive effect of the reflux symp-
toms the procedure gained FDA approval in the
United States after this study had been published.

Another study from 2001 is worth mentioning,
although it was reported only as an abstract on the
occasion of the DDW and was never published. The
study is a European multicentre study, which includ-
ed 142 patients. Inclusion and exclusion criteria are
not given but presumably do not differ much from
those of the US study. The mean observation time
after the procedure was only 12 weeks. A significant
reduction in the use of proton pump inhibitors was
observed, the DeMeester score dropped from a me-
dian of 5 to 1 (P � 0.05), and the pressure measured
in the lower esophageal sphincter rose from 5 mm Hg
to 8 mm Hg (P � 0.05). pH measurements showed a
reduction of acid exposure in the lower esophagus
from 8.5% to 3.7% (P � 0.05). Complications
included light bleeds in two cases, transient dysphagia
in three cases, sedation that had been too deep in one
case, and two perforations that necessitated surgical
fundoplication [22].

A study from 2003 reported 26 patients under-
going treatment, of whom 22 had a follow-up
examination after one year. Inclusion and exclusion
criteria were similar to the studies mentioned earlier.
The results after a year showed significant improve-
ment of the subjective variables such as heartburn
severity score (19.22 v 7.5, P � 0.0001) and regur-
gitation score (2.27 v 0.86, P � 0.001). The De-
Meester score was measured after three months and
showed a significant but slight improvement (44.1 �
4.3 v 33.32 � 4.73, P � 0.028). Use of proton
pump inhibitors had fallen by only 64% after 12
months. Complications after the treatment included
pharyngitis in 27% of patients, thoracic pain in 19%,
abdominal pain in 12%, and dysphagia, nausea, and

(3) Radiofrequency application (Stretta®, Curon
Medical, USA)

Endoscopic gastroplasty (EndoCinch®)

During endoscopic gastroplasty (ELGP), the esopha-
geal junction is being narrowed through the creation of
mucous pleats immediately below the lower esophageal
sphincter. The folds are being created with a special su-
turing device that is attached to a standard endoscope.
The technique is derived from the endoscopic suturing
method developed by Paul Swain [20]. A metal cap-
sule with a side opening is attached to the tip of the
endoscope and applies suction to the esophageal wall,
which is then sutures with a hollow needle, which is
handled via a manual grip attached to the endoscope.
The endoscope will have to be pulled out and reinsert-
ed several times for this, which is done via a tube that
has been put into position first, whose outer diameter is
19.7 mm. To achieve sufficient gathering and narrow-
ing of the esophageal junction, two or three mucous
folds will normally have to be created. The pleats are
either applied at the same level or at different levels
immediately on top of each other. The procedure is re-
versible, and the sutures can be removed at any time.
More than 5000 patients have so far been treated with
this procedure worldwide.

Studies
The first multicentre study from the United States in-
cluded 64 patients and was published in 2001.The study
included patients with at least three episodes of heart-
burn per week that required drug treatment and with
pathological reflux as proved by pH measurement. Ex-
clusion criteria were severe reflux esophagitis (grade 3 or
4), extreme obesity (BMI � 40, or a hiatus hernia with a
diameter of � 2 cm. After six months, 62% of patients
required no or only occasional (three times or less per
month) drug treatment. The reflux and heartburn se-
verity scores had improved significantly (1.81 � 0.8 v
0.61 � 0.6, P � 0.0001 and 62.7 � 18.6 v 17.0 �
20.2, P � 0.0001). The objective variables, however, had
improved much less markedly. Pressure measurement in
the lower esophagus showed no significant improve-
ment. The endoscopically determined stage of reflux
esophagitis was also unchanged; pH measurements
showed a significant but small reduction in reflux time
(9.6% � 6.8% v 8.5% � 8.3, P � 0.011). Complica-
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meteorism in 8% of patients each. Severe complica-
tions included a tear to the mucosa (without further
consequences) and two bleeds, one of which necessi-
tated blood transfusion [23].

Data about the long-term development after
treatment are available only in abstract form. A
Canadian study with a follow-up period of two years
reports treatment failure in 11 of 25 patients [24]. A
US study reached similar conclusions at two year fol-
low-up. Of 33 patients, only 25% were without acid
suppressing drugs, 28% were able to reduce the dose
by half. The remaining 47% had to start taking their
original medication again because the treatment had
been ineffective [25].

An interesting study comparing endoscopic gastro-
plasty and laparoscopic fundoplication was published
in early 2004. Eighty seven patients with typical reflux
disease were divided into two non-randomized groups:
one (n � 47) was treated by intraluminal gastroplica-
tion and the other (n � 40) by laparoscopic fundopli-
cation. Measurements before the procedure (duration
and severity of symptoms, DeMeester score) were the
same in both groups. In 10 patients of the groups trea-
ted by endoscopy the procedure had to be stopped for
various reasons (hypoxia, bleeding, vomiting, delayed
emptying of the stomach). Five of these patients then
underwent laparoscopic fundoplication. At the follow-
up examination after seven or eight months, 32% of
patients who had had endoscopy treatment were taking
acid suppressing drugs, compared with 13% in the
group treated by laparoscopy. In the endoscopy group,
66% of patients expressed satisfaction with their treat-
ment, compared with 93% in the laparoscopy group.
The authors conclude that laparoscopic fundoplication
is superior to endoscopic gastroplasty [26].

Endoscopic reflux therapy is now also used in
children and adolescents. A study from December
2004 reports results in 17 patients aged between 6
and 16 years. Inclusion criteria were dependency on
proton pump inhibitors for at least 12 months or
treatment failure of drugs. Three plicatures each
were positioned with the EndoCinch procedure im-
mediately below the lower esophageal sphincter. The
treatment had to be repeated in three patients be-
cause the effects were not strong enough. Complica-
tions included a self limiting bleed. After a median
follow-up period of 23 month, 14 of 17 patients
were free of medication. pH measurements in 14 of

16 patients were normal immediately after treatment
and in six out of nine patients after one year. The
authors conclude that the method is safe and effec-
tive to use in children and adolescents [27].

Full-thickness plication (Plicator®)

Endoscopic full-thickness plication is the most recent
treatment procedure. In contrast to ELGP, the entire
gastric wall from the cardia to the serosa is gripped
with an endoscopic tissue retractor and a double,
transmural stitch is placed. The suturing device is in-
serted into the stomach with the endoscope, which is
used to supervise the procedure, in a 60F tube. In in-
version, the gastric wall is being gripped 1–2 cm
below the esophageal junction, and retracted into the
suturing device with a special corkscrew shaped re-
tractor. A transmural plicature is then applied.

Studies
In a first feasibility study that was published in 2002,
the system was tested on an animal model and used
without complications. The expected effect on the
gastro-esophageal reflux dependent in the pressure in
the stomach could be demonstrated. All plicatures
were unchanged and in place after 12 weeks, without
any complication such as ischaemia or ulceration
[28]. The same study group reported first experiences
with seven patients in 2003. Six of these had been
treated successfully, but the procedure had to be
stopped in one patient because of problems with
sedation. Inclusion criteria were reflux symptoms for
at least six months, pathological pH values, and an at
least partial response to treatment with proton pump
inhibitors. Exclusion criteria were more severe
esophagitis and a hiatus hernia � 2 cm. After 2
months, five patients were re-examined, the sixth
patient underwent laparoscopic fundoplication after
six months because his symptoms had deteriorated.
After 12 months, the clinical scores were significantly
improved (HRQL and SF-36). Three of five patients
did not need any more antisecretory medication. The
others were able to reduce their drug dosage notably.
The study protocol did not include systematic pH
measurements, but according to the authors this had
not improved markedly after treatment. Endocopic
controls after three and six months confirmed that
the plicatures were intact in all patients [29].
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The first multicentre Plicator study was published in
2004. The exclusion and inclusion criteria were the
same as above. Sixty four patients had treatment; the
mean duration of treatment was 17.2 minutes. Com-
plications included pharyngitis in 41% of patients,
thoracic pain in 17%, other abdominal pain in 17%,
hiccups in 14%, dysphagia in 11%, and vomiting in
6%. Six serious complications were reported: in two
patients, acute dyspnoea occurred after the tube had
been inserted so that the treatment had to be stopped
and later performed under full intubation anaesthesia.
One patient developed pneumothorax and one pneu-
moperitoneum. Perforation could be excluded in both
cases; the plicature was removed in one of the pa-
tients. Both recovered without the need for further
interventions. Perforation of the stomach occurred in
one patients, but this was managed successfully with
endo-clips. Six months after treatment, 74% of
patients were without acid suppressing treatment,
the clinical score (GERD-HRQL, P � 0.001) had
improved significantly, pH measurements had also
improved (P � 0.008), and in 30% of patients, pH
measurements had normalised [30].

Injection of biopolymers (Enteryx®)

The principle underlying this procedure is that of
strengthening the lower esophageal sphincter by inject-
ing an inert biopolymer into the musculature of the
esophageo-cardial junction. The substance used for 
this purpose (Enteryx®) is well known in medicine. It is
used in neurosurgery and conventional radiology to
embolise blood vessels. A bio-polymer (ethylene-vinyl-
alcohol), the substance is chemically inert and biologi-
cally non-degradable and has no antigenic properties.
After being injected into the tissue the liquid substance
assumes a sponge-like, elastic consistency. It has to be
used in a special solution (dimethyl sulphide) and can
then be injected through the endoscope with a needle
into the wall of the esophageo-cardial junction. The in-
jection is monitored on X ray. In the ideal scenario the
polymer will form a ring around the injection site. As
the polymer enters in the esophageal wall it cannot be
removed; the procedure is thus not reversible. Fundopli-
cation at a later stage is not affected, however.

A first animal experiment about the injection of a
polymer into the cardia to increase sphincter pressure
was published in 2002. In 12 minipigs, 1–1.5 ml poly-

mer was injected into three or four sites circumferenti-
ally into the cardial area. The stomach pressure needed
for esophageal reflux increased significantly six weeks
after the injection. At necropsy, the implant was found
unchanged in the cardia only when the injection had
been strictly intramuscular. After submucosal injec-
tion, the polymer could not be located in most cases
[31]. In 2002, a pilot study was published that repor-
ted the results in 15 patients. These patients had been
treated in two centres, in Brussels and Rom. The in-
jection succeeded in 10 of 15 cases and the polymer
dispersed under radiological control in a ring shape in
the cardial muscles. In the remaining five patients the
polymer was not optimally distributed. At a median
follow-up of six months, reflux symptoms had fallen
significantly (heartburn score 4.3 � 0.13 v 1.9 � .26,
P � 0.01). Eleven patients were not treated with
drugs at this point in time. More than 50% of the
injected polymer was detectable in only nine of 15 pa-
tients. Among the 10 patients with optimum distribu-
tion of the polymer at injection, more than 50% was
visible in eight [32].

The six month and 12 month results of an inter-
national multicentre study with 85 patients were
published in 2003. Treatment was given on an out-
patient basis and patients were discharged two-four
hours after the procedure. The mean treatment time
was 33.8 � 10 minutes. Side effects in 84% of pa-
tients included slight to medium grade retrosternal
pain for up to a week. Twelve per cent had a slight
fever for one to three days. Treatment had to be re-
peated after one to three months in 22% of patients
because it was insufficiently effective. After six and
12 months, 81 patients were re-examined. After six
months, 74% of patients were not taking proton
pump inhibitors and after 12 months, 70.4%. The
proportion of patients who could reduce their pro-
ton pump inhibitor dosage by more than 50% was
9.8% after six and 12 months. Radiological identifi-
cation of the implant showed a loss in volume to ab-
out 75% of the original quantity after three months,
after which the polymer did not incur further losses.
The authors explain this with quantities of polymer
that were injected submucosally and had dispersed.
The polymer in the muscle layer seems to be stable
[33], [34].

Exact injection of Enteryx® into the cardial mus-
cle is not always possible, as two case studies from



Günter E and Ell Ch 143

2004 show. One reports a para-esophageal abscess
after injection [25], and the other describes the ana-
tomical situation in four patients after unsuccessful
injection of Enteryx® and subsequent laparoscopic
fundoplication. In three patients, the polymer was
found intraoperatively, in a para-esophageal position
and had fibrosed [36].

Hydrogel implantation (Gatekeeper®)

Implantation therapy is similar to injection in that is
aims at narrowing the esophageo-cardial junction.
By strengthening the wall around the lower esopha-
geal sphincter. The Gatekeeper® reflux repair system
uses several prostheses, 20 mm in length and
1.5 mm in thickness, made from dehydrated hydro-
gel based on polyacrylonitril, which are inserted into
the submucosal layer. They absorb moisture and ex-
pand within 24 hours to reach a thickness of 5–
6 mm. Up to eight prostheses can be implanted in
one session. This is done through a tube that has a
chamber at its distal end and is sucked into the eso-
phageal mucosa. A needle is inserted along the inner
wall of the tube and used to inject 3–6 ml salt solu-
tion into the submucosa fixated in the chamber. The
implant is then inserted via the same canal. The pro-
cedure is performed under endoscopic supervision.
For this purpose, a normal gastroscope is pushed
through to the tube’s distal end.

A first pilot study included 10 patients and was
published merely in abstract form in 2002. This
study reports significant improvements in reflux
symptoms; seven patients were able to reduce or
even cease acid suppressing drugs [37]. In the me-
antime, the initial results from a European multi-
centre study were published in 2004. This included
68 patients with typical reflux symptoms who re-
sponded to treatment with proton pump inhibitors.
Pathological pH measurements had to be available
over 24 hours. Patients with a hiatus hernia larger
than 3 cm or high higher-grade esophagitis were
excluded. In one patient, insertion of the tube re-
sulted in perforation of the pharynx, which was
managed conservatively; 67 patients were treated
and followed up. Altogether, 77 procedures were
performed and the implants were placed correctly
in 93.1%. One patient had recurrent vomiting and
the implants had to be removed three weeks after

the procedure. Sixty six patients were followed up,
12 of whom were lost to follow-up. After six
months, only 54 patients were available for re-
examination. Clinical scores had improved signifi-
cantly (GERD-HRQL 24.0 v 5.0, SF-36 43.4 v
52.4; P � 0.05). Fifty three per cent of patients did
not need proton pump inhibitors after six months,
and 16% took these only as needed. pH measure-
ments had improved significantly (pH � 4 from
9.1% to 6.1%, P � 0.05). Of the implanted poly-
mer prostheses, in 35.2% of patients all implants
were in situ, in 22.2% of patients 75–99%, in
29.6% of patients 50–75%, and in 11.1% of pa-
tients fewer than 50%.

Radio frequency application (Stretta®)

Radio frequency application/ablation in the esopha-
geo-cardial junction heats the muscle layer in a cir-
cumscribed area and results in tissue restructuring
and remodelling, with the aim of strengthening the
lower esophageal sphincter. Simultaneously, vagal
nerve fibres are ablated locally, which reduces tran-
sient sphincter relaxation, a crucial pathogenetic fac-
tor in lighter reflux disease [39].

The procedure is performed via a special catheter
system, consisting of a balloon with four steel needle
electrodes that are placed radially at 90% angles ab-
ove the balloon. The needles are inserted into pro-
tective sheaths, which additionally include a water
cooling facility for each position of a needle. The
temperature is measured at the tip of the pin and
also at its base, and the treatment is monitored con-
tinually. The catheter has a diameter of only 20F.
After the level of the Z-line (mucosal junction) has
been endoscopically determined and a guiding wire
has been placed, the system is inserted via the wire.
The needle electrodes are then deployed in several
locations according to a set algorithm. Typically, 12
positions above and below the Z line and in the car-
dial area are being treated for about 90 seconds, and
56 lesions are applied. The mucosa is being irrigated
with water at the basis of the needle during the 
entire procedure, and the water is suctioned off
through an opening at the tip of the catheter. The
whole procedure takes 45–60 minutes. Some 3500
patients worldwide have been treated with this
method, most of those in the United States.
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questionnaire was administered by the treating doc-
tor to the patient. Improved reflux symptoms within
the first two months were reported by 68.7% of pa-
tients; 14.6% reported an improvement after two to
six months, and 8.1% after six months. Before treat-
ment, 50% complained of symptoms in spite of
taking acid suppressing drugs; this fell to 10% after
treatment. The patients categorised the severity of
their reflux symptoms as medium to severe in 73.7%;
this fell to 23.0% after treatment. Patients were able
to reduce their use of proton pump inhibitors signifi-
cantly or step down to less strong drugs, such as H2

receptor blockers or antacid drugs [43].
An interesting study was published in 2003. This

study compared the effectiveness of the Stretta tre-
atment with a sham treatment. During the sham
treatment, the Stretta catheter was inserted and the
balloon blown up, but the radiofrequency needles
were not deployed. Results were compared after six
months. Patients whom had initially received the
sham treatment only were then able to choose active
treatment. Initially, 35 patients had received active
treatment and 29 the sham treatment. After six
months the scores in the groups receiving active tre-
atment were significantly better than those in the
sham treatment group (reflux: P � 0.05; quality of
life: 0.03%). The need for medication was the same
in both groups; as was the median acid exposure of
the distal esophagus as determined by pH measure-
ment. Only subgroup analysis of patients with
clinical improvement after active therapy showed a
significant fall in acid exposure compared with the
baseline value (P � 0.01) [44].

Conclusion and evaluation

Although gastro-esophageal reflux disease present a
multifactorial and complex pathology, treatment with
drugs has become simple, effective, and successful
since the proton pump inhibitors were introduced.
Only a minority of patients taking a high-dose regi-
men still complains about symptoms or has to switch
to other, less effective drugs because of adverse effects
associated with the proton pump inhibitors. The re-
commendation for these patients is usually surgical
therapy, namely laparoscopic fundoplication. In addi-
tion, a particular group of patients may seek an alter-

Studies
The developers of the Stretta® system convincingly
showed the feasibility and effectiveness of the proce-
dure in a first animal experimental study in 2000, as
measured in the increased pressure in the lower eso-
phageal sphincter nine weeks after treatment [40].
In 2001, the initial results of a US multicentre study
were published. The study included 47 patients with
typical reflux symptoms, who responded at least par-
tially to acid suppressing treatment and had a patho-
logical pH measurement over 24 hours. Ninety per
cent of patients had no hiatus hernia and the remai-
ning 10% an axial hernia with a diameter of less
than 2 cm. Forty seven per cent of patients had no
esophagitis at endoscopy, only 23% and 21% had re-
flux esophagitis of grade I or II, respectively. After
six months, clinical scores showed highly significant
improvement (median heartburn score 4 v 1, P �
0.0001, HERD score 26 v 7, P � 0.0001; physical
SF-36 41.1 v 51.9, P � 0.0001). pH measurements
were also significantly improved (P � 0.0001).
Manometry did not find a significant increase of
pressure in the lower esophageal sphincter. Light to
medium grade esophagitis was found at endoscopy
in only eight patients (17%; P � 0.005). Eighty sev-
en of the patients were able to stop taking proton
pump inhibitors. Only three self limiting complica-
tions occurred (slight fever, odynophagia, and injury
to the mucosa) [41]. Because of these favourable
data, the procedure gained FDA approval in the
United States in 2000.

The 12 month results of a US multicentre study of
118 patients were published in 2002. The results in
essence confirmed those already described from the
20021 publication. In addition to a highly significant
improvement in the clinical scores, pH measurement
had also improved significantly. Only 30% of patients
had to continue taking a proton pump inhibitor, com-
pared with 88.1% before treatment. 75% of patients
had no hiatus hernia, and 70% had no esophagitis at
endoscopy. Ten slight and self limiting complications
were reported (slight fever, thoracic pain, dysphagia,
hypotension, and a localised allergic reaction to local
anaesthesia) [42].

A retrospective analysis of patients treated with
Stretta®, which was published in 2002, follows 558
patients who had been treated in 33 institutions.
Median follow-up was eight months. A standardised
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native to a permanent drug regimen if they tolerate
the proton pump inhibitors well.

Endoscopic reflux procedures offer an attractive al-
ternative.Their advantages are obvious: they can be per-
formed an outpatient basis and under sedation. Some of
the procedures are reversible. In case of treatment fail-
ure, laparoscopic fundoplication is possible without
presenting problems, despite previous treatment. Even
multiple procedures are possible. However, in spite of
this, endoscopic treatment should be recommended
cautiously and under several provisos. Only patients
who have typical reflux symptoms that respond to pro-
ton pump inhibitors and no (or only a small) hiatus her-
nia should have endoscopic treatment. The sparse data
assessing the success rates of the individual procedures
were collected on such patients. Whether patients with
larger hiatus hernias and/or volume reflux might benefit
from endoscopic treatment remains unknown. It is also
unknown whether complications of reflux disease, such
as Barrett’s esophagus or adenocarcinoma, are influen-
ced by endoscopy treatment.

Sufficient data are available only for two endo-
scopic procedures-gastroplasty (EndoCinch®) and
radiofrequency ablation (Stretta®). Both therapies
have been approved in the United States in 2000,
and several thousand patients per treatment have
been treated. About two-thirds of patients can ex-
pect a successful outcome, although this applies only
to reflux symptoms. An improvement of the objec-
tive variables, such as acid load of the distal esopha-
gus or esophagitis cannot be expected. Long-term
data are not available. Initial observations imply that
the effect of these treatments wear off over the 
years – similar to laparoscopic fundoplication – and
that drug treatment will become necessary, albeit
possible at reduced dosages [19], [25].
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Chapter 13

Introduction

It is an understandable request of gastroenterologists
and surgeons in clinical practice to have a precise list
of indications for antireflux surgery. This is rather
difficult because it is in contrast to the multifactorial
aspects that should be summarized in such a list of
indications in order to respond to the different
needs in a differentiated therapeutic spectrum to in-
dividualize antireflux therapy. Currently there is a
remarkable number of randomized trials available
focusing on technical aspects of antireflux surgery
[1]–[5]. However, there is very little evidence based
information to justify certain factors for the indica-
tion of antireflux surgery. This chapter reflects all
the different aspects which are part of the manage-
ment of gastroesophageal reflux disease and play a
role in the indication for surgery.

The following factors are major issues in the di-
scussion about the indication for laparoscopic anti-
reflux surgery:

(1) a precise definition of the disease,
(2) the therapeutic aim of medical and surgical

therapy,
(3) the analysis of results of different therapeutic

strategies in order to identify patient subgroups
which would benefit more from one or the
other therapeutic regiment,

(4) a risk analysis and
(5) cost-benefit-considerations.

With the advent of minimal access technique antire-
flux surgery has boomed in the past ten years. In
most western countries, where the disease is more
prevalent, the number of antireflux operations have
more than tripled compared to the time before the
introduction of minimal access techniques [6]–[9].
This has happened in a time, when the most potent
antisecretory drugs were on the market, which stim-

ulates the controversal discussion between gastro-
enterologists and surgeons regarding the indication
for surgery [10], [11]. In several consensus projects
in the past ten years indication for surgery has been
more or less addressed but no widely accepted rules
exist [12]–[14]. Therefore it is necessary to address
this issue with a thorough analysis.

Definition of the disease

If an indication for surgery is established, one needs
to base this on validated criteria. Most important are
criteria for the presence of the disease. However, a
general validated definition of GERD does not exist.
The disease can be defined by different components
and it all depends on the evaluation methods that
are used to detect disease. In general, gastroespha-
geal reflux disease could be defined as the process, in
which an abnormal amount of gastric contents or an
abnormal composition of a normal amount of gas-
tric fluid is moving back into the esophageal lumen
[15], [16]. This contact can cause symptoms and/or
erosions of the esophageal mucosa. The disease is
clinically present, when there is a risk for complica-
tions by excessive reflux and/or a significant impact
on health-related well-being because of the patients
reflux-related symptoms [14]. The process of reflux
and its damage is more complex and multifactorial
determined and even a complicated monitoring sys-
tem such as 24-hour-pH-monitoring, bilirubin-
monitoring and/or aspiration-analysis would still
have its limitations in determining the precise bor-
derline between normal and abnormal [17]–[19]. In
addition little is known about the ability of the
esophageal mucosa to resist this abnormal exposure
to toxic agents and little is known if a given patient
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on surgical therapy of the disease, in the majority of
the studies the presence of symptoms and esophagi-
tis were used. Only in about one third of the studies,
positive pH-monitoring as a more specific tool to
verify pathologic esophageal acid exposure was ap-
plicated for the definition. Only a few studies have
relied on symptoms only, since symptoms can be an
unreliable guide for the presence of gastroesophageal
reflux disease [45].

On the other hand it must be emphasized that the
presence of typical symptoms such as heartburn and
acid or fluid regurgitation has been shown to be a
very specific symptom with a positive predictive value
for therapeutic success [46]. The authors of this study
have shown that a good result of laparoscopic antire-
flux surgery is more probable in patients with preop-
erative presence of typical symptoms of reflux such as

has a low or a high threshold of sensitivity to deve-
lop symptoms. As a consequence, it is impossible
especially with limited economic resources to diag-
nose and classify every patient in detail regarding all
the above mentioned criteria. Instead, diagnostic
work-up must be minimized to a few most useful
and reasonable investigations in order to establish
the decision for surgery.

In order to obtain more information about the
definition of gastroesophageal reflux disease used in
clinical practice, the definitions of the disease used
in randomized trials for antireflux therapy were
analysed. It is surprising what a variety of definitions
for the disease have been used by several authors
performing randomized trials in the past decades.
Table 1 demonstrates the difference in these defini-
tions [20]–[44]. In 25 randomized trials, focusing

Table 1. Application of different criteria for definition of GERD in randomized trials

Author year Comparison Criteria for presence of GERD

DeMeester (1974) Nissen vs Belsey vs Hill symptoms, pH, endoscopy
Behar (1975) Angelchick vs surgery symptoms
Stuart (1989) Nissen vs Angelchick pH, symptoms, endo, mano
Thor (1989) Nissen vs Toupet symptoms, endo, mano
Kmiot (1991) Nissen vs Angelchick symptoms, pH, mano, endo � x-ray
Lundell (1991) Toupet vs Nissen symptoms, endoscopy, pH
Spechler (1992) H2 blocker vs Nissen symptoms, pH, mano, endo � x-ray
Eyre-Brook (1993) Nissen vs Angelchick symptoms, endoscopy, x-ray
Janssen (1993) Nissen vs . . . cardio . . . symptoms, endoscopy, pH
Hill (1994) Nissen vs Angelchick symptoms
Ortiz (1996) H2 blocker vs Nissen (Barrett) Barrett, pH
Lundell (1996) Nissen vs Toupet symptoms
Rydberg (1997) Nissen vs Toupet symptoms, mano, endo, pH
Watson (1997) lap. Nissen vs lap. Nissen . . . short gastrics manometry, endoscopy (selective pH)
Laws (1997) lap. Nissen vs lap.Toupet endo, mano, pH, x-ray
Anderson (1998) lap. nissen vs lap. anterior fundoplication endoscopy, pH, manometry
Lundell (1998) Omeprazol vs surgery symptoms, endoscopy
Rydberg (1999) Nissen vs Toupet (tailored) symptoms, endo, mano
Watson (1999) lap. Nissen vs lap. anterior symptoms, endoscopy, manometry (pat. selective)
Luostarinen (1999) Nissen vs Nissen . . . symptoms, endoscopy, pH
Csendes (2000) Nissen vs Hill symptoms, mano, pH, endo
Nilsson (2000) lap. Nissen vs open Nissen endoscopy, pH
Bais (2000) lap. Nissen vs open Nissen symptoms, endoscopy, pH
Lundell (2001, continued) Omeprazol vs surgery symptoms, endoscopy
Luostarinen (2001) lap. AF vs open AF endoscopy, pH
Spechler (2001, continued) H2 blocker vs Nissen symptoms, pH, mano, endo, x-ray
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heartburn and regurgitation, a preoperative positive
test in 24-hour-esophageal-pH-monitoring showing
a pathologic acid exposure in the esophagus and a po-
sitive response to proton-pump-inhibitors, indicating
that medical acid reduction will also reduce at least to
some of the heartburn of the patient.

Regarding the diagnostic requirements, pH-
monitoring and endoscopy are necessary for the ob-
jective documentation of the disease [12], [13], [45].
With manometry other esophageal functional
disorders can be excluded, which potentially cause a
postoperative failure, especially spastic disorders
[12], [13], [47]. Since a weak lower esophageal
sphincter has been shown to be a prognostic bad
sign regarding the future prognosis of GERD, one
could use this criterium for the indication [48]. In
addition, selection of patients with preoperative nor-
mal lower esophageal sphincter parameters can be
indicative for worse postoperative results [49]. How-
ever, several studies have shown, that its predictive
value for the postoperative results remains contro-
versial and is therefore not recommended by gas-
troenterologists [50], [51].

Currently gastroesophageal reflux diease has been
redefined in three subgroups [14], [48]. These sub-
groups are nonerosive reflux disease, erosive reflux
disease and Barrett’s esophagus. This is a reasonable
separation. However, it must be kept in mind that
there is some overlapping especially between pa-
tients with Barrett’s esophagus and erosive gastro-
esophageal reflux disease, since it has been shown
that this overlapping is present in at least 30% of the
Barrett’s patients in several series [16], [19].

This classification of reflux patients is very im-
portant because it reflects an increasing severity of
the disease and this should be especially kept in
mind by surgeons when discussing indication for a
patient [13], [47]. There should be a general trend
to operate severe cases of gastroesophageal reflux
disease with a reduced quality of life because for
most patients with a mild or moderate expression of
the disease, proton-pump-inhibitors are well suffi-
cient for symptom control.

For several years Barrett’s esophagus has been
one of the main focuses within the complex of gas-
troesophageal reflux disease due to its association
with the adenocarcinoma of the cardia and the
esophagus [19], [52]–[55]. Some authors have pro-

posed Barrett’s esophagus as a clear indication for
surgery independent from reflux disease in order to
prevent the development of adenocarcinoma [56].
From publications of recent years, it can be deducted
that neither proton-pump-inhibitor therapy nor
antireflux surgery can guarantee the prevention of
the progression towards cancer [57]. In a recent
meta-analysis it has been shown that the probability
of developing cancer after antireflux surgery is not
significant different from proton-pump-inhibitor
therapy. Therefore, it must be stated that Barrett’s
esophagus alone is not an indication for antireflux
surgery. However, many patients with severe reflux
disease also suffer from Barrett’s esophagus [16],
[19], [58]. The severity of the underlying reflux dis-
ease is a leading criteria for the establishment of an
indication for antireflux surgery. Gastroenterologists
have used the arguement against fundoplication
since it would be less favorable to perform endo-
scopic controlls in Barrett’s patients after a fundopli-
cation. This argument is not valid, since experienced
endoscopists have no problem to visualize the distal
esophageal area and the gastroesophageal junction
after a fundoplication.

Therapeutic aims

Currently there is even a controversal discussion
between gastroenterologists and surgeons regarding
the therapeutic aims in controling gastroesophageal
reflux. Two decades ago the undoubtable aim of the
therapy for the management was the healing of
esophagitis, the removal of symptoms ant the remo-
val and/or prevention of complications of the disease
[15]. The presence of severe esophagitis was for
many surgeons an indication for surgery. Today
many gastroenterologists are convinced that the only
criteria for therapeutic success is the removal of
symptoms, may it occur with healing of esophagitis
or not [14]. In surgical literature, both removal of
symptoms and healing of esophagitis is necessary to
determine a successful surgical therapy [12], [13]. In
some papers even the documentation of a negative
24-hour-esophageal-pH-monitoring is used as
definitive criteria for success.

This discussion is important in the controversy
about the indication for laparoscopic antireflux surgery,
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the patients in the surgical group were taking pro-
ton-pump-inhibitors. The authors concluded that
the indication for surgery to exclude the necessity of
long-term medication would be no longer valid. The
results of this study were discussed very controver-
sally since the spectrum of the patients treated in
this trial was not representative for the average re-
flux patients in western countries.

In a Scandinavian randomized trial, comparing
medical versus surgical therapy, the measurement of
success was time interval until a failure occured, in
which the failure was defined as severe heartburn and
regurgitation and/or esophagitis grade 2 as well as
severe dysphagia and odynophagia [42]. The results
of this trial showed, that if dosage of proton-pump-
inhibitor Omeprazol is not restricted, there was no
significant difference in failure rate between the anti-
reflux surgery and Omeprazol. Recently the authors
have presented seven year follow-up data, indicating
that after seven years the slight advantage of the ope-
rative versus Omeprazol treatment has reached the
level of significance.

So far, there is no randomized trial available
comparing laparoscopic antireflux surgery with pro-
ton-pump-inhibitors. From the randomized trials,
where laparoscopic antireflux surgery is involved, the
results show much more favorable results regarding
reflux recurrence than the above mentioned study
with a recurrence rate of 30%. Table 2 demonstrates
these results [59]–[61]. It can be summarized, that
the failure rate is at approximately around 15% after
three to five years if the operation is performed in
centers that are able to do studies. It must be also
emphasized that in none of these series regarding
randomized studies patients died from laparoscopic
antireflux surgery while in greater prospective or re-
trospective series the mortality was approximately
0,2 to 0,6%.

Considering the prognosis of the disease, it has
been shown that the severity of the disease is ac-
companied with a higher incidence of complications
[62]. It has also been proven that the presence of
mechanical incompetence of the sphincter is associ-
ated with a worse prognosis of the reflux disease
over the years [48]. Severity of the disease, mechani-
cal incompetence of the lower esophageal sphincter
as well as the presence of a hiatal hernia are factors
which can aggravate the disease and therefore are

since many gastroenterologists have the opinion that
there is hardly any indication for antireflux surgery be-
cause after antireflux surgery patients still need in a
high percentage proton-pump-inhibitor therapy [44].
This question will be addressed in detail further below.

In summary, for the establishment of the indica-
tion of a surgical procedure, gastroenterologists and
surgeons should use more than one criteria for the
definition and the verification of gastroesophageal
reflux disease. In several consensus projects, it was
documented that endoscopic signs of esophagitis
should have been documented at present or in the
past at least once. In addition, a positive 24-hour-
pH-monitoring together with typical symptoms of
the disease such as heartburn and/or regurgitation
are important criteria for the presence of disease,
which are needed for indication.

Analysis of results of laparoscopic 
antireflux surgery, identification 
of subgroups with therapeutic benefit

Failure to medical therapy was used as indication for
some time. Today, this approach regarding the relation
between therapeutic success and indication needs more
differentiation. There has always been an attempt to
identify certain subgroups of patients with gastro-
esophageal reflux disease, who especially benefit from
surgery compared to prolonged conservative therapy.

There are only two relevant randomized trials
comparing operative versus medical therapy [25],
[42], [44]. Both trials compared the open technique
in antireflux surgery to medical therapy. The first
trial was performed in the late 1980ies comparing
Nissen open fundoplication versus medical therapy
with antacids in H2-blocker [25]. The results of this
trial have shown an advantage for the Nissen fundo-
plication evaluating a clinical score as well as reduc-
tion in the presence of esophagitis after one year and
the mean of the percentage of esophageal acid expo-
sure after one year. Ten years later, in which many
patients had switched towards a proton-pump-
inhibitor treatment, these patients were re-evaluated
and did not show any significant difference when
comparing surgical patients without drugs and the
medical group patients under proton-pump-inhibi-
tor treatment [44]. However approximately 30% of
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considered to be criteria which encourage the indi-
cation for surgery [12], [13], [47], [63], [64].

Risk analysis

It must be emphasized that antireflux surgery is usu-
ally a choice for elective surgery after well prepared
diagnostic work-up in order to verify the criteria for
indication of surgery. A risk analysis of the general
condition of the patient should be added especially
in patients with concomitant disease or in the el-
derly. There is recent evidence that patients with
concomitant disease and patients older than 70 years
face a higher risk of probability of fatal outcome.
Therefore, the decision for surgery should be well
adjusted according to a previous risk analysis based
on the evaluation of the associated factors [65].

Cost benefit considerations

If one of the possible therapies would have a substantial
better cost-benefit-ratio, this would have an influence
on indication for surgery. In the past ten years several
cost benefit analyses have been published, comparing
medical and surgical therapy [66]–[68]. These analyses
are usually based on the economic systems of the differ-
ent countries where the studies were performed. The

results vary dramatically with a break even point, where
costs of conservative therapy match with surgical ther-
apy between two years and ten years. Only one study
was based on a randomized trial in Scandinavia [68]. In
this analysis, there were even differencies between the
four different Scandinavian countries in costs for surgi-
cal and medical therapy. In three of these countries sur-
gical therapy was remarkably more expensive over three
year follow-up basis compared to medical therapy. In
one country these data were comparable. As a conse-
quence with decreasing expenses for medical therapy
because of the use of generic proton-pump-inhibitors
and possible increasing cost for disposable instruments
in laparoscopic surgery it seems to be difficult to use
cost benefit analyses as an argument for the indication
of laparoscopic surgery.

In countries where the economic advantage of short
reconvalescence resulting in a short hospital stay and
early return to work pays off regarding health insur-
ance, laparoscopic surgery indeed could be advantage-
ous. But this waits to be proven in large series.

Synapsis of factors for the indication 
of surgery

From all data available it must be concluded that
gastroesophageal reflux disease can be treated suffi-
ciently both by proton-pump-inhibitors and by anti-

Table 2. Randomized trials comparing open versus laparoscopic antireflux surgery

Author recruitment Random-group Morbidity N (%) Patient Reflux Dysphagia N (%)
follow-up recurrence

N (%)

Laine Open 55 7 (13) 30 (12mo) 3 (10) 4 (13)
(1992–95) Lap 55 3 (8) 18 (12mo) 0 0
Heikkinen Open 20 5 (25) 19 (24mo) 2 (11) 11 (58)
(1995–96) Lap 22 3 (14) 19 (24mo) 0 9 (48)
Bais Open 46 8 (17) 46 (3mo) 1 (2) 0
(1997–98) Lap 57 5 (9) 57 (3mo) 2 (4) 7 (12)
Luostarinen Open 15 0 13 (17mo) 0 6 (46)
(1994–95) Lap 13 1 (8) 13 (17mo) 0 4 (31)
Chrysos Open 50 38 (76) 50 (12mo) 1 (2) 2 (4)
(1993–98) Lap 56 12 (21) 56 (12mo) 2 (4) 2 (4)
Nilsson Open 30 0 23 (60mo) 4 (17) 5 (22)
(1995–97) Lap 30 0 17 (60mo) 2 (12) 7 (41)



154 Chapter 13

(2) Persistent or recurrent complications despite
adequate proton-pump-inhibitor therapy such
as persistent esophagitis, chronic ulceration
and strictures.

(3) Side effects of medication despite changing
medication with adequate dosage resulting in
reduced quality of life due to symptoms.

(4) Anatomical changes such as large hiatal her-
nias, completely incompetent lower esophageal
sphincter, massive combined acid and duode-
nogastroesophageal reflux.

A questionable indication is a patient with unwillin-
gness to accept a long-term medication despite the
fact that the adequate proton-pump-inhibitor ther-
apy is successfull and reduces symptoms.

In summary, indication for antireflux surgery
should be based on several facts such as the objecti-
fied presence of the disease by sufficient diagnostic
testing, the presence of symptoms to satisfy the pa-
tients after surgery with the relief of symptoms, the
sufficient and adequate medical treatment prior to
surgery in order to ensure that all conservative at-
tempts have been fulfilled, which usually increases
the patient`s motivation for surgery. Prior to surgery,
a risk analysis should be performed especially in pa-
tients with concomitant disease and those patients
above 70 years of age. In addition, it must be em-
phasized that psychologic influences are possible on
the patient’s clinical presentations of symptoms on
esophagus and stomach and could overlap the clini-
cal picture. If there is any doubt concerning this
matter, psychologic evaluation is important.
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Chapter 14

The surgical treatment of GERD is based on the con-
cept of the bathing of the esophageal epithelium with
gastric acid. This understanding is the culmination of
both studies of anatomy, physiology, and pathology
and radiography of the esophagus, and the clinical ex-
perience of treating patients. Each of these disciplines
was an incomplete chapter awaiting the development
of new technologies. A retrospective review of this
progress is helpful in understanding the present state
of the surgical treatment of GERD.

The understanding of the function of the esoph-
agus from ancient times is evident from the con-
struction of the word from the Greek as “oisophagos”
(from “oisein” � carry and “phagema” � food). In
Old English and Old French the Latin gula for
throat became gullet and that word has been used
interchangeably in the old medical literature [1].
The Oxford English Dictionary records the earliest
English usage of Ysophagus as 1398 and in a 1541
surgical treatise by Guydon, he states “the Meri
called Ysophagus is ye way of the mete and this
Meri commeth out of the throte and thyrtem the
mydryfe unto ye bely or stomacke.” The English
continue to use oesophagus, probably to acknowl-
edge the Greek origin of the word.

The oldest medical treatise to mention the gullet is
the Edwin Smith Papyrus. This papyrus, one of the
four principal medical papyri, deals almost exclusively
with wounds or surgical conditions. Edwin Smith, an
American Egyptologist, discovered this papyrus at
Thebes in 1862. It was translated by Henry Breasted
in 1930 and contains 48 surgical case histories classi-
fied by the organs affected and is organized from
cephalad to caudad [2]. The papyrus ends abruptly at
case 48 at the level of the chest. All the cases follow a
formula where the “Title” names the condition, “The
Examination” describes the findings, followed by the
“Diagnosis”. All the cases are classified as an “illness

which I will treat, contend or not contend”, i.e., cur-
able, possibly curable or incurable.

Case 28 has the title “Instructions concerning a
wound in his throat”. The examination states “If thou
examinest a man having a gaping wound of the throat,
piercing through his gullet; if he drinks water he
chokes and it comes out of the mouth of the wound; it
is greatly inflamed, so that he develops fever from it;
thou should draw together that wound with stitching.”
Under diagnosis, “Thou should say concerning him
‘One having a wound in his throat, piercing throu to
his gullet. An ailment with which I will contend.”’
This last statement indicated that it was a possibly cu-
rable condition.

Although the physicians of antiquity such as Galen
and Aulus Cornelius Celsus must have known some-
thing of the anatomy and the pathology of the esopha-
gus, nothing is reported until the publication of the
dissections of Andreus Vesalius. Vesalius of Brussels
studied at Paris but was unsatisfied with his education
and immigrated to Padua. A year after his arrival he
was appointed Professor of Anatomy at Padua in 1542
at age 28. Woodblocks of his anatomical dissections
were made by Jan Stephen Calcar, a countryman of
Vesalius and a pupil of Titian. Although the blocks
were carved in Italy, they were sent to Basel to be
printed in 1543 by Johannes Oporinus [3]. The book
was entitled De Humani Corporis Fabrica (Libri
Septum) or the “structure of the human body in seven
books.” In the fifth book (Tabulae Libri Quinti: Organis
Nutrioni Quae Cibo Potugu Fit . . .) “Concerning the
Organs Which Minister to Nutrition by Food and
Drink,” both the anterior aspect of the entire stomach
and esophagus together with the veins arteries and
nerves inserted into the stomach, and the posterior
aspect of the stomach and esophagus are illustrated [4].

Another 150 years passed before Anton Maria
Valsalva published his treatise De Aure Humana
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day. I opened the belly and could not find the stom-
ach. This made me marvel greatly, thinking it a
monstrous thing to be without a stomach. Then I
considered diligently and realized that it must have
entered the thorax even though the wound in the di-
aphragm was no larger than enough to admit the
thumb. On opening the thorax I found the stomach
filled with air and containing little fluid.”

The second case described an artillery captain
who was shot through the chest, the wound healed
externally but he continued to have a stomach disor-
der, “like a sort of colic so he could eat only sparin-
gly. Eight months later he developed a severe colic
like pain in the epigastrium . . . and died.” At
autopsy “in the thorax was found a large part of the
colon, filled with air; it had entered through a hole
only large enough to admit the tip of the little fin-
ger, made through the diaphragm by the wound.”

When Giovanni Battista Morgagni was almost
eighty years old he published a book “De sedibus, et causis
morborum per anatomen indagatis” (The Origins and
Causes of Disease Anatomically Investigated) in which
he recorded the findings of 700 autopsies and linked
them to the complaints of the patients and the symp-
toms of their diseases [11]. This marked the advent of
anatomic pathology as a separate medical discipline.
Morgagni described Pare’s case of the mason with the
diaphragmatic hernia as well as other’s dissections. In
Letter LIV Article 13, he first described a paraesopha-
geal hernia. “But in the case of Schoberus we are not
wanting in these particulars, as, without any wound, a
very vehement cardialgia came on in the morning, at
the break of day; attended by very frequent vomiting of
an incredible amount of blackish matter, and straining
to vomit, so that the young man died on the following
night: and within his thorax was found, together with
the omentum, and intestine duodenum . . . the stomach
so distended with that matter, and with flatus, as to
compress into a very narrow compass the heart and
lungs; having been admitted into that cavity by the
same foramen through which the gula is brought down,
this foramen being greatly dilated and deprived of its
tone.” These were considered pathologic curiosities ob-
served at autopsy and no connection was made between
the presence of a hernia and the possibility of acid reflux
and/or esophageal disease.

Esophageal hiatus hernia was uncommonly de-
scribed before the advent of radiographic techniques.

Tractatus, “Treatise on the Human Ear” in 1704 to
describe the upper esophageal sphincter. In this
book he described a new description of the soft
palate and musculature of the pharynx. He was the
first to delineate the cricopharyngeus muscle as a
discrete muscle separated by the constrictors of the
pharynx and lacking a median raphe [5].

The lower esophageal sphincter has been de-
scribed as a ring of muscular fibers which act as a
valve. This has been called the cardiac sphincter
because of its proximity to the heart which lies just
across the thickness of the diaphragm. A fold in the
lining of the esophagus over the cardiac sphincter is
sometimes called Braune’s valvule, after Christian
Braune, a professor of surgery and anatomy at Leip-
zig who described it in 1875 [6].

In the age of GERD, the anatomical controversies
have mostly involved the distal esophagus. Some ques-
tions are the presence or absence of a sphincter, the
exact location of the esophago-gastric junction, and 
the structure of the phreno- esophageal membrane.
Friedland, a radiologist, has researched these areas by
reviewing the original sources [7]. Thomas Willis in
the late 1600’s described the sling fibers of the stomach
which cause a notch between the left lower esophagus
and the stomach and in 1903 Wilhelm His, embryolo-
gist and professor of anatomy at Leipzig, called it the
incisura cardiaca. In 1906, DJ Cunningham began
calling it the angle of His. (The “bundle of His” in the
heart was discovered by Wilhelm His Junior while a
medical student.) [8]. The phrenoesophageal mem-
brane attaches the esophagus to the diaphragm and
was originally described by Galen. The British surgeon
Allison emphasized the role of this membrane in
preventing the formation of a hiatus hernia. In 1973,
Eliska described four types of phreno- esophageal
membrane classified by age into the fetal type, the
juvenile type, the old age type and the transitional type.
These different types are produced by the loss of elastic
tissue and fatty infiltration of the membranes which
allows for the development of a hiatus hernia [9].

Although, Ambroise Pare’ has been attributed as
the first to describe a diaphragmatic hernia, his de-
scription was not of a hiatus hernia, but of two trau-
matic hernias of the diagram both discovered at
autopsy [10]. The first case was that of a mason
“who was wounded in the middle of the diaphragm
in its nervous part, of which he died on the third
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One reason was that the classic autopsy technique
was to divide the esophagus just above the diaphragm
and remove it along with the heart and lungs, thus
losing its connections to the abdominal segment and
with the stomach. Another was that at autopsy the
muscles were relaxed and intra-abdominal pressure
diminished and therefore the condition would be
overlooked. It required the development of contrast
radiography in the first decade of the twentieth
century to identify hiatus hernia. This required exam-
ination in the recumbent and sometimes in the
Trendelenburg position to demonstrate the condition.
Once the study was standardized the relative frequent
occurrence of hiatus hernia was recognized.

Although neither curiosity about or understand-
ing of GERD were in evidence during the 1800’s,
there was in 1853 by Bowditch perhaps the first
identification of what we now call hiatal hernia [12].
Bowditch reviewed the extant literature on both hia-
tal hernia and other types of diaphragmatic hernias
and as well reported his observations and descrip-
tions of his anatomic findings with these entities as
encountered during performance of autopsies. Again,
however, there was no attempt to connect these ana-
tomic findings with the presence of either anatomic
disease such as esophagitis or with premortem symp-
toms of esophageal disease.

There is no evidence that there was any connection
made in the medical community between any type of
post prandial symptoms to either the phenomenon of
gastroesophageal reflux disease (GERD) or to hiatal
hernia prior to the 19th century. In fact, in retrospect
it is hard to imagine any physician having the acuity to
connect gastric acid to esophageal disease or symp-
tomatology prior to Beaumont’s demonstration of the
digestive and corrosive capability of gastric contents in
1833 [13]. Although, there is no evidence directly
linking Beaumont’s observations to subsequent under-
standing of acid reflux and its sequelae it seems likely
that this evidence of the injurious efficacy of gastric
contents would have informed subsequent specula-
tions about the pathophysiology of esophageal injury
and/or related symptoms.

In 1925, Friedenwald and Feldman did describe
the typical symptoms of GERD, especially heart-
burn. They edged closer than their predecessors to
recognizing the entity of GERD when they related
these symptoms to the presence of an anatomic hia-

tal hernia. However, they stopped short of defini-
tively associating the symptoms with the possibility
of gastric acid reflux [14]. A year later, in 1926,
Robbins and Jankelson actually demonstrated gas-
troesophageal reflux by radiographic techniques and
observed that this produced epigastric and/or sub-
sternal discomfort in 90% of patients in which reflux
occurred [14]. The stage was now set as the occur-
rence of reflux of gastric contents into the esophagus
was documented and its association with symptoms
demonstrated. This understanding could be linked
to earlier observations as regards esophagitis and
hiatal hernia.

In February 1929, Chevalier Jackson reported on
“Peptic Ulcer of the Esophagus” and gave the inci-
dence as eighty-eight out of more than 4000 cases of
esophageal disease in 42 years of his experience and
in speculating on the etiology included “retrograde
flow of gastric juice” as a possible cause [15].

At the 85th Annual Session of the American
Medical Association in Cleveland in June of 1934
Asher Winkelstein (1893–1972) presented a paper
entitled “Peptic esophagitis: A new clinical entity.”
Dr. Winkelstein was the chief of Gastroenterology
at Mount Sinai Hospital in New York and subse-
quently his paper was published in the Journal of the
American Medical Association in March of 1935.
Dr. Winkelstein’s report consisted of five cases with
biopsy proven esophagitis. Dr. Chevalier Jackson in
discussing the paper remarked that “the chief reason,
I think, why so little has been heard of peptic
esophagitis is that so few esophagoscopies are done
in patients with gastric symptoms” [16].

The ease of studying the distal esophagus and up-
per gastrointestinal tract was markedly advanced by
the invention by Basil Hirschowitz of the fiberoptic
endoscope. At the 1957 meeting of the American
Gastroenterointestinal Endoscopy Society, the presi-
dent of that society relinquished his presidential ad-
dress so that Dr. Hirschowitz could present his first
studies [9].

In 1906, perhaps the first true identification of
GERD occurred. Tileston in 1906 collected and
reported on 44 patients found to have pathologic
esophagitis at the time of autopsy [17]. He went so far
as to speculate that insufficiency of the cardia or the
gastroesophageal junction would be a prerequisite to
development of esophagitis. He did not however, use
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anatomic esophagitis, this is a clear and unequivocal
description of the pathophysiology of GERD. How-
ever, without the ability to distinguish hiatal hernia
from intrinsic gastroesophageal incompetence as the
important surgical consideration, Allison under-
standably focused on the hiatal hernia and the anat-
omy of hernia repair. The operation he performed
was to reunite the two halves of the crus of the right
diaphragm and to reattach the phreno- esophageal
membrane to the undersurface of the diaphragm.
Although this operation successfully repaired the
esophageal sliding hernia, it did not prevent acid re-
flux. Consequently, while he made major contribu-
tions to the understanding of pathophysiology and
began to address the challenge of surgical repair, his
operation was not a successful one as patients retain-
ed their reflux symptoms despite surgical elimina-
tion of their hiatal hernia.

The next stage in the evolution of surgical correc-
tion of reflux esophagitis took two separate paths- one
of serendipity and the other of trial and error and
scientific study over a long period of time. Ronald
Belsey began his series of observations at the Frenchay
Hospital in Bristol. His examination of the seated,
sedated patient with a rigid esophagoscope led him to
observe a gaping cardia with gastric contents rising
into the esophagus with deep inspiration. This obser-
vation of the gaping cardia suggested the operative goal
of fixing the gastroesophageal junction 2–3 cm below
the diaphragm. His Mark-I operation was essentially
the same as the Allison approach. The Mark-II and
Mark-III procedures were various degrees of fundopli-
cation. These first 3 types of operations took place be-
tween 1949 and 1955 and about a third of the patients
had poor results. He modified his operation based on
long term outcomes and this experience culminated
with the Mark-IV. This operation was based on his in-
tuitive concepts derived from his personal experience.
The operation was based on his belief in the impor-
tance of establishing an intra-abdominal segment of
esophagus and creating a flap valve anti-reflux mecha-
nism at the restored gastroesophageal junction and was
performed through the left chest with a 270 degree
fundoplication fixed to the undersurface of the dia-
phragm. Belsey’s long term cumulative results were
published after 20 years with over 1000 patients being
treated and showed a better than 85% success rate [21].
It is remarkable to note that these results were obtained

the expression reflux or clearly attempt to connect this
pathologic finding to premortem symptoms.

Although progress was made during the latter half
of the 20th century in first identifying and subse-
quently elucidating the pathophysiology and patho-
genesis of GERD, as recently as 1913 a review of one
of the leading medical texts of the day, Garrison’s An
Introduction to the History of Medicine [18] failed to re-
veal any mention in either the text or index of any of
the following terms: heartburn, gastroesophageal re-
flux, reflux, or hiatal hernia. This suggests that well
into the 20th century there was no understanding of
or even speculation about the possibility of acid reflux
into the esophagus as a disease entity.

At about this same time, surgeons began to be-
come at least indirectly involved in this area through
interest in and repair of hiatal hernia. For example,
though apparently not reported until Soutter in 1947
when he published the first review of the Massachu-
setts General Hospital cumulative surgical experience
with hiatal hernia, the first elective repair of a hiatal
hernia was performed at Massachusetts General
Hospital in 1920 [13]. These operations were hernia
repairs; justification for them was, as for any hernia,
the perceived risks of incarceration and strangulation.
GERD was not a consideration. In other words,
operations for the repair of diaphragmatic hernia were
based on anatomic rather than physiologic principles.
Similarly, in 1928 Harrington reported 51 cases of
diaphragmatic hernia seen at the Mayo Clinic since
1908, 27 of which were repaired surgically [19]. These
two reports initiated and incited surgical interest in
diaphragmatic hernias.

In the 1940’s and 1950’s, the contributions of
Philip Allison in Great Britain were of major im-
portance in furthering the understanding of the
pathophysiology of GERD and hiatal hernia as well
as the pursuit of their surgical treatment. His semi-
nal report in 1951 was entitled “Reflux Esophagitis,
Sliding Hiatal Hernia and the Anatomy of Re-
pair” [20]. This article begins with a classic descrip-
tion of a 59 year old woman with heartburn and
regurgitation. The second paragraph begins with the
statement, “The symptoms are those of esophagitis
from the reflux of gastric contents into the esopha-
gus, due to incompetence of the gastroesophageal
junction.” With the minor cavil that we now are well
aware that symptoms can occur with reflux without
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on astute observations long before the availability of
manometry, pH studies and flexible endoscopy. This
landmark publication made several important contri-
butions. Based upon the reported experience with
1,030 patients, the pathophysiology of GERD was dis-
cussed and analyzed. This report is important for em-
phasizing the conversion of surgical thinking from a
focus on anatomy to an appreciation of physiology.
Grades of esophagitis were defined and correlated with
clinical outcomes, showing for the first time that the
more diseased the esophagus the worse the surgical re-
sults and the more likely the need for reoperation. The
evolution of the indications for operation was discussed
and criticized, identifying the need to properly select
patients to obtain satisfactory outcomes. Finally, the re-
sults of what Belsey termed his Mark-IV procedure
were provided. This discussion emphasized the evolu-
tion of the operative technique based on careful follow-
up of patients undergoing earlier modifications of the
operation and of the delay in reporting on this opera-
tion until genuine long term follow-up, allowing cer-
tainty about long term results, had been obtained.

The serendipity path fell to Rudolph Nissen
(1896–1981). Nissen was born in Niesse, Prussia,
served and was wounded in WWI and was trained
in medicine in a number of German universities. He
was trained in Surgery by Ferdinand Sauerbruch in
Munich and in Berlin. Sauerbruch was a protégé of
Mickulcz who encouraged his work in chest surgery
by the use of a pressure chamber until endotracheal
anesthesia was developed. As a result Nissen was a
competent thoracic surgeon who performed the first
pneumonectomy. He resigned his position at the
Charite in 1933 under pressure from the National
Socialist Party. At about this time Ataturk was engi-
neering a cultural revolution in Turkey and Sauer-
bruch arranged his appointment as Chief and
Professor of Surgery at the University of Istanbul. In
1936 he was presented with a 28 year old male who
had a distal esophageal ulcer penetrating into the
pericardium. Nissen resected this area and reanasta-
mosed the esophagus to the stomach using a Witzel
tunneling technique. Fearing an anastomotic leak,
he folded the anterior wall of the stomach over the
gastroesophagel anastomosis as a fundoplication. He
had the opportunity to follow up this patient and
specifically noted the absence of esophagitis. During
WW II Nissen was in Boston as a research fellow

under Churchill and in Brooklyn Jewish Hospital as
chief of surgery and after the war was offered the
position of Professor and Chair of Surgery in Basle,
Switzerland. It was in December 1955 that he en-
countered a 49 year old female patient with a 3 year
history of reflux esophagitis without a hiatal hernia.
Based on his previous experience, using a transab-
dominal approach he mobilized the distal esophagus
and wrapped the distal 6 cm of it with the gastric
fundus (he called it a gastroplication) [22].

Although the operation proved to be effective,
there were a number of complications including
postoperative dysphagia, disruption of the wrap, in-
ability to belch (“gas bloat syndrome”) and gastric
motility problems. As a result a number of modifica-
tions have been proposed. The Rosetti-Nissen fun-
doplication uses the anterior wall for the total wrap.
In 1977, Donahue and Bombeck emphasized the
“short floppy cuff ” [23]. This modification proposed
complete mobilization of the fundus and GE junc-
tion, a wrap of short length and preservation of the
vagus nerves. This reduced the incidence of dyspha-
gia and gas bloat symptoms. Partial fundoplication
wraps placed either anterior or posterior to the gas-
troesophageal junction, have been described such as
the crurally fixed partial fundoplication of Toupet.
There is also an anterior 180 degree fundoplication
developed by Dor. A fundoplication described by
Watson consists of full mobilization of the lower
esophagus and gastroesophageal junction, crural re-
pair, fixation of the esophagus to the crura and an
anterior 180 degree Dor-type fundoplication. While
retaining the eponym, both Nissen and other sur-
geons have modified his original operation to its
present form. The hiatus is closed. A relatively short,
no more than a three cm. wrap, of posterior to
anterior fundus around the distal esophagus is con-
structed by passing the posterior fundus behind the
esophagus and the suturing it to the anterior fundus.

The technique and application of both these
operations have evolved over time. While the Belsey
procedure is quite effective it is only occasionally
performed at present because of the need for a pain-
ful thoracotomy. The Nissen procedure has achieved
widespread utilization because it can be performed
from either the abdomen or the chest, with good re-
sults, and can be accomplished laparoscopically, thus
sparing the patient even a laparotomy.
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tigations are the descendants of earlier studies such
as the Bernstein test, Skinner’s Standard Acid Re-
flux Test, esophageal manometry and esophageal pH
monitoring [25]. The current ability to detect and
quantitate not only acid reflux, but also bile reflux,
non specific liquid reflux and gas reflux have opened
new doors into the understanding of esophageal
function and dysfunction and will be effecting medi-
cal and surgical therapy in profound ways in subse-
quent years.
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Introduction

Antireflux surgery was originally developed as an
open operation. With the advent of laparoscopic
cholestectomy, fundoplications have been modified to
the laparoscopic approach. There have been at least 
11 non-randomized comparisons and 6 randomized
clinical trials comparing laparoscopic and open anti-
reflux surgery. Overall, these studies have shown that
symptomatic relief is similar between these ap-
proaches. Short-term quality of life appears superior
for the laparoscopic approach. However, the laparos-
copic approach may also have a slightly higher com-
plication and side effect rate. Nevertheless, patient
satisfaction appears dependent of symptomatic relief,
not the type of approach. Therefore, type of approach
should be determined by patient and surgeon factors,
not dogmatically applied to all patients.

Rudolph Nissen published in 1956 the landmark
article pertaining to the fundoplication which now
bears his name [1]. Since that time the Nissen fun-
doplication has become the standard by which all
other anti-reflux operations are compared. Most va-
riations of anti-reflux operations have some compo-
nent of either a partial or complete fundoplication.
Up until recently, the two main approaches have
been the trans-abdominal approach, through some
type of laparotomy, or a trans-thoracic approach,
through a left posterior lateral thoracotomy. 1991
ushered in a new era of anti-reflux surgery with the
first Nissen fundoplication performed through a lap-
aroscopic approach [2]. Although the laparoscopic
fundoplication has rightfully taken its place as a
standard of care for gastroesophageal reflux disease,
the open approach is still a valuable alternative to
the minimally invasive approach. The purpose of
this chapter will be to review the comparative data
pertaining to laparoscopic and open anti-reflux sur-

gery, and to make recommendations with respect to
these approaches.

Indications for antireflux surgery

Although other chapters in this book will deal with the
evaluation and treatment planning of patients with
gastroesophageal reflux disease, review of acceptable
indications for anti-reflex surgery is still warranted.
Patients with both typical and atypical symptoms of
gastroesophageal reflux disease are amendable to both
the laparoscopic and open approach. The minimum
requirements to determine the suitably of patients for
surgery include a complete history and physical exami-
nation to rule out other potential causes for symptoms
(e.g., cardiac or respiratory causes), upper endoscopy
primarily to rule out other sources of pathology (e.g.,
esophageal cancer), esophageal manometry primarily
to rule out other esophageal motility disorders, and 24
hour pH-monitoring to establish the presence of
pathologic reflux and symptoms index. On a selective
basis, upper gastrointestinal contrast radiography and
gastric emptying scintography can be used to evaluate
for potential structural abnormalities, like paraesopha-
geal hernia, or gastroparesis, especially if symptoms of
bloating exist. Once the decision has been made to
proceed with anti-reflux surgery, the surgeon must
choose the approach best suited for the patient.

The majority of patients are good candidates for
a laparoscopic fundoplication, and this would be the
first choice of most surgeons experienced in this
technique. The only areas where an open approach
would be considered preferable by some authorities
to the laparoscopic approach include patient prefer-
ence, prior abdominal surgeries where extensive
intra-abdominal adhesions would be expected, large
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lower esophageal sphincter length and prevalence of
incomplete relaxation were also higher in the laparo-
scopic group. Hospital stay was less in the laparoscopic
group. Nevertheless these physiologic differences did

paraesophageal hernias, extensive esophageal fore-
shortening mandating a thoracic approach although
the Belsey fundoplication can be done thoracoscepi-
cally, or redo fundoplication. This being said, there
are many surgeons who would feel perfectly com-
fortable proceeding with a laparoscopic approach
despite the limitations listed above. However, it is
imperative that the first choice for the patient be
based on the safety and effectiveness of the tech-
nique in the surgeon’s hands.

I will not go into detail as to the operative tech-
niques as these are reviewed in other chapters.

Comparison of laparoscopic and open 
fundoplication

As with other laparoscopic operations, it has gener-
ally been assumed that patients undergoing laparo-
scopic fundoplication will have less pain and a faster
return to normal activities. Initially there has been
some question about whether a laparoscopic fundo-
plication would be as effective as the open fundopli-
cation in the treatment of gastroesophageal reflux
disease. Therefore studies comparing the two have
focused on several points. These include symptom-
atic relief, complications, post-operative side effects,
costs, durability of symptom relief, short and long-
term quality of life.

Table 1 [3]–[13] lists studies comparing the lapa-
roscopic to the open approach in a non-randomized
fashion. Some of these studies are retrospective,
others are prospective. Table 2 [14]–[22] lists the six
studies in which report randomized prospective
comparisons of the laparoscopic to the open ap-
proach. In addition, Catarci et al [23], have done a
very interesting evidenced based appraisal of anti-
reflux operations reviewing in a strict manner the
available data pertaining to anti-reflux surgery.

Peters et al [3], in 1995 compared 34 patients who
underwent laparoscopic fundoplication compared to 47
who underwent open fundoplication. There was a sim-
ilar outcome with respect to symptomatic improve-
ment. They found that 84% of patients in both groups
were “cured” or improved. However, 87% of the laparo-
scopic group was satisfied with surgery, compared to
95% of open patients. Lower esophageal sphincter
pressure was higher in the laparoscopic group
(20.9 mm Hg vs. 12.1 in the open group). In addition

Table 2. Randomized comparisons

Study/ Year Open LAP Follow up
reference operations operations

Laine [12] 1997 55 55 12 months

Heikkinen 1999 20 22 24 months
[15], [16] 2000

Bias [1], [17] 2000 46 57 3 months

Nilsson 2000 30 30 6 months
[18]–[20] 2001

2002

Luostarinen 2001 15 13 17 months
[21]

Chrysos [22] 2002 50 56 12 months

Table 1. Non-randomized comparisons

Study/ Year Open oper- LAP oper- Follow-up
reference ations (n) ations (n)

Peters [3] 1995 47 34 7 months
(lap)
52 months
(open)

Low [4] 1995 25 5 Not 
specified

Rattner [5] 1995 12 74 12 months
Blomquist 1996 25 25
[6]
Blomquist 1996 28 28 N/A
[8]
Eshraghi 1998 114 157 23 months
[7]
Velanovich 1999 20 60 1.5 months
[9]
Rantanen 1999a 27 30
[10]
Rantanen 1999b 1162 3993 N/A
[11]
Streets [12] 2002 33 72 25 months

(lap)
31 months
(open)

Stewart 2004
[13]
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not seem to translate into higher postoperative side
effects. Rattner and Brooks [5] in 1995 also reported
similar levels of patient satisfaction, with equal occur-
rences of the post-operative symptoms of bloating,
dysphasia and recurrent heartburn. However, these
authors report that patients undergoing laparoscopic
fundoplication returned to work sooner than open pa-
tients, and overall monetary charges were less for the
laparoscopic group. Interestingly, correction of preop-
erative symptoms and lack of postoperative side effects
were more accurate predictors of satisfaction then sur-
gical approach. Eshraghi et al [7], reported similar
intra-operative complications between laparoscopic
and open anti-reflux procedures at 8%. These compli-
cations included splenctomy, esophageal or gastric
perforation, hemorrhage, and pneumothorax. Postop-
erative complications however were higher in the open
group only in the frequency of dehiscence and ventral
hernia. Follow up symptoms were similar between the
open and laparoscopic group with 67% of open pa-
tients and 64% of laparoscopic patients completely
asymptomatic. Dysphagia, recurrent reflux, nausea,
pain and gas bloat occurred in less than 7% in both
groups. Using a generic quality life instrument, the 
SF-36, as well as symptom severity instrument, the
GERD-HRQL, I showed in a nonrandomized but
prospective, fashion that the symptom improvement
was comparable in both the laparoscopic and the open
anti-reflux surgery patients [9]. In the laparoscopic
group, the total GERD-HRQL score (best score 0,
worst score 50) improved form 27 to 2, while in the
open group, it improve from 27 to 1. However, the lap-
aroscopic group had better postoperative scores in the
SF-36 domains of physical functioning 80 vs. 67.5
(best score 100, worst score 0) and bodily pain 64 vs.
51.5 [7]. Similarly, Rantanen et al [10] showed similar
functional outcomes between the laparoscopic and the
open fundoplication groups. They found no difference
in persistent dysphagia, symptoms relief, bloating, and
flatulence, although a higher percentage of patients re-
ported normal belching after the open fundoplication.
However, the same group in a population based study
in Finland, showed that more life threatening compli-
cations occurred in the laparoscopic group compared to
the open group. The patients who underwent laparo-
scopic fundoplication had an overall incident of 1.3%
of life threatening complications, compared to the
0.6% prevalence in open surgery. The laparoscopic

group also had higher incidents of nonfatal life threat-
ening complications 1.2% vs. 0.3% in the open group. A
complete cost analysis taking into account direct medi-
cal cost and indirect social cost of laparoscopic and
open fundoplication was done by Blomquist et al [8] in
Sweden. They found that the laparoscopic approach
was more cost effective, with less sick leave (9.9 days vs.
29.9 days), less direct medical cost (27,693 SEK vs.
37,482 SEK) and less in direct medical cost (12,595
SEK vs. 37,126 SEK). Therefore, in summary these
studies show that laparoscopic fundoplication has simi-
lar symptoms response rates better early quality of life
and overall less cost at the expense of a slightly higher
complication rates and postoperative side effects.

In reviewing the data in the randomized trials,
most trails had relatively short follow-up between 6–
24 months, and comparatively few patients with a
total of 187 patients randomized to the open group
and 188 patients randomized to the laparoscopic
over the six studies (Table 2). This probably speaks
to the difficulty in conducting randomized trails in
this setting. In these trials the symptomatic recur-
rence rates varied from 0–10% with an average of
3.7% in the open group and 2.1% in the laparoscop-
ic group. Dysphagia varied from 0–58%, with an
average of 15% in the open group compared to 19%
in the laparoscopic group. Bloating was similar in
both groups at around 20%. However 2.6% of pa-
tients required re-operation in the laparoscopic
group compared to 0.5% in the open group. Hospi-
tal stay generally favored the laparoscopic group, but
by only 2 days. Average sick leave generally favored
the laparoscopic group, but this was still quite vari-
able. Importantly, there was quite a bit of variation
in operative technique, including performing a hiatal
repair, use of an esophageal dilator and division of
the short gastric vessels. It remains unclear whether
these variations lead to differences in outcome.

Overall, the outcomes of laparoscopic versus
open fundoplication are similar. Symptomatic relief
is similar, post-operative complications overall are
similar [24]. Population based studies, however, do
suggest that there is a slightly higher incident of life
threatening complication in laparoscopic group.
However, quality of life, at least in the short term, ap-
pears to favor the laparoscopic approach. However,
it should be noted that patient satisfaction is overall
mostly related to symptomatic improvement rather



170 Chapter 15

[8] Blomquist AM, Lonroth H, Dalenback J, Lundell L
(1998) Laparoscopic or open fundoplication? A com-
plete cost analysis. Surg Endosc 12: 1209–1212

[9] Velanovich V (1999) Comparison of symptomatic and
quality of life outcomes of laparoscopic versus open
anti-reflux surgery. Surgery 126: 782–789

[10] Rantanen TK, Salo JA, Salminen JT, Kellokumper H (1999)
Functional outcome after laparoscopic or open Nissen fun-
doplication: a follow-up study. Arch Surg 134: 240–244

[11] Rantanen TK, Salo JA, Sipponen JT (1999) Fatal and
life-threatening complications in antireflux surgery:
analysis of 5,502 operations. Br J Surg 86: 1573–1577

[12] Streats CG, Demeester SR, DeMeester TR et al (2002)
Excellent quality of life after Nissen fundoplication de-
pends on successful elimination of reflux symptoms and
not invasiveness of the surgical approach. Ann Thorac
Surg 74: 1019–1025

[13] Steward GD, Watson AJ, Lamb PJ et al (2004) Com-
parison of three different procedures for antireflux sur-
gery. Br J Surg 91: 724–729

[14] Laine S, Rantala A, Gullisch R et al (1997) Laparo-
scopic vs. conventional Nissen fundoplication. A pro-
spective randomized trail. Surg Endosc 11: 441–444

[15] Heikkinen TJ, Hakipuro K, Kovukangus P et al (1999)
Comparison of cost between laparoscopic and open
Nissen fundoplication: a prospective randomized trail
with 3-month follow-up. J Am Coll Surg 199: 368–376

[16] Heikkinen T, Hakipuro K, Bringman S et al (2000)
Comparison of laparoscopic and open Nissen fundopli-
cation of 2 years after operation. A prospective ran-
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trail. Lancet 355: 170–174

[18] Nilsson G, Larsson S, Johnsson F (2000) Randomized
clinical trail of laparoscopic versus open fundoplication:
blind evaluation of recovery and discharge period. Br J
Surg 87: 873–878

[19] Werner J, Nilsson G, Oberg S et al (2001) Short-term
outcome after laparoscopic and open 360� fundoplica-
tion. A prospective randomized clinical trial. Surg
Endosc 15: 1124–1128

[20] Nilsson G, Larsson S, Johnsson F (2002) Randomized
clinical trail of laparoscopic versus open fundoplication:
evaluation of psychological well-being and changes in
everyday life from a patient perspective. Scond J Gas-
troenterol 37: 385–391

[21] Luostorinen M, Virtanen J, Matikainen M et al (2001)
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than to the operative approach [5], [12]. However, it
appears that the quality of life advantage of the lapa-
roscopic approach fades with time. Once a year
passes quality of life scores using the SF-36 instru-
ment are similar between patients undergoing lapa-
roscopic and open fundoplication [25]. Therefore,
the true advantage of the laparoscopic approach is in
earlier recovery, less early pain, and foster return to
physical functioning.

In conclusion, laparoscopic anti-reflux surgery
has become a mainstay in the surgical treatment of
gastroesophageal reflux disease. Symptomatic relief
appears to be as good with both the laparoscopic
and open approach. Short term quality of life with
respect to functional recovery is superior in the lapa-
roscopic group, however this does wan with time, as
patients in the laparoscopic and open group after a
year or two post-operatively appear to have similar
levels of quality of life. Therefore because one
approach is not decidedly superior over another ap-
proach in the long term, choice of procedures should
be individualized as per the patients needs.
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Introduction

The idea of fundoplication to prevent gastroesopha-
geal reflux was born in 1937 in Istanbul, when
Rudolf Nissen performed a transpleural cardia resec-
tion and protected the anastomosis within a gastric
fold. The first fundoplication without resection was
performed in 1955, with a short publication appear-
ing in 1956 [1].

Nissen’s technique initially consisted of the invag-
ination of the esophagus into a sleeve of the gastric
wall obtained from the upper portion of the stom-
ach. (Fig. 1). The gastrosplenic vessels and the dia-
phragmatic hiatus were untouched. The functional
importance of the vagus trunks were ignored and
neglected: many branches were transected, although
without dramatic consequences.

Together with the development of modern tools
to study the physiology of the foregut and review of
the experience, adaptations were made to the origi-
nal technique.

Marco Rossetti, coworker of Rudolf Nissen, was
at the origin of these adaptations. His technique, the
anterior wall technique, is still widely applied. The

important technical changes included a more exten-
sive mobilization of the posterior wall of the stom-
ach from the left crus and diaphragm and use of the
anterior wall of the fundus to create the total wrap.
In this technique, the detachment of the fundus
from the crus and diaphragm enables a complete
loose wrap without the need for division of the short
gastric vessels [2].

The most commonly performed total wrap nowa-
days was introduced by Donahue and Bombeck in
1977 and validated by DeMeester in 1986. The tech-
nique involves full mobilization of the gastroesopha-
geal junction and posterior fundus with division of the
upper short gastric vessels and a crural repair [3]–[5].
Over the years, the length of the wrap has been re-
duced to the current 2.0 cm. This operation is com-
monly referred to as the short floppy Nissen.

Surgical technique

The short floppy Nissen

Technique
The operation is performed under general anesthesia
with endotracheal intubation; the patient is placed in
the lithotomy position. The surgeon stands between
the legs of the patient with, at his right, the surgical
assistant and on his left, the scrub nurse, or another
assistant.

Pneumoperitoneum is established in normal fash-
ion, with usual precautions. A maximal intraperi-
toneal pressure of 14 mmHG is allowed.

The table is maintained in a steep, head-up posi-
tion: gravity displaces the abdominal viscera from
the subdiaphragmatic area.

The first trocar, 10 mm caliber, is placed in the
supra-umbilical midline, at the junction of the upper

Fig. 1. Original Nissen’s fundoplication (Reprint from Gastro
esophageal reflux disease: back to surgery? Büchler, Farth-
mann (eds) Karger 1997)
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The GE junction is place under traction using a gra-
sping forceps from the left lateral port. The lesser
omentum is divided, beginnig above the hepatic
branch of the vagus nerve to the level of the right
crus (Fig. 3).

The phreno-esophageal membrane is then divid-
ed in a transverse direction, on the anterior aspect of
the hiatal orifice. Then, along the inner side of the
right crus, the right esophageal wall is freed by dis-
secting the cleavage plane (Fig. 4 ). This dissection is
carried out using ultrasonic scissors. Attention is
turned next to the left anterolateral aspect of the
esophagus: at its lefts border, the left crus is identi-
fied. The clivage plane between it and the left aspect
of the esophagus is freed. The gastric fundus is then
pulled inferiorely and to the right. The proximal
gastrophrenic ligament is divided, beginning the
mobilization of the gastric pouch. Extending the
dissection the length of the right diaphragmatic crus
starts the liberation of the posterior aspect of the
esophagus. The pars flacida of the lesser omentum is
opened, preserving the hepatic branches of the vagus
nerve. This allows access to the crura, left and right,
the right posterior aspect of the esophagus and the
posterior vagus nerve (Fig. 5 ). Careful dissection of
the meso esophagus and the left crus reveals a
clivage plane between this crus and the posterior
gastric wall. Confirmation of having opened the cor-
rect plane is obtained by visualizing the fatty tissue
of the gastrosplenic ligament or the spleen itself,
when looking behind the esophagus. A drain is

two-thirds and lower one-third between the um-
bilicus and the xyphoid process. The laparoscope is
introduced through this port. Visual inspection of
the entire peritoneal cavity is carried out.

Under direct vision, four other 5 mm trocars are
inserted: their location is shown in (Fig. 2). In our set-
up, the surgeon manipulates the subxyphoid and the
left mid-clavicular canulas for most of the procedure.

The operation begins with retraction of the left
lobe of the liver using a liver retractor introduced
through the right trocar.

The remainder of the procedure follows the clas-
sical sequence of the operation performed through
laparotomy.

Fig. 2. Trocars placement for laparoscopic fundoplication

Fig. 3. Division of the pars condensa of the lesser omentum, pre-
serving the branches of the vagus nerve and a left hepatic artery
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passed through this channel and will be held by the
left sided assistant and his left sub costal instrument.

This retroesophageal channel is enlarged to allow
easy passage of the anti reflux valve.

With the traction on the drain at the GE junc-
tion, the mediastinal dissection of the esophagus is
completed and the esophagus is free from the
pleura, the aorta and the crural muscles.

At this point, one obtains an elongation of the
intra-abdominal segment of the esophagus and a re-
duction of the hiatal hernia if one exists (Fig. 6 ).

This intramediastinal dissection must be extend-
ed to permit 2 to 3 cm of the lower esophagus to

stay without traction in the abdomen, below the dia-
phragm. This a crucial part of the operation. If this
length is not obtained, an extended mediastinal dis-
section should be carried out. If this is not sufficient,
one should consider the possibility of a shortened
esophagus and apply adequate techniques.

The following step consists of the mobilization
of the gastric fundus. This requires division of the
gastrosplenic ligament and the most cephalic short
gastric vessels. This dissection starts on the stomach
at the end of the gastro-splenic ligament, where a
small fat pad is founded (Fig. 7 ). The rear cavity is
opened and all the posterior attachements of the

Fig. 4. Division of the phrenoesophageal membrane and identi-
fication of the right crus

Fig. 5. Creation of the retroesophageal window
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Laparoscopic Nissen-Rossetti fundoplication

Controversies still exist about the need for gastric
mobilization to construct a real floppy fundoplica-
tion. Number of surgeons applies the Nissen Rossetti
fundoplication, the anterior wall technique that does
not need short gastric vessels division.

From the original description by Marco Rossetti,
here are the main steps of the operation [2] (Fig. 11).
Patient’s positioning and trocars placement are iden-
tical to the floppy Nissen technique.

Esophageal dissection and mobilization is perfor-
med in the same manner. The gastrophrenic liga-
ment is divided and a large retroesophageal channel
is created. In the original technique, crural repair was
performed only in wide hiatus. In the conventional
open technique, division of the short gastric vessels
was usually not necessary, but was always performed
in the presence of fibrosis, adiposity, short fundic
convexity and shortened esophagus.

The wrap is different: it is constructed using
the anterior wall of the gastric fundus. A wide,
tension free, fold of the anterior gastric fundic
wall is passed behind the esophagus, grabbed on
the right side of the esophagus and sutured with
the anterior wall of the stomach on the left side 
of the esophagus, without fixation on the esopha-
gus itself. Two additional sutures between the
base of the fundic fold and the anterior wall of
the stomach help to avoid eversion and “tele-
scoping’’ of the junction.

upper gastric fundus are divided, including the fun-
dic posterior vessel that has its origin from the splen-
ic artery on the superior border of the pancreas. This
dissection ends up when the left crus is reached after
division of the gastro-phrenic ligament (Fig. 8).

The next step involves repair of the hiatal orifice:
interrupted sutures, using non-absorbable materiel
are placed on the diaphragmatic crura to close the
orifice. Calibration can be obtained with a 60 french-
es bougie, or by modeling the crural repair on the
diameter of the esophagus, without traction on the
GE junction. At the end of the repair, the esophagus
must be lying without compression in the repaired
orifice (Fig. 9).

The last part of the operation consists of the
passage and fixation of the antireflux valve. An
atraumatic forceps is passed behind the esophagus,
from right to left. It is used to grab the posterior
wall of the gastric fundus to the left of the esopha-
gus and to pull it behind, forming the wrap. At this
point, a large bare bougie (50–60 frenches) can be
passed down the cardia. It is used to calibrate the
fundoplication.

Three interrupted stitches form and secure the
wrap. A 1.5–2 cms wrap is constructed. This wrap is
fixed on the anterior and left border of the esopha-
gus by two sutures, one at the upper part and one at
the lower part of the wrap (Fig. 10 ).

The peritoneum is rinsed with warm normal
saline. No drains are placed. The trocars are removed
and the wounds are stapled closed.

Fig. 6. Reduction of the gastroesophageal junction below the
diaphragm



Fig. 7. Mobilization of the gastric fundus

Fig. 8. End of the gastric mobilization

Fig. 9. Repair of the hiatal orifice: the esophagus is lying down
on the repair without stricture



Fig. 10. Fundoplication with the posterior wall of the fundus
on the right side of the esophagus and the anterior wall on
the left side of the esophagus

From this original description, there have been a lot
of adaptations. The most widely accepted is the need
for crural repair in all patients. There is a general
trend towards fixation of the valve on the anterior
wall of the esophagus.

Some authors have described a “minimal dissec-
tion’’ technique, where no dissection of the lower
esophagus is performed, some times no division of
the phreno-esophageal membrane and the anterior
gastric fundus is passed trough a small retroesopha-
geal channel to create the valve. There is no syste-
matic crural repair [6], [7].

Postoperative care

No naso gastric tube is left at the end of the operation.
The patient is allowed to drink on the first

evening.
An intravenous line is left in place until the

morning of the first postoperative day at the latest.
A Gastrografin swallow is performed on the first
postoperative day to verify the position and proper
functioning of the antireflux valve. The patient is
discharged on the second postoperative day. Dietary
instructions are given to avoid the risk of food im-
pacting in the distal esophagus during the early
postoperative period.

Controversies

Floppy Nissen vs Nissen-Rossetti 
fundoplication

Demeesteer et al demonstrated in 1986 that fundic
mobilisation and short valve, build on a large bare
esophageal bougie, led to decreased incidence of side
effects (dysphagia, bloating) compared to long valve
and valve without gastric mobilization [5]. That
concept became the “gold standard’’ of open fundo-
plication for years.

In the laparoscopic area, some authors reproduced
this technique and reported excellent results [8]–[11].

Other authors defend the concept of the anterior
wall technique (Nissen-Rossetti technique) without
systematic division of the short gastric vessels. Ran-
domized trials fail to demonstrate any difference
between the two techniques [7], [12], [13], [14].

What can be the advantages and disadvantages
of both techniques?
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Difference between the short floppy Nissen and the
anterior wall Nissen-Rossetti technique are not lim-
ited to the short gastric vessels division. The shape
of the antireflux valve is also different. One is con-
structed with both the anterior and posterior wall of
the gastric fundus. By definition, the other one is
constructed with the anterior wall of the gastric fun-
dus (Fig. 12).

Technically, we feel that the floppy Nissen fun-
doplication it is the most reproducible operation.
Mobilization of the gastric fundus allows the sur-
geon to see the upper fundus in toto, and to use
systematically the same landmarks to create the fun-
doplication. With a good fundic mobilization, the
risk is to create a too floppy valve, if this idea might
exist. This looseness of the valve allows also a very
precise positioning of the fundoplicature on the GE
junction. No traction means no tension on the sutu-
res (risk of disrupted valve), no twist on the GE
junction (risk of dysphagia).

But the fundic mobilization is not an easy step of
this operation even if it has been facilitated by the
new technologies (ultrasonic scissors, ligating sy-
stems...). The risk of splenic injury is present. If one
mobilizes, it has to be in the good extent and not
limited to the vessels of the gastro-splenic ligament.
Some have advocate that gastric mobilization increas-
es the risk of intrathoracic migration of the fundopli-
cature or paraesophageal acute gastric intrathoracic
migration. Surgical teams who did not mobilize the

stomach have reported the largest incidence of this
type of complication.

The anterior wall technique appears as a more
easy operation. It is not. It imposes a very precise
choice of the right part of the anterior wall of the
gastric fundus that has to be used for fundoplication.
Bad landmarks will lead to complications such as
the typical laparoscopic complication, the bilobed
stomach. The stomach is divided in two pouches be-
cause the valve has been created with the body of
the stomach instead of the fundus. Reoperation is
unavoidable (Fig. 13).

Other complications include a too tight valve, a
twisted fundoplication, and a gastric valve.

The defenders of this type of fundoplication argue
that they can adapt their technique depending on the
anatomy of the gastric fundus, that sometimes implies
division of the short gastric vessels. It is not a true re-
producible operation and should be reserved to well
trained and experienced eso-gastric surgeons.

Crural repair

There are no randomized control trials evaluating
the role of routine crural repair. Nonrandomized
studies have shown an intolerable rate of intratho-
racic migration and paraesophageal herniation in pa-
tients not undergoing crural repair [15]–[18]. Most
surgeons use the standard posterior hiatoplasty.
Controversies still exist on the use of prosthetic

Fig. 11. Nissen-Rossetti operation: the anterior wall technique (Reprint from Gastro esophageal reflux disease: back to surgery?
Büchler, Farthmann (eds) Karger 1997)

Fig. 12. Anterior fundoplication (warp) and floppy fundoplication
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and pay careful attention to the details of crural repair.
There are two basic ways to reduce tension on the
repair of a hiatal hernia. One is to mobilize the eso-
phagus and the other is to add esophageal length
with a Collis gastroplasty.

Mobilization should be the primary method used
to achieve increased esophageal length [26]. This is
a particular problem with laparoscopic antireflux
surgery because several conditions conspire to mask
the presence of a short esophagus with this ap-
proach. First, the laparoscopic pneumoperitoneum
artificially elevates the diaphragm and gives the
visual impression during the procedure that there is
more abdominal length of esophagus than is actually
the case. Second, the esophagus is usually pulled
downward during the procedure, and because an
assistant does the retraction the surgeon has little
sense of the amount of force being used to pull the
esophagus down into the abdomen. Both of these
conditions are peculiar to the laparoscopic approach
and contribute to unrecognized tension after an
antireflux operation.

Although there are no absolute indicators, several
abnormalities are frequently associated with a short
esophagus and can be used clinically to identify pa-
tients at risk. These include an esophageal stricture,
long-segment Barrett’s esophagus, a paraesophageal
or a large (5 cm or greater) sliding hiatal hernia that
fails to reduce in the upright position, and a failed
previous fundoplication [21].

reinforcement for larger hiatal orifice [19]. Expe-
rience from repair of type-II-III hiatal hernia is in-
creasing and some randomized trials demonstrate
the usefulness of this concept. Long-term results are
mandatory, with a special attention on the incidence
of visceral injury related to the prosthesis.

Esophageal dissection-shortened esophagus

Acquired shortening of the esophagus, while still an
area of controversy, is recognized by many surgeons
to occur as a complication of longstanding and se-
vere gastroesophageal reflux disease in some patients
[20]–[23]. Other authors consider that the short
esophagus phenomenon is overemphasized, over re-
ported, and over treated [24], [25].

However, most surgeons agree that a critical
component of the surgical management of reflux
disease is successful reduction of the gastroesopha-
geal junction below the diaphragm with a minimum
of tension: a minimum of 2 cm of intraabdominal
esophagus is necessary. Although this is easily
accomplished in most patients, in those with a
shortened esophagus it can be problematic.

The fact that the most common forms of failure
after laparoscopic fundoplication are recurrent hiatal
hernia, intrathoracic migration and slipped fundopli-
cation suggests that some esophageal shortening may
be present more commonly than appreciated, and that
surgeons should routinely assess esophageal length

Fig. 13. Typical laparoscopic error: the bilobed stomach.The fundoplication
is build with the body of the stomach instead of the gastric fundus
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Conclusions

On a long-term evaluation, we feel that laparoscopic
Nissen fundoplication is able to reproduce the results
of open fundoplication as demonstrated in some stud-
ies. Our recent study of 100 patients at 10 years after
laparoscopic fundoplication demonstrates a 90% rate
of reflux control, which is comparable to the open long
term results (paper submitted to publication).

Some randomized short term trials have demon-
strate that after open operations, there are statistically
more complains about scars. The other parameters
seem to be equivalent: control of symptoms, side ef-
fects. But, we must keep in mind that these results are
obtained, in the laparoscopic group, with a reduced
mortality and morbidity rate, shorter hospital stay
and sick leave and a lower incidence of incisional
complications. There is also, a substantial reduction in
the rate of incidental splenectomies, as they are
reported in the open series (0–8%).

In summary, if long-term series confirm the results
obtained in dedicated centres, laparoscopic Nissen
fundoplication should become the “gold standard’’ of
treatment for gastro -oesophageal reflux disease in
appropriately investigated and selected patients.
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Summary

Toupet described his technique of fundoplication in
1963 [1]. He had little clinical experience, but saw the
importance of a partial wrap to avoid postoperative
dysphagia. He recommended closure of the hiatus only
in case of large hernias and never divided the short gas-
tric vessels. If we talk about a Toupet procedure today,
we mean a posterior partial fundoplication. In contrary
to his original technique we have learned that hiatal
closure is important to avoid recurrent hernia and that
the wrap can be tailored more nicely, if the short gastric
vessels are divided. This modern adaptation of Toupet’s
operation is a very successful tool to treat gastro-
oesophageal reflux disease.

Introduction

Toupet has described his technique of partial fundopli-
cation in 1963 [1]. This technique has had an in-
creasing success during the last years of laparoscopic
surgery. Lots of technical variations have been used un-
til today. Also in my department, in which the Toupet
procedure is performed almost exclusively since 4 years,
we have developed an individual technique. For a bet-
ter understanding, Toupet’s own technique is described
first. I do this according to the original publication
which followed a session at the French Academy of
Surgery and according to an article of Katkhouda et al
[2], which gives some further information about
Toupet’s work. Afterwards I will describe our tech-
nique of today after having performed about 1200 par-
tial fundoplications out of about 1800 fundoplications
that we have done on the whole.

Toupet’s original technique

To avoid reflux in a patient with hiatal hernia
Toupet aimed at replacing the lower oesophagus

down into the abdominal cavity, at reconstructing
the angle of His and at avoiding the cardia to
migrate again into the chest. The operation was per-
formed through a midline incision and consisted
mainly of three steps:

(1) Mobilization of the abdominal oesophagus
(2) Mobilization of the posterior aspect of the

fundus
(3) Oesophagogastroplasty with phrenogastro-

plasty.

After incision of the peritoneum overlying the
oesophagus the lower part of the oesophagus and the
crura were dissected. The two vagus nerves were iden-
tified and preserved at all steps of the operation. After
incision of the lesser omentum the posterior aspect of
the fundus was widely dissected. It seems to me, that
Toupet has performed this dissection more intensely
than we imagine today, as he has even sometimes di-
vided the left gastric artery. Then he could easily pull
the posterior wall of the fundus behind the oesopha-
gus to the right side. This part of the fundus was fixed
to the right side of the oesophagus and to the right
crus with 4–5 sutures each. On the left side the fundus
was then fixed to the oesophagus and the left crus.

Toupet stresses the fact that this procedure is dif-
ferent from the one of Nissen [3], as it does not create
a total sleeve around the oesophagus. He believes, that
it is preferable to leave the hemicircumference of the
oesophagus free from any fundus to avoid the inability
to belch, a complication that occured after the Nissen
procedure, as he said. It must also be mentioned that
Toupet did not divide the short gastric vessels. The
extreme mobilization of the posterior aspect of the
fundus allowed him to pull it easily to the right side.

Toupet recommended closure of the hiatus only
when it was very enlarged. This should be done by
one or two stitches in front of the oesophagus. He
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oesophagus should finally stay in the abdominal
cavity without any tension. Both vagus nerves are
visualized. A posterior hiatoplasty is performed by 2
z-formed sutures with non resorbable mersilene 1
(Figs. 2 and 3). This thick material does not tend
that much to cut into muscle fibres and the z-
stitches put the tension on a large region. The poly-
filament thread makes intraoperative knotting
(which should be gentle) easy and probably causes
more scar tissue than a monofilament suture.

found, that the suturing of the crura is difficult to
calibrate and was afraid of dysphagia. He could not
imagine, that these sutures, which tend to cut into
the muscle fibres, could create a normal oesophageal
hiatus. He understands a hiatal hernia similar to a
rectal prolaps. As a consequence, he aims at pulling
the herniated organs (distal oesophagus, proximal
stomach) back into the abdominal cavity, and of
course, they should stay there. This should be man-
aged by the fixating sutures, the obliteration of the
cul-de-sac and the irritation of the serosal surfaces.
He then hopes that the muscular fibres of the crura
could regain tonicity, because they are not stretched
anymore by the fundic prolaps (as the anal sphincter
becomes better after treatment of a rectal prolaps).

Toupet published his technique after having per-
formed a series of cadaveric operations, but with the
experience of only 4 patients with limited follow-up.
On the whole Toupet only performed 20 hiatal her-
nia operations in his career.

Our Toupet technique

We use 4 trocars (two 10 mm, two 5 mm) besides
the optic trocar. The surgeon stands between the
legs, the first assistent sits on the patient’s left side
and holds the camera and the Babcock clamp. The
second assistent stands on the right side and retracts
the liver. A 45� optic is our standard. If intense dis-
section in the mediastinum is needed, we change to
a 30� optic. Dissection is performed with the ultraci-
sion scissors (Ethicon, Norderstedt, Germany). The
lesser omentum is opened. If necessary vagal hepatic
branches or an arterial branch from the left gastric
artery to the left liver are divided. A good exposure
of the operative field is more important than the
questionable problems of the division of these struc-
tures. The right crus is dissected free and then the
anterior part of the left. As the posterior part of 
the left crus is covered by fundus, we then divide the
short gastric vessels. Afterwards the fundus can be
pulled to the right side. The posterior part of the left
crus is now nicely exposed and can be freed. Conse-
quent dissection of the crura automatically results in
a tunnel behind the oesophagus (Fig. 1). The oe-
sophagus is pulled down and dissection is carried
out in the mediastinum. The lower 5–8 cm of the

Fig. 1. Dissection of the crura and up into the mediastinum is
finished. The region of the lower oesophageal sphincter is
located in the abdominal cavity. The oesophagus is lifted by a
Babcock clamp, which is inserted in the left lower abdomen

Fig. 2. The crura can nicely be approximated by the first 
z-formed suture with Mersilene 1
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A part of the fundus is pulled behind the oe-
sophagus to the right side. Tayloring of the wrap is
controlled by the shoe shine test (Fig. 4 ). The right
part of the fundus is fixed to the right crus or both
with a running suture of mersilene 2/0. Another su-
ture fixes this part of the wrap to the right side of
the oesophagus. The corresponding left part of the
fundus is chosen and fixed to the left side of the
oesophagus (Fig. 5 ). A single suture fixes the left
fundus to the diaphragm. Care is taken that the
vagal nerves stay outside the sutures.

Our results

Between May 1999 and May 2000 we conducted a
prospective randomized trial to compare the Nissen
fundoplication to the one of Toupet [4], [5]. In this
study we also examined the influence of preexisting
oesophageal motility on the operative result in ac-
cordance to the technique. Follow-up studies were
perfomed after 4 months and 2 years. Here I want
to focus on the results of the 100 patients who re-
ceived a Toupet fundoplication.

The mean operative time was 50 minutes. All
operations were finished laparoscopically. The mean
postoperative stay was 5 days. After 4 months and 2
years the overall satisfaction rate was 89% and 85%,
respectively. After 2 years 12 patients complained
about clinical reflux. Only half of them had objective
pathological findings in a 24-h-pH-monitoring
and/or endoscopically. On the other hand 22 pa-
tients had pathological findings in the 24-h-pH-
monitoring and/or endoscopy. But only 6 of them
had clinical symptoms. Dysphagia according to our
very sensible scoring system was present preopera-
tively in 33 patients, whereas postoperatively only 8
patients complained about dysphagia.

Comparing the two operative techniques reflux con-
trol was equal, but the complication rate (dysphagia,
need for reoperation) was higher after a Nissen fundo-
plication.The preoperative oesophageal motility did not
influence the results with statistical significance.

Fig. 3. The hiatus is closed sufficiently by 2 z-formed sutures.
There is only an 18 ch gastric tube in the oesophagus

Fig. 4. Shoe shine test to chose the ideal parts of the fundus
to create the wrap Fig. 5. The posterior partial fundoplication is completed
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Despite our overall success with this operation the
postoperative problems remained the same as in con-
ventional surgery – mainly dysphagia and recurrent
reflux. For several years we then followed the “tai-
lored concept”. Its proponents argued that the choice
between a partial or total fundoplication should
depend on the presence or absence of preexisting oe-
sophageal motility disorders [7]–[10]. Many studies
had shown, that the Nissen procedure was to be the
more successful in terms of reflux control [7], [11]–
[14]. However it was also associated with a higher
rate of postoperative dysphagia [15]–[20]. While the
Nissen procedure was the preferred technique, the
partial wrap was recommended for patients with
motility disorders [7], [9], [21], [22].

With increasing experience in this field of sur-
gery a growing body of evidence suggested that the
concept may be invalid [16], [17], [23]–[26]. We
noticed that dysphagia also developed after a Toupet
procedure and that we had recurrent reflux after
Nissen fundoplications and a higher rate of reopera-
tions. Therefore we decided to evaluate the tailored
concept by comparing the two operations in a pro-
spective randomized trial [4], [5]. In conclusion, at
least in our hands the Toupet procedure compared
to the one of Nissen had the same success rate con-
cerning reflux control but a lower complication rate
(dysphagia and the need for reoperations). And, tai-
loring of the technique according to the oesophageal
motility proofed not to be valid. Therefore, we prin-
cipially perform the partial fundoplication.

In conclusion I would like to highlight some
points that seem to be important from my personal
point of view:

(1) Toupet has invented the principal of partial
fundoplication.

(2) Toupet’s original technique is rarely performed
today.

(3) Reduction of the hernia is mandatory.
(4) Dissection of the oesophagus must be perfor-

med to an extent that the region of the lower
oesophageal sphincter stays in the abdominal
cavity without tension.

(5) The short gastric vessels should be divided.
(6) A (posterior) closure of the hiatus is manda-

tory.
(7) A posterior partial fundoplication should be

performed.

Discussion

I totally agree with the aims, that Toupet followed
with his operation. The hernia must be reduced. The
oesophagus must be dissected as far up into the me-
diastinum as necessary to get the segment of the
lower oesophageal sphincter completely down into
the abdominal cavity without any tension. The angle
of His must be reconstructed. The ensemble of these
operative steps with the anatomical situation (and
the consecutive function) that we create avoids suc-
cessfully reflux, already on the first postoperative
day. As we are heading at a long-term effect, this
anatomical situation must remain unchanged for the
rest of the patient’s life. And this effect should be
connected with the lowest complication rate possible
(dysphagia!).

The question is, how to achieve this aim. The re-
duction of the hernia and extensive dissection of the
lower oesophagus is agreed by all specialists in this
field. The fundoplication (whether complete or par-
tial) certainly is the best and most stable way to recon-
struct the angle of His (compared to the single suture
line of Lortat-Jacob [6] or a simple gastropexy). Each
sort of fundoplication creates a certain mass that
should not be able to herniate up through the recon-
structed hiatus. Toupet achieved a mobile fundus by
extensive dissection at the posterior gastric wall. In my
opinion the division of the short gastric vessels makes
the tayloring of the wrap even easier. The crucial point
is to avoid the recurrence of the hernia, which often is
associated with recurrent reflux. In my opinion the
closure of the hiatus plays an important role. Here I
do not agree with Toupet. We can avoid to injure
muscle fibres by suture material and technique. And
by suturing the crura we create more scar tissue in this
region, what Toupet principially aimed at by irritaion
of the serosal surfaces, as mentioned above. His argu-
ments concerning hiatal closure seem inconsequent to
me. We always close the hiatus.

Then it remains the question whether to use a
complete or partial wrap. This question will be an-
swered in the next chapter. Therefore I will not dis-
cuss this problem but only explain our own decision
making. We performed our first laparoscopic fundo-
plication in 1992 using the Nissen technique, which
has been recognized as the leading technique since
the era of conventional surgery, at least in Germany.
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Chapter 18

No doubt, a total fundoplication, either modified from
or constructed according to the principles originally out-
lined by Nissen [1], is the most frequently performed
antireflux operation worldwide [2]–[4].This surgical ap-
proach, to the long-term control of gastroesophageal re-
flux disease (GERD), has even further been popularised
by the introduction of laparoscopy. Although the issue
has been discussed quite vigorously, the current consen-
sus is that the long-term results after laparoscopy equal
that following open operations [5]–[8]. The well-known
downside of a total fundoplication is the mechanical side
effects which seem to occur as a consequence of an over
correction of the antireflux barrier in the gastroesopha-
geal junction (GEJ) area. This results in some degree of
dysphagia, inability to belch, postprandial bloating and
flatulence [9]–[13]. These issues are of crucial impor-
tance particularly so in a clinical situation where effective
medical therapeutic alternatives are available and har-
bour documented efficacy. To circumvent at least some
of these drawbacks with the total fundoplications various
forms of partial fundoplications have been launched and
further explored to ascertain their efficacy and mode of
action [14]–[16]. In order to understand the eventual
role of partial fundoplications in the surgical treatment
of GERD one has to understand the essentials of patho-
genetic mechanisms into which fundoplication opera-
tions interact. Furthermore, the mechanisms which
cause postfundoplication complaints have to be clarified,
and the degree by which partial or total fundoplications
interfere with those to become relevant for the occur-
rence of postoperative complaints. Last but not least, this
chapter will focus on the available evidence which shows
that partial fundoplications truly are effective in the
long-term control of GERD.

Key pathogenetic mechanisms in GERD

The interplay between aggressive and defensive
mechanisms is pivotal in the causation and prevention

of esophageal mucosal damage in GERD [17]. The de-
fence against reflux is multi factorial: firstly the antire-
flux barrier in the gastroesophageal junction, normally
prevents acid to reflux into the esophagus. Secondly an
intra esophageal bolus regularly triggers esophageal
primary and sometimes also secondary peristalsis re-
sulting in esophageal clearance of refluxed material. Fi-
nally the esophageal mucosal resistance consists of acid
buffering and/or dilution capacity by bicarbonate and
mucus secreted by submucosal glands. Moreover, tight
junctions in the basalolateral membranes can mechani-
cally prevent the influx of hydrogen ions and thereby
play an important role [18]. Apart from impaired
clearance ability, lower esophageal sphincter pressure
was long believed to be a key factor causing frequent
reflux in GERD. The lower esophageal sphincter
(LES) is a specialised part of the distal esophagus with
circular and oblique smooth muscle fibre with a length
of approximately 4 cm and generates a constant high-
pressure zone preventing reflux [19]. The LES appears
to have the following properties:

(1) The LES maintains an elevated resting pressure
relative to the proximal stomach and distal
esophagus

(2) The LES reduces the resting pressure to equal the
intra gastric pressure response to proximal disten-
tion (i.e., swallowed food bolus).

(3) The LES contracts in response to various physio-
logical stimuli. Although it has been recognised
that in the majority of reflux patients TLESRs
(see below) are the main mechanism behind re-
flux. A subgroup of patients have been found to
have a sustained reduced LES pressure often
associated with severe esophagitis [19]. In those
instances reflux occurs as a consequence of steady
decline and complete relaxation of the LES
accompanied by a transient increase in abdo-
minal pressure whereupon spontaneous free re-
flux occurs.



190 Chapter 18

assessment of LES tone, over a longer period of time,
has shown that LES pressure is considerably higher af-
ter a total fundoplication than after partial posterior
one. Importantly, in the latter group pressure levels in
the LES region were very close to what is seen in nor-
mal healthy controls. LES tone assessments have dem-
onstrated that after a variety of antireflux procedures,
the pressure never reaches a level at which free reflux
can be considered to occur (for exceptions see below).

With a growing insight into the mechanical con-
sequences of a total fundoplication, the adverse conse-
quences associated with a super-competent pressure
zone in the lower esophageal sphincter area have
become apparent. In similar situations the LES relaxes
incompletely on swallowing which is accompanied by
abolition of gas reflux and therefore inability to belch.
Partial fundoplication procedures seem to be associated
with a lower incidence of mechanical complications but
some concern has been expressed that reflux control
may be suboptimal or less durable than after a total fun-
doplication [37]–[40]. Furthermore, in patients pro-
spectively studied after a total fundoplication, it was
suggested that compensatory mechanisms are operatio-
nal within the esophageal wall to overcome an outflow
obstruction in the gastro-esophageal junction, a phe-
nomenon which is expressed in terms of increased
esophageal peristaltic wave amplitude [41], [42]. It has
been suggested that these mechanical adverse con-
sequences may be counteracted by making the wrap
shorter, looser and by the use of intra operative bougie
[43]–[45]. In this context it is interesting to note that
studies from our laboratory did not record any dif-
ference in obstructing complaints between the patients
randomised to either a total or a posterior partial fund-
oplication even when these patients were investigated
more than 10 years after the operation [13], [46]. The
fact that we observed somewhat more complaints of
odynophagia in those having a total wrap may be a
subtle sign of an esophageal outflow obstruction.

One key mechanism behind side effects after fundo-
plication procedures seems to reside in the postopera-
tive function of the LES and its capacity to relax on an
appropriate stimulation. Studies have suggested that a
partial posterior fundoplication normalises the LES
tone but does not impair the ability of the LES to relax
on proper stimulation but still counteracts the triggering
of transient LES relaxations [34], [47], [48]. In fact the
LES tone after a posterior partial fundoplication never

Subsequent work by Dent and his co-workers [20],
[21] showed that virtually all reflux events in healthy
subjects are associated with complete transient low
esophageal sphincter relaxations (TLESRs) not associ-
ated with swallowing. Most of the acid reflux events
observed in GERD patients also occurred during
TLESRs. The TLESRs are manometrically defined as
an abrupt LES-pressure to the level of intra gastric
pressure that is not associated with a swallow. During
TLESRs the activity of the crural diaphragm is also
inhibited thus facilitating gastroesophageal reflux [22]–
[24]. Furthermore, other phenomena, which regularly
accompany a TLESR, are a common cavity reflecting
venting of air from the stomach and an esophageal
peristalsis after contraction. Gastric distention, partic-
ularly of the cardic region, is a major stimulus for
TLESRs through activation of gastric mechano recep-
tors [19], [25]. These receptors play a pivotal role in the
occurrence of TLESRs and gastroesophageal reflux.
Postprandial adaptive relaxation of the proximal stom-
ach is also associated with an increase in TLESRs fre-
quency and acid gastroesophageal reflux, illustrating
the important relationship between gastric motor
events and the occurrence of reflux [26], [27]. Intra
luminal electrical impedance studies have shown that
almost all TLESRs are associated with any form of re-
flux, being either of gas nature, mixed or liquid content
in both GERD patients and controls [28]. To day it is
unexplained why TLESRs in GERD patients are more
frequently associated with acid reflux. Impaired gastric
emptying and augmented storage of nutrients in the
gastric fundus might play a role [26], [29], [30].

Postfundoplication complaints and their 
causation

It is likely that a fundoplication being either total,
partial anterior or posterior prevents reflux through
similar mechanisms. These effects involve purely me-
chanical consequences in addition to alterations in
esophageal motor function since these procedures are
effective not only when placed in the chest in vivo but
also when tested in animal viscera in vivo [30], [31].

These operations have major effects on LES func-
tion. Resting pressure of the LES and the length of the
abdominal portion of the high-pressure zone are in-
creased by these operations [32]–[36]. Continued
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reaches the level which is seen in healthy subjects after
maximal inhibitory stimulation, and more importantly
only exceptionally are LES pressure levels recorded
which are considered to allow free reflux over the bar-
rier. By and large, dysphagia is a transient postoperative
phenomenon [49]–[51], where there seems to be a
relationship between recorded basal LES tone and the
magnitude of similar obstructive complaints. Both of
these events seem to diminish with growing experience
of the surgeon [52]. Fundoplication patients have a re-
stricted hiatal opening and an incomplete glutative EGJ
relaxation. Consequently the EGJ transit time is pro-
longed, the degree of which is directly related to the
degree of postoperative dysphagia [26], [28].

Regarding postoperative dysphagia data have been
presented to show that even a subclinical outflow ob-
struction in the area of the gastroesophageal junction
can manometrically be assessed both in the form of
increased intra bolus pressure in the distal esophagus
(ramp pressure) but also expressed in terms of increased
peristaltic amplitude [34]. A consistent finding in
studies comparing a posterior and anterior partial fund-
oplication was that a higher intra bolus pressure was
recorded in the Toupet group suggesting a high level of
outflow obstruction exerted by the posterior fund-
oplication [53], [54]. Interestingly enough somewhat
more patients in this group reported dysphagia like
symptoms compared to those having an anterior partial
wrap. It is reasonable to assume that the angulation of
the gastroesophageal junction, created by the position-
ing of the wrap behind the esophagus constitutes a
major causative factor. Apparently, we as surgeons have
to master a delicate balance between offering optimal
reflux control and minimising the mechanical side
effects of respective reconstructive procedure.

Another important reflux promoting mechanism
that antireflux procedures interfere with is the trig-
gering of the TLESRs [55], [56]. Repeated studies
have shown total and partial fundoplications to be
extremely effective in more or less abolishing these
relaxations. Moreover, no major differences have
been found between these different type of opera-
tions. By use of well-developed experimental set-ups
it has been shown that posterior partial fundoplica-
tions seemed to exert advantages over a Nissen type
of total fundoplication with numerically fewer dis-
tension induced TLESRs in the latter group, ten-
tatively explaining the differences in bloating and
flatulence side effects [26], [27], [57]. When studies
have been extended to the group of patients having
an anterior partial wrap, the LES nadir pressure dur-
ing water swallows was significantly lower than in
the posterior fundoplication group both in the
resting state as well as after a meal or gas distension
of the stomach. Patients having an anterior partial
fundoplication seemed to more easily vent air from
the stomach, whereas the downside of that effect
may be less effective control of reflux compared to
the posterior partial fundoplication according to
Toupet [40], [53], [58].

The clinical importance of reducing troubles of
rectal flatulence, for example by partial fundoplica-
tion has to be recognised (Fig. 1). Observations of
particular significance have come from a recent mul-
ticenter Nordic trial in which patients were perspec-
tively interviewed both before and after an antireflux
operation as part of a protocol comparing medical
and surgical therapy. Flatulence was found to be one
of the few so-called postfundoplication symptoms
that indeed increased after the operation.

Fig. 1. Postfundoplication complaints (flatulence)
after either a total or a partial posterior fundo-
plication
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partial fundoplication fascilitating venting of air from
the stomach. In conclusion evidence are accumulating
to show that a partial fundoplication to a greater and
a more tuned extent normalises the physiology of the
GEJ which of course is closely related to the profile
and magnitude of the side effects.

Long-term reflux control

The effects of partial versus total fundoplications have
been investigated in 9 randomised clinical trials. 6
were open laparotomy operations and 3 trials used lap-
aroscopic approach and these studies have been pub-
lished from 1974 to 2002. To these are also added
some signle institution, preospective but uncontrolled
observations [40], [58]–[71]. Concerning the partial
fundoplications, the posterior partial type of operation
was evaluated in 5 of these trials, the Hill repair in 2,
the Lind subtotal posterior wrap in 1 and the anterior
fundoplication in 1 study. The scheduled postoperative
follow-up period ranged from 4 months to 8 years. No
significant differences were found between partial
versus total fundoplications in terms of new onset dys-
phagia and recurrence of gastroesohageal reflux symp-
toms (Fig. 2). Re-operations for failure were carried
out in 1,5% of those having a partial fundoplication
compared to 9,6% of those having a total fundoplica-
tion, a difference which was considered to be signifi-
cant [72]. In the largest randomised trial comparing a
posterior with a total fundoplication which covered
more than 10 years of follow up, both procedures dis-
played the same level of reflux control. Based on the

Although a laparoscopic fundoplication impairs
TLESRs elicitation and renders an esophagogastric
junction relaxation incomplete, the gastric accommo-
dation to mechanical distention is not impaired [26],
[27], [29], [30]. On the other hand, these operations
exert an effect that leads to an attenuated accommo-
dation of the proximal stomach followed by an in-
creased distension of the distal stomach. This
augmented distal stomach distension has to be better
explored as potential causative factor behind post-
fundoplication complaints. Patients having a posterior
partial fundoplication exhibit a large meal induced in-
crease in proximal stomach volume and a higher
TLESRs rate than patients after a complete fund-
oplication [26]. The overall pressure profile across the
esophagogastric junction has been demonstrated to be
markedly higher after a complete fundoplication
compared to partial fundoplication. The axial esopha-
gogastric junction pressure gradient may play a crucial
role in the occurrence of acid reflux during a transient
lower esophageal sphincter relaxation. In patients
having a complete fundoplication, meal induced prox-
imal gastric volume increase is reduced to a greater
extent compared to those having a posterior partial
fundoplication. A reduced proximal gastric volume
results in a diminished cardiac cross-sectional area
which in turn results in increased wall elongation and
thereby reducing the activation of stretch volume
receptors responsible for eliciting the transient lower
esophageal sphincter relaxations. A larger postpran-
dial proximal gastric volume may therefore explain
the somewhat higher rate of postprandial transient
lower esophageal sphincter relaxations found after a

Fig. 2. Pooled OR of reoperation for failure after partial vs total fundoplication
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reassuring long-term follow-up data, it is difficult to
understand why some investigators have found Toupet
fundoplication not to be as successful as a total fundo-
plication, in severe cases of reflux disease particularly
when performed by means of a laparoscopy [39]. It
cannot be denied, of course, that some procedures are
more difficult to perform when modern minimal inva-
sive techniques are applied. In a search for factors that
may have affected the outcome after the respective
procedures, we have been unable to demonstrate that
the severity, the duration of disease, hiatal closure by
crural repair or body mass index had any impact on
the level of long-term reflux control [66].

Survey of the controlled, clinical trial literature
concerning posterior partial fundoplication shows
that the level of clinical reflux control is not entirely
similar to what can be reached by a total wrap, when
studied by ambulatory 24 pH-monitoring. After the
latter procedure it becomes evident that the
esophageal acid exposure is reduced to near zero
values. This contrast to observations made in
patients having a partial wrap where corresponding
values are in the ranges considered to be normal.

In 1999, Watson and his co-workers [73] re-
ported a randomised trial comparing laparoscopic
Nissen fundoplication with an anterior partial vari-
ant. The partial anterior fundopolication comprised
an 180� wrap, where the wrap was anchored to the
right hiatal pillar and the esophageal wall. The im-
mediate postoperative results were very encouraging
and recently the 5-year follow-up outcome was pub-
lished [60]. These data have confirmed the results of
the initial report showing that reflux control was
somewhat better after a total fundoplication but this
was reached at the prise of significantly more dys-
phagia, more epigastric bloating and inferior 
preservation of belching. This resulted in a larger
proportion of patients reporting a good or excellent
overall outcome at 5 years following anterior fundo-
plication (94 vs. 86%).

Are all partial fundoplications followed 
by the same results?

Since prevention is the best strategy, not the least
since we lack effective treatment of established se-
vere postfundoplication symptoms, it is important to

raise the question whether all partial fundoplications
are followed by the same results? It seems beyond
any doubt that less troubles and complaints of rectal
flatulence follows a partial fundoplication compared
to a total wrap. In a recent randomised clinical trial
the questions was addressed whether there are im-
portant differences between an anterior and a poste-
rior partial fundoplication in terms of reflux control
and side effects [53]. This trial incorporated almost
100 patients with a limited follow-up. Despite these
drawbacks, significant differences were noted in fa-
vour of the posterior fundoplication regarding the
level of reflux control. Even when only daytime acid
exposure was objectively assessed, the outcome after
laparoscopic anterior partial fundoplication (accord-
ing to Watson) was found to be clearly inferior 
(Fig. 3). Regarding side effects it was not possible to
reveal any differences in obstructive complaints be-
tween the two partial fundoplications but interest-
ingly enough significantly more patients reported an
ability to vomit after the anterior fundoplication.
This observation probably reflects the efficacy of the
respective repair. Why should an anterior partial

Fig. 3. Esophageal acid exposure before (a) and (b) months
after an anterior (Watson) or posterior (Toupet) partial fundo-
plication. Adapted after [53]
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[3] Perdikis G, Hinder RA, Lund RJ, Raiser F, Katada N
(1997) Laparoscopic Nissen fundoplication: where do
we stand? Surg Laparosc Endosc 7: 17–21

[4] Peracchia A, Bancewicz J, Bonavina L et al (1995)
Fundoplication is an effective treatment for gastro-
oesophageal reflux disease. Gastroenterol Int 8: 1–7

[5] Anvari M, Allen C, Borm A (1995) Laparoscopic Nis-
sen fundoplication is a satisfactory alternative to long-
term omeprazole therapy. Br J Surg 82: 938–942

[6] Watson DI, Jamieson GG, Baigrie RJ et al (1996)
Laparoscopic surgery for gastro-oesophageal re-
flux: beyond the learning curve. Br J Surg 223:
1284–1287

[7] Laine S, Rantala A, Gullichsen R, Ovaska J (1997)
Laparoscopic vs conventional Nissen fundoplication. A
prospective randomized study. Surg Endoscopic 11:
441–444

[8] Nilsson G, Larsson S, Johnsson F (2000) Randomized
clinical trial of laparoscopic versus open fundoplication:
blind evaluation of recovery and discharge period. Br J
Surg 87: 873–878

[9] DeMeester, Bonavina L, Albertucci M (1986) Nissen
fundoplication for gastroesophageal reflux disease. Eva-
luation of primary repair in 100 consecutive patients.
Ann Surg 204: 9–20

[10] Luostarinen M, Isolauri J, Laitinen J, Koskinen M,
Keyriläinen O, Markkula H, Lehtinen E, Uusitalo A
(1993) Fate of Nissen fundoplication after 20 years. A
clinical, endoscopical and functional analysis. Gut 34:
1015–1020

[11] Negre JB, Markkula HT, Keyriläinen O, Matikainen
(1983) Nissen fundoplication. Results at 10-year
follow-up. Am J Surg 146: 635–638

[12] Garstin WI, Hohnston GW, Kennedy TL, Spencer ES
(1986) Nissen fundoplication: the unhappy 15%. Royal
Coll Surg Edinburgh 31: 207

[13] Lundell L, Abrahamsson H, Ruth M, Rydberg L,
Lönroth H, Olbe L (1996) Long-term results of a pro-
spective randomised comparison of total fundic wrap
(Nissen-Rossetti) or semifundoplication (Toupét) for
gastro-esophageal reflux. Br J Surg 83(6): 830–835

[14] Toupét A (1963) Technique d’oesopgago- gastroplastie
avec phre’nogastropexie appliquée dans la crure radicale
des hernies hiatales et comme complément de l’opera-
tion d’Heller dans les cardiospasmes. Mem Acad Chir
89: 394–398

[15] Walker SJ, Holt S, Sanderson CJ, Stoddard CJ (1992)
Comparison of Nissen total and Lind partial transab-
dominal fundoplication in the treatment of gastro-
oesophageal reflux. Br J Surg 79: 410–414

fundoplication function differently from a posterior
one? The extent of the distal esophageal body that is
encircled by the actual wrap varies somewhat be-
tween the respective procedures. The posterior fun-
doplication elevates the abdominal portion of the
esophagus from its native bed in the hiatus and by
necessity angluates the gastroesophageal junction.
The significance of this has to be better clarified but
may have the potential to cause some esophageal
outflow obstruction but it is totally unclear whether
it contributes to a better mechanical barrier to pre-
vent gastroesophageal reflux. The anterior partial
fundoplication performed and recently validated by
Watson and co-workers from Australia [60], differs
somewhat from that originally described in 1991
[16]. The message is, however clear, if an anterior
fundoplication is chosen it has to be a complete an-
terior 180� wrap but more studies are required to
give firm guidance to the clinicians.

Concluding remarks

With the aim of optimising the outcome of antire-
flux surgery, the surgeon has to perform and master
a delicate act of balance on the choice between va-
rious fundoplication procedures. On one hand we
have the total fundoplication with its proved efficacy
regarding reflux control but with it associated me-
chanical side-effects leading to symptoms relating 
to the relative obstruction in the gastroesophageal
junction and the inability to vent air from the
stomach and the sequelae that follow. The posterior
partial fundoplication has obvious advantages with
less postfundoplication complaints without com-
promising with the level of reflux control and can
therefore be generally recommended. Some anterior
partial fundoplication present very promising results
but confirmative studies are warranted.

References

[1] Nissen R (1956) Eine einfache Operation zur Beein-
flussung der Reflux Oesophagitis. Schweiz Med
Wochenschr 86: 590

[2] Watson DI, Jamieson GG (1998) Antireflux surgery in
the laparoscopic era. Br J Surg 85(9): 1173–1184



Lundell L 195

[16] Watson A, Jenkinson LR, Ball CS, Barlow AP, Norris
TL (1991) A more physiological alternative to total
fundoplication for the surgical correction of resistant
gastro-oesophageal reflux. Br J Surg 78: 1088–1094

[17] Orlando RC (1997) The pathogenesis of gastroesopha-
geal reflux disease: the relationship between epithelial
defense, dysmotility, and acid exposure. Am J Gastro-
enterol 92: 3S–5S

[18] Orlando RC, Bryson JC, Powell DW (1984) Mecha-
nisms of H� injury in rabbit esophageal epithelium.
Am J Physiol 246: G718–G724

[19] Mittal RK, Balaban DH (1997) The esophagogastric
junction. N Engl J Med 336: 924–932

[20] Dodds WJ, Dent J, Hogan WJ, Helm JF, Hauser R,
Patel GK et al (1982) Mechanisms of gastroesophageal
reflux in patients with reflux esophagitis. N Engl J Med
307: 1547–1552

[21] Dent J (1976) A new technique for continuous sphincter
pressure measurement. Gastroenterology 71: 263–267

[22] Holloway RH, Hongo M, Berger K, McCallum RW
(1985) Gastric distension: a mechanism for post-
prandial gastroesophageal reflux. Gastroenterology 89:
779–784

[23] Holloway RH, Kocyan P, Dent J (1991) Provocation of
transient lower esophageal sphincter relaxations by
meals in patients with symptomatic gastroesophageal
reflux. Dig Dis Sci 36: 1034–1039

[24] Wyman JB, Dent J, Heddle R, Dodds WJ, Toouli J,
Downton J (1990) Control of belching by the lower
oesophageal sphincter. Gut 31: 639–646

[25] Martin CJ, Patrikios J, Dent J (1986) Abolition of gas re-
flux and transient lower esophageal sphincter relaxation by
vagal blockade in the dog. Gastroenterology 91: 890–896

[26] Scheffer RCH (2004) New insights into esophago-gas-
tric junction physiology. Thesis University of Utrecht,
Febodruk BV, Enschede, The Netherlands

[27] Scheffer RC, Tatum RP, Akkermans LM, Joehl RJ,
Kahrilas PJ (2003) Reduced tLESR elicitation in response
to gastric distension in fundoplication patients. Am J Phys
Gastrointest Liver Physiol 284: G815–G820

[28] Sifrim D, Holloway R, Silny J, Tack J, Lerut A,
Janssens J (2001) Composition of the postprandial re-
fluxate in patients with gastroesophageal reflux disease.
Am J Gastroenterol 96: 647–655

[29] Lindeboom MYA, Vu MK, Ringers J, van Rijn PJJ,
Neijenhuis P, Masclee AAM (2003) Function of the
proximal stomach after partial versus complete laparo-
scopic fundoplication. Am J Gastroent 98(2)

[30] DeMeester TR, Stein HJ (1992) Minimizing the side
effects of antireflux surgery. World J Surg 16: 335–336.

[31] Watson DI, Mathew G, Pike GK, Baigrie RJ, Jamieson
GG (1998) Efficacy of anterior, posterior and total
fundoplication in an experimental model. Br J Surg 85:
1006–1009

[32] Vu MK, Straathof JW, Schaar PJ, Arndt JW, Ringers J,
Lamers CB, Masclee AA (1999) Motor and sensory
function of the proximal stomach in reflux disease and
after laparoscopic Nissen fundoplication. Am J Gastro-
enterol 94: 1481–1489

[33] Bjerkestet T, Nordgaard K, Schjonsby H (1980) Effect
of Nissen fundoplication operation on the lower
esophageal sphincter. Scand J Gastroenterol 15: 213.
DeMeester TR, Wernly JA, Brian GH et al (1979)
Clinical and in vitro analysis of determinants of
gastroesophageal competence. A study of principles of
antireflux surgery. Am J Surg 137: 39

[34] Rydberg R, Ruth M, Lundell L (1999) Mechanism of
action of antireflux surgery. Br J Surg 86: 405–410

[35] Ellis FH, Crozier RE (1984) Reflux control by fundo-
plication: a clinical and manometric assessment of the
Nissen operation. Ann Thorac Surg 38: 387–392

[36] Watson A, Spychal RT, Brown MG, Peck N, Callender
N (1995) Laparoscopic “physiological” antireflux pro-
cedure: preliminary results of a prospective symptom-
atic and objective study. Br J Surg 82: 651–656

[37] Hunter JG, Trus TL, Branum GD, Waring JP, Wood
WC (1996b) A physiologic approach to laparoscopic
fundoplication for gastroesophageal reflux disease. Ann
Surg 223: 673–687

[38] Laws HL, Clements RH, Swillie CM (1997) A random-
ised, prospective comparison of the Nissen fundoplica-
tion versus the Toupét fundoplication for gastroesophaeal
reflux disease. Ann Surg 225: 647–654

[39] Horvath KD, Jobe BA, Herron DM, Swanstrom LL
(1999) Laparoscopic Toupét fundoplications is an inade-
quate procedure for patients with severe reflux disease.
J Gastrointest Surg: 583–591

[40] Jobe BA, Wallace J, Hansen PD, Swanström LL
(1997) Evaluation of laparoscopic Toupét fundoplica-
tion as a primary repair for all patients with medically
resistant gastroesophageal reflux. Surg Endosc 11:
1080–1083

[41] Escandell AO, DeHaro LFM, Paricio PP, Albasini JLA,
Marcilla JAG, Cuencea GM (1991) Surgery improves
defective esophageal peristalsis in patients with gastro-
esophageal reflux. Br J Surg 78: 1095–1097

[42] Rydberg L, Ruth M, Lundell L (1997) Does oesopha-
geal motor function improve with time after successful
antireflux surgery? Results of a prospective, randomised
clinical study. Gut 41: 82–86



196 Chapter 18

[57] Lindboom MA, Ringers J, Straathof JW, van Rijn PJ
et al (2003) Effect of laparoscopic partial fundoplication
on reflux mechanisms. Am J Gastroenterol 98: 29–34

[58] O’Reilly MJ, Mullins SG, Saye WB, Pinto SE, Falkner
PT (1996) Laparoscopic posterior partial fundoplica-
tion: analysis of 100 consecutive cases. J Laparoendosc
Surg 6: 141–150

[59] Cambell KL, Munro A (1998) Efficacy and incidence
of post-fundoplication symptoms at a median of 5
years following open Watson fundoplication. Br J Surg
85 (Suppl 1): 8

[60] Watson DI, Liu J, Devitt PG, Gam,e PA, Jamieson
GG (2000) Outcome of laparoscopic anterior 180�

partial fundoplication for gastroesophageal reflux dis-
ease. J Gastrointest Surg 4: 486–492

[61] Baxter ST, Walker SJ, Sutton R (1996) A randomised
control trial of Nissen versus Lind fundoplication.
Results of 10-year follow-up. In: Recent advances in
diseases of the oesophagus (Perakia A, ed), pp 675–677.
Monduzzi Editore

[62] DeMeester TR, Johnson LF, Kent AH (1974) Evalua-
tion of cutrent operations for the prevention of gastro-
esophageal reflux. Ann Surg 180: 511–525

[63] Segol P, Hay JM, Pottier D (1989) Surgical treatment
of gastroesophageal reflux: which operation to choose:
Nissen, Toupet or Lotart-Jacob? Gastroenterol Clin
Biol 13: 873–879

[64] Thor KBA, Silander T (1989) A long-term random-
ized prospective trial of the Nissen procedure 
versus a modified Toupet technique. Ann Surg 210:
719–724

[65] Lundell L, Abrahamsson H, Ruth M, Sandberg N,
Olbe L (1991) Lower esophageal sphincter characteris-
tics and esophageal acid exposure following partial or
360° fundoplication: results of a prospective, random-
ised, clinical study. World J Surg 15: 115

[66] Lundell L, Abrahamsson H, Ruth M, Rydberg L,
Lönroth H, Olbe L (1996) Long-term results of a pro-
spective randomised comparison of total fundic wrap
(Nissen-Rossetti) or semifundoplication (Toupét) for
gastro-esophageal reflux. Br J Surg 83(6): 830–835

[67] Rydberg L, Ruth M, Abrahamsson H, Lundell L
(1999) Tailoring antireflux surgery: a randomised
clinical trial. World J Surg 23(6): 612–618

[68] Walker SJ, Holt S, Sanderson CJ et al (1992) Compar-
ison of Nissen total and Lind partial transabdominal
fundoplication in the treatment of gastrooesophageal
reflux. Br J Surg 79: 410–414

[69] Csendes A, Burdiles P, Korn O et al (2000) Late results
of a randomised clinical trial comparing total fund-

[43] Hinder A, Smith SL, Klinger PJ et al: Laparoscopic
antireflux surgery – it’s a wrap. Dig Surg 16: 7–11

[44] Loustarinen M, Koskinen M, Reinikainen P et al (1995)
Two antireflux operations: floppy versus standard Nissen
fundoplication. Ann Med 27: 199–205

[45] Patterson EJ, Herron DM, Hansen PD, Ramzi N,
Standage BA, Swanström LL (2000) Effect on an
esophageal bougie on the incidence of dysphagia follow-
ing Nissen fundoplication. Arch Surg 135: 1055–1062

[46] Hagedorn C, Lönroth H, Rydberg L, Ruth M, Lundell
L (2002) Long-term efficacy of total (Nissen-Rossetti)
and posterior partial (Toupet) fundoplication: result of
a randomized clinical trial. J Gastroint Surg 4: 540–545

[47] Engström C, Blomqvist A, Dalenbäck J, Lönroth H,
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Chapter 19

Introduction

Since the early 1990’s, laparoscopic approaches to
the treatment of gastroesophageal reflux have been
adopted widely, and the vast majority of surgery for
reflux is now performed using a laparoscopic ap-
proach. This has reduced the overall morbidity
associated with surgery for reflux, improved the will-
ingness of patients to undergo surgical treatment,
and led to an increase in the number of patients
undergoing fundoplication. The reduced morbidity
and excellent outcomes following laparoscopic
approaches have also raised patients’ expectations for
a perfect outcome, and encouraged clinical research
which aims to deliver this. Unfortunately, a small
risk of adverse outcomes following laparoscopic
fundoplication remains, and for this reason, the risk
of complications following laparoscopic surgery
should be balanced against the advantages of this
approach. Nevertheless, the overall risk of complica-
tions is reduced following laparoscopic surgery.

Ideally, surgeons operating on patients with gastro-
esophageal reflux should aim to offer a risk free proce-
dure, long term control of reflux in all patients, and no
short or long term side effects. Unfortunately, even
though a good or excellent outcome is achieved for the
majority of patients, a small number of patients have a
less than satisfactory result, either because of recurrent
reflux, complications or side effects. The medium to
longer term outcome following laparoscopic fundopli-
cation has been described elsewhere. Approximately
90% of patients are free of reflux and side effects at
follow-up of 5 to 8 years following laparoscopic
Nissen fundoplication [1]. The cause of failure follow-
ing this procedure is evenly divided between recur-
rent gastro-esophageal reflux and side effects. These
outcomes are similar to those reported following open

surgery [2]. A comparable five year success rate has
also been reported following laparoscopic anterior par-
tial fundoplication [3].

The likelihood of an adverse outcome is influenced
by several factors, and these include the expertise of
the operating surgeon, the type of fundoplication, and
the quality of the peri-operative care. In addition, the
significance of some complications can be minimized
by an appropriate early management strategy [4].
When determining how to manage either side effects
or recurrent reflux, it should be remembered that most
patients experience some early side effects, and these
will usually get better with time. For this reason, it is
usually appropriate to wait up to 12 months following
surgery before considering further operative interven-
tion, unless a problem occurs within the first postope-
rative week. Very early problems can be corrected
easily, and the morbidity of laparoscopic reinterven-
tion within one week of surgery is low [4]. Between
the second postoperative week and 3 months after
laparoscopic fundoplication, however, reoperation be-
comes more difficult, and it should be considered at
this stage only if there are no other treatment options.
For this reason a low threshold for relook laparoscopy
in the first week following a laparoscopic fundoplica-
tion is a reasonable strategy.

In general, when dealing with a clinical problem
after laparoscopic fundoplication, the management
strategy will be: either conservative management,
endoscopy and dilatation (Bougie versus Balloon), or
further surgery – early versus late, laparoscopic
versus open. The most appropriate strategy varies
according to the individual patient and the particu-
lar problem, and for this reason it must be tailored
to the specific situation.
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the left pleura [11], reduced post-operative pain, and
reduced intra-abdominal adhesions.

There is a risk of damaging the left pleural mem-
brane when dissecting behind the esophagus from the
right side, particularly when passing an instrument
behind the esophagus from right to left. Breaching
the barrier of the left pleura allows the stomach to
slide more easily into the left hemithorax following
surgery, and this can be aided by reabsorption of car-
bon dioxide gas from the left pleural space, which
progressively reduces intra thoracic pressure, thereby
generating a pressure gradient between the abdomen
and the left hemithorax which can facilitate the
movement of the proximal stomach into the chest.

Although reduced post-operative pain is an im-
portant advantage for laparoscopic antireflux sur-
gery, less pain also allows a higher intra-abdominal
pressure to be generated during coughing, vomiting
or exertion in the early post-operative period, and
hence more force can be transmitted to the hiatal
area. Because the normal anatomical barriers have
been disrupted by surgical dissection, less force is re-
quired to push the stomach into the thorax.

Strategies can be implemented to reduce the risk of
early herniation. In prospective case series routine
posterior hiatal repair to narrow the esophageal hiatus
reduced the incidence by approximately 80% [8], [10].
Hence, most surgeons now agree that repairing the
hiatus with sutures is mandatory during laparoscopic
antireflux surgery. The magnitude of the demonstrated
risk reduction is such that it is unlikely that a ran-
domized trial will ever be conducted to compare the
outcome of patients undergoing laparoscopic fun-
doplication with versus without hiatal repair. The
reported early outcomes of a randomized trial of lapa-
roscopic Nissen fundoplication with posterior versus
anterior hiatal repair, showed that anterior hiatal repair
was just as effective as posterior repair, suggesting that
the actual method used for hiatal narrowing may not
be important [12].

In addition to appropriate surgical technique, it
makes sense to initiate measures which avoid excessive
strain on the hiatal repair during the early post-opera-
tive period. Many patients who develop an acute
hernia describe repeated attempts to vomit during the
first 24-hours following surgery. Hence, the routine
use of antiemetics, such as serotonin antagonists or
droperidol, to avoid vomiting in the first few days

Early postoperative problems

A range of complications have been reported follow-
ing laparoscopic fundoplication, and these are sum-
marized in Table 1. Fortunately, early complications
are uncommon, and the more severe life threatening
problems are actually quite rare. An experienced sur-
geon is unlikely to encounter many of these, as atten-
tion to detail will avoid the technical errors which can
predispose to at least some of the adverse outcomes.

Acute hiatus hernia

Acute or early para-esophageal hiatus herniation was
rarely described in the era of open fundoplication,
and most patients developing a post-operative hiatus
hernia following open surgery presented at late fol-
low-up [5]. In contrast to this, a number of the early
case series of laparoscopic fundoplication described a
worrying incidence of para-esophageal herniation
following surgery, particularly in the immediate post-
operative period [6]–[10]. The incidence of this
complication ranged up to 7% in some studies. The
apparently greater risk following laparoscopic Nissen
fundoplication, could be due to unique factors inher-
ent in the laparoscopic approach, and these include 
a tendency to extend esophageal dissection further
into the thorax than during open surgery, damage to

Table 1. Acute complications following laparoscopic antire-
flux surgery

Complications which are more common following laparoscopic
approach

Pneumothorax
Para-esophageal hiatus hernia
Tight hiatus/Acute dysphagia

Rare events due to technical errors

Esophageal perforation
Gastric perforation
Duodenal perforation
Bowel perforation
Bilobed stomach
Cardiac laceration and tamponade
Injury to major vessels
Mesenteric thrombosis
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following surgery is advised. The use of narcotic
analgesia should also be minimized or avoided. In ad-
dition, all patients should avoid excessive lifting or
straining for about one month following surgery. Early
resumption of heavy physical work has been reported
to be associated with acute herniation [10]. The use of
prosthetic material to reinforce the hiatal repair when
repairing a large hiatus hernia might also reduce the
risk of recurrent herniation [13]. However, the poten-
tial for complications arising from the use of mesh at
the hiatus also needs to be considered.

Acute dysphagia

Persistent dysphagia is well recognized as a problem
for some patients at medium to late follow-up. In a
small number of patients acute dysphagia occurs in
the first 1 to 2 days following surgery. This occurs if
a Nissen fundoplication is constructed too tightly, or
if the hiatus is closed too tightly during hiatal repair
[4]. The risk of these technical errors can be mini-
mized by careful operative technique. The use of an
intra-esophageal bougie to assist with calibration of
the hiatal repair and construction of the fundoplica-
tion will reduce, but not eliminate the risk of this
problem [14].

Acute severe dysphagia should be distinguished
from the usual postoperative dysphagia experienced
by most patients after antireflux surgery. This prob-
lem is usually obvious on the first postoperative 
day, and it should be suspected if a bowl of tissues
and saliva is sitting on the patient’s bed. This is due
to the complete inability to swallow even saliva. A
barium swallow X-ray should be performed. If
contrast passes into the stomach, albeit slowly, a
conservative approach can usually be followed, and
swallowing will usually improve over the ensuing
few days. However, if no contrast passes into the
stomach, urgent intervention is necessary (Fig. 1).

The choice of action is between endoscopy and
dilatation versus surgery. In some patients en-
doscopy and the passage of a large (17 mm or larger)
Savary type bougie over a guide wire, is followed by
improved swallowing, and further intervention is
not needed. However, if this fails, it is usually
straightforward to undertake a further laparoscopic
procedure within the first post-operative week. At
re-laparoscopy the hiatus and the fundoplication

should be inspected, and a 50 to 60 Fr bougie may
be passed carefully through the gastro-esophageal
junction if the cause is not clear. If a tight Nissen
fundoplication is present, then this is corrected by
removing the uppermost suture used to construct
the original fundoplication, and the fundoplication
is then reinforced by placing another suture below
the previous lowermost suture. This maneuver
loosens the fundoplication. If, however, the fund-
oplication is loose, and the hiatal repair is tight
when the esophagus is distended by an intra-abdo-
minal bougie (or indeed if there is any doubt) the
top hiatal repair suture, or more, should be removed,
to widen the hiatal opening. If there is any concern
about the risk of hiatal herniation after this, then
sutures can be placed between the fundoplication
and the hiatal rim. These actions should fix the
problem of acute esophageal obstruction. A repeat
barium swallow on the next day will confirm that
treatment has been adequate (Fig. 2).

Fig. 1. Barium meal on the first postoperative day from a pa-
tient with complete esophageal obstruction
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[15]. However, in the rare more extreme case, the
upper part of the stomach can become obstructed at
the point of constriction in the gastric body, and can
cause post-prandial abdominal pain. In these patients
surgical revision is necessary.

Perforation of the gastrointestinal tract

Perforations of all parts of the gastrointestinal tract
during laparoscopic fundoplication have been report-
ed. In particular, esophageal and gastric perforation
are specific risks, with an incidence of approximately
0.5% to 1% reported in larger series [6], [9], [16].
Gastric perforation usually results from an avulsion
injury of the gastric cardia, caused by excessive trac-
tion by the surgical assistant, or the use of inappropri-
ate grasping instruments to retract the stomach [15],
[17]. This problem is best avoided by ensuring that

Bilobed stomach

A technical error which was described in early case
series of laparoscopic Nissen fundoplication is the
“bilobed stomach” [15]. It occurs when a Nissen fun-
doplication is constructed using too distal a piece of
stomach rather than the fundus, resulting in a bilob-
ular shaped stomach, which is best appreciated at
postoperative barium meal examination (Fig. 3). The
different angle of view provided by the laparoscope
can lead to inexperienced surgeons failing to appreci-
ate that the anterior gastric wall lies in an oblique
plane, with the apex of the fundus in a more poste-
rior position than the gastric body and antrum, and
hence the gastric body can be misidentified as the
fundus. Care to ensure that the actual fundus is used
for construction of the fundoplication will prevent
this problem from arising. Fortunately, most patients
with a “bilobed stomach” are actually asymptomatic

Fig. 2. Barium meal from same patient on the second post-
operative day following reoperation and removal of hiatal
repair suture

Fig. 3. Barium meal at 3 months post-operative showing 
“bilobed” stomach due to construction of a Nissen fundo-
plication using the gastric body rather than the fundus. This
patient has remained asymptomatic at long term follow-up
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the assistant retracts the esophago-gastric junction by
grasping the fat pad which overlies the cardia, rather
than the actual cardia or proximal stomach.

Perforation of the back wall of the esophagus can
occur during dissection of the posterior esophagus
[17], [18]. This problem is more likely to occur in pa-
tients with periesophagitis, as the usual periesophageal
tissue plane can be obliterated by inflammatory
changes in some of these patients. It can also occur if
the surgeon is unfamiliar with the laparoscopic
anatomy, and dissection is extended directly through
the esophageal wall. The anterior esophageal wall is
probably at greatest risk of perforation when a bougie
is passed down the esophagus to calibrate the tight-
ness of either the fundoplication or the hiatal repair
[18]. Despite this risk, the results of a randomized trial
of laparoscopic Nissen fundoplication calibrated with
versus without an intraesophageal bougie suggest that
the overall outcome is better if a bougie is used [14].

If an injury is recognized intra-operatively it should
be immediately repaired by sutures, placed either lapa-
roscopically or by an open technique. A low index of
suspicion, and a willingness to re-examine the operative
field laparoscopically on the first or second postopera-
tive days will facilitate the early identification of injuries
which have not been recognized at the original proce-
dure. Delayed recognition of an esophageal or upper
gastric perforation will result in more serious morbidity.

Late postoperative problems

Side effects and other adverse outcomes also occur
during later follow-up following laparoscopic fundo-
plication. Some of these problems are present
throughout the postoperative period, e.g., persistent
dysphagia, and some will not occur until later, e.g.,
recurrent reflux or hiatus hernia. It should also be
remembered that a few problems are inevitable. For
example all patients with an intact fundoplication
are unable to vomit, and they should be warned
about this problem. Table 2 summarizes the scope of
the adverse outcomes encountered at late follow-up.

Recurrent gastro-esophageal reflux

Recurrence of gastro-esophageal reflux occurs in a
proportion of patients following laparoscopic fundo-

plication. The risk of this varies with the type of fun-
doplication performed. At 5 or more years follow-up,
the incidence of recurrent reflux following laparo-
scopic Nissen fundoplication has been reported to be
between 5 and 10% [1], [19]. This compares to a 
5 year recurrence risk of recurrence of between 10 and
15% after laparoscopic anterior partial fundoplication
[3]. The risk following posterior partial fundoplication
is approximately 10% [20]. In addition, the incidence
of recurrence increases as follow-up lengthens, with
failure rates of 20 to 30% reported at 20 to 30 years
following open surgical procedures [21], [22].

The integrity of a fundoplication requires the
maintenance of close proximity between the fundus
and the intra-abdominal esophagus [23], and if this
physical relationship is disrupted, reflux can recur.
This happens if the original fundoplication unravels,
or if the gastro-esophageal junction migrates proxi-
mally through an intact fundoplication, so that the
fundoplication sits around the cardia, rather than
the lower esophagus – e.g., a slipped Nissen fundo-
plication (Fig. 4). When undertaking revision sur-
gery for recurrent reflux it is actually rare to find a
fundoplication which has unraveled, and the com-
monest cause of recurrence is proximal migration of
the gastro-esophageal junction. On some occasions,
there is no obvious anatomical reason for recurrent
reflux. Fortunately, revision of the fundoplication in
these patients is usually followed by relief of symp-
toms [24]. It is likely that the underlying problem is
still proximal migration of the gastro-esophageal
junction, even though it is not obvious at revision
surgery in these patients.

Not all patients who describe symptoms of recur-
rent reflux actually have this problem, and for this
reason all patients with recurrent symptoms should
be carefully reinvestigated. Some patients experience

Table 2. Late side effects and complications following laparo-
scopic antireflux surgery

Recurrent reflux
Para-esophageal hiatus hernia
Persistent dysphagia
Gas bloat
Flatulence
Inability to belch
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symptoms then it is probably not appropriate to
proceed to further surgery. This is because the tech-
nical aspects of surgical revision are more difficult
than a primary operation, and there is a higher risk
of serious complications, including esophageal and
gastric perforation, and mortality with surgical revi-
sion. Published reports of outcome following open
revision antireflux surgery confirm a mortality risk
of approximately 1% [24]. If the original procedure
was performed laparoscopically, the real mortality of
laparoscopic revision surgery might be lower than
this, as there are usually less adhesions and technical
difficulties following a previous laparoscopic proce-
dure [25], [26]. However, there is insufficient pub-
lished data available to either confirm or refute this
statement. Proton pump inhibitor therapy will
achieve satisfactory relief of symptoms in approxi-
mately 80% of patients whose fundoplication has
failed because of recurrent reflux. However, in about
20% of patients with recurrent reflux medical ther-
apy is unsatisfactory, and in these patients it is ap-
propriate to proceed to a revision procedure [1].

The operative strategy for revision surgery is to
first divide all adhesions in the vicinity of the pre-
vious fundoplication to expose the old operative site
[25]. The fundoplication is then divided and unrav-
eled fully and the esophagus mobilized. Any associ-
ated hiatus hernia can then be repaired, and a new
fundoplication is constructed. It is usually appropri-
ate to perform a Nissen fundoplication, although if
esophageal manometry has demonstrated very poor
esophageal body peristalsis, then a partial fundopli-
cation can be performed. The outcome for this strat-
egy in the open surgical era was a success rate of
approximately 85% [24]. Whilst there is insufficient
data reported in the laparoscopic era to determine
with certainty the outcome following laparoscopic
revision for recurrent reflux, the success rate is likely
to be similar to that of open surgery [25].

Persistent dysphagia

Although dysphagia occurs in virtually all patients in
the early postoperative period following fundoplica-
tion, the majority of patients are able to swallow
normally at late follow-up. Unfortunately, however,
persistent dysphagia occurs in a small number of pa-
tients. It is unlikely that the risk of this problem is

“esophageal” symptoms, due to esophageal obstruc-
tion or esophageal distension, particularly during
early follow-up if they eat an inappropriate diet. An
endoscopy is useful in these patients to check the in-
tegrity of the fundoplication. If this is confirmed,
then these patients can be reassured that their symp-
toms should improve with longer follow-up. If
however, recurrent reflux is likely, then the patient
should be fully reassessed with endoscopy, barium
meal X-ray, 24 hour ambulatory pH monitoring and
esophageal manometry. Endoscopy and pH monitor-
ing are used to confirm or refute recurrent gastro-
esophageal reflux. Esophageal manometry will guide
any re-operative strategy, and barium meal X-ray
will demonstrate any associated hiatus hernia, as
well as provide some information about reflux.

If reflux has recurred, treatment should initially
entail acid suppression with a proton pump inhibi-
tor. If proton pump inhibitor therapy relieves the

Fig. 4. Barium meal at 3 years post-operative from a patient
with recurrent reflux symptoms. The fundoplication is intact
and located immediately below the diaphragm. The esophago-
gastric junction and cardia have migrated into the lower
mediastinum – i.e., a slipped Nissen fundoplication with small
hiatus hernia



Watson DI 205

any greater in the laparoscopic era [2], [27].
Approximately 5% of patients at 12 or more months
after laparoscopic Nissen fundoplication continue to
experience dysphagia which is sufficiently severe to
restrict dietary choices [1], [19]. This figure is ap-
proximately 20% at 3 months follow-up [28], [29],
suggesting that whenever possible a conservative ap-
proach to the management of dysphagia should be
encouraged until patients have been followed for at
least 12 months. Both anterior and posterior partial
fundoplications have been reported to be associated
with lower risks of dysphagia [20], [29]. At 12
months follow-up, anterior 180 degree partial fun-
doplication is associated with an incidence of 1 to
2% of dysphagia sufficiently severe to require dietary
modification [30].

A small number of patients experience dysphagia
which is persistent and sufficiently severe to require
further operative intervention. If nutrition is ade-
quately maintained, then waiting 12 months before
considering surgical revision should be encouraged.
During this delay, dysphagia will resolve in some pa-
tients. It also allows subsequent operative interven-
tion to be performed more easily. If nutrition is not
adequate, however, and the affected patient contin-
ues to lose weight beyond the first 6 to 8 weeks,
then earlier intervention will probably be needed.

Endoscopy and dilation, using a bougie passed
over a guide wire can also be useful, particularly in
the early follow-up period. It may achieve sufficient
improvement to allow operative intervention to be
avoided, although it may need to be repeated several
times. If dilatation with a bougie is unsuccessful,
then more vigorous dilation with a pneumatic bal-
loon (e.g., 30 mm diameter) can be more successful.
These methods should be considered before under-
taking surgical revision, particularly for patients who
are between 1 week and 3 months postoperative.
However, if dilatation is unsuccessful, surgical revi-
sion will need to be considered.

Persistent dysphagia is associated with either a
functionally tight Nissen fundoplication or a narrow
diaphragmatic hiatus. Persistent dysphagia which re-
quires operative reintervention is very uncommon
after partial fundoplication procedures. Whilst the
underlying cause of dysphagia may be obvious at
surgical re-exploration, it can also be difficult to be
certain what the problem is. A tight or narrow

esophageal diaphragmatic hiatus, can be the result of
either over-tightening the hiatus during initial hiatal
repair, or due to excessive perihiatal scar tissue [31].
Over tightening the hiatus usually results in severe
early dysphagia, and this has been discussed earlier,
whereas narrowing of the esophageal hiatus due to
excessive post-operative scar tissue tends to com-
mence in the second and third post-operative weeks.
The latter problem can even occur in patients who
do not undergo hiatal repair [31]. Correction of a
tight hiatus, irrespective of the cause, requires
widening of the diaphragmatic hiatus.

A laparoscopic approach can usually be used for
patients who require reoperation for post-operative
dysphagia following a previous laparoscopic fundopli-
cation [25]. At surgery the esophageal hiatus and the
previous fundoplication are exposed by dividing adhe-
sions in the region of the original fundoplication. A
large (52 Fr or bigger) esophageal bougie is then used
to distend the esophagus, to facilitate assessment of the
fundoplication and the esophageal hiatus. If it is ap-
parent that the fundoplication is loose, and the hiatus is
tight (with the bougie in place), then widening the hia-
tus alone will usually restore normal swallowing. This is
performed by dividing the hiatal ring and adjacent dia-
phragm antero-laterally to the left until the hiatus is
appropriately loose. If, however, the hiatal ring is loose
around the distended esophagus, conversion to a partial
fundoplication is advised to improve swallowing [25].
This is done by dividing the Nissen fundoplication,
and then resuturing the fundus to both sides of the
esophagus as a posterior partial fundoplication, hence
avoiding the need to separate the fundus from the
posterior esophagus.

Often it is not clear what the actual cause of the
dysphagia is, and in this situation conversion to a
posterior partial fundoplication and widening of the
hiatus should both be performed. This will usually
improve the clinical situation. The correct operative
strategy, however, can only be determined intra-
operatively once the hiatal region has been exposed,
and the surgeon will need to be prepared to apply a
flexible strategy.

Late hiatus hernia

Some patients develop a hiatus hernia during follow-
up, and this can range in extent from a minor partial
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gone a laparoscopic fundoplication for reflux, and
7% of those who have undergone laparoscopic repair
of a large hiatus hernia using a suturing technique
will develop a symptomatic recurrent hiatus hernia,
and require further surgery. Symptomatic recurrence
can be associated with either symptoms of recurrent
reflux, or mechanical symptoms from the hernia. Pa-
tients who are being considered for further repair
should be reinvestigated with endoscopy, barium
meal and pH monitoring, to identify objective evi-
dence of gastro-esophageal reflux, and to determine
the size of the hernia. If reflux is occurring, then the
reoperative strategy entails reversal of the previous
fundoplication, reduction and repair of the hiatus
hernia, and construction of a new fundoplication. If,
however, there is no evidence of recurrent reflux, and
the symptoms are purely mechanical, e.g., chest
pain, gastric or esophageal obstruction etc, then it is
usually possible to only repair the hernia, whilst
leaving the previous fundoplication intact. Irrespec-
tive of the specific operative strategy, it is reasonable
to aim for a laparoscopic approach for revision, al-
though a low threshold for conversion to open sur-
gery is advised if any difficulties are encountered.

“Wind related” side effects

“Wind-related” post-fundoplication side effects in-
clude flatulence, inability to belch and abdominal
bloating, and these can be troublesome in some
patients. The relative risk of one of these problems
occurring is in part determined by the type of fun-
doplication performed. These side effects are more
common in patients who have undergone a Nissen
fundoplication, than following a partial fundoplica-
tion [29], [36], [37].

The results from a randomized trial which com-
pared Nissen fundoplication with anterior 180 degree
partial fundoplication revealed that at 6 months
following Nissen fundoplication abdominal bloating
occurred in 28% of patients, 36% could not belch nor-
mally and 49% reported increased flatus [29]. In the
same trial, at 6 months after anterior partial fundopli-
cation “wind related” side effects were less common,
with 17% of patients unable to belch normally, 28%
described increased flatus, and abdominal bloating was
present in 19%. The incidence of post-fundoplication
symptoms should, however, be compared with the

slippage of the fundoplication into the thorax, to a
large para-esophageal hernia which contains most of
the stomach, as well as some other organs. It is diffi-
cult to know for certain what the incidence of this
problem actually is, as determining the incidence
would require regular barium meal X-ray examina-
tions or endoscopy during follow-up, and this is
rarely practical to do this more than once. An early
report described an incidence of symptomatic hiatus
hernia of approximately 10% in patients in whom the
hiatus had not been repaired [10]. However, this rate
declined to 2% when posterior hiatal repair was per-
formed routinely. In one of the few studies to use
barium meal examination for the follow-up of pa-
tients undergoing laparoscopic Nissen fundoplication
for gastro-esophageal reflux (without a large hiatus
hernia), the incidence of asymptomatic hiatus hernia
at 6 months following surgery was 6% [28]. The her-
niae in these patients were small and did not require
further surgical intervention.

The risk of late postoperative hiatus hernia follow-
ing laparoscopic repair of a very large hiatus hernia 
has been examined by several groups. Hashemi et al
reported an alarming 42% radiological recurrence rate
following laparoscopic repair and Nissen fundoplica-
tion in a group of 27 patients who underwent laparo-
scopic repair of a very large hiatus hernia [32]. The
author’s own data from a longer term follow-up study
of 100 patients, using barium meal examination at 2 to
8 years after laparoscopic repair of a very large hiatus
hernia with hiatal sutures (rather than a mesh based
technique) revealed a 30% radiological recurrence rate
[33]. The symptomatic recurrence rate, however, was a
much lower 7%, confirming that the majority of pa-
tients with a recurrent hiatus hernia do not have actual
clinical symptoms, and therefore they might not need
further surgery. Others have reported a similar rate
[34]. Unfortunately, however, it will be necessary to
follow the asymptomatic patients for longer to deter-
mine that they will not become symptomatic at later
follow-up. The use of prosthetic material to reinforce
the hiatal repair when repairing a large hiatus hernia
has the potential to reduce the risk of recurrent herni-
ation [13], [35], although this technique can be
followed by other complications which are due to the
use of mesh at the hiatus.

From the data discussed above, it is seems likely
that approximately 2% of patients who have under-
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preoperative incidence of the same symptoms. Indeed,
50% of patients enrolled in this trial had abdominal
bloating before surgery [29].

In some patients, “wind-related” symptoms actu-
ally improve or disappear following laparoscopic
fundoplication, confirming that some of these symp-
toms are part of the spectrum of reflux symptom-
atology [38]. Unfortunately, however, some patients
experience at least one of these symptoms for the
first time after fundoplication, and in these patients
side effects can be troublesome. The likelihood of
side effects which are sufficiently troublesome for
patients to be dissatisfied with the overall outcome
of their operation, or to request further treatment, is
approximately 5% following Nissen fundoplication
and 1% to 2% following an anterior partial fundopli-
cation. The outcome following posterior partial fun-
doplication is probably somewhere in between.

The treatment of “wind-related” side effects is dif-
ficult. Increased flatus is to a certain extent inevitable
following an otherwise successful fundoplication.
Fortunately, in most patients this is not troublesome.
However, occasionally it can be significant, and treat-
ment can be difficult. If patients are unable belch, then
it is necessary to avoid ingesting substances which put
gas into the stomach, e.g., carbonated drinks. In
addition, some patients with gastro-esophageal reflux
develop the habit of air-swallowing. This entails
subconscious repetitive swallowing, presumably in re-
sponse to the regurgitation of gastric content into the
esophagus. If air-swallowing continues following fun-
doplication then excessive air can enter and be trapped
in the stomach by an intact fundoplication. This ag-
gravates upper abdominal bloating. With time, this
symptom will usually improve or disappear, although
this will often take 12 months or longer.

There are no published reports describing the out-
come of surgical revision primarily for troublesome
“wind-related” side effects. In the author’s personal ex-
perience, the outcome of re-operation in these patients
is unpredictable and it is often poor. In the process of
undertaking revision surgery, e.g., reversal of the fun-
doplication, it is difficult to identify the vagal nerve
trunks, and inadvertent truncal vagotomy is easily per-
formed during dissection of the esophagus. Inadvertent
vagotomy will cause further disturbances of gastroin-

testinal function, and for this reason revision can result
in worse side effects. Furthermore, the anatomy of the
gastro-esophageal junction may not be returned to its
original state following full reversal of the fundoplica-
tion. Hence, belching can still be a problem and bloa-
ting will often persist. A lesser strategy to complete
reversal of a Nissen fundoplication is conversion to a
posterior partial fundoplication, as this can be usually
be achieved without dissecting the fundus away from
the posterior esophagus. However, there is no certainty
that this will result in a successful outcome.

In general patients should be counseled against
further surgery for “wind-related” problems, and sur-
gical revision should be reserved only for patients with
troublesome symptoms of dysphagia, recurrent reflux
or a recurrent hiatus hernia. Implementing changes in
diet and allowing sufficient time for “wind-related”
symptoms to improve will result in a satisfactory out-
come in many patients. In the minority of patients in
whom symptoms do not improve, further surgery can
make the problem worse, and is best avoided.

Conclusions

Despite the fact that the majority of patients who
undergo laparoscopic antireflux surgery have a good
or excellent clinical outcome, a small proportion of
patients develop a significant complication, side ef-
fect or recurrent reflux during postoperative follow-
up. The management of these patients is complex. If
problems occur in the immediate post-operative pe-
riod, then early laparoscopic re-exploration should
be considered, as many problems are easily be cor-
rected within a week of the original procedure.

Patients who develop problems during later follow-
up should be fully reinvestigated, and non-operative
treatment options are initially recommended, as many
of the early side effects resolve with conservative
management. Endoscopy and dilatation can be helpful
at this stage. If problems persist beyond 12 months,
then reoperation can be considered in patients with per-
sistent dysphagia, symptomatic recurrent hiatus hernia,
or recurrent reflux which is poorly controlled with med-
ication. However, further surgery is unlikely to be help
patients with persistent “wind-related” side effects.
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Introduction

The progress of laparoscopic surgery and a more
profound understanding of the pathophysiological
conditions leading to gastroesophageal reflux disease
have resulted in a revival of antireflux surgery. Since
1991 [1] the laparoscopic Nissen and Toupet fundo-
plication and their modifications have emerged as
the surgical alternative for treatment of GERD. The
reduced morbidity and an approximately cero per
cent mortality rate in combination with excellent
outcomes following laparoscopic approaches have
encouraged surgeons to a more liberal indication to
surgery and have also raised patient’s expectations
for a perfect outcome. Success and failure rates de-
pend on a precise indication to surgery and on the
frequency how often the procedure is performed in
the institution and by a single surgeon [2]. As the
“learning curve” for laparoscopic antireflux proce-
dures even in centers is low, redo procedures require
surgeons experienced in GERD and in laparoscopy,
too. With the increase in laparoscopic antireflux
procedures the debate has ceased whether redo fun-
doplications should be done open or laparoscop-
ically. There is no doubt, that the standard for redo
procedures after failed antireflux surgery is the mini-
mal invasive technique for both, primary open and
primary laparoscopic surgery, even if there are usu-
ally more adheasions and technical difficulties fol-
lowing a previous open procedure.

Diagnosis

Antireflux surgery is failed, if the patient is not able to
swallow undisturbed, reports about epigastric pain or
shows the same symptoms of reflux disease which
were the initially reasons for primary antireflux sur-

gery. In addition to persisting or new onset symptoms
the quality of life in these patients is typically lower
than before primary surgery [3]. The analysis of the
underlying failures which are responsible for the re-
ported symptoms is essential for a successful treat-
ment. Possible failures and adverse outcomes following
laparoscopic antireflux surgery are discussed in the
chapter before. Reviewing the literature, 5 to 20 per
cent of all patients who underwent antireflux proce-
dures have to be treated again because of new onset or
persistent reflux symptoms [4]. These symptoms are
either dysphagia, recurring or persistent reflux or a
combination of both, reflux and dysphagia. Aim of the
diagnostic procedure is to clarify the morphologic
changes that are responsible for the above mentioned
symptoms. Patients description of the kind, intensity
and beginning of new or recurrent symptoms after
primary antireflux procedures are essential comments
for a further analysis. In combination with a distinct
anamnesis, the evaluation has to clarify whether the
wrap is open or too loose, whether the hiatus or 
the wrap is too tight and to define the position of the
wrap with regard to the diaphragm or the fundus. The
most important tool is a barium X-ray swallow using a
videographic or kinematographic technique. For both,
a skilled radiologist and an experienced antireflux sur-
geon, it should be possible to define the position of the
former constructed wrap in relation to the diaphragm
and the crura.To confirm or exclude a radiologically
suspected diagnosis upper GI endoscopy is empha-
sized in every patient. Beneeth the visualisation and
histologic documentation of obvious leasons or stric-
tures, the location of the gastroesophageal junction
must be defined above or below the diaphragmatic
crura. Further more, the typical “Nissen nipple” can be
seen in the so called inversion of the scope and cleary-
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advocated. The reintervention should be done with-
in the first week. At the beginning of the second
postoperative week reoperation becomes more diffi-
cult and should therefore be done only after three
months again. At reintervention the wrap and the
hiatus have to be inspected to make clear, what the
cause for dysphagia is. In every case the fundoplica-
tion has to be taken down for having a good look at
the hiatus. If the hiatus was too tight, the uppermost
suture has to be removed, followed by recreating 
a loose Nissen or Toupet fundoplication. A fifty
french bougie can be passed carefully into the stom-
ach to clarify whether the hiatus is wide enough or
another suture has to be opened.

As just mentioned reintervention should be avoid-
ed between the second week and third month after
surgery and patients should be treated conservatively
in this period if ever possible.

Late reoperation

Late postoperative problems are recurrent gastro-
esophageal reflux, dysphagia or a combination of
both. In case of recurrent reflux, patients can be ma-
naged conservatively in most cases. Only if quality of
life is lower than before the primay surgical proce-
dure, reintervention is indicated. A reason for recur-
rent reflux is either a too loose wrap or the suspected
brake down of the primary intact original fund-
oplication. As mentioned in the chapters before,
recurrent reflux occurs more often following a Toupet
than a Nissen procedure. Fortunately the fund-
oplication in these patients can easily be reconstruc-
ted. At first, all adheasions from the stomach to the
surrounding liver, diagphragm or fat have to be dis-
sected. The preparation has to be done in a way, that
the fundus becomes as mobile as it should have been
at primary surgery. Whether a Nissen or Toupet
fundoplication is reconstructed does not depend on
the former constructed wrap, but should be a result
of the body motility at the moment of redo surgery.

Beneeth recurrent reflux redo surgery is indicated
in patients with the symptom of persistent dysphagia
over months in combination with a decreased quality
of life. These cases are rare, since dysphagia solely
related to the wrap or the diaphragm has either to be
operated on in the early stage or becomes better and

fies whether the plication is in the right position or
not. To exclude functional problems it makes sense to
examine the body motility as well as the emptying of
the stomach.

Early reintervention

Only in rare cases, reintervention is indicated in an
early stage after primary surgery. Fortunately severe
life threatening problems following laparoscopic
fundoplication are quite rare. They are caused by in-
jury of the gastric wall, esophagus, or parts of the in-
testinal tract, leading to perforation or peritonitis. In
these cases, when suspicion arouses that a perfora-
tion could have taken place, earliest reintervention is
advocated. If an esophageal leak is the reason for
early reintervention, this leak has to be identified
exactly. For a definite identification an endoscope or
tube in the esophagus can help to find the leak. In
case of a small damage of the esophageal wall the
leak can be oversewn with a few stiches but should
be covered by a part of the fundoplication. If the
leakage is bigger or more than a quarter of the cir-
cumference conversion to open and distal esopha-
geal resection is advocated. There is no doubt, that
the procedure has to begin with breaking down the
sutures of the fundoplication for a better visualisa-
tion of the complete area. Perforations following
laparoscopy of the intestine are handled as perfora-
tions following open surgery.

Specifically fundoplication related early compli-
cations are uncommon. Beneeth the life threatening
problems of perforations, acute dysphagia is the
most troublesome early complication. The reason for
early dysphagia may be an acute postoperative re-hi-
atal herniation with a slipping wrap which possibly
can lead to incarceration intrathoracically. It should
be mentionend, that in the early postoperative stage
less force is required to push the stomach into the
thorax, since the normal anatomical barriers have
been disrupted by surgical dissection. If the wrap has
been constructed too tight or the hiatus was closed
too tight, dysphagia occurs within the first two days
resulting in complete inability to swallow even sa-
liva. In this case a swallow X-ray with a soluble con-
trast should be performed. If no contrast passes from
the esophagus into the stomach early reoperation is
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disappears within one year in the majority of patients.
Therefore a very cautious proceeding is advocated and
if nutrition is adequately maintained, waiting for al-
most a year before considering surgical revision should
be encouraged. Redo surgery should then be perform-
ed more easily. Whilst it is difficult to be certain 
what the underlying cause of dysphagia is, a reexplora-
tion before surgical intervention should be done. The
investigation of joice is a diagnostic pneumatic dilata-
tion in general anesthesia. The figure of the dilated
balloon on X-ray control shows, whether the stenosis
is related to the wrap or the diaphragm. A hiatal re-
lated stenosis shows the typical radiological pricture of
a sand-glas form. Laparoscopic reintervention con-
tains not only the dissection of all adheasions with the
break down of the wrap but the complete exposition
of the hiatus with the preparation of the distal and
intrathoracically positioned part of the esophagus too.
Then the crural sutures have to be opened until a fifty
french bougie slides unhindered into the stomach. If
the stenosis is related to excessive parahiatal scar tissue
this has to be removed, followed by the reconstruction
of a normal wide hiatus. If the underlying problem of
persistant dysphagia is a primary too tight wrap the
fundoplication has to be devided and unravelled fully.
A new and loose wrap has to be constructed and it is
appropriate to perform a posterior 270� or 180�
Toupet fundoplication even if an esophageal manome-
try demonstrates normal esophageal body peristalsis.
In cases when the actual cause of dysphagia is not
clear, widening of the hiatus and conversion to a
Toupet fundoplication should both be performed.

The most frequent symptom leading to late redo
surgery is the combination of reflux and dysphagia.
This combined problem can occur as a result of a re-
hiatal hernia with the consecutive migration of a part
or the total wrap intrathoracically, the so called “Slip-
ping Nissen”. These patients experience dysphagia as
a result of a beginning strangulation of the wrap or
the upper part of the stomach in between the crural
branches with gastric mucosa above the stenosis re-
sulting in peptic reflux. The symptoms in patients
with a herniation of a part of the fundus through an
intact wrap, the so called “telescoping” are the same,
recurrent reflux and dysphagia. A telescope phenome-
non can occur with or without a rehiatal hernia.

Indication for redo surgery in these patients is a
decreased quality of life compared to the quality of

life score before primary surgery. The operative
strategy is always the same: deviding the adheasions
from the stomach to the liver, the diaphragm and
the fat, unravelling the previous fundoplication and
exposing the diaphragmatic crura and the esopha-
geal hiatus. It is essential to lengthen the esophagus
by extensive preparation of its distal intrathoracically
part. Only if the complete unravelled fundus and the
distal esophagus lay loose without tension intraab-
dominally the reconstruction of the new hiatus and
refundoplication can start.

Although for every patient undergoing redo sur-
gery, the kind of the fundoplication can be predicted
preoperatively the correction of the hiatus can only
be established intraoperatively. The strategy there is
according to the individual patient and his particular
hiatal problem. It has to be decided whether the
crura should be adapted only with sutures or armed
by a small or circular prosthetic material. In contrast
to this kind of closure of the hiatus with tension on
the crura the hiatus can be closed in a tension free
technique using a special mesh. As mentioned in a
chapter before, there is no doubt, that the use of
prosthetic material in repairing a large hiatal hernia
reduces the risk of recurrent herniation.

Results

According to the literature, mortality for laparoscop-
ically done refundoplications is not higher than for
primary procedures. It can be estimated that the com-
plication rates are even lower since redo procedures
generally are done more in centers with surgeons
more skilled in antireflux surgery and in laparoscopy.
Open reoperation after open failed antireflux surgery
is associated with a mortality of about 2 per cent and
a morbidity of 20 to 40 per cent [4], [5]. Even in cen-
ters excellent to good results can only be expectet in
85 per cent of patients after open redo surgery. In the
literature, there are only a few articles available deal-
ing with a greater number of patients having under-
gone redo fundoplication [6]. The reported mortility
in these papers is zero as it is in our serie of more
than 150 redo procedures too. Morbidity and report-
ed complications are unessential higher than in case
of primary laparoscopic fundoplication. Data from
the literature emphasize that patients assess the result
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able, avoidable, or a waste of time? Ann Surg 224:
198–203

[3] Kamolz T, Granderath PA, Bammer T, Pasiut M,
Wykypiel H Jr, Herrmann R, Pointner R (2002) Mid-
and long-term quality of life assessments after laparos-
copic fundoplication and refundoplication: a single unit
review of more than 500 antireflux procedures. Dig
Liver Dis 34: 470–476

[4] Stein HJ, Feussner H, Siewert JR (1996) Failures of
antireflux surgery: causes and management strategies.
Am J Surg 171: 36–40

[5] Little AG, Ferguson MH, Skinner DB (1986) Reop-
erations for failed antireflux operations. J Thorac
Cardiovasc Surg 91: 511–519

[6] Pohl D, Eubanks TR, Omelanczuk PE, Pellegrini CA
(2001) Management and outcome of complications af-
ter laparoscopic antireflux operations. Arch Surg 136:
399–404

[7] Granderath FA, Kamolz T, Schweiger UM, Pointner R
(2002) Long-term follow-up after laparoscopic refun-
doplication for failed antireflux surgery: quality of life,
symptomatic outcome and patient satisfaction. J Gas-
trointest Surg 6: 812–818

[8] Eypasch E, Williams JI, Wood-Dauphinee S, Ure BM,
Schmülling C, Neugebauer E, Troidl H (1995) Gastroin-
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of redo surgery as excellent to good in 65 to 85 per
cent [7]. In case of a poor result (in 10 to 20 per
cent), with persisting or new onsert symptoms a
second or even third reintervention can be done
without more problems than at the first refundoplica-
tion. Even in these patients in our series the success
rates are as high as they are after the first reinterven-
tion. The quality of life in redo patients evaluated by
means of the gastrointestinal quality of life index [8]
is not much worse compared to those after success-
fully done primary surgery but much more better
than before primary laparoscopic fundoplication.
Laparoscopic revisional surgery in patients having
undergone open fundoplication is feasible too with
the restriction that adheasions from the stomach to
the liver, to diaphragm and to the adominal wall are
much more pronounced compared to patients with
previous laparoscopic surgery.

References

[1] Dallemagne B, Weerts JM, Jehaes C, Markiewicz S,
Lombard R (1991) Laparoscopic Nissen fundoplication:
preliminary report. Surg Laparosc Endosc 1: 138–143

[2] Watson DI, Baigrie RJ, Jamieson GG (1996) A learn-
ing curve for laparoscopic fundoplication. Defin-



HIATAL CLOSURE – NEW TRENDS IN LAPAROSCOPIC 
ANTIREFLUX SURGERY

F. A. Granderath1 • C. T. Frantzides2 • M. A. Carlson3

1 Department of General Surgery, Hospital Zell am See, Austria
2 Minimally Invasive Surgery Center, Evanston Northwestern Healthcare, Evanston, Il, USA
3 Department of Surgery, University of Nebraska Medical Center, Omaha, NE, USA

Fig. 1. Type-I hiatal hernia
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Introduction

Gastroesophageal reflux disease (GERD) has proven
to be the most common upper gastrointestinal disord-
er in the western world with 10% of patients having
daily symptoms [1], [2]. In many patients, GERD is
associated with the presence of a hiatal hernia. The
differences between the three traditional types of hia-
tal hernia regarding their morphological character-
istics as well as the symptomatic correlation with
GERD have to be considered. The most compre-
hensive classification recognizes three types of hiatal
hernias. Type-I hiatal hernias, the classical sliding hia-
tal hernias, are characterized by transdiaphragmatic
migration of the gastroesophageal junction and the
proximal stomach toward the mediastinum. Type-I hi-
atal hernias are proven to be most common (80–90%
of all types), particularly when the hernia is small. In
type-II hiatal hernias or paraesophageal hernias, the
gastroesophageal junction remains below the dia-
phragm in its normal position and the gastric fundus
herniates alongside the esophagus into the mediasti-
num. The type-III hiatal hernias are a combination of
both type-I and -II hernias. The gastroesophageal
junction is above the diaphragm, and the gastric fundus
herniates alongside the esophagus (Figs. 1–3). More
than 80% of all paraesophageal hernias are considered
to be type-III hiatal hernias.

Depending on these morphological entities, these
three types show several symptomatic and clinical differ-
ences. A type-I hiatal hernia often causes characteristic
GERD symptoms such as heartburn and regurgitation.
Considerations regarding surgical therapy for this hernia
type depends on the presence of GERD symptoms;
therefore, the most common indication for surgery in
type-I hiatal hernia is persistent GERD symptoms re-
calcitrant to medical therapy. A type-II hiatal hernia 

also can be accompanied by GERD symptoms, but this
hernia type is typically associated with chest pain, dys-
phagia, pulmonary problems, nausea or bleeding, which
are caused by the gastric herniation. Although paraeso-
phageal hernia is a rare condition, it is associated with a
rather high incidence of complications.

In case of axial rotation of the gastric fundus, the
risk for intrathoracic strangulation and gastric volvulus
with eventual incarceration and necrosis is increased.
Therefore, most authors recommend a surgical man-
agement of paraesophageal hernia, even in patients
without symptoms. The minimally invasive approach
to paraesophageal hernia repair has become the stan-
dard of care for surgical management of this problem.
Several studies have shown that laparoscopic para-
esophageal hernia repair is associated with a lower 
incidence of morbidity, a shorter hospital stay, and a
shorter recovery period compared to open repair [3].
Additionally, most authors agree that the laparoscopic
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most common intraoperative finding during redosurgery
for the failed antireflux procedure [10].

Some possible patient-related and procedure-related
mechanisms for postoperative intrathoracic wrap mi-
gration include inappropriate postoperative activities of
the patients immediately after surgery, inadequate 
mobilization of the esophagus, inadequate crural closure
secondary to widely spaced crura sutured under tension,
or a postoperative rupture of the cruroplasty due to con-
tinuous excursion of the diaphragm.

Crural closure has become a relevant problem in 
laparoscopic antireflux surgery, as well as during laparo-
scopic paraesophageal hernia repair. To solve this prob-
lem, some authors have advocated the use of prosthetic
material for crural closure in both laparoscopic par-
aesophageal hernia repair and laparoscopic antireflux
surgery. The concept of using prosthetic meshes is based
upon the lessening of tension on the hiatal crura or the
reinforcement of simple sutured crura to prevent postop-
erative hiatal disruption. Since the first description of
prosthetic hiatal closure by Kuster in 1993 [5], a number
of techniques have been published. There has debate re-
garding the shape of the mesh, the material of the mesh,
the position and placement of the mesh, and especially
whether a prosthetic hiatal reinforcement has to be ten-
sion-free. Additionally, there is no agreement regarding
the question of selective versus routine use of mesh.
Some authors recommend the routine use of prosthetic
mesh in order to prevent tension on the hiatal crura and
therefore decrease hiatal hernia recurrence. Other au-
thors use mesh selectively, e.g., in patients in whom a

approach allows better visibility and higher dissection
of the intrathoracic esophagus. Whether performed
open or laparoscopically, however, paraesophageal her-
nia repair is associated with a high recurrence rate. Re-
cent reports have shown the laparoscopic approach in
particular has a higher recurrence rate than the open
approach, with recurrence rates in the former up to
42% [4]. Due to this high recurrence rate, several tech-
nical details have been considered to minimize the rate
of recurrent hiatal herniation. Some of these details are
still a matter of controversy; for example the complete
removal of the hernia sac, the need to perform an anti-
reflux procedure, or the performance of a gastropexy
are frequent topics of discussion [5], [6]. The main
question, however, has to be whether to perform the
hiatoplasty with simple interrupted sutures or with
prosthetic material.

During the past few years it has been shown that hi-
atal closure also has become a central point in laparos-
copic antireflux surgery for GERD [7]. The causes of
failure of an antireflux procedure are multiple, but the
most frequent cause has proven to be the recurrent hiatal
hernia with consecutive intrathoracic herniation of the
fundic wrap into the mediastinum [8]. Typical symp-
toms of an intrathoracic wrap herniation are persistent
or recurrent reflux, dysphagia, or the combination of
both. The combination of these symptoms and this ana-
tomic complication leads to redo-surgery in most of
these patients [9]. In a large review of more than 10.000
laparoscopic antireflux procedures, it was documented
that postoperative intrathoracic wrap herniation was the

Fig. 3. Type-III hiatal herniaFig. 2. Type-II hiatal hernia
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sufficient tension-free hiatal closure cannot be achieved
with simple sutures.

For some authors, the indication for reinforcement
of the hiatal crura with prosthetic material depends
on the size of the hiatal defect. Another point of con-
troversy focuses on the shape and material of the
prosthetic mesh. Some authors routinely use polypro-
pylene meshes for hiatal closure, believing that 
polypropylene rapidly incorporates and that the de-
veloping scar tissue strengthens the muscular fibers of
the hiatal crura. Other authors discourage the use of
polypropylene due to the development of visceral ad-
hesions and the risk of intestinal fistula [11]. On the
other hand polytetrafluoroethylene (P TFE) has been
recommended for hiatal closure because of its low ad-
hesive potential.

Techniques and results of prosthetic meshes 
for closure of the esophageal hiatus

Several techniques have been described for prosthetic
closure of the hiatal crura. Basically, two different
approaches have to be differentiated: mesh repair
without primary sutured crura (“tension-free”) or
mesh repair with primary cruroplasty.

The first study regarding laparoscopic large hiatal
hernia repair with hiatal mesh prosthesis was pub-
lished by Kuster and Gilroy in 1993 [5]. These
authors preferred tension-free anterior repair of the
hiatal defect. In 6 patients with large paraesophageal
hernia, the hiatal crura could not be sutured anterior
to the esophagus without significant tension. There-
fore a Mersilene® mesh was placed on the hiatus as
an anterior onlay patch, overlapping the hiatal crura
about 2 cm in all directions. The mesh was secured
to the crural edges with staples. No intraoperative or
postoperative mesh-related complications occurred
during a follow-up period of 8–22 months. Postop-
erative gastrointestinal series showed no evidence of
postoperative hernia recurrence; however, 2 patients
had slippage of a small part of the posterior segment
of the fundus. None of these patients developed 
postoperative mesh-related dysphagia or GERD
symptoms during the follow-up period.

A similar technique has been used by Paul et al
[12] in 3 elderly patients. A 5 � 10 cm Gore-tex®

mesh (PTFE) was cut to cover the hiatal defect,

and then was placed as an anterior onlay patch. The
mesh was secured at the lower mesh edges, and then
sutured in a running fashion up to the top of the
mesh (Fig. 4 ). In this small series there were no
complications, and for a mean follow-up period of
10 months there were no hernia recurrences.

Another technique of tension-free hiatal closure
has been avocated by Basso and colleagues [13]. In
65 patients who underwent laparoscopic Nissen fun-
doplication with simple sutured hiatal closure the
authors experienced a hiatal hernia recurrence rate
of 13.8% during a mean follow-up period of 48.3
months. After reviewing the videotapes of these pa-
tients, it became clear that the crural sutures were
under tension, and that hiatal disruption led to post-
operative intrathoracic migration of the fundic wrap.
Due to these findings, the authors began using a 
3 � 4 cm polypropylene mesh for posterior hiatal
reinforcement.The mesh was secured with staples on
the upper side and on the lateral sides of both crura
as a tension free hiatoplasty (Fig. 5 ). This technique
was used in a subsequent group of 67 patients who
underwent laparoscopic Nissen fundoplication for
GERD. During a mean follow-up period of 22.5
months, the authors saw no complication related to
the prosthetic mesh nor hiatal hernia recurrence.

An interesting technique to achieve a tension-free
hiatal closure has been described by Huntington et al
[14]. If a tension-free crural closure with simple sutures
was nor possible, then a relaxing incision on the 

Fig. 4. Tension-free anterior repair
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diaphragm was performed to gain crural mobility for a
simple sutured hiatoplasty. The diaphragmatic defect of
the relaxing incision then was closed with a polypro-
pylene patch (Fig. 6). This technique was used success-
fully in 8 patients with paraesophageal hernia; there was
no recurrence during a follow-up period of 8 months.

Champion et al [15] preferred prosthetic reinforce-
ment of primarily sutured crura. Similar to Basso et al
[13], these authors used a 3 � 5 cm polypropylene mesh
for posterior hiatal closure. After placing interrupted per-
manent sutures posteriorly to the esophagus, the poly-
propylene mesh was placed as an onlay prosthesis, and
then fixed with a hernia stapler along the crural edges.
The mesh was secured further with a centrally placed
permanent mattress suture; this ensured that the upper
edge of the mesh was positioned at least 1 cm below the
upper edge of the crural repair (Fig. 7). This technique
was performed in 52 consecutive patients with symp-
tomatic GERD and a large hiatal/paraesophageal hernia.
During a mean postoperative follow-up period of 
25 months, only one patient developed a postoperative
intrathoracic wrap migration; this was caused by violent
retching in the recovery room after surgery. Later on,
this patient underwent redo-surgery due to recurrent
GERD symptoms. Importantly, no mesh migrations 
or visceral erosion occurred in this series of patients.

In a recently published article by Keidar and Szold
[16], the authors use a circular mesh in a similar shape
as Frantzides et al [17]. Out of a sample of 33 patients,
a group of 10 patients with large paraesophageal hernias
underwent laparoscopic prosthetic hiatal repair. The
simple cruroplasty then was reinforced with Gore-tex®

mesh in six patients and Prolene® mesh in four patients.

Fig. 7. Sutured crura and posterior mesh repair

Fig. 6. Tension-free sutured repair

Fig. 5. Tension-free posterior repair

The mesh was precut to an oval sheet, placed around
the esophagus and then fixed to the diaphragm using a
hernia stapler (Fig. 8). During a follow-up period of
46–76 months, the satisfaction score was good to ex-
cellent in the majority of patients. Only 1 patient of the
mesh-repaired patients developed a hiatal hernia recur-
rence in contrast to 4 patients who underwent repair
without mesh. No complications related to the use of
the mesh were seen in this study.

Casaccia et al [18] published their experience with
an innovative physiological composite “A” – shaped
mesh. The authors first performed a physical and geo-
metrical analysis of the esophageal hiatus with a theo-
retical model. Based on their findings regarding the
physiological strengths of the hiatal crura with or with-
out direct sutures, they performed an anatomical study
on 20 cadavers to verify the anatomical findings of their
theoretical model. As a result, they developed a special
“A” shaped PTFE – mesh (BARD® Composix mesh)
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which, when positioned over the hiatal defect, was in-
tended to effect closure similar to the physiological con-
dition (Fig. 9). In 8 patients with large type-II and
type-III hiatal hernia, laparoscopic repair was per-
formed with this composite “A” shaped P TFE mesh.
Intraoperatively, the authors found that the mesh fit
well in the hiatal region, with good handling and easy
placement on the diaphragm. Postoperative dysphagia
occurred in 2 patients for up to 3 months after surgery,
but no recurrence was observed during an average 
follow-up period of 8 months.

Based on the possibility of mesh-related complica-
tions such as esophageal stricture, mesh migration, or
visceral erosion, Oelschlager et al [19] advocated the use
of a new type of mesh made from porcine small intes-
tine submucosa (SIS) for laparoscopic repair of par-
aesophageal hernias. The authors closed the hiatal crura
with interrupted 2�0 silk sutures, and then positioned a
U-shaped 7 � 10 cm four-ply Surgisis® mesh posteri-
orly so that the mesh covered the crural repair. The
mesh was secured with interrupted silk sutures to the
diaphragm (Fig. 10). This technique has been used in 9
patients with large paraesophageal hernias that could
not be closed without tension. In 8 patients who were
available for follow-up, only 1 had a small (2 cm) 
recurrent hiatal hernia on barium esophagram; this
recurrence was asymptomatic. Another patient had to
undergo pneumatic dilatation for persistent mild 
dysphagia, but without signs of anatomic failure on
endoscopy or barium swallow. There were no other
complications in this series.

Another approach to crural closure with biomaterial has
been described by Varga et al [20]. In this study, the hi-
atoplasty was performed with the ligamentum teres in
addition to simple sutures. After closing the hiatal crura
with nonabsorbable interrupted sutures, the mobilized
ligamentum teres was pulled between the closed crura
and posterior esophagus, and then sutured to the crura.
This created a U-shaped hiatal onlay reinforcement
(Fig. 11). This technique was performed in 4 patients
with type-III hiatal hernia. There were no perioperative
complications related to this kind of hiatoplasty. One
patient had minor episodic epigastric pain postopera-
tively; otherwise, all patients relieved of symptoms. No
recurrent hiatal hernia occurred during follow-up of 
3–11 months.

Fig. 8. Simple cruroplasty and circular mesh repair

Fig. 9. Simple cruroplasty and “A”-shaped mesh repair

Fig. 10. Simple cruroplasty and SIS® mesh repair
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number of sutures depended on the size of hiatal her-
nia; in these patients, the crura were approximated with
2–4 interrupted nonbasorbable polyfilament sutures
(Figs. 12 and 13).

In the cruroplasty and mesh group, the crura were
approximated with simple interrupted sutures as above.
Additionally, a 1 � 3 cm section of polypropylene mesh
(cut from a 10 � 15 Prolene® mesh for groin hernia re-
pair) was placed on the sutured crura as a posterior on-
lay and sutured with one stitch on the lateral sides of
both the right and the left crus (Figs. 14 and 15).

Follow-up examinations were performed 6 weeks, 3
months and 1 year after surgery. After 1 year of follow-
up, a significant difference in the postoperative occur-
rence of intrathoracic wrap migration was found. In the
initial group with non-mesh hiatoplasty, a postoperative
intrathoracic wrap migration occurred in 6.1% of pa-
tients compared to 0.6% of patients who underwent cru-

Fig. 11. Simple cruroplasty and ligamentum teres repair

Own experience

The high rate of postoperative intrathoracic wrap mi-
gration after laparoscopic antireflux surgery prompted
us to use prosthetic meshes for crural closure in Decem-
ber 1998. In all patients who underwent laparoscopic
antireflux surgery at our surgical unit, hiatal hernia re-
currence with intrathoracic wrap migration was the
most common cause of anatomic failure after primary
laparoscopic antireflux surgery. In over 70% of patients
who underwent laparoscopic refundoplication after pri-
mary failed antireflux surgery, intrathoracic wrap migra-
tion was found as the reason for failure.

In a prospective non-randomized trial [21] we com-
pared 361 patients with GERD who underwent lapa-
roscopic Nissen or Toupet fundoplication with simple
crural closure to 170 GERD patients who underwent
laparoscopic antireflux surgery with simple hiatal clo-
sure reinforced with polypropylene mesh. In the group
of patients who underwent primary cruroplasty, the

Fig. 12. Simple cruroplasty

Fig. 13. Simple cruroplasty
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ral closure with polypropylene mesh onlay. A significant
difference also occurred in the incidence of postoperative
dysphagia. Patients with mesh-cruroplasty had a dys-
phagia rate of 35.3% compared to 19.8% in the non-
mesh group 3 months after surgery; however, the
dysphagia rate resolved at the 1 year visit and was not
different between the two groups.

These findings were re-evaluated in another non ran-
domized trial [22], in which 100 GERD patients with
simple crural closure were compared to 100 GERD pa-
tients with simple closure reinforced with the 1 � 3 cm
polypropylene mesh hiatoplasty. The postoperative dys-
phagia rate and its impact on quality of life was evaluated
for a period of 12 months after surgery. The postopera-
tive dysphagia rate was significantly higher in the mesh-
group at 3 month follow-up, but again decreased to 

comparable values at 1 year follow-up. Apart from these
results, patients quality of life (GQLI) significantly im-
proved after surgery in both groups. This improvement
remained stable up to one year postoperatively, was com-
parable between the two groups, and similar to values
from a healthy control group.

To verify these findings, a prospective randomized
study was performed on 100 GERD patients scheduled
for laparoscopic Nissen fundoplication [23]. Fifty pa-
tients were prospectively randomized to laparoscopic
360� floppy Nissen fundoplication with simple hiato-
plasty, and fifty were randomized to laparoscopic 360�
floppy Nissen fundoplication with 1 � 3 cm polypro-
pylene mesh onlay. Follow-up of 12 months was 
obtained in all patients. Three months after surgery, a
significant difference in postoperative intrathoracic wrap
migrations was observed. Five patients (10%) of the
non-mesh group had a recurrence compared to 1 patient
(2%) of the mesh-group. Twelve months after surgery,
the recurrence rates increased to 4 patients (8%) in the
mesh-group and 13 patients (26%) in the non-mesh-
group. In addition, patients with prosthetic hiatal closure
again had a higher dysphagia rate at the 3 months visit,
as previously observed.

A different type of prosthetic mesh was used in 24
patients who underwent laparoscopic refundoplication
in our surgical unit for a failed primary antireflux sur-
gery. The cause of failure in all of these patients was a
symptomatic intrathoracic wrap mig-ration [24]. The
failed hiatal repair was primarily approximated with in-
terrupted nonabsorbable sutures and then reinforced
with a circular precut polypropylene mesh. The mesh
was cut out with a 3–4 cm “keyhole” as described by

Fig. 14. Simple cruroplasty and posterior 1 � 3 cm polypropyl-
ene mesh repair

Fig. 15. Simple cruroplasty and posterior 1 � 3 cm polypropylene
mesh repair
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the mesh and secured with staples on the lateral side of
the mesh (Figs. 18 and 19). The advantages of this
mesh type have been ascribed to the combination of
two clinically proven materials: BARD® mesh on the
one side for maximum tissue ingrowth and eP TFE on
the other side for minimal visceral adhesions.

In addition, we are participating in a multicenter
study regarding the use of PARIETEX®, a newer mesh,
which, similar to the Composix mesh, combines two dif-
ferent materials. Parietex® composite mesh has a three-
dimensional weave of polyester on the one side with a
hydrophilic collagen material on the other side. The re-
sorbable collagen side has been designed for the preven-
tion of intrabdominal adhesions to the mesh in the early
postoperative period. The polyester side guarantees rapid
tissue ingrowth with permanent reinforcement. In con-
junction with the participating colleagues and the man-
ufacturer, we have designed a special “V” shape of this
mesh particularly for laparoscopic closure of the hiatal
crura. The mesh is used both for tension-free hiatal clo-
sure (Figs. 20 and 21) and as an additional reinforcement
of primary sutured hiatal crura. Positioned as a posterior
onlay prosthesis, the mesh is secured to the diaphragm
with a hernia stapler.

Based on our previous findings and experiences, we
are developing a new kind of prosthetic mesh which
specifically will be for hiatal closure. During laparo-
scopic refundoplication for primary failed hiatal clo-
sure, the fundic wrap often does not slip posterior to
but also anterior to the esophagus. Therefore, in addi-
tion to posterior closure, the mesh should also cover
the anterior diaphragmatic region to prevent postope-
rative anterior slippage. Circular meshes have proven

Frantzides and Carlson [25]. The mesh was placed
around the esophagus and secured to the diaphragm and
crura with a hernia stapler (Figs. 16 and 17). All patients
were followed for 12 months after surgery, and no one
had a hiatal hernia recurrence. We have had no evidence
of any mesh-related complications such as erosion, mi-
gration, or visceral perforation in our patients.

We also are working on other alternatives for hiatal
closure. The higher dysphagia rate in patients with 
hiatal mesh prosthesis has led us to use a special “V”
shaped Composix mesh (Crurasoft®, BARD) for large
hiatal hernia repair. After dissection of the hiatal crura,
the mesh is brought into the abdomen and positioned
on to the crura as a tension-free posterior onlay. The
mesh is fixed with interrupted sutures on the edges of

Fig. 16. Simple cruroplasty and circular polypropylene mesh
repair

Fig. 17. Simple cruroplasty and circular polypropylene mesh
repair
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to be an effective method to prevent hiatal hernia re-
currence in some studies. We have employed a “heart”
shaped modification of this mesh with large anterior
and posterior portions which completely cover the hi-
atal crura behind the esophagus. The esophagus lies in
a 3–4 cm central keyhole, which is protected by a
PTFE collar to prevent esophageal erosion by the
mesh (Fig. 22).

Experience of Drs. Frantzides 
and Carlson

Our initial results with laparoscopic mesh-
reinforced diaphragmatic hernia repair

To our knowledge, Dr. Robert Condon of the Medical
College of Wisconsin (Milwaukee, Wisconsin, USA)

was the first to address the problem of unacceptably
high recurrence rate after (open) sutured hiatal hernior-
rhaphy by using a mesh-reinforced cruroplasty. Begin-
ning in the latter 1970’s, this surgeon (who was our
mentor) instituted a policy of polypropylene onlay to
the diaphragm for patients with large hiatal hernia with
intrathoracic stomach [26]. His technique consisted of
a sutured posterior cruroplasty onto which a sheet of
Marlex® was placed, followed by a gastrostomy. In order
to accommodate passage of the esophagus, a “keyhole”
was cut in the center of the mesh. Over a fifteen year
period, 44 patients with intrathoracic stomach were
treated in such a manner. After a mean follow-up 
period of 52 months (range 2 months to 15 years), the
clinical recurrence rate was zero [26]. At the time of its
publication in 1998, this manuscript represented one of
the largest series of prosthesis-reinforced diaphragmatic
hernia repairs, either open or laparoscopic.

Encouraged with the result of open mesh repair of
diaphragmatic hernia, we elected to perform the repair
with a minimally invasive approach. We did have a con-
cern with using a stiff prosthetic mesh (such as Marlex®)
at the hiatus, because this mesh did erode into the
esophagus in one patient from the open series [26].
Polypropylene mesh erosion into exposed bowel has
been a frequent enough problem in mesh repair of an-
terior abdominal wall defects, especially in the presence
of acute inflammation [27]. We believed that the use of
P TFE at the hiatus might lessen the risk for erosive
complications, since only a handful of cases have been
published documenting P TFE as the cause or suspect-
ed cause of a bowel fistula (at the time we were contem-
plating such repairs, no reports of erosive complicationsFig. 18. Tension-free posterior Crurasoft® mesh repair

Fig. 19. Tension-free posterior Crurasoft® mesh repair
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patients with gastroesophageal reflux disease and large
defect hiatal hernia were enrolled into this trial [25]. The
study population consisted of a subset of all patients 
(� 600) undergoing primary minimally invasive antire-
flux surgery under the care of Dr. Frantzides. The deci-
sion whether to enroll a patient into the study was made
after intraoperative measurement of the hiatal defect. If
the defect diameter was � 8 cm, then the subject was
randomized, and a simple posterior cruroplasty with or
without P TFE onlay reinforcement (see below) followed
by a floppy Nissen fundoplication was performed. After a
mean follow-up period of 3.3 years, the recurrence rate in
the cruroplasty-only group was 22% (i.e., 8 of 36), and
the rate in the cruroplasty plus P TFE group was zero.
There were no mesh-related complications. We con-
cluded that P TFE reinforcement of posterior cruroplasty
was indicated for hiatal defects � 8 cm.

Our technique of laparoscopic mesh-reinforced 
hiatal hernia repair

Our technique of minimally invasive hiatal hernia repair
has been described in detail elsewhere [28]. The patient
is placed in a modified lithotomy position with 15–20�
of reverse-Trendelenburg tilt, and the surgeon stands be-
tween the patient’s legs. We employ five 10 mm ports;
this gives us maximum flexibility in instrument choice,
including atraumatic 10 mm tissue graspers (atraugrip
grasper – Pilling and Weck Surgical, Ft. Washington,
PA). The liver is retracted with an inflatable non-
traumatic balloon retractor (Soft Wand atraumatic bal-
loon, Southborough, MA). The contents of the hiatal

from P TFE could be found). Another theoretical con-
cern we had was whether the use of mesh actually would
be of benefit in the repair of diaphragmatic hernia. Our
retrospective series suggested that utilization of mesh
decreased hernia recurrence rate, but we did not have
any controlled data that confirmed this. Therefore, after
a small number of cases to demonstrate the feasibility of
minimally invasive hiatal herniorrhaphy with P TFE on-
lay reinforcement [17], we embarked on a randomized
controlled trial to test whether mesh placement reduced
the recurrence rate after laparoscopic diaphragmatic 
hernia repair.

We hypothesized that a benefit from mesh placement
most likely would be seen in patients with a large hiatal
defect (which we defined as � 8 cm). Seventy-two

Fig. 21. Parietex® mesh repair

Fig. 20. Parietex® mesh repair
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hernia (stomach, omentum, transverse colon, etc.) are re-
duced using the atraumatic grasper. The lesser omentum
is then entered at the avascular area above the caudate
lobe and the incision extended to the anterior arch of the
crura. The hernia sac is reduced and excised. This dis-
section of the sac should be done meticulously so that
pneumothorax is avoided. We advocate routine excision
of the hernia sac; without such excision, the subsequent
dissection can be difficult and confusing. The esophagus
should be mobilized such that the distal 5 cm lies within
the abdomen without tension. We prefer to employ a
lighted esophageal bougie during this part of the proce-
dure; this can aid in the identification of the esophagus,
which can be a difficult task.

After the esophagus is fully mobilized, a posterior
cruroplasty is performed with nonpledgeted, interrupted

sutures of braided polyester. If an anterior hiatal defect is
present at this point, then we also will a employ a 1–2
stitch anterior cruroplasty. A P TFE patch then is
custom-cut from a larger sheet of mesh (see Fig. 23); a
“keyhole” (3.5 cm circular defect) is cut into the center of
the mesh to accommodate the esophagus (Fig. 23). The
patch is introduced into the abdomen through a trocar
(avoiding contact with the skin), and then applied as an
onlay to the diaphragmatic repair, ensuring that the ma-
croporous (rough) surface of the mesh faces the dia-
phragm. The prosthetic is anchored in place with a rigid
laparoscopic hernia stapler (see Fig. 24). This 10 mm
instrument fires titanium staples; we have found its per-
formance optimal for securing PTFE to the diaphragm.
The procedure is completed with a floppy 3-stitch,
2 cm-long Nissen fundoplication, performed over a 50–
60 Fr bougie.

There are issue regarding the technique of mesh fix-
ation to the diaphragm; specifically, whether to apply the
mesh as on onlay, or to perform a “tension-free” repair.
We have preferred the former; that is, to complete a pri-
mary cruroplasty first, and then to cover the cruroplasty
with an onlay patch. In this situation, the mesh acts as a
buttress for the sutured cruroplasty, relieving the tissue
repair from the forces of intraabdominal pressure, respi-
ratory excursion, and so forth. In the tension-free repair,
the crura are not approximated; the mesh bridges the
native defect. At this point in time there is no evidence
from the field of mesh hiatal herniorrhaphy to support
the use of onlay repair over tension-free repair (or visa
versa). Our preference for the onlay repair has been our
practice pattern, and we have had and continue to have
salutary results from this practice. Practically speaking, it
is easier to staple the mesh in place around the esopha-Fig. 22. The “Zell” mesh

Fig. 23. PTFE onlay patch is constructed to have an oval shape
with a horizontal diameter of 12 cm and anterior-posterior di-
mension of 10 cm. A 3.5 cm “keyhole” is made in the center of the
mesh in order to accommodate passage of the esophagus
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The actual firing of the stapler can be a “tricky”
maneuver, because unfortunate stapler deployment can
injure the heart, which can result in fatal outcomes [31].
The precise technical details in stapling P TFE to the
diaphragm with proximity of the heart are difficult to
convey in written form. The surgeon must use enough
pressure on the stapler to ensure that the staple pene-
trates the prosthesis and secures an adequate tissue bite,
but not so much pressure that the staple penetrates the
diaphragm and breaches the pericardium. The attain-
ment of this skill is facilitated with training, anatomic
knowledge, and experience.

Recent results with laparoscopic mesh-reinforced 
diaphragmatic hernia repair

Since the conclusion of our randomized trial [25] we
have routinely employed P TFE mesh reinforcement
during minimally invasive repair of large hiatal hernia.
We have decreased our threshold for mesh usage to hiatal
defects whose diameter is in the range of 5–6 cm. Our
original indication for the utilization of P TFE re-
inforcement during hiatal herniorrhaphy was a defect size
of � 8 cm; this cut-off size is relatively large. Since 
we had an impressive difference in outcome between 
the control and mesh groups in our randomized trial [25]
we felt justified in broadening the indication for mesh
usage. Since 2000, we have performed 63 minimally 
invasive hiatal hernia repairs; P TFE was employed in
28 (44%) of these herniorrhaphies. Since 1992 sixty four
patients have undergone laparoscopic large hiatal hernia
repairs with placement of P TFE prosthesis. We have yet

gus when it is surrounded by the sutured crura. In a
small number of cases, it will be impossible to suture the
crura together secondary to excessive tension, poor tis-
sue, or other reasons. In these situations a tension-free
application of the prosthetic should be employed. In the
final analysis, it likely is the presence of the mesh itself
(and not whether it is applied as an onlay or a bridge)
which prevents hernia recurrence.

We believe that in order for the mesh to have an op-
timal effect (i.e., producing the lowest possible recur-
rence rate), the mesh should cover the repair with a
large “overlap”. That is, the mesh should extend beyond
the crural margins by as much as the local anatomy will
allow (see Fig. B). Practically speaking, extension of the
mesh in this location is limited to the right by the infe-
rior vena cava, anteriorly by the left lobe of the liver,
posteriorly by retroperitoneal structures and to the left
by the spleen. Thus caution should be taken to avoid
injury to any of these structures. The importance of sev-
eral centimeters of mesh extension beyond the entire
circumference of a hernial defect has been borne out by
a large amount of retrospective data from underlay re-
pair of ventral herniorrhaphy, both open and laparo-
scopic [29], [30] For example, if a surgeon is faced with
a 4 cm round-shaped ventral hernia, then the diameter
of the mesh used in an underlay repair typically should
be 8–10 cm, which permits a 2–3 cm extension of the
mesh beyond the entire circumference of the defect.
While it is difficult to satisfy these same criteria for
mesh coverage of a hiatal defect, the precept of mesh
overlap of the hernial defect should be kept in mind
when applying this technique to a hiatal hernia.

Fig. 24. Completed mesh repair of a hiatal hernia. The crura first
were closed with simple sutures of 2�0 braided polyester, and
then a patch as shown in the previous figure was applied to the
cruroplasty (i.e., as an onlay) and stapled circumferentially in
place. Note the extensive overlap of the repair by the mesh
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to document a recurrence after mesh reinforcement of
minimally invasive hiatal hernia repair with our tech-
nique described above. In addition, no patient has been
documented to have mesh infection, erosion, or contrac-
tion (“mesh shrinkage” [32]). We have noted in the lit-
erature a few reported cases reports of PF TE erosion into
a gastrointestinal lumen (see below), but this has not dis-
suaded us from using P TFE-onlay reinforcement of su-
tured cruroplasty for the repair of the large hiatal defect.

Complications of prosthetic hiatal repair

The use of prosthetic materials in surgery for gastro-
esophageal reflux disease and/or large hiatal hernia re-
pair is accompanied by alow incidence of foreign body
complications. For instance, the use of Teflon-pledgets
in fundoplication has been associated with visceral ero-
sion, foreign body migration, or gastroesophageal fistula
after surgery [33]–[35].

In particular, a risk for complications related to the
use of prosthetic materials for closure of the hiatal
crura has been predicted by some authors. The focus is
on the possibility of erosion or migration of the mesh
into the esophagus or stomach, as well as compli-
cations due to severe mesh adhesions, infection, or the
development of fibrotic strictures in the hiatal area. In
a study by Carlson et al [26], one patient (2.3%) out of
44 who underwent open prosthetic hiatal closure for
large hiatal hernia repair developed a mesh erosion
into the esophagus 29 months after surgery. Edelman
et al [36] reported one patient out of 5 who had to un-
dergo revisional surgery after primary laparoscopic pa-
raesophageal hernia repair with mesh. This patients
had severe dysphagia due to esophageal stenosis sec-
ondary to mesh-induced fibrosis. Likewise, Trus et al
[37] also saw one patient who had undergone primary
laparoscopic mesh repair for paraesophageal hernia
who then suffered from refractory postoperative dys-
phagia. During re-laparotomy the authors found a cir-
cular scar at the distal esophagus caused by the hiatal
mesh. The mesh had to be excised, a myotomy was
performed, and then the crura were approximated.
Persistent postoperative dysphagia refractory to dilata-
tions was reported by Van der Peet et al [38]. One pa-
tient who underwent laparoscopic hiatal hernia repair
with Dacron mesh reinforcement had a significant fi-
brotic reaction to the mesh; This had to be removed

during a reoperation. Another two patients with
mesh-related complications were reported by
Casabella et al [39]. One patient developed fibrotic
damage at the hiatus postoperatively; the other patient
had a mesh erosion into the esophagus. Both of these
patients underwent redo-surgery and required distal
resection of the esophagus because of the mesh intru-
sion into the lumen. Coluccio et al [40] also reported
about one case who required resection of the distal
esophagus due to a mesh-related complication. This
patient underwent large hiatal hernia repair with the
use of a P TFE prosthesis which subsequently migrat-
ed into the cardial lumen. During reoperation the
mesh had to be removed, and the patient required a
distal esophageal resection. A fatal complication was
described by Kemppainen et al [31]. This patient had
a large paraesophageal hernia with acute thoracic
herniation and incarceration of the stomach, and 
underwent laparoscopic hiatal hernia repair with
tension-free hiatoplasty using P TFE. Fixation of the
mesh was undertaken with a hernia stapler. After
surgery, this patient developed a cardiac tamponade
caused by a stapler laceration of a coronary vein.

Although there has been a limited number of
complications related to prosthetic mesh after lapa-
roscopic antireflux surgery or large hiatal hernia
repair, some authors recommend the use of bioma-
terials or autologous tissue to avoid any risk of com-
plication secondary to prosthetic mesh. Varga et al
[20] advocated the use of ligamentum teres for 
reinforcement of the hiatal crura in four patients
with a hiatal hernia � 6 cm. In a similar way, the
successful use of biomaterial has been described by
Oelschlager et al [19]. Nine patients underwent lap-
aroscopic paraesophageal hernia repair with the use
of a porcine small intestine submucosa (SIS) mesh
for crural closure to avoid mesh-related esophageal
or gastric injury.

Conclusion and future perspectives

In general, hiatal reinforcement with the use pros-
thetic meshes has proven to be a safe and effective
procedure to prevent postoperative hiatal hernia re-
currence and/or postoperative intrathoracic migra-
tion of the fundic wrap in both laparoscopic surgery
for hiatal or paraesophageal hernia repair as well as
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Carlson (Omaha, USA) have reduced their original
indication of hiatal defect � 8 cm to a typical cut-off
point of 5–6 cm. Other factors like body mass index
or sociodemographic aspects may influence the indi-
cation somewhat, but the primary indication for
them has remained the size of the hiatus. Dr. Szold
(Tel Aviv, Israel) recommends the use of meshes in
all patients with paraesophageal hernias, in all hiatal
hernias � 4 cm, or in patients in whom the crura
seem weak or damaged.

Regarding the characteristics of the mesh, most
authors agree that the ideal mesh has to be easy to
handle during laparoscopy, able to adhere to the
diaphragmatic surface on the one side, and be
benign to the visceral surface on the other side. It
should be resistant to infection and to long-term
contraction.

The shape of the mesh is still a matter of con-
troversy. Most authors recommend a posterior onlay
repair; others have advocated the use of circular pros-
theses with good results. This topic will be a matter of
future research, especially when long-term results of
published series are available. An overview of experts
recommendations is shown in Table 2.

in laparoscopic antireflux surgery for gastroesopha-
geal reflux disease. A few comparative studies and
trials of laparoscopic hiatal closure with simple su-
tures versus mesh-hiatoplasty have shown, that pa-
tients with a prosthetic hiatal closure had a lower rate
of postoperative hiatal hernia recurrences in compar-
ison to patients with simple hiatal repair. Some pa-
tients with prosthetic hiatal closure, however, suffer
from prolonged postoperative symptoms like dyspha-
gia or chest pain; Fortunately, this resolves in most
of the patients without further treatment. A true
complication related to the use of prosthetic mate-
rial for hiatal closure is a rare condition when the
procedure is performed properly.

A consensus regarding a standard indication for
the use of prosthetic mesh for hiatal closure does not
exist at this time. Some authors advocate the use of
prosthetic meshes empirically only in patients in
whom a tension-free crural closure with simple su-
tures seems impossible. Some authors, however, em-
ploy prosthetic hiatoplasty in a more liberal matter.
These authors agree that the primary indication for
prosthetic hiatal closure should be the size of the hi-
atal defect. Dr. Frantzides (Chicago, USA) and Dr.
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Table 1. Results of laparoscopic hiatal hernia repair with mesh prosthesis

Author Publication Patients (n) Mesh type Repair Follow-up Recurrence 
(Ref.) (year) (months) rate

Mesh Non- Mesh Non-
mesh mesh

Kuster J Laparoendosc Surg 6 – Mersilene LPEHR 8–22 0 –
[5] (1993)
Pitcher Arch Surg 2 10 PTFE LPEHR(4), – 0 0
[42] (1995) LARS(8)
Odsdottir Surg Endsoc 10 – LARS 8.9 0
[43] (1995)
Edelman Surg Laparosc Endosc 5 – Surgipro LARS – 0
[37] (1995)
Behrns J Laparoendosc Surg 2 10 LPEHR(5), 6 0 0
[44] (1996) LARS(7)
Trus J Gastrointest Surg 1 75 LPEHR(5), � 16 5(7%)
[38] (1997) LARS(71)
Huntington J Am Coll Surg 8 – Prolene 8 0
[14] (1997)
Paul Surg Endosc 3 – PTFE LPEHR(2), 10 0
[12] (1997) LARS(1)
Willekes Ann Surg 30 PTFE LARS 0
[45] (1997)
Frantzides Surg Endosc 3 – PTFE LARS � 11 0
[17] (1997)
Medina JSLS 2 18 Goretex LPEHR(6), 6–48 0 0
[46] (1998) LARS(14)
Hawasli Am Surg 27 Prolene LARS 1–56 0
[47] (1998)
Carlson J Am Coll Surg 44 – Prolene PEHR 52 0 –
[36] (1998)
Simpson Am Surg 38 – Dacron LARS 15 0
[48] (1998)
Schulz Abstract 161 157 Prolene LARS 2 12
[49] (1998) (1.2%) (7.1%)
Horgan Am J Surg 5 36 LARS 0 0
[50] (1999)
Wu Surg Endosc 6 – Marlex LARS
[51] (1999)
Carlson Dig Surg 15 16 PTFE LARS 12–36 0 3
[52] (1999) (18.8%)
Frantzides Surg Endosc 17 18 PTFE LARS 36 0 3
[53] (1999) (16.6%)
Basso Surg Endosc 67 65 Prolene LARS 22.5–48.3 0 9
[13] (2000) (13.8%)
Hui Am Surg 12 12 Goretex(8), LARS 24–48 0 0
[54] (2001) Marlex(2),

Prolene(2)

(continued )
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Table 1 (continued )

Author Publication Patients (n) Mesh type Repair Follow-up Recurrence 
(Ref.) (year) (months) rate

Mesh Non- Mesh Non-
mesh mesh

Lambert Pediatr Surg Int 7 Prolene LARS 12 0
[55] (2001)
Livingston Am Surg 10 22 Composix LARS 1–72 0 3
[56] (2001) (13.6%)
Athanasakis Endoscopy 3 7 PTFE LARS 12 0 0
[3] (2001)
Frantzides Arch Surg 36 36 PTFE LARS 6–72 0 8
[25] (2002) (22%)
Meyer Ann Chir 10 PTFE(5), LARS 8–40 0
[57] (2002) Prolene(5)
Kamolz Surg Endosc 100 100 Prolene LARS 12 1 9
[22] (2002) (1%) (9%)
Casaccia Surg Endosc 8 PTFE 8 0
[18] (2002)
Granderath J Gastrointest Surg 170 361 Prolene LARS 12 1 22
[21] (2002) (0.6%) (6.1%)
Morales Springer 9 55 PTFE LARS 1 3
[58] (2002) (1.1%) (5.4%)
Champion Surg Endosc 52 – Prolene LPEHR 7–60 1 –
[15] (2003) (1.9%)
Leeder Surg Endosc 14 39 Prolene LARS 6–89 2 3
[59] (2003) (14%) (7.6%)
Diaz J Gastrointest Surg 9 107 Polene, LARS 30 � 25 2 19
[60] (2003) SIS (33%) (21%)
Oelschlager Am J Surg 9 – SIS LARS 3–16 1
[19] (2003)
Granderath Arch Surg 24 – Prolene RELARS 12 0
[24] (2003)
Ponsky Surg Endosc 1 21 0
[61] (2003)
Keidar Surg Lap End Per Tech 10 23 Goretex(6), LARS 46–76 1 4
[16] (2003) Prolene(4) (10%) (18%)
Granderath Arch Surg 50 50 Prolene LARS 12 4 13
[23] (2005) (8%) (26%)
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Introduction

Gastroesophageal reflux disease (GERD) is a ubiqui-
tous problem in modern medical practice; 20% of
Americans experience heartburn on a weekly basis
[1]. In the past, barium studies have been advocated
for patients with reflux symptoms primarily to docu-
ment the presence of a hiatal hernia or gastroesoph-
ageal reflux (GER), to detect complications such as
deep ulcers or strictures, and to rule out other orga-
nic or motor abnormalities in the esophagus. By
permitting a more detailed assessment of the 
esophageal mucosa, however, double-contrast radio-
graphic techniques have made it possible to detect
superficial ulceration and other changes of mild or
moderate esophagitis before the development of
deep ulcers or strictures. Double-contrast esophago-
graphy is also a useful screening examination for
Barrett’s esophagus to determine the relative need
for endoscopy and biopsy in these patients. With
double-contrast techniques, barium studies therefore
have a major role in the evaluation of patients with
known or suspected GERD.

Gastroesophageal reflux

Ambulatory 24-hour esophageal pH monitoring is
currently accepted as the gold standard for the detec-
tion of GER, with a sensitivity and specificity of great-
er than 95% [2], [3]. In contrast, barium studies have
been found to have relatively limited value in detecting
GER, with a reported overall sensitivity of only about
35% [4]. The frequent inability to demonstrate reflux
at fluoroscopy in patients with GERD is at least partly
related to the observation that reflux often results from
transient relaxations of the lower esophageal sphincter
rather than from a sustained decrease in sphincter

pressure [5], [6]. Provocative tests such as the water
siphon test have been shown to increase the sensitivity
of the barium study for the detection of GER, but
these techniques also result in a lower specificity,
compromising the overall accuracy of the radiologic
examination [7], [8].

Despite the limitations of barium studies in de-
tecting GER, a recent study found that virtually all
patients with massive GER at fluoroscopy (defined
as reflux of barium to or above the thoracic inlet
with the patient in the recumbent position) had 
pathologic acid reflux on 24-hour esophageal pH
monitoring in the recumbent position [9]. In this
study, patients with massive GER on barium studies
also had an abnormally low pH for a significantly
greater percentage of time than those in a control
group. Such work suggests that patients with massive
reflux on barium studies are so likely to have patho-
logic acid reflux in the recumbent position that these
individuals can be further evaluated and treated for
their reflux disease without need for pH monitoring.

Hiatal hernias

Sliding hiatal hernias occur with greater frequency in
older patients as a result of a degenerative process in
which there is progressive weakening and laxity of the
ligaments that anchor the gastroesophageal junction to
the surrounding esophageal hiatus of the diaphragm
[10]. There is considerable controversy about the rela-
tionship between hiatal hernias and the development
of GERD. Because most patients with clinically sig-
nificant reflux disease have evidence of a hiatal hernia,
it has been postulated that a hernia predisposes to the
development of GER and that it has a permissive role
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contractions should be highly suggestive of GERD
on barium studies.

Much less frequently, esophageal aperistalsis may be
the only radiographic finding in patients with reflux
disease [28]. Abnormal motility may be secondary to
neuronal damage in Auerbach’s plexus caused by direct
extension of the inflammatory process into the esopha-
geal wall [28]. Conversely, pre-existing esophageal
dysmotility (such as that associated with esophageal
involvement by scleroderma) may predispose patients
to the development of reflux esophagitis by impairing
clearance of refluxed peptic acid from the esophagus.
In either case, the combination of abnormal motility
and GER produces a vicious cycle, often leading to
progressively severe esophagitis [17].

Mucosal nodularity

Early reflux esophagitis may be manifested on dou-
ble-contrast studies by a finely nodular or granular
appearance caused by mucosal edema and inflamma-
tion in the distal third or half of the thoracic
esophagus (Fig. 1) [29]–[31]. This granularity is
characterized by tiny radiolucencies with poorly
defined borders that fade peripherally into the adja-
cent mucosa. Less frequently, reflux esophagitis may
be manifested by coarse nodularity of the mucosa. In
almost all cases, the granularity or nodularity ex-
tends proximally from the gastroesophageal junction
as a continuous area of disease.

More advanced reflux esophagitis may occasionally
be associated with inflammatory exudates or pseu-
domembranes that resemble the plaquelike lesions of
Candida esophagitis (Fig. 2) [32]. However, these pa-
tients usually present with reflux symptoms rather than
odynophagia. A single large pseudomembrane can also
be mistaken for a plaquelike carcinoma, particularly an
adenocarcinoma arising in Barrett’s mucosa [32]. How-
ever, pseudomembrane formation may be suggested by
the presence of other satellite lesions or by a change in
the size and shape of the lesions at fluoroscopy.

Ulceration

Shallow ulcers and erosions associated with reflux
esophagitis may be seen on double-contrast studies as
tiny collections of barium at or near the gastroesoph-
ageal junction (Fig. 3) [29], [30], [33]. The ulcers can

in the development of reflux esophagitis [11], [12].
Nevertheless, many patients with a hiatal hernia have
no evidence of GER, and many patients with GER
have no evidence of a hiatal hernia [13]–[15]. Investi-
gators therefore believe that intrinsic dysfunction of
the lower esophageal sphincter is probably the major
factor in the development of GER, independent of the
anatomic location of the sphincter above or below the
diaphragm [14], [16]–[18].

Reflux esophagitis

Conventional single-contrast esophagography has
been considered to be an unreliable technique for
detecting reflux esophagitis, with an overall sensitivity
of only 50–75% [19]–[22]. On the other hand, the use
of double-contrast esophagography has increased the
radiographic sensitivity to almost 90% [20], [22], [23].
A major advantage of the double-contrast technique is
that it permits a detailed assessment of the esophageal
mucosa for superficial ulceration or other changes of
mild or moderate esophagitis that cannot be detected
on single-contrast barium studies. Nevertheless, sin-
gle-contrast technique (with the patient ingesting 
barium in the prone position) is best for demonstrat-
ing areas of decreased distensibility resulting from 
lower esophageal rings or strictures. A biphasic exami-
nation with upright double-contrast views and prone
single-contrast views of the esophagus therefore ap-
pears to be the best radiologic technique for evaluating
patients with suspected reflux disease.

Abnormal esophageal motility

Between 25 and 50% of patients with reflux esopha-
gitis have abnormal esophageal motility, manifested
by intermittently decreased or absent primary peri-
stalsis in the middle or lower thirds of the thoracic
esophagus [24]–[26]. In this author’s experience,
such esophageal dysmotility is rarely associated with
nonperistaltic contractions, whereas esophageal dys-
motility in the elderly is usually characterized by
decreased primary peristalsis with multiple nonperi-
staltic contractions (the latter condition has been
called “presbyesophagus”) [27]. Thus, in young pa-
tients, the presence of intermittently weakened or
absent primary peristalsis without nonperistaltic
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have a punctate, linear, or stellate configuration and are
often associated with surrounding halos of edematous
mucosa, radiating folds, or sacculation of the adjacent
esophageal wall [29], [30], [33]. When superficial ulcer-
ation is detected in patients with reflux esophagitis, the
correct diagnosis is almost always suggested by the 
distal location of the ulcers, the presence of a hiatal hernia
or gastroesophageal reflux, and the clinical presentation.

Some patients may have relatively diffuse ulceration of
the distal third or even half of the thoracic esophagus
(Fig. 4). However, ulceration in reflux esophagitis tends
to occur as a continuous area of disease extending proxi-
mally from the gastroesophageal junction, so the pres-
ence of one or more ulcers in the middle third of the
esophagus with sparing of the distal third should sug-
gest another cause for the patient’s disease.

Fig. 1. Reflux esophagitis with granular mucosa. Note finely
nodular or granular appearance in the lower third of the
esophagus with poorly defined radiolucencies that fade
peripherally as a result of mucosal edema and inflammation

Fig. 2. Reflux esophagitis with pseudomembranes. There are
multiple discrete plaquelike lesions (arrowheads) representing
pseudomembranes and exudates associated with severe reflux
esophagitis. The plaquelike lesions of Candida esophagitis
could produce similar radiographic findings
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refluxed acid that pools by gravity on the dependent or
posterior esophageal wall, causing maximal injury in
this location [34].

Thickened folds

Reflux esophagitis may also be manifested on barium
studies by thickened longitudinal folds as a result of
edema and inflammation that extend into the submu-
cosa (Fig. 6) [29]. These folds may have a smooth or
irregular contour, occasionally mimicking the appear-
ance of esophageal varices [35]. In general, thickened
folds should be recognized as a nonspecific finding of
esophagitis resulting from a host of causes. Other
patients with chronic reflux esophagitis may have a
single prominent fold that arises in the region of the
gastric cardia and extends upward into the distal
esophagus as a smooth, polypoid protuberance, also
known as an inflammatory esophagogastric polyp
(Fig. 7) [36]–[38]. Because these lesions have no

Other patients with reflux esophagitis may have soli-
tary ulcers in the distal esophagus at or adjacent to the
gastroesophageal junction (Fig. 5) [34]. These “margi-
nal” ulcers can be recognized en face as discrete collec-
tions of barium but are best visualized when the ulcers
are projected in profile beyond the normal contour of
the esophagus. In one study, about 70% of these ulcers
were found to be located on the posterior esophageal
wall [34]. Because GER often occurs dur-ing sleep, it
has been postulated that patients who sleep primarily
in the supine position are more likely to develop po-
sterior wall ulcers as a result of prolonged exposure to

Fig. 3. Reflux esophagitis with ulceration. Several tiny ulcers
(arrows) are seen in the distal esophagus above the gastro-
esophageal junction

Fig. 4. Reflux esophagitis with extensive ulceration. Multiple
ulcers of varying sizes are seen throughout the distal third of
the esophagus (Reproduced with permission from [33])
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malignant potential, endoscopy is not warranted
when barium studies reveal typical findings of an
inflammatory polyp in the distal esophagus at or
abutting the gastroesophageal junction.

Multiple transverse folds may also be found in
patients with GERD, an appearance also known as
the “feline” esophagus because transverse esophageal
folds are normally found in cats [39], [40]. The folds
tend to be closely spaced and completely traverse the
circumference of the esophagus (Fig. 8). These
delicate transverse striations occur as a transient

phenomenon resulting from contraction of the lon-
gitudinally oriented muscularis mucosae [41]. Trans-
verse folds are often observed in patients with GER,
but this finding alone does not indicate the presence
of esophagitis [40].

Advanced findings

In advanced reflux esophagitis, extensive ulceration,
edema, and spasm may cause the esophagus to have a
grossly irregular contour with serrated or spiculated
margins and loss of distensibility (Fig. 9). Occa-
sionally, the narrowing and deformity associated with

Fig. 5. Reflux esophagitis with a solitary ulcer. A large, rela-
tively flat ulcer (arrow) is present on the right posterolateral
wall of the distal esophagus (Reproduced with permission
from [33])

Fig. 6. Reflux esophagitis with thickened folds. Diffusely thick-
ened folds are seen in the thoracic esophagus. This is a nonspe-
cific finding of esophagitis due to a host of causes (Reproduced
with permission from [33])
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hiatal hernia. Because many patients with GER or
mild reflux esophagitis do not have an associated hi-
atal hernia, it has been postulated that scarring from
reflux esophagitis leads not only to circumferential
narrowing of the distal esophagus but also to longi-
tudinal scarring and shortening with subsequent
hernia formation [16]. Whatever the explanation, a

severe esophagitis can mimic the appearance of an 
infiltrating esophageal carcinoma, so endoscopy and
biopsy may be required for a definitive diagnosis.

Peptic scarring

Strictures

As the esophagitis heals, localized scarring may be
manifested on barium studies by flattening, puck-
ering, or sacculation of the adjacent esophageal wall,
often associated with the development of radiating
folds (Fig. 10). Further scarring can lead to the de-
velopment of circumferential strictures, also known
as “peptic” strictures. The vast majority of these
strictures are located in the distal esophagus above a

Fig. 8. Feline esophagus. Multiple transverse folds or stria-
tions are seen in the esophagus. Note how the folds are close-
ly spaced and extend completely across the circumference 
of the esophagus. This appearance should be differentiated
from the fixed transverse folds associated with scarring from
reflux esophagitis, as shown in Fig. 15 (Reproduced with per-
mission from [33])

Fig. 7. Reflux esophagitis with an inflammatory esophago-
gastric polyp. There is a prominent fold (straight arrows) that
extends from the gastroesophageal junction into the distal
esophagus, terminating as a smooth polypoid protuberance
(curved arrow). This lesion has the typical appearance and
location of an inflammatory esophagogastric polyp (Re-
produced with permission from [33])
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hiatal hernia is found on barium studies in more
than 95% of patients with peptic strictures [42].
When a hiatal hernia is not present in patients with
distal esophageal strictures, the possibility of malig-
nant tumor therefore should be considered as a pos-
sible cause of these strictures.

Peptic strictures often appear as concentric areas
of smooth, tapered narrowing (Fig. 11), but some
patients can have short, ringlike strictures (Fig. 12)
that are difficult to differentiate from Schatzki rings
at the gastroesophageal junction (see later section on
Schatzki rings). Asymmetric scarring can also lead
to asymmetric narrowing with focal sacculation or
ballooning of the esophageal wall between areas of
fibrosis (Fig. 13). Finally, peptic strictures can be
associated with the development of esophageal
intramural pseudodiverticula (Fig. 14) [43]. The
pseudodiverticula typically appear as tiny collections
of barium “floating” outside the wall of the esopha-
gus without any apparent communication with the

lumen, whereas true ulcers are almost always seen to
communicate directly with the lumen. When there
is marked irregularity, flattening, or nodularity of
one or more walls of the stricture, endoscopy and
biopsy should be performed to rule out malignant
tumor as the cause of these findings.

Accurate detection of peptic strictures on barium
studies requires continuous drinking of low-density
barium in the prone position to optimally distend
the lower esophagus and demonstrate subtle areas of
narrowing that cannot be visualized on upright dou-
ble-contrast views. With careful biphasic technique,
esophagography has a sensitivity of almost 95% in
detecting peptic strictures and my even reveal stric-
tures that are missed at endoscopy [44], [45].

Scarring from reflux esophagitis can also lead to
longitudinal shortening of the esophagus and the de-
velopment of fixed transverse folds, producing a char-
acteristic “stepladder” appearance caused by pooling of
barium between the folds (Fig. 15) [46]. These fixed
transverse folds should be differentiated on barium
studies from the thin transverse folds (also known as
the “feline” esophagus) often seen as a transient finding
in patients with GER (see Fig. 8) [39], [40].

Schatzki rings

A Schatzki ring was originally described by Schatzki
himself as a symptomatic lower esophageal ring that
caused dysphagia [47]. The pathogenesis of these
rings is uncertain. Some investigators favor a congen-
ital origin, but the rarity of symptoms before 50
years of age tends to refute this theory [48]. Others
believe that a Schatzki ring represents an annular,
ringlike stricture caused by scarring from reflux
esophagitis [49], [50]. This theory is supported by a
study showing that Schatzki rings progressed or un-
derwent transformation into true peptic strictures on
serial radiologic examinations [49].

A Schatzki ring usually appears on barium studies
as a thin (1–3 mm in height), weblike (less than
13 mm in diameter) constriction at the gastroesopha-
geal junction, almost always above a hiatal hernia
(Figs. 16A and 17A) [47], [51], [52]. Except for its
smaller caliber, a Schatzki ring therefore has the same
appearance and location as an asymptomatic mucosal
ring. Almost all rings less than 13 mm in diameter
cause dysphagia [52], so they may be classified as

Fig. 9. Advanced reflux esophagitis. The distal esophagus has
an irregular, serrated contour and loss of distensibility as a re-
sult of ulceration, edema, and spasm associated with severe
reflux esophagitis
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nation (Fig. 16B). In fact, studies have shown that
when biphasic barium examinations are performed,
prone single-contrast views of the esophagus are
more sensitive for detecting Schatzki rings than
upright double-contrast views [53] and may even
detect rings that are missed at endoscopy [54].

Another potential pitfall in the detection of
Schatzki rings on barium studies results from over-
lap of the distal esophagus and adjacent hiatal hernia
tangential to the X-ray beam. This overlap phenom-
enon may obscure the region of the gastroesopha-
geal junction on esophagrams performed with the
patient in the prone position, preventing visualiza-

Schatzki rings on the basis of the radiographic find-
ings. However, some rings between 13 and 20 mm 
in diameter may also cause symptoms [52], so the 
diagnosis of a Schatzki ring requires some knowledge
of the clinical history in these patients.

Like other types of narrowing in the distal
esophagus, Schatzki rings are visualized on barium
studies only if the lumen above and below the ring is
distended beyond the caliber of the ring. As a result,
single-contrast views of the distal esophagus with
the patient in the prone position may demonstrate
rings that are not visible, even in retrospect, on
upright double-contrast views from the same exami-

Fig. 10. Peptic scarring in distal esophagus. (A) Radiating folds (arrow) are seen in the distal esophagus without associated
luminal narrowing. (Reproduced with permission from [30]); (B) Note flattening and deformity of one wall (arrows) of the distal
esophagus with folds radiating toward the site of scarring in another patient
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tion of symptomatic lower esophageal rings (Fig.
17B) [55]. When this phenomenon occurs, addi-
tional images should be obtained when minimal or
no overlap of the distal esophagus and adjacent hia-
tal hernia is present, improving detection of these
rings (see Fig. 17A ).

Barrett’s esophagus

Barrett’s esophagus is a well-recognized entity in
which there is progressive columnar metaplasia of the
lower esophagus due to long-standing gastroesopha-
geal reflux and reflux esophagitis [56]. This condition
is important because it is associated with an increased
risk of developing esophageal adenocarcinoma via a
well-established dysplasia-carcinoma sequence [57].
During the past decade, revised histopathologic crite-
ria have been developed for this condition in which
patients with Barrett’s esophagus are classified as

Fig. 12. Ringlike peptic stricture. A short segment of ringlike
narrowing (arrows) is seen in the distal esophagus directly
above a hiatal hernia. The narrowed segment closely resem-
bles the Schatzki rings shown in Figs. 16A and 17A. However,
note asymmetry and slightly greater length of the ringlike
peptic stricture in Fig. 12

Fig. 11. Peptic stricture. A smooth, tapered area of concentric
narrowing (white arrows) is seen in the distal third of the
esophagus above a hiatal hernia (black arrow) (Reproduced
with permission from [33])
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having either “long-segment” (i.e., extending more
than 3 cm from the gastroesophageal junction) or
“short-segment” (i.e., extending 3 cm or less from the
gastroesophageal junction) disease based on the ex-
tent of columnar metaplasia in the distal esophagus
[58], [59]. Long-segment Barrett’s esophagus is
thought to be associated with a greater risk of develop-
ing esophageal adenocarcinoma and, hence, a greater
need for endoscopic surveillance [57], [60], [61]. The
radiographic findings in long-segment and short-seg-
ment Barrett’s esophagus are considered separately in
the following sections.

Fig. 14. Peptic stricture with esophageal intramural
pseudodiverticulosis. A smooth, tapered segment of con-
centric narrowing (arrows) is present in the distal esopha-
gus. Barium is also seen in several tiny pseudodiverticula
(arrowheads) abutting the stricture. Note how the pseu-
dodiverticula appear to be “floating” outside the wall of 
the esophagus without any apparent communication 
with the lumen, a characteristic feature of these relatively
innocuous structures (Reproduced with permission from
[30])

Fig. 13. Peptic stricture with sacculations.There is asymmetric
narrowing (curved arrow) of the distal esophagus with focal
outpouchings or sacculations en face (open arrow) and in pro-
file (straight arrow) due to outward ballooning of the wall be-
tween areas of fibrosis. Note how these sacculations have a
more rounded appearance than true ulcers
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Long-segment Barrett’s esophagus

The classic radiologic features of long-segment Bar-
rett’s esophagus consist of a midesophageal stricture
(Fig. 18) or ulcer, often associated with a sliding hia-
tal hernia and gastroesophageal reflux [62]–[64].
These strictures or ulcers are thought to be located in
the proximal zone of columnar metaplasia at or near
the transposed squamocolumnar mucosal junction
[63]. However, strictures are actually more common
in the distal esophagus in patients with Barrett’s

esophagus, so most cases do not fit the classic
description of a high stricture or ulcer [65]–[67]. A
reticular mucosal pattern has also been described as a
relatively specific sign of long-segment Barrett’s
esophagus on double-contrast esophagrams, particu-
larly if located adjacent to the distal aspect of a mid-
esophageal stricture (Fig. 19) [68]. This reticular
pattern is characterized by innumerable tiny, barium-
filled grooves, resembling the areae gastricae found
on double contrast studies of the stomach. However,
a reticular mucosal pattern is present on barium
studies in only 5–30% of all patients with long-segment
Barrett’s esophagus [64], [66]–[69].

Other morphologic findings of reflux disease,
such as hiatal hernias, gastroesophageal reflux, reflux
esophagitis, and peptic strictures, can be detected on
double-contrast studies in the vast majority of pat-
ients with long-segment Barrett’s esophagus [69],
[70], but these findings frequently occur in patients
with uncomplicated reflux disease. Thus, those ra-
diographic findings that are relatively specific for
Barrett’s esophagus are not sensitive, and those find-
ings that are more sensitive are not specific. As a 
result, double-contrast esophagography has tradition-
ally been thought to have limited value for diagnos-
ing Barrett’s esophagus in patients with known or 
suspected gastroesophageal reflux disease.

In 1988, Gilchrist et al [70] introduced a novel
approach for the diagnosis of Barrett’s esophagus on
double-contrast esophagography by stratifying patients
based on the following radiologic criteria: patients were
classified at high risk for Barrett’s esophagus if double-
contrast images revealed a high stricture or ulcer or a
reticular mucosal pattern; patients were classified at
moderate risk if the images revealed a distal stricture or
reflux esophagitis; and patients were classified at low
risk if the images revealed a normal-appearing esopha-
gus. The vast majority of patients classified at high risk
and approximately 15% classified at moderate risk for
Barrett’s esophagus on double-contrast esophagrams
were found to have this condition [70]. Conversely, less
than 1% of patients classified at low risk for Barrett’s
esophagus because of the absence of esophagitis or
strictures were found to have this condition [70].
Other investigators have also found morphologic
evidence of reflux esophagitis and/or peptic strictures
on double-contrast esophagrams in 97% of all patients
with long-segment Barrett’s esophagus [69]. Thus,

Fig. 15. Peptic stricture with a “stepladder” sign. A mild peptic
stricture (arrows) is present in the distal esophagus above a
hiatal hernia. In addition, horizontal collections of barium are
seen trapped between multiple fixed transverse folds, produc-
ing a characteristic stepladder appearance. These folds are
further apart and less circumferential than the delicate trans-
verse striations of the feline esophagus shown in Fig. 8 (Repro-
duced with permission from [46])
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cision for endoscopy in this group based on the
severity of symptoms as well as the age and overall
health of the patients (i.e., whether they are reason-
able candidates for endoscopic surveillance). How-
ever, most patients are found to be at low risk for
Barrett’s esophagus because of the absence of
esophagitis or strictures, and the risk of Barrett’s
esophagus is so low in this group that endoscopy
does not appear to be warranted. Thus, the major
value of double-contrast esophagography is its
ability to separate patients into these various risk
groups for Barrett’s esophagus to determine the rela-
tive need for endoscopy and biopsy [70].

esophagitis or peptic scarring severe enough to cause
Barrett’s esophagus can almost always be detected on
technically adequate double-contrast examinations.

On the basis of such data, it seems reasonable to
conclude that patients who are found to be at high
risk for Barrett’s esophagus on double-contrast
esophagrams because of a midesophageal stricture or
ulcer or a reticular mucosal pattern should undergo
endoscopy and biopsy for a definitive diagnosis. A
larger group of patients are found to be at moderate
risk for Barrett’s esophagus because of reflux esopha-
gitis or peptic strictures in the distal esophagus, so
clinical judgment should be used regarding the de-

Fig. 16. Schatzki ring seen on prone view of esophagus. (A) Prone single-contrast view shows a smooth, symmetric ringlike con-
striction (arrows) (also known as a Schatzki ring) in the distal esophagus above a hiatal hernia; (B) Upright double-contrast view
from the same examination shows no evidence of a ring in the distal esophagus because of inadequate distention of this region
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Short-segment Barrett’s esophagus

Although the radiographic features of long-segment
Barrett’s esophagus have been well documented
[62]–[70], much less is known about the findings 
in short-segment Barrett’s esophagus. In a recent
study by Yamamoto et al [71], 70% of patients with
short-segment Barrett’s esophagus had morphologic
evidence of esophagitis and/or peptic scarring or
strictures in the distal esophagus on double-contrast 
esophagrams (Figs. 20 and 21). In this study, all of
the patients had disease confined to the distal third
of the esophagus on barium studies. In contrast,
long-segment Barrett’s esophagus may be mani-
fested by the development of strictures, ulcers, or a
reticular mucosal pattern in the midesophagus (see
earlier section on long-segment Barrett’s esopha-
gus). Thus, patients with long-segment Barrett’s

esophagus have more specific radiographic findings
for this condition than those with short-segment
Barrett’s esophagus. It should also be recognized
that the length of involvement of the distal esopha-
gus by esophagitis or peptic scarring may extend
more than 3 cm above the gastroesophageal junction
in patients with short-segment Barrett’s esophagus
[71], so the diseased segment on esophagography
does not necessarily correspond to the vertical extent
of columnar metaplasia in the esophagus.

Although 70% of patients with short-segment
Barrett’s esophagus had reflux esophagitis and/or
peptic scarring or strictures on double-contrast 
esophagrams in the study by Yamamoto et al, the re-
maining 30% had hiatal hernias or gastroesophageal
reflux as the only radiographic findings [71]. The
absence of reflux esophagitis or peptic strictures on

Fig. 17. Schatzki ring obscured by overlap phenomenon. (A) Prone single-contrast view shows a tight Schatzki ring (arrows) in
the distal esophagus above a hiatal hernia; (B) The ring is no longer visible on another prone view from the same examination be-
cause of overlap of the distal esophagus and hiatal hernia (arrows) obscuring the region of narrowing. (Figs. 17A and B reproduced
with permission from [55])
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or Barrett’s esophagus (midesophageal strictures or
ulcers or a reticular mucosal pattern) have been
found on double-contrast esophagography in 97–
99% of patients with long-segment Barrett’s esopha-

double-contrast barium studies therefore does not
exclude the possibility of short-segment Barrett’s
esophagus. In contrast, morphologic findings of re-
flux disease (reflux esophagitis or peptic strictures)

Fig. 18. Long-segment Barrett’s esophagus with midesophageal strictures. (A) A focal stricture (arrow) is seen in the midesopha-
gus at a considerable distance from the gastroesophageal junction. In the presence of a hiatal hernia and gastroesophageal re-
flux, this finding is virtually pathognomonic of Barrett’s esophagus (Reproduced with permission from [33]); (B) A subtler stricture
(arrows) is seen in the midesophagus in another patient with Barrett’s esophagus
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gus [69], [70], so these individuals rarely have a 
normal-appearing esophagus on double-contrast
studies. Thus, patients with short-segment Barrett’s
esophagus are far more likely to have a normal-ap-
pearing esophagus on double-contrast esophagrams

than those with long-segment disease. Nevertheless,
the clinical importance of this observation remains
uncertain because of the lower cancer risk of short-
segment Barrett’s esophagus compared to that asso-
ciated with long-segment disease [72]–[74].

Fig. 19. Long-segment Barrett’s esophagus with a reticular pattern of the mucosa. (A) A distinctive reticular pattern of the mu-
cosa is seen extending distally a considerable distance (to level of white arrow) from a midesophageal stricture (black arrows) in a
patient with Barrett’s esophagus; (B) There is an early stricture in the midesophagus manifested by slight flattening and retraction
of one wall (white arrows) in another patient with Barrett’s esophagus. Note the delicate reticular pattern (black arrows) abutting
the distal aspect of the stricture (Figs. 19A and B reproduced with permission from [68])



250 Chapter 22

Fig. 21. Short-segment Barrett’s esophagus with a peptic
stricture. A mild peptic stricture (arrows) is seen in the distal
esophagus above a small hiatal hernia. Endoscopic biopsy
specimens revealed short-segment Barrett’s esophagus (Re-
produced with permission from [71])

Fig. 20. Short-segment Barrett’s esophagus with reflux esoph-
agitis. Thickened, irregular folds are seen in the distal half of
the thoracic esophagus due to reflux esophagitis. Endoscopic
biopsy specimens confirmed the presence of esophagitis with
short-segment Barrett’s esophagus (Reproduced with permis-
sion from [71])
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Introduction

The ability to perform a fundoplication laparoscop-
ically since 1991 has changed the surgical approach to
patients with gastroesophageal reflux disease (GERD).
Laparoscopic antireflux surgery remains an excellent
option in patients with severe GERD.

Laparoscopic Nissen fundoplication offers less
morbidity and mortality than the open procedure
with at least the same short-term outcome and better
results compared to medical therapy. The rate of con-
version to an open procedure is now close to zero.

Appropriate preoperative investigation, patient
selection and adequate discussion of risks are impor-
tant in securing a good outcome and long-term
patient satisfaction.

Some patients have continuing symptoms, but
more than 90% of patients remain satisfied with their
decision to undergo surgery. This excellent success rate
is maintained for up to 20 years after open fundoplica-
tion and indications are that this should be the same
after the laparoscopic procedure [1], [2].

Long-term results of laparoscopic fundoplication
will be discussed under various headings.

1. Overall satisfaction with surgery-
quality of life

When a new procedure or technology is introduced
the most important outcome measurements are
mortality, morbidity, recurrence rate and long-term
survival. However, from the patient’s point of view
symptom relief, duration of convalescence, satisfaction,
well-being and quality of life are of great importance.

Recently, a number of studies have evaluated the
quality of life of patients with GERD-related symp-
toms [3]. These have shown that quality of life in

GERD patients is significantly impaired when com-
pared to that of healthy individuals [4]. Therefore, im-
provement of quality of life is one of the major goals of
GERD treatment. During recent years, laparoscopic
antireflux surgery has shown itself to be effective at im-
proving the long-term quality-of-life in the treatment
of patients with GERD [5]–[7]. Several authors have
used quality-of-life assessments to compare the results
of different surgical treatments and medical versus sur-
gical treatment, respectively. Antireflux surgery, open or
laparoscopically performed, led to a significant im-
provement of quality-of-life in a 5- to 8-year follow up
[5], and even after laparoscopic redo fundoplication
[8]–[10]. This applied to all domains including phys-
ical functioning (how patients perceive their ability to
perform physical tasks), role-physical (how patients
perceive their ability to fulfill their life role physically),
role-emotional (how patients perceive their ability to
fulfill their life role emotionally), bodily pain (how pa-
tients perceive their level of pain), vitality (how patients
perceive their level of “energy”), mental health (how
patients perceive their emotional and psychological
well-being), social functioning (how patients perceive
their ability to participate in social activities), and gen-
eral health (how patients perceive their overall health
and well-being). Kamolz et al [11] showed that pa-
tients without Barrett esophagus undergoing laparo-
scopic antireflux surgery achieve a better quality-of-life
improvement than those with Barrett esophagus.
However, after surgery the Gastrointestinal Quality-
of-Life Index of both groups was comparable to the
mean value of the general population.

Nevertheless, some appropriately selected patients
will not be satisfied with the result of antireflux surgery
[5], [12]. This dissatisfaction may be due to failure of
the fundoplication including misdiagnosis of esopha-
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performed in 29 of 233 (12%) patients after laparo-
scopic antireflux surgery. This was required in 6 pa-
tients within the first week after surgery. Dysphagia
resolved in 67% after dilation and in an additional
17% after reoperation [20]. Severe or persistent
dysphagia, however occurs in 3% to 43% of patients
after Nissen fundoplication [16], [17], [19], [21],
[22] and is usually related to the tightness of the
fundic wrap around the esophagus, fibrosis at the
esophageal hiatus or hiatal herniation with or with-
out migration of the wrap into the chest. Redo
surgery to achieve hiatal closure with or without
prosthetic material will frequently cure this problem
[23]–[25].

Some feel that avoidance of dividing the short
gastric vessels contributes to dysphagia with a rate of
dysphagia of 4.7% compared to 2.6% when the short
gastric vessels are taken down [26]. Others feel that
this is only selectively required during the Nissen
fundoplication and never needed during a partial
fundoplication.

Inability to belch is an expected outcome after
fundoplication and most patient learn to compensate.

Patients with an esophageal stricture prior to sur-
gery usually have dysphagia. The need for dilation
was found to be 252 dilations in 102 patients over
26 months prior to surgery and 29 dilations in 24
months after surgery [27].

3. Barrett esophagus

Barrett esophagus is associated with chronic gastro-
esophageal reflux disease and represents the severest
form of GERD with malignant potential.

There is no well-defined therapy for patients with
this disease. Barrett esophagus is unlikely to regress
with medical or surgical therapy, and progression to
cancer in not prevented by either [28]. Most studies
show no difference in cancer risk after medical or
surgical therapy for Barrett. Our own meta-analysis
shows a cancer risk in Barrett of 1:294 patient years
after anti-reflux surgery and 1:145 patient years
during medical therapy [29].

Spechler et al [30] showed that 4 of 166 patients
developed adenocarcinoma during long-term follow-
up in a medically treated group and none of 82 pa-
tients after fundoplication, however El-Serag and

geal disorders, complications or side effects of surgery
or to symptoms of non-esophageal disease. There re-
mains a percentage of patients who are dissatisfied with
antireflux surgery without physiologically demonstra-
ble reason. Vélanovich [13] recently showed that 68%
of dissatisfied patients had no physiological or ana-
tomic problem with their surgery. The median scores
of the 36-Item Short-Form Health Survey (SF-36) for
dissatisfied patients with unexplained dissatisfaction
were generally lower than those for patients with docu-
mented surgical failure. Patients who were dissatisfied
with surgery had statistically significantly worse me-
dian preoperative scores in 6 domains (role-physical,
role-emotional, bodily pain, mental health, social func-
tioning, and general health) compared with patients
who were satisfied with surgery and worse postopera-
tive scores in all domains, statistically significant in 2
domains (role-emotional and vitality). Postoperative
scores were statistically significantly better in all 8 do-
mains for the satisfied group compared with the dissat-
isfied group. Patients with lower preoperative quality of
life are more likely to be dissatisfied despite successful
antireflux surgery.

This is another reason why both physician and
surgeon should be very sensitive to how GERD af-
fects each patient’s quality-of-life before making
treatment recommendations.

2. Dysphagia

Transient dysphagia occurs in 40% to 70% of patients
after Nissen fundoplication [14]–[16]. Dysphagia is
reported by Anvari et al in up to 72% of patients after
surgery with a mean dysphagia score of 4.3 � 4.8
decreasing to 2.6 � 3.8 (p � 0.001) 6 months after
surgery and remaining stable at 2 years (2.2 � 3.4)
and 5 years (2.4 � 3.4) after surgery [17]. This may
be secondary to postoperative edema at the gastro-
esophageal junction or transient esophageal hypo-
motility with most symptoms resolving in a few
weeks [14], [17], [18]. Most of these patients have
mild symptoms and postoperative dilatation was
required in 3.5% of 2068 reported patients [19].

In our experience dilation shortly after fundopli-
cation is safe and successful in most patients with
dysphagia. Symptoms other than dysphagia were
found not to respond well to dilation. Dilation was
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Sonnenberg [31] reported that fundoplication did not
protect patients, with either complicated or uncompli-
cated esophagitis, against esophageal adenocarcinoma.

As it is hypothesized that adenocarcinoma devel-
ops among a subset of patients who have acquired
genomic instability in Barrett epithelium and takes up
to 6 years for developing from low-grade dysplasia, the
genetic alteration may have occurred before antireflux
surgery was performed [32]. Thus, development of
adenocarcinoma in the first few years after antireflux
surgery may not represent progression of disease after
surgery [33]. This is supported by the fact that a 
Mayo analysis showed that all cancers occurred within
3 years of the fundoplication. The development of
Barrett esophagus is rare after an effective procedure
[34]–[36]. This was also shown by Wetscher et al [37]
who found that progression to Barrett was frequently
seen when patients were on medical therapy and that
this was halted after surgery.

Bammer et al [29], in a review, showed that anti-
reflux surgery seems to result in a lower incidence of
new cancers and less progress in length or dysplasia.
They suggest that surgery may be superior to medi-
cal therapy to prevent progression of Barrett esopha-
gus and the development of carcinoma. Nevertheless,
surveillance is required, irrespective of the treatment
modality.

Patients with severe dysplasia on a biopsy specimen
of the esophagus have a high incidence of coexisting
carcinoma and are candidates for esophagectomy.

Surgical therapy for Barrett esophagus should be
reserved for patients who are resistent to medical
therapy or who develop complications of GERD.

4. Bowel dysfunction and diarrhea

Postoperative bowel dysfunction after laparoscopic
antireflux surgery, particularly diarrhea, has not recei-
ved wide recognition. Klaus et al [38] found that 35%
of patients had bowel dysfunction before surgery.
Swanstrom et al noted that as many as 66% who un-
derwent antireflux surgery had pre-existing irritable
bowel syndrome. In the series of Klaus et al [38] 43%
of patients undergoing laparoscopic antireflux surgery
did not experience any bowel problems before or after
surgery and, in 21% the same symptom was experi-
enced before and after surgery. However, new-onset

bowel dysfunction occurred in 36% of the patients
with 14% having new onset diarrhea.

Diarrhea is an uncommon complication after
antireflux surgery but has been reported to be persis-
tent in 8% of patients. The diarrhea seen is most
commonly postprandial, resembling the dumping
syndrome. The cause of the diarrhea is unclear and
possible causes include an increased rate of gastric
emptying, bacterial overgrowth or vagus nerve injury
resulting in postvagotomy diarrhea.

5. Abdominal bloating

Temporary, mild bloating occurs in up to 100% of
patients. The inability to belch and reduced fundic
volume can predispose patients to the development
of gasbloat after fundoplication. The habit of fre-
quent swallowing of spit and aerophagy contribute to
the problem. On the other hand, gastric emptying
particularly of liquids has been shown to be acceler-
ated after fundoplication. While in the majority this
symptom improves after surgery, few patients devel-
op severe symptoms of bloating after fundoplication.

The treatment can be frustrating, and includes
avoidance of carbonated beverages, gas trapping
medications and promotility agents.

6. Recurrence of GERD after surgery

In our experience, the cumulative failure rate of sur-
gery is about 1% per year. Continuing symptoms such
as abdominal bloating, excess flatus, nausea, diarrhea,
dysphagia and chest pain are not uncommon after
surgery and were frequently present before surgery.

Carlson et al [26] in a review of 41 papers
reporting 9,433 procedures showed a reoperation
rate of 2.77% (individual reoperation rate ranging
from 0% to 15.4%). The most common indications
for reoperation after a primary minimally invasive
antireflux procedure were reflux (43%), followed by
dysphagia (24%) and wrap herniation (18%).

We have found that only 0.7% of all patients re-
quire revisional surgery and the remainder are easily
controlled by medical therapy. In our experience of 46
patients requiring reoperation after previous fundopli-
cation, the most common causes of failure were hiatal
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8. Who should not have had surgery?

Patients who present with atypical symptoms
(gastric, respiratory, chest pain) and with a normal
LES pressure have a 56% failure rate after antireflux
surgery [45].

The Nissen fundoplication will reliably replace
the gastroesophageal junction into the abdomen
and restore LES barrier function. Little benefit is
likely to occur if the patient’s symptoms are not
caused by a transient or permanent loss of this bar-
rier. Thus, in large part the predictability of success
following laparoscopic fundoplication is directly
proportional to the degree of certainty that gas-
troesophageal reflux is the underlying cause of the
patient’s complaints. It is therefore important to
identify patients less likely to benefit from antire-
flux surgery and to avoid surgery in these cases.
The presence of an abnormal 24-hour pH score,
typical primary symptoms, and a significant re-
sponse to acid suppression therapy predicts a suc-
cessful outcome after Nissen fundoplication [46].
Twenty-four-hour pH monitoring provides the
strongest predictor, which is based more on the
correct identification of the disease than on its se-
verity. Campos et al [46] showed that excellent and
good symptomatic outcome occurred in those who
satisfied these criteria, and a fair or poor outcome
occurred in those who did not. The most common
pattern of failure seemed to be inadequate patient
selection with atypical symptoms or a normal 24-
hour pH study prior to surgery.

9. Delayed gastric perforation

Gastric perforation in a fundoplication is a rare
event. Our series of 1600 laparoscopic fundoplica-
tions resulted in six delayed gastric perforations at
the fundoplication in 3 patients 13 to 84 months
after fundoplication. All had been taking Cele-
xobid. One possible cause of the full thickness
ulceration could be the suture material or Teflon
pledgets used to secure the fundoplication. An-
other possibility is that entrapment of tablets
caught in the folds of the fundoplication may
have produced severe, local injury with transmural
gastric perforation.

herniation (67%), fundoplication breakdown (43%),
fundoplication slippage (20%), tight fundoplication
(4%), misdiagnosed achalasia (4%), and displaced
Angelchik prosthesis (4%). Twenty-two patients
(48%) had more than 1 cause [39]. There was no
mortality and a conversion rate to the open procedure
of 20% after previous laparoscopy.

Antireflux reoperation with the open technique
has a higher mortality than the initial procedure,
with an average mortality of 2.8% and success rate
of 79% [40]. Our 0% mortality attests to the safety
of doing these procedures laparoscopically. The
cause of most deaths is an unsuspected esophageal
or gastric perforation with ensuing sepsis. The pres-
ence of severe fibrosis makes dissection difficult and
dangerous leading to a high conversion rate [41].

7. Need for further medical therapy

Patients with GERD are known to have associated
functional bowel symptoms that will persist after
antireflux surgery and generally cannot be expected
to improve on antireflux medication given before or
after surgery. In a recent study, 62% of patients were
given antireflux medications after antireflux surgery
and 32% of patients were using proton pump In-
hibitors (PPI) [42]. Lord et al showed that 14% of
patients who had undergone fundoplication were
found to be using PPIs for abdominal and chest
symptoms, but 79% of these were using the medica-
tion for symptoms unrelated to gastroesophageal
reflux [43]. Bammer et al found 39% of patients 2
years after laparoscopic antireflux surgery to be on
acid suppressive or promotility agents. Eighty-four
percent of these subjects reported a good surgical
outcome despite continuing on medication [44].

This is an unexpectedly high need for antire-
flux medication, but an evaluation of postopera-
tive use of medication showed that the indication
for proton pump inhibitors is often for vague,
nonspecific symptoms. Only 6% had evidence of
GERD requiring therapy; therefore the high post-
operative use of PPI is questionable. The appro-
priateness of prescribing antireflux medications in
patients with nonspecific symptoms after antire-
flux surgery must be carefully considered by the
prescribing physician.
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10. Vagus nerve dysfunction

Mechanical changes in the cardia with lack of ac-
commodation to liquids may be related to some
symptoms such as bloating and diarrhea, but vagus
nerve injury during the fundoplication has been pro-
posed as an etiological factor.

DeVault et al found vagus nerve dysfunction in
30% of patients prior to antireflux surgery rising to
42% after surgery. But, most importantly, dysfunc-
tion did not correlate with worsening or develop-
ment of new symptoms in these patients [47].

In conclusion, laparoscopic Nissen fundoplica-
tion is an excellent long-term treatment for selected
patients with severe GERD with good success for
several years. It provides an excellent alternative to
patients requiring long-term medical therapy. There
is a low morbidity and mortality similar to medical
treatment, and it is cost-effective.

Side effects and complications can occur and pa-
tients should be aware of this. Some patients have
continuing symptoms and remain on therapy, but
more than 90% of patients remain satisfied with
their decision to undergo surgery.

Careful patient selection, preoperative evaluation,
and correct choice of operation are necessary for
successful surgical outcome and long-term results.
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Introduction

In open surgery, the flexibility of the surgeon’s wrist
and the hands inside the abdomen permits movement
of all kinds and in every direction. In laparoscopy,
however, the fact that the surgeon must work through
a fixed opening means that the number of degrees of
freedom is limited. The degrees of freedom that are al-
lowed involve movement in and out, up and down and
rotational and oscillatory, although oscillation is lim-
ited by the presence of the entrance port. Because the
surgeon has to adapt his or her position relative to the
location of the port, the operation often has to be per-
formed from a difficult position [1]. The ideal solution
to this problem would be to have an additional articu-
lation inside the abdomen so the degrees of freedom
that have been lost may be regained.

When one has an articulation inside and outside
the abdomen, on both sides of a fixed point, it is logi-
cal and natural to introduce the concept of robotics,
even more so because it is extremely difficult to
manipulate two articulations with the same tool. The
human brain is not up to the task. Robotics allows the
surgeon to work at a distance from the operating table
in an ergonomically correct position, instead of having
to bend awkwardly above the patient [2].

Prototype for robotic-assisted abdominal 
surgery

In robotic-assisted surgery, the robot is positioned at
the patient’s side. It holds and activates surgical in-
struments, obeying the orders of the surgeon who is
removed from the patient and is seated in front of a
console in a perfectly comfortable position. The sur-
geon manipulates handles under the control panel 
of a three-dimensional monitor; three-dimensional

vision is permitted by means of special glasses worn
by the surgeon. The surgeon’s movements are trans-
mitted to the computer at the patient’s side. These
movements are actually improved by the computer.
At the patient’s side are the anesthesiologist, the engi-
neer, the surgeon’s assistant and the scrub nurse.

At the surgeon’s side there is only a console and
the computer, which is under control of two engi-
neers. In the future the computer will be incorpo-
rated in the console. The patient’s station and the
surgeon’s station are united by a cable. This is only a
few yards long, but there is no practical limit to its
length. The cable could be several kilometers long,
or the impulses could be transmitted by satellite,
which implies surgery from a distance.

After obtaining authorization from the Ethics
Committee of Centre Hospitalier Universitaire Saint-
Pierre in March 1997, one of the Authors ( JH) per-
formed the first laparoscopic cholecystectomy ever
performed on a human being using the prototype de-
scribed here [3]. Following that experience, we worked
to improve the various components of the system: the
surgical cart, the computer and the console. The most
significant innovation was changing the shape of the
clinical laparoscopic tools to handles that look like
joysticks. In May 1998, one of the authors (GBC) per-
formed the first two Nissen fundoplications proce-
dures entirely performed by robot, in the Broussais
hospital in Paris [4].

Mona robot system

In this new Mona setup (Intuitive Surgical, Inc.,
Mountain View, CA), the surgeon sits comfortably
with his or her arms resting on a support. Manipula-
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tients; median age, 38 years (range, 18 to 52); median
body mass index, 27.3 kg/m2 (range, 22.3 to 29.7). In
the telesurgery group there were ten patients: three
females and seven males patients; median age, 40
years (range, 29 to 62); median body mass index
28.5 kg/m2 (range, 24.6 to 41.7).

Robot description

Use of the robot (Mona) in humans had been ap-
proved by the local Ethics Committee of the hospital.
All patients had signed a document of informed con-
sent. For surgery, the robot was placed to the left of
the patient. It held and manipulated articulated surgi-
cal tools (Figs. 1 and 2). The surgeon was located at a
distance of 12 feet from the patient and was not
scrubbed. He was seated at a console, manipulating
two handles that commanded three robotic arms 
(Fig. 3). The surgeon’s movements corresponded to
three-dimensional images of the operative field, which
he observed with binoculars. Five trocars had been
placed in the patient’s abdomen. The optical trocar
(12 mm) and two operative trocars (8 mm) were snap-
ped onto the robot’s arms. Two additional trocars were
placed for exposure: one (5 mm) housed the liver
retractor that was attached to a fixed, rigid retraction
system; and the other (10 mm) housed a grasping for-
ceps that was held by the surgeon’s assistant who was
scrubbed and waiting on standby. The position of the

tion of the articulated instruments is done by activat-
ing handles that are mounted just underneath a
three-dimensional video screen, thereby eliminating
the problem of hand-eye coordination. Impulses
coming from the handles are transmitted to a com-
puter that activates the robotic arms mounted on the
operating table. The computer interface can translate
large deflections of the handles into minute motions
on the operative field (a process called downscaling).
Minor involuntary motions such as physiologic tre-
mor can be eliminated. The number of degrees of
freedom is increased because the tips of instruments
can move in a different plane from that of the instru-
ment shaft. This device perfectly mimics the surgeon’s
wrist and fingers movements, bringing to fruition the
concept of a master-slave robotic system.

After performance of the two first Nissen fundo-
plication procedures by robotic laparoscopic surgery,
we realized that a comparison of this procedure with
the classic laparoscopic procedure was necessary. We
performed 24 robotically-assisted laparoscopic proce-
dures in humans, including 12 Nissen fundoplications,
we assumed we had completed the learning curve as-
sociated with this novel technique. We decided to
compare, in a randomized prospective trial, the advan-
tages and disadvantages of using a robot (Mona), with
those of the conventional laparoscopic approach.

Materials and method

We performed a randomized, prospective trial on a
group of 21 patients who are candidates for laparo-
scopic Nissen fundoplication. Eleven patients were
treated by conventional laparoscopy and ten by tele-
surgery. The location of the trial was Mexico city
(Department of Surgery, headed by Dr. Cabral). All
procedures were performed by the same surgeon
(GBC) who had an experience with more than over
400 laparoscopic Nissen fundoplications.

Patient characteristics

All patients suffered from operable, pathological,
gastro-esophageal reflux as documented by 24-hour
blood gas, gastroscopy, barium swallow and esopha-
geal manometry. All patients were determined to
have low operative risk (ASA 1). There were 11 con-
trols in trial group: three female and eight male pa- Fig. 1. Schematic view of the operating room
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trocars, which were introduced by the assistant, varied
slightly with the positions used previously [5]. This
modification was necessary in order to accomodate the
considerable bulk of the robotic arms.

Manipulation of the console handles created elec-
trical impulses that were transmitted to the compu-
ter. This information was digitized and translated
into impulses that commanded the robotic arms
and the tools (effectors) attached to them. In this
setup, the right handle was also in control of the
optical system as soon as tool manipulation was
deactivated. Translation by the computer of the
motions coming from the console accomplished the
necessary downscaling on the effector side. Thus,
deflections of 5 cm at the surgeon’s site resulted in a
smaller deflection at the patient’s side (by a factor of
5 to 1 or 3 to 1). For this reason, physiological
trembling could be virtually eliminated. The robotic
arms were connected to disposable tools of different
shapes, featuring an articulation 2 cm from their
distal tip. They were introduced inside the abdomen
by means of trocars that were also attached to the
mechanical arms.

Nissen fundoplication procedure

The laparoscopic version of the Nissen procedure
has been described extensively [5]. For this proce-
dure, five trocars were used; however, placement of
the trocars was slightly different in the groups of pa-
tients undergoing telesurgery (see the previous robot
description). The first step in the procedure for both
groups was the freeing of the greater curvature by
the Harmonic scalpel (Autosonic, Autosuture Nor-
walk, Conn.). In the laparoscopic group, this was
done with the aid of a 30 degree angled scope. In
the robot group, a three-dimensional camera was
used for this maneuver and for the rest of the proce-
dure. The robot was activated only after full mobili-
zation of the greater curvature. Hiatal dissection was
performed along the pillars at a distance from the
esophagus. The wrap, 4 cm long and fixed to the
esophagus by three stitches, was subsequently sutured
to the hiatus.

Postoperatively, the patients were discharged af-
ter a satisfactory gastrograph recorded contrast study
had been performed and adequate positioning of the
wrap, as well as patency of the gastric inlet, had been
documented.

Statistical analysis was done using Student’s t test.
The study protocol was designed in accordance with
Food and Drugs Administration (FDA) regulations.

Fig. 2. Photografic view of the operating room

Fig. 3. Surgeon at the console
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Postoperative blood loss was evaluated at less than
10 ml in both groups. Median hospital stay was 
1 day in the telesurgery group (range 1 to 4 days)
and 1 day in the control group (range, 1 to 18).
There were no conversions to open surgery in either
group. There were no deaths.

There were two complications, one in each
group. Immediately after induction of anesthesia,
one patient in the control group vomited forcefully,
causing intrathoracic migration of the wrap and of
the entire gastric fundus. The patient suffered acute

Results

Operative time was 52 minutes (range, 45 to 62) in
the control group and 76 minutes (range, 59 to 130)
in the telesurgery group (Fig. 4 ). The difference was
significant (p � 0.01).

The mean time for dissection of the greater curve
was 12 minutes (range, 5 to 23) in the control group
and 15.5 minutes (range, 9 to 32) in the telesurgery
group (p � 0.139) (Fig. 5 ).

The mean time for hiatal dissection time was 
9 minutes (range, 5 to 14) in the control group and
15 minutes (range, 8 to 27) in the telesurgery group 
(p � 0.05) (Fig. 6).

The mean hiatal pillar closure time was 2.5
minutes (range, 1 to 5) in the control group and 4
minutes (range, 2 to 8) in the telesurgery group 
(p � 0.05) (Fig. 7 ).

The mean suturing time of the wrap was 6.5
minutes (range, 4 to 12) in the control group and 8
minutes (range, 6 to 13) in the telesurgery group 
(p � 0.151) (Fig. 8 ).

Fig. 4. Operative time

Fig. 5. Time for dissection of the great curve

Fig. 6. Hiatal dissection time

Fig. 7. Hiatal pillar closure time

Fig. 8. Suturing time of the wrap
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gastric dilation; the wrap perforated in the mediasti-
num and into both pleural spaces. At laparoscopic
reexploration, the perforated fundus was resected
and bilateral chest tubes were inserted. The patient
left the hospital on the fourth post-operative day.
The complication for the patient in the robot group
occurred when there was a stomach perforation at
the insertion of the first trocar. The perforation was
immediately recognized and treated by laparoscopic
suturing. The patient was allowed to leave the
hospital on the fourth postoperative day.

The absence of morbidity directly related to this
new technology is reassuring and encourages us to
continue operating in this manner.

The da Vinci robot system

Experience with the robotic system led us to see the
need for incorporating the computer in the surgeon’s
console, thus abolishing the need of an engineer. After
many improvements in robotic systems, we began per-
forming the Nissen fundoplication with a new proto-
type, da Vinci, which was installed in our hospital.

Major differences between Mona and da Vinci

(1) Overall, the Mona system was an early version
of the da Vinci system. Mona had manually in-
itiated mode transitions, inferior optics, and a
reduced set of tools, compared with da Vinci.

(2) Control of the Mona system was done by an
intuitive engineer through a graphical user in-
terface. In other words, every mode transition
(master of robot clutch, camera control, tool
change, etc.) had to be voiced by the surgeon and
then activated with a push button on a computer
screen. This was slow and laborious, compared
with the current setup where transitions are fast,
seamless, and intuitive.

(3) Camera control for Mona was performed by a
force-controlled joystick, whereas we now have
a navigator algorithm. This arrangement was
analogous to the mouse button on a laptop
computer: the harder you push, the faster the
pointer moves, as opposed to the action of the
regular hand-held mouse. With Mona, it was
difficult for the surgeon to go in the desired

direction, and the transition time into camera
control was slow because of the need to move
the right master handle. The da Vinci provides
intuitive and seamless navigator control.

(4) The procedures in Mexico City were done
with a low-quality, single optical, three-dimen-
sional system. This visual system did not pro-
vide the stereo separation or the resolution of
our current insight visual system.

(5) The Mona system had no self-starting capabi-
lities. As a result, a whole battery of tests had
to be performed manually every morning prior
to surgery.

(6) The set of instruments for Mona consisted of
only rudimentary graspers and low-force needle
drivers. Various types of graspers and more for-
ceful needle drivers are now available to us. The
instruments have since been adapted to Nissen
fundoplication (Figs. 9 and 10).

Fig. 9. Cadière Forceps

Fig. 10. Electrocautery with hook
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ter of the procedures, we were obliged to fully in-
form our patients on all possible implications of this
new technology. It was also necessary to promptly
determine if there was any morbidity specifically
connected to the use of the robotic technique.

The operating times of the Nissen fundoplication
for gastroesophageal reflux disease correlated with
several parameters: (a) different operating locations
(Paris, Brussels, Mexico City), (b) training of the en-
tire team of doctors, nurses and technicians for this
new technology, (c) surgeon’s learning curve, as for
any new operation, and (d) ongoing improvements in
the system in terms of ergonomics, console setup,
computer performance and tool development. Opera-
tive time depended not only on the surgical dissec-
tion, but also on installation of the system; it was
comparable to that reported by the Academic Robot-
ics Group (6). The procedure time, including all the
setup, depended on the intensive training results of

We performed 39 procedures for gastroesophageal
reflux (36 Nissen fundoplications and 3 Toupet pro-
cedures). In these procedures, we found that the
ideal position for the robot was with the surgical
cart located to the patient’s right, at the level of the
patient’s head, at a 45-degree angle with the oper-
ating table axis. Three trocars are used for the robot-
ic instruments and scope, another trocar is used for
the liver retractor and a fifth trocar is used by the
assistant (Figs. 11 and 12).

The median system time of the 21 Saint-Pierre
Hospital patients was 82 minutes (range, 54 to 125).
We had two complications: one perforation of the
stomach by a trocar, which was repaired by robotic
suturing; and one bleeding at the greater curvature,
which was treated laparoscopically. The median
hospital stay was 2 days (range, 1 to 4 ) (Fig. 13).

Discussion of global results

We believe that all procedures performed with a
telemanipulated robot were actually world premieres
for this type of surgery. Because of the novel charac-

Fig. 11. Positioning of the robot Fig. 12. Placement of the trocars
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the surgical team. This novel type of surgery indeed
created the need for a new team, a person dedicated
exclusively to the well functioning of the robot during
the procedure. We chose to call this person a clinical
technician. This person needs a clinical as well as a
technical background. His or her competence in-
fluences the time and the safety of the procedure. We
encountered no morbidity specifically related to the
use of robotics and the length of hospitalization was
comparable with that of the conventional laparo-
scopic approach. Same results were also confirmed by
the Academic Robotics Group [6].

The placement of the trocar was slightly different
from that used in conventional laparoscopy because of
the space occupied by the articulating robotic arms.
Operative times compared favorably with our first 80
conventional laparoscopic procedures. Dissection be-
hind and around the esophagus was clearly improved
with the use of articulated tools. This finding suggests
that may be possible in the future to perform a less
extended dissection of the gastric cardia at the level of
the peritoneal attachments. This dissection is per-
formed only in the laparoscopic approach and only
for reasons of safety. The articulated tools make the
procedure easier, safer and more like open technique.

Another phase of the operation in which the ar-
ticulation tools proved valuable was in the dissection
of the short gastric vessels, facilitated by the fact that
the tools could always be brought perpendicular to
the vessels. On the other hand, we did become
aware of a significant drawback of the robotic
system in its present configuration: the three-di-
mensional optical system has a very narrow field of
vision. Because of this, we had to continually inter-

rupt dissection to reposition the optics. These
frequent interruptions, as well as the absence of a
general view of the operative field, may have been
responsible for the bleeding we encountered while
dissecting the greater curvature with the robotic
system. This complication prompted the conversion
to conventional laparoscopy.

The articulated tools made suturing the wrap a
more straightforward procedure because it was easier
to follow the curve of the needle while driving the
suture through tissues. We also noticed a decided
improvement in tying the knots. On the other hand,
evaluating the tension on the knots is more difficult
because there is no tactile feedback. The theoretical
advantage gained by downscaling in the robotic
technique we found to be insignificant [7].

Conclusion

We used robotic-assisted surgery and demonstrated
the feasibility of having a standard robotic laparo-
scopic surgery without specific morbidity and within
acceptable operative times. In its present configura-
tion, the system seems to provide the greatest bene-
fit for microsuturing within the abdomen or in very
confined spaces. Improved ergonomic conditions
and improved instrument dexterity at the level of
the distal articulation appear to be of value in rou-
tine abdominal procedures. More research is needed
for further improvement in tool design and optics
arrangement. The robotic approach requires new
operative strategies and modification of the pattern
of trocar placement.

Fig. 13. Operative time for the latest 21 Nissen
fundoplication procedures
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Chapter 25

Introduction

Patient-reported outcomes, defined as any report com-
ing directly from the person whose life is affected by a
health problem, are becoming increasingly important in
helping professionals determine the impact of their
treatments. This represents a change in focus. Tradi-
tionally, clinicians and researchers were primarily inter-
ested in outcomes related to morbidity and mortality.
This approach was consistent with the biomedical
model of disease that relied on tests to identify pathol-
ogy or changes in physiological processes. A treatment
was judged to be successful if the biologic test returned
to normal, as was often the case for acute conditions. A
more recent approach, termed an outcomes model [1],
suggests that medical care is designed to focus on how
people feel and how they are able to function as well as
how long they live. Measures of symptoms, health-
related quality of life (HRQL) and patient satisfaction
are considered to be appropriate outcomes. While there
is clearly overlap between the models, the outcomes
model focuses attention on the determinants of patient
outcomes and relies primarily on reports by patients to
judge the result of the treatment. It is particularly
appropriate for diseases that are chronic in nature. Cur-
rently, it is believed that both types of outcomes are
important. The physiological measures reflect the value
system of the professionals and provide information
that helps confirm their clinical impression. The pa-
tient-reported measures reflect the subjective evaluation
and reporting of the illness experience and its treatment
[2].These measures reflect their value system.

A recent study from Austria [3] illustrates the differ-
ent points of view of clinicians and patients in rating the
importance of different outcomes. This study examined

the expectations of patients with gastroesophageal re-
flux disease (GERD) in terms of the outcomes of lapa-
roscopic anti-reflux surgery. Responses of 70 patients to
open-ended questions provided the following infor-
mation. Relief of GERD symptoms was expected by
92.8%; 84.3% anticipated a return to usual daily and
work-related activities; and for 72.9% an improved
quality of life was important. Successful surgery without
complications was named by 52.9% of patients and pro-
tection from a future Barrett’s esophagus or cancer was
noted by 48.6%. Only two patients expected normaliza-
tion of pH values and healing of the esophagus.

These results demonstrate that patients’ expecta-
tions are generally different from those of the clini-
cian. In fact, patients primarily seek medical care
because of bothersome symptoms. It should, thus, be
anticipated that symptom relief would be their top
expectation. The ability to assume usual patterns of
daily activities including work, as well as customary
roles were also important. These latter factors are
well-accepted components of quality of life as it re-
lates to health, in other words HRQL, and this was
also a priority of the patients. Satisfaction with the
process and end result of surgery is another patient-
reported outcome that reflects their expectations and
degree to which they were met.

The purposes of this chapter are to describe the ra-
tional for using these patient-reported outcomes, the
criteria by which the measures should be selected and
how they can be used in both clinical research and
daily surgical practice. Information will also be pro-
vided about available measures to assess these con-
structs in individuals with GERD.
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with a biopsy and histological examination of the
gastroesophageal junction, as well as a careful history
and assessment of symptoms. Traditionally, these pre-
operative tests were repeated post-operatively at various
points in time, and physiologic changes demonstrating
normalization of pH values and lower esophageal
sphincter pressure, along with the elimination of reflux
that signified esophagitis healing, were used as indica-
tors of operative success. Today, while the evaluations
are similar, the overt surgical objective is mainly focus-
sed on the alleviation of symptoms.

Symptoms have been defined by the Patient-
reported Outcomes Harmonization Group in 2002 as
“the subjective experience of abnormal function, sen-
sations, or appearance, generally indicating disorder
or disease” [8]. Surgeons aim to decrease the pres-
ence, severity, frequency and duration of symptoms,
as they portray the sensory changes perceived by the
patient [9]. Operative success is often judged by
patient reports of few remaining or new symptoms,
negligible complications and a limited need for
further medications [10], [11].

A number of findings have led to this focus on
symptoms. First, severity of the symptoms has not
been found to be strongly associated with the patho-
logical extent of the reflux or other physiological
parameters. For example, studies of esophageal pH
monitoring or manometry are not highly correlated
with reported symptom severity [12], [13]. Symptoms
and esophageal lesions do not always correlate strongly
[14]. There are few differences in symptoms between
patients with Barrett’s esophagus, erosive and non-
erosive GERD [15]. Some studies have found that
surgery is of value for people with severe symptoms
regardless of the endoscopic appearance of the
esophageal mucosa [16], [17]. Finally, as mentioned
previously, stress-related symptoms and psychiatric
diagnoses are independent predictors of the surgical
outcome [4], [5], [18], [19].

GERD may be associated with many symptoms
but the primary one is heartburn. Others, including
acid regurgitation, epigastric pain, belching, bloating,
nausea, vomiting and dysphagia, may range from cau-
sing mild impairment to severe disability [20]. Despite
the long standing interest in symptoms and the resent
reaffirmation of their importance as outcomes, there
appears to be no unified approach to the assessment of
symptoms or an in-depth knowledge of the best way

Why are patient-reported outcomes 
useful in the care of individuals 
with GERD and in clinical studies of GERD?

Including patient-reported outcomes in clinical practice
and in clinical studies of GERD provides several impor-
tant benefits. First, as noted previously, it allows the
clinician or the investigator to characterize the impact of
GERD and its treatment in terms that are of value to
and understood by the patients. In fact, patient-reported
measures specifically reflect their point of view, as most
often, patients provided input as to the content of the
measures. Second, certain components of these patient-
reported measures may be independent predictors of
surgical outcomes. For example, measures of HRQL
usually contain a component that assesses mental health
in terms of anxiety and depression. It has been shown
that people with these problems are less satisfied with
the outcome of surgery than those without such psychi-
atric comorbidity [4], [5]. A change in symptoms may
forecast increasing severity and this information may
provide insight into the progression of GERD, or de-
creasing symptoms may denote treatment adherence or
recovery. For instance, the resolution of heartburn is
highly correlated with post-operative return to normal
24-h pH monitoring [6].Thirdly, measures of symptoms
are excellent indicators of the severity of the disease, and
those assessing HRQL portray the impact on function-
ing, engagement in daily activities and participation in
life events. Finally, data specifically related to patient
satisfaction provide information on the quality of care
provided. A well-developed measure of patient satisfac-
tion will indicate both the patients’ perceptions of the
process of care and the outcomes of treatment. Surgeons
in particular, have long been concerned with the results
of surgical care that reflect the patient’s subsequent
health state [7].This information is also useful to admin-
istrators and payers concerned with the quality of care.

Which patient-reported outcomes 
are important to measure?

Symptoms

Prior to surgery for GERD, patients undergo a number
of objective tests including 24-hr pH monitoring,
esophageal manometry, esophagastric duodenoscopy
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to do so, either in daily practice or research [21]. There
is some agreement that self-report is the most appro-
priate approach [8], [22], partially because there is no
strong correlation between patient and clinician
reporting. In some circumstances, clinicians tend to
underestimate the presence of symptoms and their
severity compared to those who actually have GERD
[23], and at other times, particularly when estimating
treatment response, investigators report more positive
results than do the patients [24].

Self-completed symptom questionnaires have
been developed and validated and some examples
will be presented later in the Chapter. There is,
however, a tendency in the literature to use tradi-
tional, clinical, ordinal scales asking questions about
the presence, frequency and severity of common
symptoms, rather than standardized measures. In
fact, surgical investigators frequently report the use
of a “standard scale” but the meaning of the term is
unclear. Information about the origin and psycho-
metric properties is seldom provided.

In a recent international, multidisciplinary works-
hop [21], the issue of symptom reporting in trials was
extensively addressed. Using heartburn as an example
of a common, salient symptom in GERD, Bytzer [22]
discussed issues related to its assessment that ranged
from problems in defining heartburn itself, its severity,
and frequency, to when, how and by whom heartburn
and other symptoms should be measured. While a
large number of symptom-response measures have
been reported in the literature, there is little consis-
tency of approach and a general lack of validation
studies. In connection to this workshop, Wrywich and
Staebler Tardino [25] provided a blueprint for creating
symptom scales that uses a cognitive psychology
framework approach to development. They also gave
general information about developing optimal scales
and interpreting their results.

In sum, there is considerable evidence that relief of
symptoms caused by GERD is at times more complex
than simply correcting the pathologic lesion. How
patients perceive the sensations and respond to them
must be taken into consideration. Because of the lack
of physiological and pathologic markers for differen-
tiating disease severity, an individual’s description of
his or her symptoms is a predominant source of infor-
mation for the surgeon in making a diagnosis, moni-
toring a patient and assessing the outcomes of surgery

[8], [21], [26]. Given the increasing importance of
their use in outcomes assessment, increased attention
to the development and validation of symptom scales
is warranted.

Health-related quality-of-life

Patients seek medical care because of symptoms.
Often, however, it is not because of their presence,
or even their severity, but to the distress they cause
the patient by intruding on daily activities and life in
general. In other words, it is how the symptoms im-
pact on their HRQL. In GERD it is evident how
problems related to eating, drinking, sleeping, pain,
and reduced vitality impair life’s quality. In fact, it
has been well documented that people with GERD
have a lower quality of life than those without this
disorder [27], [28].

While no one definition has received universal ac-
ceptance, there is a general consensus that measures
of HRQL are multi-dimensional and should assess
physical, mental, social and role-functioning, a per-
son’s perception of overall well-being and symptoms
to a greater or lesser extent depending on the type of
measure [29]. As noted by Guyatt and colleagues
[30], HRQL is concept that embraces the World
Health Organization’s definition of health [31] by
incorporating both personal health status and social
well-being. It reflects peoples’ subjective perceptions
of how they feel and function.

There are two main types of HRQL measures
[32]. Generic measures cover the full range of do-
mains and can be used across different patient popula-
tions to compare the impact of various diseases. Some
generic measures have normative data, by age and sex,
from ostensively healthy populations. When available,
these data make it possible to compare people with
GERD, for example, to those without the condition,
perhaps prior to and after surgery. Moreover, because
generic measures are broad in scope, they sometimes
help identify previously undisclosed problems that are
not tapped by a measure specifically for people with
GERD. This latter type of measure, known as disease-
specific, focuses on the specific feelings, dysfunctions
and symptoms associated with a given condition.
They, therefore, are able to detect treatment effects
and mirror changes in patient status.
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access, cost and convenience are incorporated. There
has been at least one suggestion that satisfaction with
the treatment process should be assessed separately
from that of the outcome of the treatment [33].

In recent years, most surgical investigators evalu-
ating the impact of various surgical procedures and ap-
proaches in GERD have selected patient satisfaction
as one of the outcomes. In the majority of studies, the
degree of satisfaction reported one to five years after
the surgery was high. A few reports were not as glow-
ing. For example, Bessell and colleagues [40] found
that 27% of those patients who replaced severe pre-
operative heartburn preoperatively for severe dysphasia
after the surgery would not have the surgery again.

Another study [41], assessing surgical outcomes in
routine clinical practice rather than in a referral centre
reported similar overall outcomes in the face of less
positive data about complications, symptoms, and
medication use after surgery as well as the need for
post-surgical dilatation or repeat operations. These
investigators attributed the positive global response
regarding satisfaction to a type of measure that fails to
include specific components of the process or out-
comes of care [42]. This is not an uncommon finding.
Global ratings of satisfaction tend to be positively
skewed [43]. Patients rate high levels of satisfaction
in the face of other negative information [43], [44].
Additionally, they tend to be less satisfied if asked
about specific areas [44]. In fact, there are many
problems with global single item ratings, although
they are easy to use and intuitively appealing. Because
the dimensions within the satisfaction construct are
not named, it is not known what factors the patient
took into consideration or excluded when making the
rating, why elements received the assigned ratings, or
how they were combined [45].

Other investigators [17], [46] used “standard”
series of questions about such areas as the success
of the surgery, whether or not the patient would
again decide to undergo the surgery, and difficul-
ties experienced since the operation. Each question
was treated individually and provided descriptive
information about the patients’ responses. While
somewhat more informative it is unknown if all sa-
lient aspects that are important to patients were in-
cluded, and it is still difficult to form a concrete
picture of the patient’s judgement of the process
and outcomes of care.

Generic and disease-specific measures may be health
profiles, which usually yield sub-scales for each do-
main allowing the assessment of interventions on the
different components of HRQL, or utility measures,
derived from economic and decision theory. These
measures have preference weights incorporated in
their scoring. Utility measures provide a single nume-
rical estimate of HRQL that includes patient choices
about both duration of life and its quality. Some pro-
files also generate a single number for analysis. Today,
many studies use a combination of a generic and a di-
sease-specific measure so that response to change is
captured, but no important aspect of the person’s
HRQL is missed.

Finally, clinicians and investigators also use a sin-
gle item to evaluate HRQL. While common, partic-
ularly in clinical practice, these single-item ratings
have not usually been tested for their measurement
properties, and are known not to be very reliable.
Moreover, they provide no help in explaining why
patients respond the way they do.

Patient satisfaction

Patient satisfaction is the patient’s perceptions of both
the quality of treatment provided and its effective-
ness. A measure of satisfaction is one that documents
patients’ assessments or affective responses to dif-
ferent dimensions of the treatment experience [33]–
[35]. Typically, it compares the process and outcomes
of the treatment experience with prior expectations
that may or may not have been met or surpassed [36],
[37]. Although individual patients may have different
expectations for the distinct components of treatment
or care, their individual expectations and satisfaction
with the various components are independent predic-
tors of overall satisfaction [38].

Different conceptual frameworks for understanding
patient satisfaction have been proposed [37], [39], and
used as a basis for the development of measures. In
general terms, the frameworks include sociodemogra-
phic, personal, medical and functional characteristics of
the patients, their values, preferences and expectations
of treatment outcome, prior experiences with treatment
for the current and other disorders, the way treatment
is delivered and experienced, as well as its impact on
symptoms, function and HRQL. In some models,
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In summary, the single item ratings or questionnaires
with only a few items used in surgical studies to assess
patient satisfaction have not been carefully developed
and examined for their psychometric properties. In
other words, they have not been developed in the cur-
rently accepted rigorous manner [39].

To the best of our knowledge, only one group of
researchers [47] has developed and validated a mea-
sure of patient satisfaction for GERD patients, the
Treatment Satisfaction Questionnaire for Gastro-
esophageal reflux disease (TSQ-G). The measure was
developed using input from patient focus groups,
physicians and the literature and it was tested appro-
priately for reliability and validity. Unfortunately, the
measure is targeted for GERD patients being man-
aged by medications and, thus, is not appropriate as
an outcome of surgery. Nonetheless, it is a model for
the development of such a measure for use with
patients undergoing surgery.

Our concerns about the assessment of treatment
satisfaction mirror those of Revicki [48]. He pointed
out that considerable attention needs to be given to
the psychometric properties of satisfaction measures
including the theoretical model that underpins the
instrument, reliability, all types of validity and the
interpretability of the numerical scores.

It should be noted that surgical investigators
working in GERD are not alone in their difficulty
assessing satisfaction. A few years ago an analysis of
195 studies found that little attention had been given
to the development of satisfaction measures and this
its self cast doubt on the credibility of the satisfaction
findings [49]. It is an area that needs immediate at-
tention. Specifically, we need to develop measures of
satisfaction that reflect the components of global
satisfaction such as personal expectations, indicators
of quality of treatment as well as the outcomes of
care as judged by the patients.

Issues in selecting patient-reported outcomes
for use in clinical practice and research

First, we are interested in selecting standardized
measures that are “evaluative” in purpose [50]. A
standardized measure is one that has been published
along with information about its psychometric prop-
erties, and instructions as to with whom, when and

how it is to be administered, scored and interpreted.
Conversely, “ad hoc” measures, most often created by
clinicians, are those without formal testing or estab-
lished measurement properties. An evaluative mea-
sure is designed to assess an individual at a baseline
point, and again at one or more points later in time,
principally to determine if change has occurred.
Evaluative measures may also discriminate between
different groups and predict future events as well.

The content if the instrument is of primary inter-
est. While content may be influenced by the literature
and information from clinicians, as alluded to
previously, most content should come directly from
patients and reflect their issues and concerns. There is
a growing consensus that the “content” validity or the
adequacy with which the items sample the construct
being assessed by the measure, can only be judged by
the persons being evaluated [2]. It is, thus, important
that patients with the specific health problem have
had major input. Assuring that this is the case is an
early step in the selection process.

In general terms, validity refers to the ability of an in-
strument to measure what it is supposed to measure. Be-
yond “content”, information on criterion and construct
validity may be available. Criterion validity evaluates the
relationship between the measure of interest and a crite-
rion measure or “gold standard”, concurrently or in the
future. For concurrent criterion validity a new disease-
specific measure of HRQL for people with GERD
should correlate moderately with a well-known disease-
specific measure of HRQL. While the criterion measure
may not be “gold” it should at least be “silver”! For pre-
dictive criterion validity one may test if the score on a
measure of HRQL taken two weeks after surgery will
forecast return to work. Given the difficulty of finding
gold standards for patient-reported measures, construct
validity is more often reported. Construct validation ex-
amines if the measure performs according to theoretical
expectations by examining the direction and magnitude
of relationships with other variables. For example, one
might hypothesize and test if a generic measure of
HRQL can discriminate among groups of patients who
have different levels of symptoms, or if it will negatively
correlate with measure of pain. A measure of patient sat-
isfaction following an anterior partial fundoplication for
GERD should be positively correlated with the degree
of symptom resolution or an objective outcome such as
results from a 24-hr gastric pH monitoring.
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provide some direction about how an individual pa-
tient is doing. Readers wishing more information on
the psychometric properties of measures are referred
to work by the Scientific Advisory Committee of the
Medical Outcomes Trust [63].

In addition to knowledge about psychometric
properties, the potential user of an instrument needs
other information before making a choice. For exam-
ple, does the timeframe associated with the questions
or items fit the intended use? Patients can be asked to
consider their responses in terms of the past 24 hours,
a week, month or even a year. The choice depends on
the typical illness or recovery trajectory of the patients
or on the design of the study. Which response options
are provided for the patient? Are they dichotomous
(yes/no), made up of several ordinal categories (poor –
fair – good – excellent) or presented as a visual analog
scale? Are population norms available for the country
of the study which can be used for comparison pur-
poses? This is particularly useful for generic measures
of HRQL so clinicians or investigators can compare
their patients’ or study subjects’ scores to age- and sex-
matched population values. What is the burden on
subjects? More specifically, how long does the instru-
ment take to complete, and does it include questions
that are potentially upsetting for the patient? What is
the burden on the professional? How easily is the
measure scored? Can the scoring be automated? Does
one have to obtain permission to use the measure, and
if so, is there an associated cost? All of this information
needs to be ascertained prior to selecting a measure.

Moreover, today, clinical research is conducted in
countries around the world, and thus, the demand
for instruments that can be used internationally has
risen dramatically. By now many instruments have
been culturally adapted, translated into different
languages and then retested psychometrically to in-
sure that the language, meaning and performance of
the instrument remain consistent. There are differ-
ent methods to enhance cross-cultural comparabil-
ity, and while guidelines are available, [64]–[66] it is
a time consuming process. Investigators or clinicians
planning to use a patient-reported measure in their
clinical practice or research project should determine
if the measure they select has undergone such a pro-
cess and is available for use.

Brief information about the psychometric proper-
ties of patient-reported measures used in people with

Reliability reflects the extent to which a measure is
free from random error and it refers to the reproduc-
ibility or stability of the measure over time. This is
termed test-retest reliability. It also includes estimates
of internal consistency, or how well the items in a scale
relate to each other and to the total score. While there
are several test statistics to assess reliability, the
reliability coefficients are interpreted similarly. A
coefficient of 0.89 means that 89% of the variance is
true variance, related to the patients in the sample, and
11% is the amount of random error. For groups, as in
research, a coefficient of 0.70 is the minimum level,
but for use in clinical practice the minimum has been
set between 0.85 and 0.90 [51].

The last psychometric property is responsiveness, or
the ability of the measure to accurately detect patient
change when it has occurred [52]. Most approaches 
to test responsiveness depend on assessing patients
periodically over time during a period of anticipated
change, and evaluating the change that occurs [53],
[54]. While various approaches to quantifying respon-
siveness exist, clinical studies primarily report one of
the variants of “effect size”. Coined by Cohen [55], this
term simply means a standardized, unitless measure of
change. Today such variants are termed “effect sizes”
[56], “standardized response means” [57] or “respon-
siveness statistics” [58].

Potential users of measures also need direction in
how to interpret the score. By “interpretability” we
mean the capacity to assign a qualitative meaning to a
quantitative score [59]. One approach to the interpre-
tation of change that is “distribution based” employs
effect sizes [60]. Cohen [55] suggested that 0.2, 0.5
and 0.8 represent small, medium and large effect
sizes. While these values are somewhat arbitrary [61],
they are used in the literature. The second approach,
termed “anchor-based” [60], examines the relation-
ship between the change score on the instrument
being tested to that on another measure that is well-
known, associated with the test measure and clinically
meaningful [61]. Population norms, severity classifi-
cations, symptom scores and global ratings of change
by patients or physicians as well as the minimum im-
portant difference (MID) have all been used. The
MID, the smallest change that patients perceive as
beneficial [62], is another useful piece of information
for potential users of a measure as it not only has im-
plications for sample size in investigations, but it can
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GERD and answers to some of the questions raised in
this section of the Chapter are presented in Table 1,
but such information accumulates over time, and so a
potential user should refer to recent literature.

Patient-reported outcomes currently 
used in people with GERD

A number of articles have reviewed the development,
psychometric performance and applications of pa-
tient-reported measures of symptoms and HRQL for
people with GERD [67]–[71]. Table 1 revisits this in-
formation and presents those measures appearing in
the surgical literature, along with information on the
different domains tapped in each measure, the number
of items per domain, the time-frame within which pa-
tients are to consider their responses and how the
measures are scored. Additional information is pro-
vided about the approach to content development
(specifically if patient input had been sought), other
aspects of validity, estimates of reliability and how
responsiveness has been examined. Some measures
have information about the minimal important dif-
ference in score that patients can detect as well. When
known, the languages in which the measure is avail-
able are stated in the text. It is acknowledged, how-
ever, that other language versions, unknown to the
authors, may exist in the international literature.

The Gastrointestinal Symptom Rating Scale
(GSRS) [72] and the Gastroesophageal Reflux Dis-
ease Health-related Quality of Life (GERD-HRQL)
scale [73] have been available for a number of years
and appear frequently in surgical investigations. Both
these measures were recently recommended for use
by the European Association for Endoscopic Surgery
[74]. The GSRS has been used in Scandinavian, UK
and US samples. The Symptom Questionnaire for
Gastroesophageal Reflux Disease [75] is more recent
and has been employed in one study of the long-
term follow-up of patients after laparoscopic Nissen
fundoplication [76].

The gastrointestinal-specific and the GERD-spe-
cific measures of HRQL have also been widely used
in surgical studies. Both the Gastrointestinal Quality
of Life Index (GIQLI) [77] and the Quality of Life
in Reflux and Dyspepsia (QOLRAD) [78] were
recommended by the European Association for

Endoscopic Surgery [74], and the GIQLI [77] was
recommended specifically for outcome assessment by
the European Study Group for Antireflux Surgery
[79]. It is available in English [77], French [80],
German [81] and Spanish [82]. The QOLRAD was
developed in French and English [78].

In terms of generic HRQL measures, people with
GERD have mainly been assessed using two well-
known measures – the Psychological General Well
Being Index (PGWB Index) and the Medical Out-
comes Study Short Form-36 (SF-36). These measures
were recommended by the European Association for
Endoscopic Surgery [74] partially because individuals
with GERD score lower on these measures than
ostensibly healthy individuals and their scores decrease
as symptoms become more severe [83]–[85].

The PGWB Index was developed as a measure of
subjective well-being or distress [86]. The Index is
comprised of six domains, including anxiety, depressed
mood, positive well-being, self control, general health
and vitality. The domains contain 3–5 items, each of
which is scored on a 6-point ordinal scale. Domain
scores and a total score can be calculated. Higher values
denote better quality of life. Internal consistency and
test-retest reliability as well as construct and criterion
validity were moderate to strong [86]–[89]. PGWB to-
tal scores were able to discriminate between individuals
with and without heartburn [83]. Moreover, sensitivity
to change in response to treatment has been demon-
strated in patients with upper gastrointestinal symp-
toms [88]–[91] and a change of 4 points on the Index
is a clinically meaningful difference in people with
GERD [83]. Swedish norms are available [89].

The SF-36 is a generic measure of perceived health
status that incorporates behavioural functioning,
subjective well-being and perceptions of health, by as-
sessing eight health concepts: limitations in physical
activities due to health problems; limitations in role ac-
tivities due to physical health problems; pain; limita-
tions in social activities due to health problems; general
mental health; limitations in usual role activities due to
emotional problems; vitality; and general health per-
ceptions [92]. The questionnaire is made up of 36
items that are divided into the 8 scales. The scores on
all scales range from 0–100, with higher scores re-
flecting better health. There is also a computerized
method of scoring two major components, physical and
mental health. Each component has been standardized
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stand the commitment will help insure continued
involvement. Moreover, patient-reported measures
rely on the ability of the patient to provide the an-
swers. The patient must, therefore, have sufficient
reading ability or someone must read the questions to
him or her to obtain the response. This is an accept-
able practice, but ad hoc translating the question by a
family member, a researcher or even a qualified trans-
lator is not permitted, as a bias may be introduced by
the way the question is translated and asked [96].
While the use of proxy respondents has a place in
research they are not patient-reported measures [2].

When designing the study, the timing of the as-
sessments should be planned within the context of the
surgery and the recovery trajectory [97]. Baseline as-
sessments of symptoms and HRQL are essential in
both observational and controlled studies. In both
types, one comparison will be between pre-surgery
and post-surgery at various points in the recovery tra-
jectory. In a controlled trial the baseline assessment
should be administered prior to randomization so as
to eliminate any possible bias resulting from knowl-
edge of the allocation either on the part of the patient
or the individual administering the measure. This
baseline assessment in a controlled situation also
provides data for group comparisons at study entry as
well as allowing between-group comparisons over time.

From the previous paragraph it is obvious that pre-
operative assessments are clearly important to provide
baseline data. Yet, asking patients to complete ques-
tionnaires as they are waiting for imminent surgery is
probably not the best time to have them provide reflec-
tive responses. Completion at an earlier point in time,
perhaps at the last visit to the doctor, or through a tele-
phone interview a few days prior to surgery might yield
more considered answers.

Another issue to think about in terms of appropri-
ate timing is that the immediate effects, particularly
when an open approach to surgery for GERD is used,
will be negative on most HRQL domains. Moreover,
there will be after-effects and possibly new symptoms
with which the patients must deal. However, by four
weeks after the operation, patients will likely associate
positive changes in eating, or level of pain with an im-
proved quality of life. If one wants information on the
patient’s perceptions of the care process, assessments
of treatment satisfaction are best made directly after
discharge when details are fresh in patients’ minds.

to have a mean of 50 and a standard deviation of 10
[93]. One version of the SF-36 asks people to think
about their health over the past four weeks and another
version uses a one-week recall period.

Good to excellent internal consistency and test-re-
test reliability have been demonstrated in diverse pa-
tient groups including those with GERD [88], [94].
Subscales of the SF-36 (pain and general health per-
ceptions) and the component summary scores were
able to discriminate between people with GERD re-
porting no heartburn and those reporting heartburn
symptoms [83]. Responsiveness to treatment has also
been demonstrated in people with GERD [83], [88].
As part of an international initiative that used a stan-
dard protocol, the SF-36 has been translated, cultur-
ally adapted and revalidated in over 50 languages.
Norms for many countries are available [95].

Issues in using patient-reported outcomes 
in clinical research

Using measures of symptoms, HRQL and patient sat-
isfaction in surgical studies requires additional consid-
erations in both the planning and execution of the
investigation. Specific guidelines for selecting measures
have already been discussed. This section will focus on
the successful use of these measures in a study.

When stating the objectives in the study protocol
it is important to identify that symptom resolution,
improved HRQL or high satisfaction with the treat-
ment are defined outcomes, each with a hypothesis
attached to them and that they will be as rigorously
evaluated as the more traditional outcomes. This is
crucial in a multi-centered study so that these out-
comes are not considered as “add-ons” by co-investi-
gators who may treat them with less rigour than
used with traditional assessments.

When patients are asked to participate in a study
and informed consent is sought, they should also be
told about the study and what participation will entail
[96]. In studies using patient-reported outcomes this
means that patients should agree to complete ques-
tionnaires or be interviewed face-to-face or over the
telephone at specific points in time. Some trials have
actually asked patients to complete a set of forms as
part of the eligibility criteria. Providing this informa-
tion up front and making sure that patients under-
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Satisfaction with the outcome of the operation, how-
ever, must wait a sufficient time until the person is
fully recovered from the surgery itself and probably
until the long-term effects are apparent.

The investigators should also plan where and
how the assessments will be made. Where might be
in the doctor’s office, in a clinic or hospital or in the
home [96]. Ideally it should take place in a consis-
tent location but often this is impractical. A profes-
sional setting provides a milieu in which conditions
are more controllable and personnel responsible for
administering the questionnaires can make sure that
the patient completes it without input from family
or friends [96]. Telephone interviews, however, are
widely used, provide data similar to face-to-face
interviews [98] and control for timing and patient
completion. If an external person is involved in ad-
ministering the questionnaire, that individual should
not be part of the treatment team and preferably
should be unaware of the objective of the study and
the group assignment if it is a controlled trial. Pro-
viding questionnaires for patients to complete at a
later date, or mailing questionnaires for completion
are other accepted approaches but ones that often
result in considerable missing data.

Several points are important to remember. We
know that data obtained from self-completed forms
are slightly different for those obtained through
interviews so it is preferable to select one approach
[99]–[101]. Feasibility may dictate, however, that ad-
ministrative modes are mixed. In any case, detailed
instructions must be provided to personnel responsi-
ble for collecting the data and procedures should be
established that facilitate compliance with question-
naire completion. It is also essential to clarify what
should be done with the questionnaire when com-
pleted. Most often direct entry using computers and
electronic transmission is used. Sometimes patients
respond directly on a computer. Instructions on pre-
serving confidentiality are also essential.

Detailed descriptions of analytic methods are
clearly beyond the scope of this chapter, and so only a
few general points will be made. First, it is important
to have statistical expertise when the study is being
planned. HRQL or symptom scores are seldom the
primary endpoints upon which sample size is calculat-
ed, and therefore, investigators need to be sure that
they have sufficient subjects to make the comparisons

they plan. Moreover, most HRQL measures are multi-
dimensional and made up of subscales. This again may
increase the number of endpoints. Not only do we
select one or more multidimensional measures, but we
make measures at several points in time. An outline
for data analysis should, thus, be made in the planning
stages. All these issues are within the purview of the
statistician or someone very familiar with multi-level
and multivariate analyses.

Finally, procedures to contend with missing items
within measures, or missing data forms need to be
defined. Missing data within a measure are generally
dealt with according to the following process. If at least
50% of the questions or items in a subscale have been
completed, a mean score calculated for that subscale
can be imputed to replace the missing values. While
this may decrease the variance in the data, it will prob-
ably not have a major impact on the results [102],
[103]. Missing forms are more of a problem. If they are
missing at random because someone forgot to mail the
questionnaire to the patient or the patient missed a fol-
low visit because he or she was on a holiday, it is not
too serious. Forms not missing at random, which is the
more common scenario, may be telling us that the pa-
tient is sicker (or healthier) or perhaps more upset with
the results of treatment than the average patient. In
other words there may be a health-related reason that
the questionnaire was not completed. For these cases it
is important that a protocol is developed to handle the
situation. Several options are available and all rely on
statistical expertise and use of appropriate statistical
packages [103].

In clinical practice

While symptoms have traditionally been assessed, ad-
vocates of patient-reported outcomes have supported
the use of other such measures in daily clinical practice.
In particular, the assessment of HRQL has been seen as
an aid to screening for unidentified problems, making
decisions about treatment, monitoring patient status
and response to treatment, as well as a mechanism for
quality assurance [104]. Barriers, however, were identi-
fied to routine use for conceptual, methodological, prac-
tical and attitudinal reasons [105]. Scepticism about the
importance of the measures was voiced. Practitioners
preferred traditional, pathologic or physiologic tests and
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reported in the GERD literature, articles related to
the value of these tools in clinical decision-making
was very scarce. One study conducted in Montreal
[113], had been presented at the 58th Annual Meet-
ing of the Central Surgical Association in 2001.
The ensuing discussion included questions to the
presenting author and these questions and their ans-
wers were provided at the end of the article. One
question was about the practical use of continued as-
sessment of HRQL and why a simple satisfaction
rating scale was not sufficient. Her responses indi-
cated that the 5-point satisfaction measure varied
little across patients and this was not sufficient as a
sole endpoint, but that the HRQL scores yielded
practical information. For example, if there were
unexpected responses on the questionnaire, patients
were asked to return to the clinic for re-studies. As
was pointed out by the author, after you start to use
HRQL questionnaires and “you get a feel for what is
normal and abnormal, they help drive decision-
making in a practical way”. Hopefully, patient-
reported measures will be seen as an adjunct to
traditional care in the future. Their use can be seen as
formalizing what clinicians have been implicitly do-
ing for ever when they ask a patient “How are you?”

Conclusions

Patient reported outcomes have been advocated fol-
lowing surgery for GERD for the past several years
[114]. Those outlined in this chapter, as well as
others such as “adherence to treatment”, are impor-
tant for measuring the impact of GERD and its
treatment. Clinicians and researchers who use these
measures should select them carefully according to
their reliability, validity and responsiveness, as well
as to information about how the score is interpreted.
It is also important to think about how traditional,
objective tests are related to patient-reported mea-
sures, and to use each type as appropriate. Objective
tests and measures provide information about the
medical status of the patient that is essential for
management of the disease. Patient-reported mea-
sures give information about the individual’s per-
ception of the symptoms and dysfunctions and how
they impact on the quality of their lives before and
in response to treatment. Both are important.

did not understand the usefulness of information from
both types of measures. They cited time and resource
constraints, and were concerned about the costs of
administering the tools, collecting the information,
compiling it rapidly, interpreting and using it.

Over the years a number of these concerns have been
addressed. Studies have shown that assessing HRQL in
different practice settings is feasible and is easily incor-
porated into the office or clinic routine [106]. Briefer
and more precise disease-specific measures have been
developed and computer-assisted technology is available
to provide instant scoring and feedback to the clinicians.
Information about population values and the amount of
change in patient status required to reflect an important
difference, as perceived by the patient, have added ease
to the interpretation of the scores.

A number of studies, both controlled trials and oth-
er designs, have investigated the impact of the use of
HRQL information on the doctor-patient communi-
cation. To summarize, the provision of information to
the clinician seems to have an impact on the process of
care. It increases the identification of previously unrec-
ognized problems [107]–[109], improves doctor-pa-
tient communication and facilitates more emotional
support for patients [107], [110], and increases physi-
cians’ awareness of their patients’ problems and con-
cerns [106], [107]. Moreover, the process was perceived
as useful by most physicians and it was acceptable to
patients and office and clinic staff [108], [109]. Finally,
it did not significantly increase the time of the doctor-
patient interaction [110]. The impact of providing
HRQL information to the clinicians appears to have
had less impact on the outcomes of care. With the ex-
ception of the systematic review by Espallargues and
colleagues [109], there was no reported impact on pa-
tient satisfaction, which was generally high [107],
[111]. There was also little evidence of change in man-
agement decisions as the result of HRQL knowledge
[107], [111], and most studies did not find that it in-
fluenced health-related quality of life. There is, how-
ever, some recent evidence in people with cancer that
providing HRQL information to the clinician, posi-
tively impacted the patient’s HRQL particularly in
mental health and role performance areas [112].

The studies referenced in the previous paragraph
were all conducted using patients with problems
other than GERD. While the use of patient-reported
outcomes in follow-up after an operation was often
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Chapter 26

Introduction

The increasing interest in measuring patients’ health-
related quality of life (HRQOL) as an outcome reflects
an increasing awareness that traditional physiological
endpoints often do not correlate with patients’ func-
tional status, general well being, and satisfaction with
therapy. It has been shown that gastroesophageal re-
flux disease (GERD) has a significant impact on pa-
tients’ HRQOL. Therefore, improvement of HRQOL
should be one of the major goals of any GERD treat-
ment. This improvement can be achieved by medical,
endoscopic as well as surgical treatment. Finally,
quality of life data help us also in a more selective
selection of our patients concerning to the treatment
regimen we may offer.

Reflux esophagitis was first recognized in the early
1930’s [1]. Since then, much has been learned about
gastroesophageal reflux disease (GERD). Presently,
GERD is recognized as the most common acid-related
disorder. Heartburn, the primary manifestation of
GERD, occurs in approximately 20% of the western
adult population on a weekly basis. Other symptoms
include regurgitation, epigastric pain, chest pain. The
severity of GERD symptoms range from mild, infre-
quent, and merely bothersome to severe, frequent and
debilitating. Similarly, the spectrum of endoscopic find-
ings in patients with GERD-related symptoms ranges
from normal appearing mucosa to ulcerative esophagi-
tis, stricture, or Barrett’s metaplasia. Unfortunately,
symptom severity may not be directly related to objec-
tive physiologic or endoscopic findings [2], [3].

However, an illness per se affects more than a pa-
tient’s physical functioning – it may also affect a pa-
tient’s emotional, social and occupational functioning.
Recognizing that traditional objective clinical vari-
ables are not sufficient to assess the overall effect of dis-
ease, interest has shifted to patient-reported aspects 

in disease assessment. In the last two decades, health-
related quality of life (HRQOL) assessments have be-
come recognized and established medical endpoints
in clinical research. A large number of different in-
struments have been developed, for generic, disease-
specific, and symptom severity uses. Instruments for
HRQOL evaluation are still being developed espe-
cially for international use, thereby making data com-
parable worldwide. However, HRQOL is a concept
which is not directly measurable and exists primarily
in our subjective perception. In fact, the robustness of
HRQOL data suffers due to variation in definition.

Although there is no universally agreed on scope of
HRQOL, several aspects include the psychological,
physical, social, spiritual, personal role, and general
well-being dimensions of a patient’s health. These con-
cepts are based on the WHO definition in 1948 that
health is a complete state of physical, psychological,
and social health, and not merely the absence of disease
[4]. This WHO definition of health has become a
common starting point for discussion and research of
health status, HRQOL and to develop a biomedical
model of health and disease which included aspects of
a bio-psycho-social model of human existence.

Dent et al [5] emphasized HRQOL in defining
GERD stating GERD “is likely present when heart-
burn occurs on two or more days a week, on the basis
of the negative impact of this symptom frequency on
health-related well being (quality of life)”. Therefore,
the goal of GERD treatment is to relieve symptoms,
prevent complications, minimize adverse side-effects
of treatment, and to improve patients HRQOL. Treat-
ment options for those diagnosed with GERD include
medications, endoscopic or surgical interventions.
HRQOL has been assessed in all three. The primary
objective of this chapter is to examine the impact of
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Madisch et al described the impact of GERD on
HRQOL. Out of the complete sample, 70% of patients
had moderate symptoms and approximately 68% suf-
fered from disease-related symptoms more than 4 days
a week. GERD affects significantly daily eating and
drinking habits, functioning, and vitality, resulting in
emotional distress and sleep disturbance. Even when
GERD patients with psychiatric comorbidities were
excluded, 8% of the patients were depressed and 25%
were significantly anxious.

The timing of GERD symptoms affects HRQOL.
Farup et al [13] evaluated the relationship of GERD
symptom frequency and occurrence during the day
using the SF-36. They concluded that the presence 
of nocturnal symptoms exacerbates the impact of
GERD in all domains of the instrument. Moreover,
the frequency and number of symptoms are inversely
related with quality of life, with nocturnal symptoms
significantly worsening HRQOL.

Symptom severity is not closely related to physio-
logical or pathological extent of the reflux. Studies [14],
[15] found that objective measurements of GERD such
as 24 hour esophageal pH monitoring or esophageal
manometry do not correlate with the severity of symp-
toms as reported by the patient. One study did report
that symptom severity as measured by the GERD-
HRQL did correlate with esophagitis score as inde-
pendently assessed by upper endoscopy [15]. Eloubeidi
and Provenzale [16] compared quality of life scores of
patients with Barrett’s esophagus, GERD without
Barrett’s esophagus and non-GERD controls. They
found no difference between the GERD patients with
and without Barrett’s metaplasia, but both of these
groups had significantly lower scores than non-GERD
controls. Using the Gastrointestinal Quality of Life In-
dex (GIQLI), others [17] showed that patients with
Barrett’s esophagus had a better quality of life before
surgery when compared with GERD patients without
Barrett’s esophagus. This difference based on a less in-
tensive symptom perception in patients with Barrett’s
esophagus. Others [18], [19] found that patient per-
ceived quality of life did not seem to be affected by the
presence or extent of esophagitis; but, rather, general
well-being, daily activities and social functioning are
impaired by symptoms. These studies demonstrated
that GERD patients have a significant impairment of
quality of life, and that this impairment is due to per-
ceived symptoms severity and not to objective pathology.

disease on HRQOL and the effects of treatment on
HRQOL on patients living with GERD.

The impact of gastroesophageal reflux disease 
on patients quality of life

There have been a number of studies evaluating
HRQOL of patients with GERD-related symptoms.
These have shown that quality of life in GERD patients
is significantly impaired when compared to healthy in-
dividuals [6]. Using the generic SF-36, Revicki et al [7]
have shown that GERD patients have significantly
worse scores in all 8 domains of the SF-36 (physical
functioning, role-physical, role-emotional, bodily pain,
vitality, mental health, social functioning and general
health) when compared with the general population of
the United States. These results were found in all age
groups, independent of gender. GERD patients are
more impaired compared to health controls with regard
to pain, emotional distress, vitality, and are more limited
in social and physical functioning. Compared with pa-
tients with major depression, GERD patients were as
impaired in the domain of bodily pain, but less impaired
in the emotional or physical functioning domains. In
contrast, GERD patients experienced worse pain, emo-
tional states, and social functioning than patients with
hypertension or diabetes, and are comparable to
patients suffering from irritable bowel syndrome [8].
Kaplan-Machlis et al [9] evaluated HRQOL data in a
predominately rural primary care population of GERD
patients using the SF-36 and Psychological General
Well-Being (PGWB) Index. Their findings were com-
parable to previous reports [7], [10], but they also found
that quality of life was more impaired in patients re-
porting moderate and severe GERD symptoms than in
patients reporting more mild symptoms. Even GERD
patients without medical comorbidities such as diabetes
or psychiatric disorders had impaired functioning and
general well-being when compared with healthy
controls. Dimenäs [11] demonstrated that untreated
GERD patients had impaired psychological well-being
(using the PGWB) when compared with patients with
angina pectoris, mild heart failure, hypertension, or un-
treated duodenal ulcer. In a large previously published
German study [12], using the Gastrointestinal Symp-
tom Rating Scale (GSRS), the Quality of Life in Reflux
and Dyspepsia (QOLRAD) questionnaire, the SF-36
as well as the Anxiety and Depression (HAD) scale,
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The effect of medical treatment on quality-
of-life in GERD patients

The primary goals of GERD treatment are symptom-
atic relief, decrease frequency of complications, and
healing of esophagitis. From the patient’s viewpoint,
it is symptom relief which is of primary importance of
GERD treatment. Although it is beyond the scope of
this chapter to review all studies available, we will
comment on a few of the most interesting. Prasad
et al [20], using generic or disease-specific instru-
ments or a combination of both, report a limited
number of studies evaluating drug therapy in GERD
patients. Table 1 presents several reports assessing
HRQOL in the medical treatment of GERD.

Based on available evidence, one can conclude that
proton pump inhibitors are superior to other antireflux
medication, such H2 receptor antagonists. Neverthe-
less, the best strategy to manage GERD is still debat-
able. In 1997, Harris et al [21] published their findings
using a decision analysis model comparing three
different medical strategies for preventing esophagitis
recurrence. Theses authors determined that the degree

of quality of life impairment could be used to select
the most efficient treatment concept: e.g., patients
with poor quality of life should be treated with an ini-
tial therapy with proton pump inhibitors, whereas
those with less quality of life impairment should re-
ceive H2 blockers first.

Mathias et al [22] performed a randomized,
placebo-controlled trial of lansoprazole (15 mg and
30 mg, daily) and omeprazole (20 mg daily) in 1145
patients with acute erosive esophagitis. Using the
SF-36, they found that all 3 treatment groups
showed significant improvements in quality of life,
although the differences between treatment groups
was negligible.

McDougall et al [23] compared patients with 
heartburn and grade II–III esophagitis before and after
treatment with omeprazole (20 mg daily) and to non-
GERD control patients. The SF-36 domains of bodily
pain, vitality, and social functioning were significantly
lower in GERD patients than controls. After treatment,
scores in 7 of the 8 domains measured by the SF-36
improved, but there was no significant difference in the
scores of patients with and without healed esophagitis.

Table 1. Published studies on the effects of medical GERD treatment on quality of life

First author Ref. Type of study Treatment QoL Conclusion
instrument

Mathias [22] randomized, placebo- lansoprazole versus SF-36 all treatments improve QoL
controlled trial omeprazole better than plazebo

Galmiche [30] 3 arm randomized, placebo- omeprazole, cisapride, GSRS omeprazole improves QoL
controlled trial placebo more than cisapride

Watson [24] blinded crossover trial omeprazole versus SF-36 omeprazole improves QoL
placebo in patients without

esophagitis

McDougall [23] GERD patients with omeprazole SF-36 omeprazole improves QoL
esophagitis grade in patients with/without
II–III versus control healed esophagitis

Revicki [29] 3 clinical trials, randomized, omeprazole, ranitidine PGWB, both treatments improved
double-blind SF-36 QoL; medication that

reduces GERD-related
symptoms generally
improves QoL

Mathias [25] 3 arm clinical trials lansoprazole versus SF-12 all treatments improved
ranitidine QoL in patients without

esophagitis

QoL � Quality of Life
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such as satisfaction and expectations were not affect-
ed by this interchange program.

Satisfaction is an important outcome measure
because not only is this affected by symptom im-
provement, but also affects treatment compliance
and the willingness of the patient to continue treat-
ment with a specific physician.

The effect of endoscopic treatment options 
on quality of life data

Recently there have been several instruments devel-
oped for the endoscopic treatment of GERD. This era
was ushered in by Swain with the development of an
endoscopic suturing device [35], leading to the deve-
lopment of the Endocinch® device [36]–[38] and sub-
sequently other instruments. As all these devices are
new, follow up has been relatively short. Table 2 lists

Watson et al [24], and Mathias et al [25] studied an
interesting group of patients with GERD-like symp-
toms, but no esophagitis found by endoscopy. These
patients were treated with placebo, omeprazole, lan-
soprazole, and ranitidine. In both reports, anti-reflux
medication was able to improve HRQOL signifi-
cantly despite no visible pre-treatment esophageal
mucosal injury. Similarly, the effect of esomeprazole
40 mg on HRQOL was assessed by Lauritsen et al
[26]. Based on the QOLRAD, esomeprazole resulted
in improvements in all five domains of the used in-
ventory and of symptoms.

Nevertheless, despite the potential of modern anti-
reflux medication to control GERD-like symptoms and
improved HRQOL, effective management requires
patient compliance. Several factors are known to affect
patient compliance with medical therapies [27] – one of
these is the baseline impairment of HRQOL before
treatment. Wilhelmsen et al [28] analyzed quality of life
in patients with low-grade esophagitis during a 1 year
follow-up with “on-demand” ranitidine therapy. They
found that even though the number of reflux episodes
did not change, patients experienced fever symptoms
and improved quality-of-life.

However, an analysis of clinical trials [29], [30] has
demonstrated that symptom improvement or resolu-
tion is directly associated with significant improve-
ments in HRQOL. When treatment responders and
non-responders are compared, in general, responders
report significant improvements in HRQOL, often re-
turning to general population levels.

Patient satisfaction is also an important outcome
[31]. Even simple questions and Likert scales are
useful for understanding patients’ perspectives on
treatments. Several studies have demonstrated high
rates of satisfaction (70–94% satisfied) with antire-
flux medication [25], [32]–[34]. Comparing ome-
prazole and cimetidine, Bate et al [32] found that
GERD patients with or without endoscopic esopha-
gitis treated with omeprazole reported significantly
higher levels of treatment satisfaction. Nelson et al
[33] showed that patients treated with omeprazole,
but later converted to lansoprazole, reported less
treatment satisfaction. Sodorff and colleagues [34]
presented the results of a hospital-based proton
pump inhibitor (omeprazole versus lansoprazole)
interchange program. As a result of their study, the
authors concluded that patient-perceived outcomes

Table 2. Quality of life outcomes of endoscopic GERD treat-
ments

Device (Ref.) Instrument Outcome Maximum
used follow-up

Endocinch GERD-HRQL Initial results 2 years
[36]–[38] good, long-

term high
recurrence
rate

Stretta [39], GERD-HRQL Heartburn 2 years
[40] scores lower,

most patients
stay improved

Enteryx [41] GERD-HRQL Significant 12 months
improvement,
improvement
in symptoms
scores

N-Do [42] GERD-HRQL Sustained 12 months
improvement
in symptoms
scores

Gatekeeper GERD-HRQL Significant 6 months
[43] improvement

in symptoms 
scores
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these devices. The other instruments that have been
have studied include the Stretta® radiofrequency device
[39], [40], the Enteryx® biopolymer injections [41],
the N-Do® gastric plicator [42] and the Gatekeeper®

expandable prostheses [43].
The Endocinch® device has been the most thor-

oughly studied. Please see the chapter on endoscopic
treatments for a more thorough description of the de-
vice. Mahmood et al [44], using the QOLRAD, pres-
ented the data of a one year prospective follow up.
The performed procedure resulted in a significant im-
provement of emotional distress, sleep disturbances,
food/drink problems, physical/social functioning and
vitality compared with the baseline. Nevertheless, de-
spite of symptom and quality of life improvement,
36% of well selected patients still suffered from symp-
toms and needed antireflux medication. In general,
follow-up periods have ranged up to two years. The
majority of clinical trials of the Endocinch® device
have used the GERD-HRQL symptom severity ques-
tionnaire [36]–[38]. Initial results have been good,
with 75% or more patients responding to the initial
plication. Unfortunately, after several months many
patients have recurrent symptoms. After two years
only 20% of patients remain free of proton pump in-
hibitors. These are true recurrences with symptomatic
patients also having abnormal 24-hour pH monitor-
ing. Because of this the Endocinch®, in fact, has lost
favor among gastroenterologists and surgeons.

The Stretta® device is based on radiofrequency
energy transferred to the lower esophagus and gastric
cardia. The mechanism of action has been debated
[45] with evidence demonstrating that there is aug-
mentation of the lower esophageal sphincter pressure,
lowering of acid exposure as measured by 24-hour pH
monitoring, and improved symptoms suggesting alle-
viation of acid reflux. However, others suggest that
symptom relief is based on obliteration of the afferent
vagal nerve fibers from the lower esophagus, which
would inhibit pain perception. The longest follow-up
has been for two years [40]. The initial clinical trials
used the GERD-HRQL symptom severity question-
naire. The results showed that in patients who initially
responded to treatment, overall heartburn symptom
scores continue to be low. However, approximately
40% of patients will require medical therapy for recur-
rent symptoms. Richards et al [46] presented their first
short term results comparing the Stretta procedure

versus laparoscopic antireflux surgery. Six months after
both procedures, using QOLRAD and SF-12, quality
of life was significantly improved in both groups. Nev-
ertheless, only 58% of the Stretta patients were off
medication, whereas 97% of surgical patients were off
proton pump inhibitors. Because of the favorable re-
sults, there is still enthusiasm among both surgeons
and gastroenterologist for this device.

One of the newer devices available for treatment of
reflux endoscopically is the Enteryx®. The substance is
an ethylene vinyl alcohol copolymer which is dissolved
in dimethyl sulfoxide, then directly injected into the
muscle of the lower esophagus. The data of a prospec-
tive trail has been published using the GERD-HRQL
symptom severity questionnaire [41]. It has shown that
at 12 months 80% of evaluable patients were treatment
responders with statistically significant improvement is
the GERD-HRQL scores. Of the treatment respond-
ers, however, 12% continued to use proton pump
inhibitors but at a lower dose. Heartburn and regurgi-
tation symptom scores were significantly improved at
12 months as compared to baseline. In addition, there
were also significant reductions in acid reflux as mea-
sured by 24-hours pH monitoring. Follow up, however
has still been relatively short and long term outcomes
are still lacking.

The N-Do® gastric plicator has also been recently
developed to provide a full-thickness placation of the
gastric cardia at the gastroesophageal junction. It is an
improvement over the Endocinch® system as the
Endocinch® only plicates gastric mucosa. A pilot study
was published [42] which demonstrated that at 6
months the plication in seven patients were still intact.
Using the GERD-HRQL symptom severity question-
naire patients reported that heartburn symptoms at 
12 months were significantly reduced, and three of five
evaluable patients were not taking anti-reflux medica-
tion. However, the numbers of patients treated, at least
in published articles, is very small and follow-up is still
quite short. Until more data is available this system can
not be recommended for widespread use.

The Gatekeeper® system employs deployment of
a expandable polyacrylonitrile based hydrogel pros-
theses into the esophageal submucosa to augment
the lower esophageal sphincter pressure. The con-
cept is quite similar to the Enteryx® system pre-
viously described, with the significant difference
being that this is reversible and that the prosthesis
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In 1996, Hunter et al [35] published improved quality
of life outcomes after their first 300 laparoscopic anti-
reflux procedures using the SF-36. Another single unit
report [32] of over 500 antireflux operations showed
improved scores with the GIQLI within the first 5
years after surgery. Surgery lead to quality of life scores
comparable to healthy controls. Bammer et al [36] pu-
blished a 5 to 8 year follow-up after laparoscopic Nis-
sen fundoplication. Using an ad hoc overall well-being
score, they found patients scores improved significantly
after antireflux surgery. As the most of studies have
shown, laparoscopic antireflux surgery is able to im-
prove quality of life in patients suffering from typical
GERD-related symptoms. Using the GIQLI, Duffy
et al [53] have shown that laparoscopic Nissen fundo-
plication is also able to improve HRQOL in GERD
patients with atypical symptoms, similar to those with
only typical symptoms.

Recently, a few publications have demonstrated
similar results after laparoscopic redo fundoplication
[37], [38]. In a prospective study of 30 patients un-
dergoing laparoscopic redo fundoplication, Kamolz
et al [37] used both the GIQLI and SF-36 to mea-
sure quality of life outcomes. They found significant
improvements in quality of life using both instru-
ments, which were comparable to healthy individuals
within 1 year of surgery. This outcome was achieved
in all patients independently of whether the primary
intervention was performed laparoscopically or open.
In a recent study from Khaitan et al [56], the authors
showed by using the SF-36 and the QOLRAD, that
patients undergoing redo-fundoplication achieved
less good quality of life improvement than patients
having primary intervention. Patient satisfaction and
physical aspects were worse in the redo group up to 2
years after surgery. In contrast, mental components
were similar between both groups.

As described before, several endoscopic techniques
to treat GERD have been developed. There is only
one study [57] describing experiences and quality of
life changes of laparoscopic antireflux surgery after
failed endoscopic gastroplication. The authors re-
ported that surgical intervention is feasible and that
quality of life improvement was achieved only in
patients with typical symptoms. In addition, symp-
tomatic outcome was similar to that with the de novo
intervention despite of the fact that in some patients
swallowing problems eventually persisted longer.

can be removed. In a multi-center study published
from Europe [43], using the GERD-HRQL symp-
tom severity questionnaire patients had significant
improvement in their symptom scores which was
durable for six months. The total time the pH was
less than four in these patients went from 9.1% to
6.1%. Therefore, this is another device, which de-
serves a more thorough evaluation and until that time
should only be used in the setting of a clinical trial.

In conclusion, all these relatively new endoscopic
procedures can be described as safe and more or less
effective in a small and well selected group of pa-
tients. An improvement of symptoms and quality of
life can be achieved as well as a reduction of antise-
cretory medication in the majority of the patients.

The effect of antireflux surgery on quality-of-
life in GERD patients

In a recently published report by an EAES consensus
group [47], the authors have highlighted the importance
of quality of life evaluation in laparoscopic surgery. In
addition, an evidence-based approach was undertaken to
evaluate existing information about different areas of
laparoscopic surgery and to appraise instruments used to
give recommendations for their future use in surgery.

As with untreated GERD patients, patients who
are referred for surgical therapy after failed medical
therapy have significant impairments in quality of
life. In addition to persistent symptoms, they are
troubled by ineffective treatment, frustrated and/or
anxious about their disease, suffer from impairments
in everyday activities, including leisure activities,
interpersonal and sexual relationships, and loss of
endurance and strength [32]. Pope first discussed
the relevance of quality of life in the assessment of
antireflux surgery in 1992 [33]. Later, Glise et al
[34] reported improvements in quality of life after
laparoscopic antireflux surgery in a consecutive se-
ries of 40 patients. They used two instruments (the
PGWB index, and the GSRS) to determine that
antireflux surgery was better than untreated GERD
patients and as good as, or even better than, optimal
medical treatment. Since then, several reports have
been published assessing the quality of life after
antireflux surgery. Table 3 lists recent articles assess-
ing quality of life after antireflux surgery.
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Using the SF-36, Khajanchee et al [58] showed
improved quality of life scores in elderly patients.
However, in comparison to younger patients, elderly
patients improved less in 6 of the 8 domains of the SF-
36. Their findings suggest that age per se should not be
a contraindication for antireflux surgery. Others [55],
[59] showed, using the GIQLI, that both laparoscopic
fundoplication and refundoplication in the elderly are
able to improve quality of life. One year after surgery,
data were comparable to healthy controls.

Several authors have used quality of life assessments
to compare the results of different surgical techniques.
Blomqvist et al [60] and Velanovich [61] compared in
a non-randomized fashion quality of life outcomes
after laparoscopic and open antireflux surgery. Both
studies concluded that laparoscopic surgery produces

similar symptomatic outcomes as open surgery. In con-
trast, Nilsson et al [62] reported from results of a ran-
domized trial comparing also laparoscopic versus open
antireflux surgery. They concluded that PGWBI, diet
and sleep improved postoperatively in both groups.
There were only minor differences between both surgi-
cal groups, but in some aspects the outcome was better
after open surgery.

Blomqvist et al [63] using the PGWB index and
O’Boyle et al [64] using a visual analogue scale demon-
strated that division of the short gastric vessels had no
significant impact on surgical quality of life outcomes.
However, these results have been disputed [65]. In an
attempt to prevent recurrent hiatal hernia after laparo-
scopic antireflux surgery, another study [66] reported
the use of a prosthetic mesh to reinforce the hiatal

Table 3. Published studies on the effects of surgical GERD treatment on quality of life

First author Ref. Type of study Treatment QoL Conclusion
instrument

Hunter [51] prospective, single laparoscopic Nissen or SF-36, LARS improves QoL
arm Toupet fundoplication ad hoc

Kamolz [48] prospective, single laparoscopic fundoplication GIQLI both procedures improve 
unit trial and refundoplication QoL within 5 years

Kamolz [55], [59] prospective, single laparoscopic fundoplication GIQLI both procedures improve
unit trial and refundoplication QoL in the elderly patient

Khajanchee [58] prospective, non- LARS in the elderly versus SF-36 LARS improves QoL in both
randomized trial younger patients groups of patients

Velanovich [61] prospective, non- laparoscopic and open SF-36, LARS improves QoL better
randomized trial antireflux surgery GERD- than open surgery

HRQL

Blomqvist [60] prospective, non- laparoscopic and open PGWB both procedures improve
randomized trial antireflux surgery QoL

Blomqvist [63] prospective, LARS with/without division PGWB, both kind of procedures
randomized trial of short gastric vessels GSRS improve QoL without

any differences

Fernando [69] prospective, non- laparoscopic Nissen and SF-36 both procedures improve 
randomized trial Toupet fundoplication QoL

Velanovich [75] retrospective review laparoscopic and open SF-36, psychiatric comorbidities
of a prospective antireflux procedures in GERD- affect symptomatic and QoL
database GERD patients with / HRQL outcomes

without psychiatric
comorbidities

LARS � laparoscopic antireflux surgery
QoL � Quality of Life
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tween both kind of procedures.The same as for primary
antireflux surgery, as shown by Granderath et al [82],
also laparoscopic refundoplication is able to achieve a
high degree of patient satisfaction for a follow-up pe-
riod of 3 to 5 years after surgical intervention. A very
interesting result was reported from Klapow et al [83].
The authors presented the long-term results of laparo-
scopically performed Toupet fundoplication. Despite
the fact that in a large percentage of the patients the
symptomatic and objective physiologic outcome was
unsatisfactory from medical view, the patient, them-
selves, were more satisfied, showing that an improve-
ment, if not complete resolution of GERD-related
symptoms can result in a relatively high degree of satis-
faction. A comparable result was presented by Booth
et al [84], showing that despite of surgical side-effects
in about 20% of their patient, patients’ satisfaction with
surgical treatment was only rarely affected.

A comparison of medical versus surgical 
GERD treatment

Most studies dealing with direct comparison of medical
and surgical treatment of GERD concerning quality of
life have been non-randomized trials [48], [85]. There-
fore, these results should be interpreted with caution.
There are only a few randomized trials available [86],
[87], with, in general, demonstrating equivalent results.
Spechler et al [86], using the SF-36 and the Gastro-
esophageal Reflux Disease Activity Index (GRACI)
concluded that there was no significant difference be-
tween the groups for any domain on the SF-36, except
for bodily pain, which was significantly better in surgi-
cal patients. In contrast, Lundell et al [87] have used the
PGWB and GSRS to compare both treatments. After 5
years of follow-up, no differences were found between
the two groups. In both studies, antireflux surgery was
performed by the open approach. A study, comparing
laparoscopic antireflux surgery with antisecretory medi-
cation is under process.

Conclusion

Patients suffering from GERD have a wide spec-
trum of different symptoms. More importantly, how
they perceive their symptoms and how these symp-

crura. These authors conclude that use of a prosthetic
mesh reduces the risk of a recurrent hiatal hernia
without any negative impact on patients’ quality of life
as measure by the GIQLI, even though postoperative
dysphagia was temporarily higher in these patients.

Quality-of-life instruments have also been used to
compare the efficacy of laparoscopic Nissen (360 de-
gree) fundoplication with that of laparoscopic Toupet
(270 degree) fundoplication [67]–[70]. Zügel et al [70]
showed in a retrospective analysis of 162 patients that
both procedures had similar improvement of quality of
life as measured by the GIQLI. Others have also
reached a similar conclusion. However, other authors
have reported that recurrent reflux is unacceptably high
in patients undergoing the Toupet fundoplication [71].
It appears that this issue is still unsettled.

In a recent published study, Streets et al [72] showed
that an excellent quality of life improvement after Nissen
fundoplication primary depends on a successful elim-
ination of GERD-related symptoms and not from the
invasiveness of the surgical approach. Using the SF-36,
the authors compared the quality of life outcome of the
laparoscopic approach with the transthoracic Nissen
fundoplication, showing that both procedures can
achieve a comparable long-term outcome.

Finally, quality of life assessments can be used for
a much more sensitive description of surgical out-
comes. Several studies have shown that stress-related
symptomatology in GERD patients [73], different
comorbidities such as psychiatric disorders or chronic
pain syndrome [74]–[77], dyspepsia or aerophagia
[78], [79] are able to affect outcomes negatively. All
these studies show that symptom relief of GERD is
more complex than just correcting the pathophysi-
ology of the disease. In this relation, latest results
have shown that quality of life data can also be used
to predict the outcome of antireflux surgery [80]. In
a review of a prospectively gathered database, the
author could show that the use of the generic SF-36
can preoperatively identify patients who were likely
to be dissatisfied with antireflux surgery.

The same as for modern antireflux medication, pri-
mary as well as redo-fundoplication can result in a high
degree of patient satisfaction (85–95% satisfied) as
shown in several studies [56], [81]–[84]. Rattner and
Brooks [81] compared laparoscopic with open Nissen
fundoplication. Despite of several benefits in the laparo-
scopic approach, patient satisfaction did not differ be-
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toms affect their lives is highly individualistic. It
would be foolish to adopt a dogmatic policy of med-
ical, endoscopic, or surgical treatment exclusively in
this patient population. Both, gastroenterologists
and surgeons have to be sensitive to how GERD af-
fects each individual patient’s quality of life before
making treatment recommendations. From the pa-
tients’ view [88], [89], improvement of symptoms
and also quality of life are the leading expectations
in surgical and medical treatment.
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Introduction

This chapter will illuminate how symptoms of
GERD, surgery and outcome interfere with patients’
lives. Patients’ narratives can help bridging the com-
munication gap between patients and health profes-
sionals. The patient’s view and priorities must be
better understood [1].

To understand the illness experience

“Our ability to imagine the illness experience and to
emphasize with those who are ill is severely limited”
[2]. Novels describing patients’ illness experiences have
become invaluable sources for medical and health care
professionals and students. An understanding of dis-
ease processes, treatments and outcomes is necessary
for humane and effective care of patients [2]. Further,
teaching of literature in medical schools has become
widely accepted as a primary means to teach about the
patients’ experiences [3]. Likewise narrative medicine
suggests that several dimensions of medical research,
teaching and practice are imbued with narrative con-
siderations and can be made more effective with narra-
tive competence [3]. Narrative competence is the
ability to acknowledge, absorb, interpret and act on the
stories and plights of others [3]. A literature review in-
volving patients as teachers showed that meeting real
patients with firsthand experience of a condition, who
have knowledge and teaching skills, offers learners im-
portant educational benefits [4]. Patients offer unique
qualities that can improve communication, enhance the
acquisition of skills and change attitudes towards pa-
tients by perceiving patients’ experiences and expertise
[4]. Patients’ experiences are also useful to fellow
patients. From on-going conversations with GERD-
patients, it is obvious that patients not only request
honest and clear information from health professionals
but they also seek information from peers i.e. patients

who have previously undergone antireflux surgery, and
who will be able to report their experiences and out-
comes after operation versus living with the disease be-
fore surgery. Describing the symptoms, the operation
and the outcomes, i.e., daily life with illness, before and
after surgical treatment, and illuminated from a patient
perspective would be of importance. This will increase
the understanding of living with chronic reflux disease,
enhance information about the outcome of different
treatments, e.g., surgery, from a patient perspective and
constitute a foundation for decision-making about ad-
vantages or disadvantages. GERD-patients’ experiences
of illness and surgical treatment could promote an in-
crease in information for future patients, next of kin
and health professionals.

Well-being, health related quality of life, 
patient satisfaction

The traditional medical model, in which the primary
focus is the diagnosis and treatment of symptoms and
disease, has been the ruling health paradigm since the
15th century [5]. Thus, illness, not health, has been the
primary concern of the health professions and the med-
ical model has been the major influence upon health
care providers for many generations [6]. This pattern
has changed and the theoretical framework of health-
related quality of life (HRQoL) is largely based on a
multi-dimensional perspective of health as physical,
psychological and social functioning and well-being
along the lines of the WHO’s (World Health Organi-
zation) definition of health: “a state of complete physi-
cal, mental and social well-being and not merely the
absence of disease or infirmity” [7]. Ware (1987) has
argued that five health concepts are inherent in this
definition: physical health, mental health, social func-
tioning, role functioning and general well-being [8].
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significant [12], [16], [18], [19]. When interpreting re-
search reports not only statistic significance is of im-
portance; clinical significance of results obtained will
enhance understanding of objective information such
as functional status, symptoms and measurements as-
sessed. To achieve a further comprehensive description
of illness and outcome of treatments, narratives could
be used to illuminate daily life to peers and profession-
als. Furthermore, from narratives objective measures
could be clarified and explained and clinical matters of
importance to patients might be highlighted. Clinical
significance refers to the practical value or importance
of the effect of an intervention, i.e., whether it makes
any real difference to the patients in their functioning
and everyday life [19]. Knowledge of patients’ expecta-
tions of surgery due to the practical value of the effect
of an operation could lead to improvement in satisfac-
tion with surgery for future fellow patients. “After all,
most patients who agree to undergo surgery do so be-
cause of troublesome symptoms and not because of ob-
jective signs, such as endoscopic findings or the result
of 24-hour pH monitoring” [20].

Decision-making and patients participation

The Swedish Health and Medical Services Act is
founded on a positive belief in the humans own ability
to take responsibility for their health, make decisions
about as well as having influence on their own care and
treatments [21]. Several studies have addressed the
question if patients want to participate in medical deci-
sion-making and the results of these studies have been
mixed [22]. Decision-making is described in an Ill-
ness-Constellation Model by Morse and Johnson
(1991) explaining that when the individuals no longer
can manage their symptoms alone, a critical point is
reached whereby the person transfers the responsibility
for decision making to the physician [2]. When the
sick person enters the medical system; choices become
a medical prerogative. One of the factors that contrib-
ute to relinquishing of control on the part of the
patient and at the same time feeling trust into a new
situation is that “In the physician-patient relationship
the physician is often viewed as expert and the patient
as the follower of expert advice” [2]. However, there is
a growing interest in providing information to support
patients’ participation in choosing treatments and

In recent years more attention has been paid to aspects
of well-being and HRQoL when evaluating surgical
outcomes [9]. By examining how patients perceive and
experience the impact on well-being and daily life both
clinicians and patients should use this information to
make well-informed decisions about treatment [1].
The patients must be in focus and important decisions
regarding health care should incorporate the patient’s
own assessment of HRQoL [1]. A new health para-
digm has emerged and a care-oriented model is re-
placing the cure-oriented traditional medical model of
illness [6]. Health-related quality of life refers to the
physical, psychological and social domains of health
and are influenced by a person’s experiences, beliefs,
expectations and perceptions [10]. Therapeutic efforts
focus today on improving patient functions as well as
well-being and assessing patient health status as percei-
ved by patients. “Although the objective dimension is
important in defining a patient’s degree of health, the
patient’s subjective perceptions and expectations trans-
late that objective assessment into the actual quality of
life experienced” [10]. Quality of life measures, per de-
finition, represent the patient’s view, it is and always
will be subjective and should be so [1].

HRQoL is appropriate to clinical research since it
highlights outcome measures important to clinical
changes. HRQoL is increasingly used as an outcome in
clinical trials and effectiveness research [11] and assess-
ment of the patient’s perceived situation might give
valuable complementary information to the efficacity
and functional variables traditionally used [12]. GERD
has a substantial impact on the patient’s well-being as-
sociated with heartburn, acid regurgitation and pain.
Several researchers have reported that laparoscopic and
open fundoplication reliably produce disease improve-
ment in patients with GERD [13]–[15]. Especially in
gastrointestinal surgery evaluation of quality of life data
enables comparison of different therapy concepts and
the efficacity of treatments should be measured not
only with objective outcome criteria but also by evalu-
ating patient satisfaction [16], [17]. Patients are con-
cerned with their symptoms and how symptoms reflect
daily living such as work, bending forward, eating and
sleeping [1]. For example the patient may have to avoid
favourite foods or regurgitations may wake the patient
from sleep. We know that patient’s self-assessment may
differ substantially from the judgement of healthcare
staff but it is the patient’s perception that is the most
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decision-making [23]. To enable patients to join the
decision-making process regarding their health, patient
information should meet scientific standards [23]. In-
formation should contain relevant, research based data
in a form that is acceptable and useful to patients [24].
Patient partnership is on the agenda in England and is
based on doctor’s skills and patients seen as experts
[25]. The doctor is well informed about diagnostic
techniques, the causes of disease, prognosis, treatment
options and preventive strategies but only the patient
knows about the illness experience, social circum-
stances, habits and behaviour, attitudes to risk, values
and preferences. Both types of knowledge are necessary
to manage illness successfully and as partners they
should be prepared to share information and take deci-
sions jointly [25]. Patients require access to quality evi-
dence based information to be able to take an active
part in decisions about their health care [26]. Patient
information that will support patients’ involvement in
treatment decisions must contain relevant research-
based data [27]. In a study by Aronson et al (2001)
they found that key elements to a successful outcome
of laparoscopic antireflux surgery was their multidisci-
plinary approach to care delivery and a well-informed
patient who understood the risks and benefits of the
proposed surgery and the ways the patient could par-
ticipate in his or her own recovery [28]. These nurses
found that patients and their families benefited from
the extensive education and psychological support pro-
vided by all members of the health care team, from the
preoperative visit through the patient’s follow-up
phone call [28]. Kamolz and Pointner (2002) reported
that the majority of patients with GERD, even if well
informed about their disease, wanted to receive more
information about GERD and its complications [29].
The same authors believe that subjective aspects of pa-
tients’ expectations and perceptions such as symptoms,
quality of life and satisfaction with surgery should be
included as a standard in all future consensus reports
[17]. Patients’ expectations should be used for clarify-
ing and discussing antireflux surgery-related issues
with them before an intervention. Knowledge of pa-
tients’ expectations should give the physicians a chance
to reinforce or change the patients’ expectations and ul-
timately improve the patients’ satisfaction with surgery
[17]. In a literature review by Frosch and Kaplan
(1999), about patient participation in shared decision-
making in clinical medicine, they concluded that

shared decision-making is an important development
in health care but more research is necessary in order to
evaluate the most effective methods for engaging pa-
tients in decisions about their own health [22]. Patients
who engaged in medical decision-making had a greater
sense of personal control, lower levels of concern about
their disease and were more satisfied with treatment
[22]. To participate in decision-making involves access
to information and knowledge from different aspects of
treatments like subjective and objective outcome crite-
ria. Furthermore, the patients need to comprehend the
options and outcomes in order to consider and com-
municate the personal value they place on the benefits
versus the harms [27].

Illuminating patients’ illness experiences 
of GERD, surgery and outcome

In a qualitative study, patients with GERD were in-
vited to talk openly about their experiences, thoughts,
feelings and the consequences of living with their ill-
ness, going through surgery and the outcome [30].
Understanding patients’ experiences should be in focus
with clinical practice and might add another dimen-
sion to create more individulized treatments. Further-
more, combining quantitative and qualitative designs
will lead to a more complete picture of the clinical
topic researched. Below is a description of GERD,
surgery and outcome from the patients’ perspective.

The burden of illness

The patients described life with an always-present ill-
ness. The symptoms had started years before, often in
their twenties or even earlier, and had eventually be-
come worse and finally too hard to live with. They ad-
justed themselves to several restrictions in daily living
and the number of restrictions increased over time and
the burden of illness became heavier. From their point
of view, they tried to live a normal life and considered
themselves as healthy. They accepted their symptoms
as inevitable and increased the medication in order to
control their symptoms and to cure them. Different
strategies were used, for example avoiding certain food
and drinks, not carrying heavy things, sleeping with
the head raised; instead of bending, they would go
down on their knees when tying shoelaces, etc. They
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All respondents had been taking medication for years
and could not manage without it. They had started
with mild drugs available without prescription and
over the years passed on to the strongest ones after
seeing a physician, often a general practitioner. They
then recieved proton pump inhibitors or similar drugs,
and mostly thought this medication was effective.
Medication made the disease manageable but did not
cure them. They could not cope without drugs; they
always had to take their medication. However, in a
previous study patients reported a weakening effect of
the medication and some also stated that they had
symptoms despite medication [31].

“Over-the – counter drugs did not help but it relieved
and later I started with Losec®”.
“In the beginning it was mostly Novalucol® or all these
available without prescription but then I had Losec® for
many years”.
“You ate packages of medicine every week, nothing
helped but you still hoped, it was hard, very hard”.

The patients described themselves as hard working
and very loyal to their places of work. They worked
despite their symptoms, taking their medicine and
were on sick leave only occasionally or never. Espe-
cially those who were self-employed described it as
impossible to be sick – who would then run the busi-
ness? However, their work was affected and hard to
endure when it involved physical work such as bend-
ing or lifting. Furthermore, the illness had no visible
signs and symptoms and that made it difficult for
them to go on sick leave. They suffered mentally when
collegues believed they tried to wangle or escape from
their work. Stress and working too hard made the
symptoms worse and aggravated the illness.

“You have to manage your work, you have to live...”
“You woke up at about 01.00 o’clock and then I couldn’t
sleep any more and then you are supposed to start work-
ing at 08.00 o’clock and that was hard. Then you had to
swallow and swallow. . .”
“I personally felt it as a relief to have the operation, it
was a document, an evidence to all who had not believed
me that this was true, that I had not been lying and try-
ing to avoid work”.
“I was mentally distressed when the boss told me: You are
only wangling, you are spending time at home sleeping!”

felt an inexpressible longing for food and drinks that
they could not tolerate, e.g., fruit, vegetables, coffee
and wine. One respondent, however, refused to change
the diet and rather ate and drank what she liked and
took the pain afterwards.

“Some get irritated and affected in not being able to eat
what you want – but I eat what I want and drink what I
want and then I have to take the smashes the hard way”.
“...you had remedies; like Novalucol®, you ate it in large
quantities, had a glass of water and then it (the pain)
was gone, then you had to take new ones after a while
and you continued like that all the time”.
“I remember when I was teaching I had to pull out a
drawer on the teacher’s desk to put my foot on, I had to
huddle up”.
“When bending I always had acid regurgitations, the
gullet was an open wound”.
“Three days later after having had sausages for lunch, I
could belch and have it back in my mouth and that was
disgusting, you see”.

The symptoms escalated over the years from mild to
unbearable with corrosive damages in the throat.
Many respondents said that stress added to their
troubles of acid regurgitations, vomiting and pain.
Daily difficulties were constantly burning pain, acid
regurgitation and the contents from the stomach
that rushed into their mouth. This became worse at
night because when asleep they woke up with a full
mouth and often were woken by coughing caused by
stomach contents pouring into the windpipe, lead-
ing to feelings of annoyance and fear; what would
happen if they did not wake up? In spite of dis-
turbed sleep and even sleeping sitting in a chair,
most respondents managed to go on and endured
living with the worsened symptoms.

“I woke up more or less every night with my mouth full
of stomach contents, you cough and then when you are
asleep – it feels almost like you are suffocating”.
“Lying sleepless at night – then of course you work
poorly”.
“At nights you had acid regurgitations in your mouth
and nose. It rushed into the mouth, I had to sit and sleep
in an armchair with a blanket”.
“When I couldn’t lie down but had to sit and sleep – then
I went to the doctor”.
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“As soon as I became stressed or was working too hard or
eating something unsuitable...I vomited and got an
awful pain in my stomach”.
“I am self-employed and then you have no time to be
ill”.
“At the end when I didn’t manage any longer, we sold
the company”.

Descriptions from the patients vary with respect to
how their illness had influenced their family life.
Some reported that the illness did not influence
members of the family but only themselves, while
others felt it was hard for the whole family and their
chances of engaging in social life because of not
being able to eat and drink normally. Patients also
described how family members had or had had the
same symptoms and they often compared them-
selves to them. They believed it might be hereditary.

“My family hasn’t suffered...the children were already
born when I had this and I had this all the time”.
“I am tough, I never complain. Sure, they saw you were
not feeling good, but you got used to it. You do that with
pain and stuff like this, it’s a part of life”.
“The whole family was influenced and the work too,
actually”.
“My father has it and my twin sister”.

The illness escalated and most patients described espe-
cially the nights as dreadful. When nights became un-
bearable, they were referred to a surgical department
and the diagnosis of GERD was confirmed by different
investigations (endoscopy, oesophageal manometry and
24-h pH monitoring). Some patients had suspected
that they had a gastric ulcer because the symptoms got
worse when they suffered from stress and because they
took proton pump inhibitors. Patients felt relief given a
diagnosis. To hear about surgery and to have an opera-
tion was seen with mixed feelings. For some it was a
hard decision to have an operation but at the same
time it was a way to get rid of their troubles. Some had
been waiting for surgical technology to develop and an
operation was the last option. Many had never had an
operation before and felt that they were unaware of
what it could mean. The patients saw it as something
positive and felt trust in the operation and also saw it as
important to try to get healthy. The operation to them
was a means to get rid of the problem. However, two

female patients expressed fearfulness of anaesthesia.
One of these women had later experienced awareness
during the operation but said very definitely that this
had not left any traumatic implications: “if I should
need another operation I wouldn’t hesitate...”

“They measured how much acid I had during the 
nights...and they said you must have suffered a lot”.
“He ran that tube into my throat, looked and said imme-
diately – you are going to have an operation!”
“It was nothing that we decided over a day, just like
that...”
“Not a bit worried, I have a calm personality, there were
no problems at all” (about operation).
“I was worried not to wake up and see my kids again”
(about anaesthesia).

The patients put their confidence in their physicians
and they influenced the patients a great deal by in-
spiring feelings of trust and security. Most patients
reported that the doctors encouraged and supported
surgery, and they felt confident and secure when the
doctor advised the operation. Some were urged by
the doctor to have the operation because, as they
were told, they were too young to be on medication
for the rest of their lives. In a previous study [31],
70% of the patients said that the doctor/surgeon
suggested the operation, when answering the
question: Who proposed surgery? If the doctor was
insecure or showed any doubt, then the patient was
influenced likewise by these opinions.

“It felt as if I could only lie down and put my life in
their hands and then it was all ready, that’s what it felt
like” (about the operation).
“He advised me to have this operation. Yes, I thought, if
I could get rid of this problem, then it was OK”.
“I was a little bit scared from the beginning because
when we (patient and physician) talked about opera-
tion, it was so complicated and I felt that the doctor did
not want me to do the operation, I felt insecure...”

After surgery the burden of illness was gone

The patients underwent either laparoscopic or open
360� fundoplication and their experiences of the
outcome of the operation were overall positive inde-
pendent of type of surgery. When the patients men-
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he started working too soon, which he considered
his own fault. Another considered that the incision
was an obstacle to returning to work faster (he was a
farmer). Two patients, one male and one female, did
not like the scar for cosmetic reasons. The woman
thought the scar was very ugly and disgusting (she
was about forty-year-old and had just met a new
man). Problems with the incision is reported in a
previous study [32], other complaints were itching,
tightness and infection.

“Those who had keyhole operation ran around while I
walked bent over with a cushion on my stomach the first
days” (open surgery).
“I bet myself to get well as soon as possible and only one
week after the operation I was back at work helping out
a little bit” (open surgery).
“Hell of a pain, I had an incision all over my 
belly...when I came home from the hospital, I was
enormously tired” (open surgery).
“When looking back, I think the big problem was the
wound” (open surgery).
“I was directly up and go, no troubles, only good, could
eat directly on the second day and then I went home”
(laparoscopy).

Side effects and complications of the operation

All respondents had side effects from the operation
particularly eating difficulties and flatulence, but
were bothered in varying degrees. After the opera-
tion, all had difficulties in eating related to a rapid
feeling of fullness, and described a new technique
for eating. They could not eat as quickly as they had
used to do or take large bites of food. They had to
chew very carefully and wash down their food with
water otherwise the food got stuck. They also ate
smaller portions. After about 6 months most pa-
tients described their eating habits as normal, but
some said that they still did not take big bites of
food and tried not to eat so fast.

“I had a little trouble in the beginning but that was be-
cause I took too big bites and that I ate as I used to, then
I learned to eat less and to wash it down. Before I never
drank until after the meal”.
“It was hard to eat and swallow – you had to eat very,
very little and often”.

tioned striking characteristics belonging to merely
the laparoscopic or the open technique it will appear
distinctly in the text below.

All patients described how their symptoms of the
illness had disappeared after the operation. They had
expected a good outcome but many regarded this as
better than expected and they described a normal life,
eating what they wanted, drinking coffee, sleeping the
whole night through and no more medication. The
feelings of being able to eat and drink what they
wanted were tremendous, e.g. drinking red wine, cof-
fee and eating green apples. Many patients described
managing their work better after the operation and
even saying that it had been an absolute requirement
for being able to continue working. One respondent
discovered cancer in her stomach a couple of years
later, and that was like she said; only thanks to the
fact of the absent reflux symptoms.

“I have not yet to this day, any problems concerning di-
gestion and acidity of the stomach, regurgitations, heart-
burn, there are nothing of the kind, and no traces of the
symptoms have come back. They have done it so good
that I can even belch”.
“You can’t describe it, because I thought I would be bet-
ter, but being totally out of symptoms, I never believed
that”.
“I am so happy that I made it, I sure am”.
“What a relief – I have never felt so good in my stomach
in my whole grown up life”.
“All those symptoms are gone now with acid reflux and
sleeping while sitting in a chair”.
“The operation was a wonder. If I hadn’t done it, I 
had been very bad today and I had probably not been
working”.
“If I had not been feeling so well after the antireflux sur-
gery, I had never, never noticed the cancer. I had been
dead by now!”

The postoperative period

The first postoperative period, all patients described
pain when eating and drinking. However, patients
with open surgery talked about pain related to the
surgical technique i.e. the large wound and de-
scribed the first days after operation as rather pain-
ful. They also felt great tiredness/weakness and had
no energy. One patient’s incision ruptured because
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“I am eating normally now, everything. Yes, but if I am
in a hurry, it can become like blocked. Then I have to lie
down on the floor and it will disappear”.

All respondents described problems with flatus or
wind. These problems had not, like the eating prob-
lems, become normal. After five years, problems with
wind still persisted. Many patients had severe bloating
even before surgery but not to this extent. They de-
scribed different ways of managing this related to their
kind of work and social surroundings, and no problems
if working outdoors or alone. As a consequence they
avoided carbonated drinks and they chewed the food
very, very carefully and ate slowly. A few could belch,
and one patient described a new way of belching by
moving his body in a certain way in order to force him
to belch. He had learned this from changing positions
in his job; he was a car mechanic. Being able to belch
relieved many of the problems with the wind.

The wind was socially embarrassing and if they had
to suppress it they got an awful pain in the stomach
and in the chest. Several patients even described confu-
sion with heart disease when they felt severe bloating,
causing terrible tensions in their chest. When they
were at home or had a “free” work situation they could
neglect it but those who were surrounded by other
people described the severe pain and even attacks of
cramp as unbearable. Many described the smell as
stinking and nauseous. They were satisfied that they
could control passing flatus but wondered if this would
become involuntarily when they got older.

In a previous study [31], patients’ expectations
and perceptions of the outcome of the operation be-
fore and after surgery were measured according to
VAS (visual analog scale). Expectations of the opera-
tion preoperatively were significantly higher than
perceptions of the operation after one month due to
the most common side-effects of surgery i.e. dyspha-
gia and flatulence as narrated by the patients.

Most patients were not able to vomit and some
described fear of being sick with influenza. Many
also described a rumbling and very noisy stomach.
They described different strategies to control these
new side effects, e.g. trying to avoid stress and not
rushing about.

“I have big troubles with wind but in my job I can let
off ” (working as a farmer).

“When eating fast – you swallow air! You have to take
your time”.
“My stomach feels bloated, I put on a pair of trousers in
the morning and think the clothes are fitting and by
noon I have to unbutton”.
“It is embarrassing when you go shopping, you turn
around carefully to see if someone is near by, it smells
very awful”.
“They said you could get troubles with flatulence but
that it would be to this extent, I hadn’t even dreamt
about. . .I wish I could belch when I am feeling as I
was ready to burst”.
“I was sea-sick and wanted to vomit but I couldn’t, I
can’t vomit”.
“If I work in my own speed it’s OK but as soon as it
becomes rush and stressful, it goes directly to my
stomach”.

Two complications of paralytic ileus were described,
one with open surgery and one with laparoscopy.
Both these patients had previously had their appen-
dix removed. Another patient with open surgery
described going acutely to the hospital because of
feeling of sickness, gastroenteritis. One patient with
laparoscopy had intestinal infection with heavy diar-
rhoea and described how this made him socially
isolated since it was uncontrollable and made him
hesitant about whether the operation had been
worthwhile.

“One month afterwards I got ileuses and then I was
enormously ill..., so I couldn’t vomit and that is a
disadvantage, not being able to vomit”.
“The operation was very good but having these 
infected intestines...dependant on a lavatory all 
the time”.

Sick leave

Some respondents described alertness and fast recov-
ery and going back to work almost immediately,
but some needed a longer recovery owing to open
surgery combined with a manual job. Others who
did manual labour, and independent of type of sur-
gery, felt they needed a longer time to recover. Many
patients also felt overstretched and needed a long
time for recovery since their illness had bothered
them for such a long time.
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patients with the same troubles as they had had.
They had recovered from GERD and they described
a better quality of life afterwards. They rated their
side-effects of very much less importance than the
symptoms of GERD. Patients who had suffered
from severe side-effects were more hesitant but ad-
mitted that it was a relief having no more illness
symptoms. Although symptoms of flatulence and
inability to belch were common, patients were satis-
fied with the operation. Satisfaction was primarily
related to being free from reflux and burning pain.
Findings of satisfaction, despite new symptoms,
have been reported previously [32]–[35].

None of the patients in this qualitative study had
taken any antireflux medication after surgery. They
were well informed and knew that the outcome of
an operation was very individual. One patient de-
scribed before and after the operation as compared
to hell and heaven. Another described the outcome
as 98–99% health and 1–2% wind.

“If others have these troubles as I had, I absolutely think
they should do this operation, but I don’t know how it
will turn out, perhaps everyone wont be as well as I am,
it’s very individual”.
“I advise everyone with these symptoms, go for it, is it
like this, so have the operation!”.
“The operation was great but this other trouble...”
“No medication the day after the operation!”
“I ate a whole bottle of pills per week...no, I have not
taken one pill since the operation. That’s good – really
you have to admit that”.
“I am so happy that I had the operation”.

Comments

Other GERD patients will probably recognize
similar events and be able to refer to the above
findings.

Another way for patients to describe the impact of
GERD on their daily living is by using patient-com-
pleted tools, such as a simple screener [36]. There is
such a tool for migraine illuminating how symptoms
interfere with patients’ lives by highlighting headache-
related disability in daily life [37]. A corresponding
tool might be useful for GERD patients.

“...I needed to be on a long sick-leave because I 
worked as a cook and I had a very hard time”
(female cook).
“I could not work as I had thought...I had to hire wor-
kers” (farmer).
“My work demanded lifting and I couldn’t do that and
then it was psychological too, feeling bad for may be 10
years before the operation and not taking care of yourself
like you should have done. Then afterwards coming back
and start taking care of yourself, psychological pain, like
waking up to life again, and that taxed all my powers”
(daycare centre).

Information and sharing experiences 
to future patients

Most patients were satisfied with the preoperative
information they had received. They knew all about
having to eat slowly, chewing carefully, washing
down food with water and to avoiding carbonated
drinks etc. Furthermore, they knew about probably
not being able to belch and vomit, and increased
bloating.

“Flatus, that is wind in the stomach, I have got that but
they told me and warned me that this could happen, but
I think that is personal side-effects”.
“They told me about the wind and that I would have
problems vomiting and with the wind. So I was a little
prepared for that...and that there might be some side-
effects afterwards. It didn’t come as a surprise!”.

They said, however, that it would have been good to
get information from patients who had already had
the operation, since it was hard to imagine the ex-
tent of the side effects, especially the increased bloa-
ting. Some told about how patients who were going
to have an operation had phoned them and asked
about their outcome. Some of those who had open
surgery lacked information how to treat the incision.
One respondent described how she massaged and
softened the incision with an ointment but her
daughter’s physician had told her about that when
her daughter was treated for burns.

All respondents emphasized the importance of
having an operation and recommended it to other
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Introduction

Never before has the interaction between gastroin-
testinal disorders and psychosocial factors been ana-
lysed more intensively than in the past two decades.
Heartburn suffers represent a heterogeneous group
of patients with considerable symptom overlap. The
biopsychosocial model of diseases is a remarkable
step forward in the process of understanding more
about GERD and GERD-like diseases. As shown,
several psychological and social aspects have poten-
tially important roles in the presentation and symp-
tom perception of GERD. A primary causative role
for these psychological factors remains unproven.
However, factors such as stress and coping strate-
gies, personality traits or psychiatric comorbidities
interact through recognized psychophysiologic or
behavioural mechanism to affect the clinical presen-
tation of GERD. Recognizing these possible levels
of interaction has significant implications for those
who want to understand the development and the
sensitivity of GERD-related symptoms as well as
diagnostics and selection of optimal treatment.

Gastroesophageal reflux disease (GERD) is a very
common chronic condition, particularly frequent in
primary care setting, with a high economic burden on
Western society, and represents the most common
disease of the upper gastrointestinal tract. Approxi-
mately 40% of the adult Western population suffer
from GERD-related symptoms monthly. Persistent
untreated GERD can lead to esophageal strictures,
premalignant Barrett’s esophagus, and a potential risk
of adenocarcinoma of the esophagus [1], [2].

The primary symptoms of GERD are heartburn,
epigastric pain or regurgitation, but it may also be as-
sociated with extraesophageal manifestations, such as
asthma, chest pain and ortolaryngologic disorders.

However, more accurate anamnesis raises an addition-
al spectrum of untypical symptoms which can be
linked to GERD [3], [4]. Nevertheless, a symptom is
how a person perceives and interprets a stimulus.
Therefore, GERD symptoms and the perceived se-
verity are more than the simple pathological reflux of
gastric contents back into the esophagus. The purpose
of this chapter is to analyse the relationship between
GERD and possible psychological aspects such as
stress or patients’ personality.

A psychological perspective

In daily practice, significant discrepancies occur be-
tween endoscopic severity of GERD, and the patient’s
symptom experience and quality of life impairment.
These discrepancies cannot be explained by simple
morphologic findings, and usually are considered to 
be related to psychological factors according to a bio-
psycho-social model of disease. Recent advances 
in the understanding of the interaction between
psychological factors and the brain-gut axis, provide a
challenging opportunity for all to establish a 
more comprehensive understanding of GERD. A 
bio-psycho-social model integrates the various physi-
cal and psychosocial factors that contribute to the pa-
tient’s illness and offers a comprehensive and effective
approach for the diagnosis and a multidisciplinary
management of GERD.

Since the end of the 1970’s, an increased number
of studies have been performed in order to establish
potential relations between the symptoms and causal
factors of GERD on the one side, and psycho-physio-
logical, as well as other psychologically relevant aspects
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tients with irritable colon, as did Anderson et al [15] in
19 patients with non-cardiac chest pain. A significant
rise in amplitude of esophagus contraction occurred
under a variety of stress conditions, whereby cognitive
problem solving exercises proved to be more burden-
some that noise disturbance. Other investigations [16],
[17] proved that stress is accompanied by a postpran-
dial slowing of sphincter relaxation or gives rise to in-
tensified contraction of the hiatal crura whereby, in
principle, a rise in sphincter pressure and reduced reflux
occurs. From these results it is possible to infer, that
different stress conditions lead to changes in esophagus
motility and changes to the lower sphincter, and can
thus be partly linked to reflux events. However,
changes as a result of long-term stress on the function
of the gastroesophageal junction have not been shown.

Psychological stress and pH-monitoring

Several investigations into possible relations between
laboratory stress and pH monitoring produced nega-
tive results. Bradley et al [6] found no relation be-
tween distinct experimental stressors and objective
parameters such as the number of reflux episodes,
duration of the longest reflux phase or the total acid
value of the test phase in 17 reflux patients. Whereas,
other physiological parameters such as heart rate and
blood pressure rose significantly, providing evidence
as to the stressful nature of the test phase. In contrast
to the above, patients with subjective links between
stress and their reflux symptoms, a significant rise in
exclusively subjectively perceived complaints expe-
rienced under test conditions. Others [18] achieved
partly comparable results in healthy subjects, during
the course of their investigations into postprandial
reflux. Likewise, Sonnenberg et al [19] found no as-
sociation of any sort between noise disturbance and
acid secretion in the stomach, blood supply to the
mucosa in healthy subjects.

Nevertheless, Holtman et al [20] reported inter-
esting findings: the authors investigated the effect of
mental stress on the gastric acid secretion with respect
to personality traits.The trait “impulsiveness” was found
to be a relevant one in healthy subjects. People with
highly pronounced “impulsiveness” exhibited a signifi-
cant rise in acid, whilst the acid values fell in people
with less pronounced “impulsiveness”.These results lead

on the other. Recent studies have shown, that up to
60% of patients with GERD-related symptoms no-
ticed an increase in complaints under conditions of
stress [5], [6]. On the basis of pH monitoring of reflux
patients, it could be established that less than 20% of
the objective reflux episodes accompany subjective re-
flux symptoms, as seen from the patients point of view
[7]. Contrary to this, complaints without objective re-
sults are perceived [8] whereby a slight correlation be-
tween acid exposure in the esophagus and symptom
perception is acknowledge [9].

In recent years, numerous studies in this context
have been performed in order to link possible psycho-
physiological factors such as psychological stress or
personality aspects with reflux-associated processes. It
must be noted that the majority of these studies pro-
ceeded under laboratory conditions and therefore did
not take into consideration everyday stress situations,
or partly were conducted with healthy individuals. In
addition, some of the physiological stressors performed
produced highly individual threshold values with re-
spect to their perception, despite defined physical
properties and well standardised research practices in
relation to the sampling. Furthermore, the intensity of
mental stressors depends from motivation as well as the
intellectual potential and pre-experiences or expecta-
tional attitude are sample dependent. As a consequence
of this, some results are under controversial discussion.

The impact of psychological stress 
on esophageal manometry

In the 1920th [10], [11] the first known tests with re-
spect to changes in motility of the distal esophagus and
laboratory induced stress had already been conducted
by Jacobson. Approximately 40 years later, Rubin et al
[12] conclude that non-propulsive contractions in the
distal esophagus can be induced in 5 healthy individu-
als through burdensome questioning. An other survey
[13] investigated the effects of the “cold-pressor-task”,
noise disturbance of 100 dB and cognitive problem
solving exercises on esophagal manometric values in 25
healthy individuals. A short-lived rise in pressure at the
lower esophageal sphincter, followed by relaxation and
changes in esophageal motility occurred under both
physiological and cognitive stress conditions. Addition-
ally, Ayres et al [14] found comparable results in pa-
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to the conclusion that stress evokes only limited
changes in acid secretion. A change would most likely
take place in the subgroup of GERD patients with a
subjective interaction between stress and perceived
symptoms and within the confines of emotion and a
defined personality structure. A further moderating var-
iable could be “fear” [21], [22]. This increases in times
of stress and leads via the neuronal level, centrally, to a
sensitising of physiological processes and thereby to
increased symptom and pain perception. That such an
event could eventually form the basis for sensitive
esophagus or NERD (non-esophagitis reflux disease) in
patients, is at the very least, under debate and the sub-
ject of current studies. Fundamentally, it is known that
patients suffering from endoscopic negative reflux dis-
ease display a comparable symptom spectrum and with
corresponding intensity, as well as identical disease pro-
file to patients with an erosive disease [23].

Personality traits and symptom perception

As mentioned above, beside impulsiveness and fear,
it seems that other characteristics such as social
withdrawal, depression or somatisation can also be
associated with changes in motility and gastric acid
secretion [21], [22], [24]–[26].

Own results [27] on 100 reflux patients support
the view that besides partly significant differences in
personality, differences in the stress management strat-
egies of routine daily life exist between stress sensitive
and unspecified stress reflux patients. Stress sensitive
patients favour an intensely active stress management;
frequently show aggressive tendencies and are more
likely to forego social support respectively display less
tendency of flight when under stress. As far as their
personality structure is concerned, they perceive them-
selves as highly achievement orientated, experience at
the same time a greater number of physical complaints
and tend toward psychosomatic misperceptions.
Moreover, a part from more numerous and more
stressful reflux symptoms, stress specific reflux patients
report further gastrointestinal symptoms. These, de-
spite successful surgical therapy performed in the light
of intensifies or displaced symptoms, nevertheless
come to the forefront. Significant differences with
respect to the time of day (upright versus supine re-
fluxers) at which events occur could also be confirmed.

Over 90% stress sensitive GERD patients can be de-
scribed as daytime refluxers. Differences in objective
parameters (DeMeester Score, esophageal manome-
try) have not been found. Velanovich et al [28] came
to similar conclusions. The authors found no or only
slight correlation between the pressure on the lower
esophageal sphincter, results from pH monitoring, the
degree of GERD and quality of life. Significant links
were only found between the number of perceived
complaints and quality of life.

Wright et al (under submission) report the data of
an experimental investigation, examining whether
exposure to psychological stress may produce an in-
crease in objective reflux episodes or modify subjec-
tive perceptions of symptoms. The used experimental
stressor induced a significant increase in cortisol and
state anxiety, but was not associated with any increase
in reflux episodes. However, the experimental group
was unable to exactly identify their level of symptom
severity. The authors conclude that their findings are
relevant because they indicate that perception of anx-
iety or exposure to stress clearly affects the personal
ability to interpret accurately the severity of per-
ceived symptoms. Therefore, it might be possible if
patients under antireflux medication, when they
become stressed they may still perceive themselves to
be experiencing reflux symptoms, even if medication
was physiologically successful.

The results of a longitudinal study concerning to
life stress on chronic symptoms of heartburn have
been published by Naliboff et al [29]. In a group of 60
patients with current heartburn symptoms, the authors
evaluated the presence of stressful life events retro-
spectively over a period of 6 months and prospectively
for 4 months. In addition, symptom severity, quality of
life, anxiety and depression as well as vital exhaustion
were measured. Based on the results, they concluded
that symptom severity appears to be most responsive
to major life events and that vital exhaustion in
relation to sustained stress may represents the psycho-
physiological symptom complex most closely associ-
ated with heartburn exacerbation. In contrast, affective
and subjective stress ratings were not strongly related
to heartburn severity. But depression showed a strong
relation to heartburn medication use and anxiety to
impaired quality of life. The authors finally suspected
that potential mechanisms for these results include 
an increased level and frequency of esophageal acid
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psychological aspects play a role in the pathogenic
process of GERD, even if other aspects may be neces-
sary to develop an esophagitis.

In approximately 40% of NERD patients no evi-
dence for a pathological acid burden on the distal
esophagus has been found using pH monitoring.
Despite existing parallels to GERD or NERD, the
disease profile is described as “functional heartburn”
and according to the “Rome II Consensus Report” is
categorised under functional esophagus disorders [38].
As per definition, the diagnosis “functional heartburn”
is given when primary symptoms (heartburn or chest
pain) appear for a period of 12 weeks (within the pre-
vious 12 months) and without any pathological expla-
nation such as GERD, achalasia or esophageal motility
disorders. Contrary to patients with GERD, there is a
significantly stronger link between acid exposure
(whether low or normal) in the distal esophagus and
the timely perception of symptoms in patients diag-
nosed with “functional heartburn” [39]. The real cause
in unclear, however, hypersensitivity of the receptors in
the esophagus to intraluminal stimuli is primarily sus-
pected [39], [40] (hypersensitive esophagus). Shi et al
[41] experimentally showed (intra esophageal balloon
distention test) that mechanical stimuli lead to symp-
toms significantly earlier in these patients than in other
individuals. Mixed reflux, as a further factor is also dis-
cussed [42]. Principally, psychological factors are also
discussed alongside the various possible physiological
explanations. In contrast to other functional gastroin-
testinal disorders very few studies exist [22], [43], [44]
which concentrate exclusively on possible links be-
tween psychological factors and “functional heartburn”,
rather, it is more than likely the case that partly highly
controversial results exist. The most probable potential
factors are stress or fear. Treatment is per se identical
with all GERD but with limited success of common
antireflux medication [45]. Furthermore, the prescrib-
ing of antidepressive medication or pain modulators in
low doses are also under discussion.

Is there a possible link between 
psychological aspects and Barrett’s 
esophagus or carcinoma?

In general, gastroesophageal reflux disease is a risk
factor for adenocarcinoma of the esophagus, and inci-

exposure, an inhibition of gastric emptying or a stress-
induced hypersensitivity of the esophagus.

On the basis of these reports, it does not seem to
be a question of a “psycho-physiological” disease, as
was previously thought, even if GERD-related symp-
toms are significantly more present in patients with
psychiatric comorbidities [24], [30]. However, it is
certain that GERD, that is, the perception of GERD
symptoms as a result of psychological stress, a particu-
lar type of personality structure can be influenced in
some of the patients. This knowledge should therefore
be incorporated in the process of medical diagnosis
and therapy of at least this element of patients.

NERD and “functional heartburn”

On the basis of current research, it has to be assumed,
however, that NERD is fundamentally not the question
of a pure psychological phenomenon. Quigley [31] of-
fers a detailed review of non erosive reflux disease.
Cohen and Snape [32] present a plausible hypothetical
model of potential psycho-physiological and cognitive
interactions between excitatory and inhibitory neuro-
humeral substances with stress and their effect on the
distal sphincter. Few neuro-physiological studies of the
gastroesophageal junction [33], [34] describe nervous
reflux and stimulation processes which are responsible
for the perception of pain, vomiting or false sensations
and which can at least, be indirectly linked to reflux
events. Kellow et al [35] or Drossman et al [36] present
reviews about fundamental principles of neuro-gas-
troenterology with respect to physiology and symptom
perception.

In 1991, Pustorino et al [37] compared more than
60 patients with GERD-related symptoms, with or
without endoscopic evidence of esophagitis, using the
Middlesex Hospital Questionnaire to analyse per-
sonality traits and manometric findings. The authors
did not found any significant differences in psycho-
logical traits or manometric data between patients
with or without esophagitis, but significant differ-
ences between both groups and controls. Neurotic
traits were significantly more pronounced in GERD-
like patients than in healthy controls or patients with-
out any digestive disorder. In addition, the authors
found a close relation between psychological traits
and manometric data. Therefore, they concluded that
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dence has significantly increased during the past 20
years. Adenocarcinoma may develop from Barrett
esophagus which is associated with chronic reflux. Cer-
tain factors associated with Barrett’s esophagus also
hold for esophageal adenocarcinoma: greater severity of
reflux symptoms, specific pattern of symptoms (partic-
ularly nocturnal), longer duration of symptoms, white
race, and male gender or a high body mass index [46],
[47]. However, the distribution of these factors over
the time and also genders does not match the pattern
of adenocarcinoma occurrence well.

It is known that psychological aspects are associated
with an impaired immune function and an increased
susceptibility to cancer [48], [49]. In this relation, less
is known about a possible link between psycholog-
ical aspects and GERD complications. Based on a 
MEDLINE research, only 2 studies were found in this
relation: In a case report, Dessureault et al [50] report-
ed from the association of Barrett’s esophagus and in-
vasive squamous cell carcinoma of the distal esophagus
in a young woman with a history of self-induced
psychogenic vomiting. This report illustrated the com-
plicated associations between human behavior and
pathogenic mechanisms involved in carcinogenesis.

Jansson et al [51] published the results of a na-
tionwide Swedish population-based case-control
study. Aim of the study was to evaluate and analyse
if stressful psychosocial working conditions might
be involved in the etiology of esophageal cancer.
The authors hypothesized that eventually work-
related stress could decrease the sphincter pressure
of the lower esophageal sphincter, thereby pro-
moting reflux, and finally esophageal or gastric car-
dia adenocarcinoma, respectively that work-related
stressors could impair the immune system leading
to cancer. As a result of their study, they did not
found any associations between job strain and
cancer risk, but a moderately strong association
between having a covert coping style when treated
unfairly at work and developing a tumor. In addi-
tion, they analysed that subjects reporting from low
work place satisfaction have an almost 3-fold in-
creased risk of an esophageal adenocarcinoma
which might be explained by an increased oc-
currence of reflux secondary to stress response.
Nevertheless, the authors concluded that these
findings must be interpreted cautiously and that
further investigations are needed.

The impact of psychological factors 
on medical treatment concepts

From the medical point of view, there are two funda-
mentally different treatment concepts, which can each
be followed when indications are clearly defined. In
the present chapter, the potential option of endoscopic
treatment procedures has been excluded. Generally,
the aim of any GERD therapy, besides the achieve-
ment of a disease free state, and thereby an improve-
ment in patients quality of life as seen from the
patients point of view, is the healing of esophagitis, the
prevention of the development of progressive disease
and also prevention with respect to the development
of a potential Barretts’ esophagus. This fundamental
aim of therapy can be achieved with the use of anta-
zida, prokinetics, H2 antagonists and/or proton pump
inhibitors. The signal to discuss surgical therapy is
only given if suffering is particularly high and quality
of life is severely impaired; if complications of GERD
have arisen; if a causal functional defect is evident and
lastly, if general health of the patient is good enough
to withstand an operation [2].

Accompanying medical therapy, patients are in
most cases obliged to initiate particular behavioural
changes in order to achieve a further improvement in
the disease profile [52]. However, no prospective ran-
domized studies exist, which unequivocally and wholly
support the efficacy of these theoretical improvement
measures. Here, it is primarily a question of behaviour
related measures of everyday habits, and a consequence
of this is the emergence of the first possible psychologi-
cally oriented interventions. It is common known that
it is not always easy, despite medical advice, to effect
behavioral change or the abandonment of daily rituals
(e.g., weight reduction, eating behaviour, stress
management). This is often only achievable through
appropriate psychological intervention.

Independently from the medical treatment option,
the patients’ view and expectations in a therapy be-
comes an important factor in relation to compliance
and therefore also for efficacy. Own data [53] show,
that patients expectations in a PPI therapy are as fol-
lows: The leading expectations have been: (1) an im-
provement (61%) or elimination (33%) of perceived
symptoms; (2) healing of esophagitis (50%); (3) in 46%
of the patients a return to normal daily life and in 44%
an improvement of quality of life respectively. A
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patient who had been suffering from GERD-related
symptoms for 8 years. At the same time, reflux symp-
toms and also the number of single reflux events were
significantly reduced. The effect of hypnosis induced
deep relaxation on gastric acid secretion was investi-
gated and a reduction in the latter was evident [62].
This technique is nevertheless concerned with a selec-
tive method which presupposes a special choice of pa-
tient and is therefore of only limited application.

Only one systematically applied investigation was
concerned with the effect of progressive muscle rela-
xation (originally by Jacobson) on reflux events. This
relaxation technique is easy to learn, efficient and 
is successfully practised in phobia therapy, stress
management or on patients with gastrointestinal
disorders. McDonald-Haile et al [63] were able to
show that progressive muscle relaxation, leads to a
reduction in subjective symptoms, as well as to an
objectively lower acid exposition in the esophagus.
Additionally, an anxiolytic effect was also achieved.
Unclear, however, is the exact mode of operation of
this relaxation on reflux events. According to the au-
thors, in the context of perceptional changes, not
only is it possible to directly influence the gastro-
esophageal junction and the hiatal crura, it is also
possible to influence these areas via an anxiolytic
change in the form of a moderation process.

In contrast to medical therapy, surgical intervention
studies substantiate the effect of psychological factors
on the subjective quality of the results [64], [65]. Per-
sonality traits seem to play an essential role in the sub-
jective assessment of stress on postoperatively essential
adaptation processes (e.g., eating behavior) as well as in
the subjective assessment of dysphagia and satisfaction
with surgery. As previously shown [65], the subjective
degree of swallowing problems after laparoscopic anti-
reflux surgery is predictable by patients personality in
relation to the possibility to cope with a postoperative
situation. The used construct “locus of control” showed
that patients with an increased believe in luck or fate
respectively a low degree of personal abilities suffered
from a significantly higher degree of subjective dyspha-
gia but without any objective evidence.

Also in respect to patients’ personality, using the
same construct as described before, the initial degree
of compliance with former antireflux medication
seems to be a good predictor of surgical outcome.
Own data [66] have shown that surgically treated pa-

number of 36% expected no further therapy following
this initial treatment, 34% no side-effects of PPI treat-
ment, and only 4% had no real expectations in a pre-
scribed antireflux medication. The same as for medical
treatment, an improvement of symptoms is the leading
expectation of patients in a possible antireflux opera-
tion [54]. In contrast, none of the surgical patients
expect an elimination of all perceived symptoms. This
result is in relation to previous findings suggesting that
even if not all symptoms are eliminated, patients satis-
faction with treatment can be high and quality of life
may be improved [55], [56].

Nevertheless, GERD is a chronic condition and the
majority of the patients’ need a life-long medication to
treat their symptoms. In this relation it has to be stated
that a long-term use of drug therapy is always a
question of patients expectations and compliance, even
if a “on demand” therapy is under debate. As previously
shown [57], approximately 25% of GERD patients re-
ferred to pre-surgical examination are not compliant in
relation to medical prescriptions, and about 40% are
just partly compliant. The reasons for being non-com-
pliant are, in general, a rejection of any kind of medica-
tion use, less information about GERD, low severity of
GERD, but also an aspect of patients’ personality
which also affects quality of surgical outcome. In gen-
eral, next to medical compliance also the aspect of
health care seeking has to be seen in relation to
patients’ personality. As shown by Johnston et al [58],
health care seeking in heartburn suffers is in relation to
factors such as increased phobia, obsessionality, somat-
ization, and less social support when compared with
heartburn suffers who had never sought medical help.
Therefore, aspects such as health care seeking or com-
pliance with prescribed medication are associated with
psychological and social factors.

Interventions from a psychological view

Several studies have been conducted from a psychologi-
cal point of view. These investigated the effect of bio-
feedback on the lower esophageal sphincter pressure
and on reflux symptoms [59]–[61]. Due to the high
technological cost involved, most of these were single
case studies. Gordon et al [61] used biofeedback to alter
the resting pressure of the lower esophageal sphincter
from 2.7 mmHg to 8.7 mmHg in only 10 sittings in a
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tients with former non-compliance with medication
are eventually limited good candidates for surgery. In
contrast to compliant patients, these group of patients
significantly suffered from higher a degree of dys-
phagia and other so called surgical side-effects (e.g.,
gas-related problems), needed postoperatively more
additional medical intervention including redo-sur-
gery, and quality of life improvement or patients’
satisfaction was comparable negatively affected. In re-
lation to these findings, initial results of an existing
intervention study substantiate with respect to this
the positive effect of an additional, psychological
intervention on surgical patients [67].

The effect of psychiatric comorbidities 
on treatment

Finally, an essential aspect should be pointed out: It is
certain that a not inconsiderable number of psychiatric
disorders can appear as comorbidity to gastrointestinal
diseases [68]–[70]. As Avidan et al [30] have show,
GERD-related symptoms significantly occur more
frequently in patients with than without a diagnosed
psychiatric disorder. The reflux symptoms are not as-
sociated with any specific type of psychotropic medi-
cation, type of psychiatric disorder, the lifestyle did not
influence the presence of reflux symptoms and, in gen-
eral, may reflect a reduced threshold for or distorted
perception of symptoms. In this respect, prevalence
between 5% and 20% are put forward according to
disorder profile. Depression and panic disorders are in
the forefront [71]. The literature alludes to possible as-
sociations with the emergence of panic disorder where
there are existing functional esophageal disorders, just
as there can be with GERD [72], [73]. In this relation,
Stanghellini [74] has shown that the most notable fac-
tors for the development of upper gastrointestinal
symptoms, including GERD-related symptoms, were
found to be various indicators of psychological stress
and psychiatric disorders.

Behavioural techniques exist in the treatment of
panic disorders with GERD symptoms. Own results,
also, surprisingly substantiate a positive effect of lap-
roscopic antireflux surgery in GERD patients with
comorbidity of a panic disorder. In this way, the
elimination of anxiety disorders in one third of these
patients was achieved within the first few postoperative

months [75]. In contrast, other psychiatric comorbidi-
ties in GERD patients are able to affect surgical
outcome negatively [76]–[78]. As previously published
[78], GERD patients with major depression as a
comorbidity, when treated with laparoscopic Nissen
fundoplication, show a significant lower quality of life
improvement and a higher degree of swallowing
problems or postoperative adaptation problems in
comparison to patients who underwent a Toupet fund-
oplication. The authors concluded that eventually a
Toupet fundoplication, independently from mano-
metric findings, could be beneficial in such a group of
patients with psychiatric comorbidities to improve sub-
jective surgical outcome. However, further investi-
gations in this field are needed and could be helpful for
all, gastroenterologists as well as surgeons, to find an
optimal procedure resulting in a high level of patients
satisfaction and quality of life improvement. In conclu-
sion, GERD patients with psychiatric disorders are
rarely satisfied with the results of antireflux surgery.
Moreover, these patients demonstrated less symptom-
atic relief than patients without psychiatric disorders.
These results suggest that even patients who might
otherwise be candidates for antireflux surgery may have
a poor symptomatic outcome, if they also have psychi-
atric comorbidities. Antireflux surgery in these patients
should be approached with great trepidation!

Conclusion

Gastroesophageal reflux disease (GERD) can be traced
back to disorders of the gastroesophageal junction. But
several psychological factors and psychiatric disorders
interact through recognized psychophysiologic or be-
havioural mechanisms to affect the clinical presentation
and treatment outcome. Even if many aspects are still
unknown, the following is conceivable: that well defined
personality factors moderate the effect of stress on the
gastroesophageal junction, just as they can influence the
perception and assessment of symptoms. Additionally,
psychiatric disorders as comorbidities can also accom-
pany GERD. For this reason, it is necessary to consider
if an extension of hitherto psychological interventions
could be helpful in patients with a subjective link be-
tween reflux and stress on an emotional personality
related level, or in patients with attendant psychiatric
disorders. This broadening relates both to the conserva-



tive use of antireflux medication and to surgical therapy,
since a postoperative shift in symptoms can occur. The
effectiveness of psychological interventions in several
gastrointestinal patient groups could already be shown
in the past. Whereas evidence for their effectiveness in
patients suffering with GERD is partly still outstanding
and should be investigated in the future especially as
several individual promising starts have been made.
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Introduction

GERD is a chronic disorder in the majority of cases
and frequently requires prolonged therapy. The symp-
toms of reflux disease have a profound effect on quality
of life and work performance making GERD an ex-
pensive disease for society to manage. Health related
expenditures are generally described as direct costs (the
costs of providing and obtaining treatment) and the in-
direct costs (other costs due to the disease such as time
lost from work that are not related to the provision of
health care). When competitive management strategies
are compared, the cost of each strategy must be bal-
anced against its effectiveness. When new treatments
become available the cost often increases and the bene-
fit of improved therapeutic response can be assessed by
cost-effectiveness studies. A new therapeutic interven-
tion that increases therapeutic efficacy but costs less
than standard therapy is the ideal new treatment.
While this is the goal of new therapeutic interventions,
most innovations in medicine increase both cost and
effectiveness and the trade-off between the increased
cost and improved effectiveness must be determined by
cost-effectiveness studies. There are three general ap-
proaches to the management of any chronic disease: (1)
Reduce costs regardless of outcome, (2) Improve out-
comes regardless of cost, and (3) Maximize outcomes
within the constraints of available resources. Cost-ef-
fectiveness studies help to optimize clinical outcomes
within the constraints of available resources.

The cost of reflux disease to society

Reflux disease is an important economic problem in
most western countries. The economic ramifications of
the disease are becoming increasingly apparent. Levin
et al [1] reported the cost of managing reflux disease in
a managed care setting (Kaiser Permanente of Northern
California). They calculated the GERD related costs in

a cohort of patients with acid related disorders. With
adjustment of the data to determine the costs attribut-
able to GERD, the total cost of managing GERD was
$471 per person with pharmacy costs accounting for
$156 of this amount and outpatient costs accounting
for $279. Inpatient costs were small at $35/per person.
In the first 6 months after the diagnosis, outpatient
costs remain the highest component cost of GERD
management accounting for a large proportion of the
adjusted costs ($246 out of a total of $289). These data
suggest that pharmacy costs account for a small propor-
tion of the total costs of acute or chronic management
of the disease. A cost of illness study by Lair showed
that drugs only accounted for approximately 50% of to-
tal direct costs of GERD treatment [2]. A study from
Sweden recently evaluated the direct and indirect costs
of GERD [3]. The total cost to Swedish society of dys-
pepsia, PUD and GERD in 1997 was $US424 mil-
lion, or $US63 per adult. Direct costs totaled $US258
million (61%) while indirect costs totaled $US166 mil-
lion (39%). The highest proportions of costs were due
to drugs and sick leave, these being 37 and 34%, respec-
tively. A Swiss study found that the mean direct medi-
cal costs of GERD were dominated by medication
costs, were 185 Swiss Francs per patient-year (95% CI:
CHF 140–230) and the cost of managing GERD ac-
counted for 0.5% of Switzerland’s total health care ex-
penditures [4]. GERD has also been shown to cause
significant work loss through time off work and reduced
productivity while at work, and also to reduce produc-
tivity during regular daily activities [5]. The indirect
costs of the disease need to be considered in economic
assessments of GERD. In a recent US study, 30% of
heartburn sufferers reported reduced productivity. Over
48% of respondents with severe symptoms reported
reduced productivity, compared with 40% and 12% 
of respondents with moderate and mild symptoms,
respectively [6]. Patients value symptom relief and are
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therapy with PPI did have better clinical outcomes but
was not the dominant strategy in economic terms.
With the availability of generic and over the counter
omeprazole in the United States, this model deserves
re-evaluation because the lower costs of over the counter
omeprazole were not considered in the original publica-
tion. In an economic model based on clinical trials
comparing esomeprazole and omeprazole for the treat-
ment of acute erosive GERD, the cost-effectiveness of
esomeprazole 40 mg and omeprazole 20 mg over an 
8-week period was compared [19]. The esomepraole
strategy was found to be dominant over the omeprazole
strategy. Time with GERD (defined as the time with
endoscopic evidence of erosions) was 2.9 weeks in the
esomeprazole group and 3.6 weeks in the omeprazole
group. Zagari et al [20] used a decision analytic model
and estimated the one-year direct cost of treating pa-
tients with proton pump inhibitors ($1192) was lower
than the total cost for a branded H2 RA ($1495) and
comparable to a generic H2 RA ($1152).

Step-up vs step down therapy 
for uninvestigated heartburn

Sonnenberg et al examined a systematic approach to
the management of GERD in the Veterans Adminis-
tration system in the USA. They assessed a step-wise
strategy beginning with a generic H2 RA. Failures
with this strategy would be treated with a higher dose
of H2 RA therapy and failures to the latter treated
with proton pump inhibitors (step-up therapy) [21].
This economic model suggested that an average of
$916 could be saved per patient every 5 years by using
a step-up strategy. Clinical data from the same group
suggests that a step-up strategy may be effective in
clinical practice [22]. In contrast, data from a clinical
trial in primary care suggest that neither step-up or
step-down therapy provided optimal control of heart-
burn over a 20 week period [23]. Results from a recent
multi-center, randomized, open-labeled study with
economic end-points provides some interesting results.
Patients with symptoms of GERD (uninvestigated) in
primary care practices in West Virginia were evaluated.
268 patients were randomized to omeprazole 20 mg
once a day or ranitidine 150 mg (brand-name) bid for
up to 6 months. At 6 months, there was no significant
difference in total costs between the groups but symp-

willing to pay for relief. In willingness to pay studies,
patients with GERD were willing to pay up to US $182
to obtain complete relief in a short period of time
without side effects. Patients with less severe GERD
symptoms were willing to pay more to avoid side effects
($58 vs $38). Older patients were less willing to pay for
better relief than younger patients [7]. Another study
assessed patients willingness to pay for a given reduction
in the risk of having a relapse of heartburn while on
treatment with an acid suppressant [8]. The authors
showed that patients were willing to take on significant
out of pocket expenses ($US 60–90 over a 1–3 month
period). In summary, these data suggest that GERD is a
significant burden to patients and society in terms of
cost. Untreated GERD is associated with loss of pro-
ductivity and the long-term management of this disease
is also associated with significant cost. Patients value
symptom relief and are willing to pay for complete
symptom relief.

The cost of different treatment strategies 
for GERD

Different treatment modalities for GERD have been
reviewed elsewhere in this book. This section will
deal only with the economic implications of
management decisions and treatment strategies.

Proton pump inhibitors and H2-receptor 
antagonists

A number of economic models that have compared the
costs of H2 receptor antagonist therapy to proton pump
inhibitor therapy in erosive esophagitis in the acute and
long-term management of erosive GERD. These stud-
ies balance the higher efficacy with proton pump inhib-
itors and their higher cost with the lower costs of H2
receptor antagonists and their lower efficacy. Most of
these studies have suggested that a proton pump inhibi-
tor based strategy is cost-effective compared to H2
receptor antagonists [9]–[17]. Recent studies have com-
pared the costs of generic proton pump inhibitors to
generic H2 receptor antagonists, which are now widely
available. Goreee et al [18] used the cost of generic ra-
nitidine in Canada in their base case analysis comparing
ranitidine to omeprazole. In this model, maintenance
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toms were better controlled in the omeprazole group
[24]. This study showed that while the initial acquisi-
tion costs of proton-pump inhibitor therapy may be
higher, the overall costs may be similar because of the
poorer efficacy in the H2 RA group. Another recent
study evaluated the cost of step-wise management
strategies employed by managed care organizations
[25]. This was a prospective randomized economic trial
in 4 large managed care organizations. 685 patients
with GERD were randomized to omeprazole 20 mg or
ranitidine 150 mg bid for 4 weeks. Additional 4-week
therapy was given to patients as required. Investiga-
tions and office visits were determined over the 16-
week period by usual practice. Omeprazole was more
effective in controlling symptoms in these patients. Pa-
tients spent more money for over-the-counter heart-
burn remedies in the ranitidine group compared to
patients treated with omeprazole. As most pharmacy
data systems do not capture information on over the
counter medications, many economic evaluations fail to
adequately account for the costs associated with inade-
quate therapy. Failures of therapy can be expensive and
need more careful consideration in future studies.

Discontinuous maintenance therapy: 
on demand and intermittent therapy

Studies in primary care settings have shown that many
patients with GERD do not take medications on a
regular basis and frequently take maintenance medica-
tion for GERD on an as-needed basis [26]. While
continuous maintenance medical therapy has been the
standard recommendation for patients with GERD,
recent studies suggest that patients with non-erosive
reflux disease may be managed with therapy that is
intermittent (i.e., taken in short courses of 1–2 weeks
when symptoms occur) or on-demand (medication is
taken when the patient experiences symptoms). Inter-
mittent therapy may be patient-driven or physician-
driven, i.e., patients may choose to initiate a short
course of therapy or the physician may make the de-
termination based on the patient’s symptoms.

In a recent study, 677 patients with endoscopy
negative or mild-moderate erosive GERD in primary
care were randomized to ranitidine 150 mg bid, low-
dose omeprazole (10 mg) or standard dose omeprazole
(20 mg) for 2 weeks [27]. If they had symptom relief

they continued with the maintenance phase of the
study where they received 2-week courses of intermit-
tent therapy with the regimen that had worked in the
first instance. At the end of one year of maintenance
therapy approximately half the patients did not require
treatment for at least 6 months of the study period de-
spite satisfactory control of symptoms. A cost analysis
based on this study found no difference between the
cost of the omeprazole arm and the ranitidine arm
using cost data from a number of European countries
that were part of the trial. These data suggest that on a
cost basis, there is little to be gained from a step-up
approach in patients with endoscopy negative reflux
disease [28]. This study demonstrated that the use of
short intermittent courses of therapy in patients with
mild erosive reflux disease or non-erosive reflux dis-
ease is cost-effective.

On-demand therapy is particularly interesting in
non-erosive reflux disease because the main focus is on
symptom relief as there is no discernable mucosal in-
jury. In one study, 424 patients with endoscopy nega-
tive reflux disease were randomized to placebo or PPI
(omeprazole 20 mg or omeprazole 10 mg) on demand
[29]. At 6 months follow-up, 29% of patients had fail-
ed on demand therapy and needed daily maintenance
therapy. However 83% of patients randomized to on-
demand therapy with omeprazole 20 mg a day were
satisfactorily maintained over the 6-month time
frame. The mean number of omeprazole capsules used
per day was 0.43, suggesting that the total medication
use was reduced by approximately 50%. In another re-
cent study of esomeprazole therapy, 320 patients with
endoscopy negative reflux disease who had complete
symptom resolution after 4 weeks of therapy with ei-
ther esomeprazole 20 mg or omeprazole 20 mg were
randomized to receive esomeprazole 20 mg on-de-
mand or placebo on-demand for 6 months [30]. Med-
ication intake was measured using electronic chips
embedded in the caps of the medication containers.
On average, esomeprazole was taken once every three
days and 86% of patients were managed with on-de-
mand therapy compared to 49% in the placebo group.
These data suggest that on-demand therapy is effec-
tive and can substantially reduce the costs of mainte-
nance therapy. A recent study however challenges
these notions. A prospective, open, randomized multi-
centre study with parallel group design was conducted
in 155 general practice clinics, and included 1357 en-
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suggested that the two methods of maintenance
became equal at 1.4 years [33]. Huedebert et al
originally published a model that suggested that lap-
aroscopic fundoplication and omeprazole therapy
became equal at 10 years based on US data [34]. In
the light of recent data on long term outcomes with
surgical therapy the model required revision because
the original model did not include the costs of failed
therapy and complications [35]. The repeat analysis
showed that medical therapy is associated with total
costs of $8,798 and 4.59 quality-adjusted life-years,
whereas the surgical strategy is more expensive
($10,475) and less effective (4.55 quality-adjusted
life-years). The results were robust to most one-way
sensitivity analyses. The authors concluded that
long-term medical therapy with proton pump inhib-
itors is the preferred strategy for patients with gas-
troesophageal reflux disease and severe esophagitis.
This study highlights the importance of using pri-
mary, patient-derived data rather than expert opin-
ion. Two recent studies from routine care highlight
the problems with assuming a perfect outcome with
surgery. In routine practice Vakil et al demonstrated
that outcomes were poorer in routine practice than 
in expert surgical centers [36]. Over 3 years of fol-
low-up, 32% of patients after fundoplication were
taking medications on a regular basis for treatment of
heartburn, 11% required esophageal dilation for
dysphagia, and 7% had repeat surgical procedures.
The costs of these interventions have not been con-
sidered in the economic models reported to date.
These data suggest that the cost-effectiveness stud-
ies available to date are based on limited data on
long-term outcome and may need revision as more
data as the long-term outcomes of laparoscopic fun-
doplication in routine practice become available.

(b) Open fundoplication compared 
with medical therapy

A carefully conducted multicenter randomized trial
evaluated the cost-effectiveness of open fundoplica-
tion vs medical therapy. After initial treatment of
refluxoesophagitis with omeprazole to control symp-
toms and to heal esophagitis, 154 patients were 
randomised to continue treatment with omeprazole
(20 or 40 mg daily) and 144 patients to have an
open antireflux operation. The costs were assessed

doscopically uninvestigated patients with symptoms
suggestive of gastro-oesophageal reflux disease [31].
The aim of the study was to assess the differences in
direct medical costs between a patient-controlled on-
demand treatment strategy with esomeprazole, 20 mg
daily, and general practitioner-controlled intermittent
treatment strategies with esomeprazole, 40 mg daily,
for either 2 or 4 weeks. The mean direct medical costs
were 182, 221 and 195 euros for patient-controlled
on-demand treatment and 2 weeks and 4 weeks of
general practitioner-controlled intermittent treatment,
respectively, showing no statistically significant differ-
ence. The comparable mean total costs were 211, 344
and 300 euros, i.e., significantly lower for patients
treated on-demand compared with either of the gen-
eral practitioner-controlled intermittent treatment
strategies. On-demand therapy may therefore not
decrease total management costs for GERD but may
be less expensive than intermittent therapy which
requires repeated physician contact.

Fundoplication as an alternative 
to maintenance therapy

(a) Early models with limited long term 
follow-up data

Laparoscopic fundoplication has been recommended
on cost-effectiveness grounds as an alternative to
long-term medical therapy. Viljakka et al evaluated
the lifetime costs of managing GERD in Finland
[32]. The medical regimens were ranitidine (150 or
300 mg/day), omeprazole (20 or 40 mg/day), and
lansoprazole (30 mg/day), with costs calculated for
total life expectancy after diagnosis and for one-
third of that time. Costs for open or laparoscopic
surgery (Nissen fundoplication) included pre- and
post-operative investigations, sick leave, and calcula-
ted financial loss due to fatal outcome. The cost of
open or laparoscopic operation was less than that of
lifelong daily treatment with proton pump inhibitors
or ranitidine, 300 mg daily. This model did not take
into account the cost of managing complications of
surgery and did not include the cost of recurrence
after surgery. In a cost analysis from the Netherlands,
Van den Boom et al concluded that laparoscopic
surgery was less expensive than medical therapy and
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over five years from randomisation. Five year direct
medical costs per patient with omeprazole were sig-
nificantly lower than for those having anti-reflux
surgery. When indirect costs (loss of production due
to GERD related sick leave) were also included, the
cost of surgical treatment increased substantially and
exceeded the cost of medical treatment further.

Endoscopic therapy for reflux disease

There is only one cost-effectiveness analysis evaluat-
ing medical therapy compared to endoscopic therapy
for GERD [37]. As the long-term outcomes are
poorly characterized with all of these therapies, the
assumptions are open to question. The baseline prob-
abilities in the model were an annual endotherapy
failure rate of 20%, a partial failure rate of 10%, and
a complication rate of 1%. Pharmacotherapy was the
least costly approach, irrespective of time, if the daily
cost of a proton pump inhibitor was less than $140 a
month or if endotherapy costed more than $3400.
Current PPI costs in the USA are well below
$100/month. This model does not consider the
long-term savings with endotherapy or the cost of
complications of endoscopic therapy. Further studies
of endoscopic therapy are necessary before appropri-
ate cost-effectiveness studies can be performed.
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