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ABSTRACT

Introduction: Surgical gastric fundoplication is an effective treatment option for gastroesophageal reflux
disease. In contrast to acid suppression, fundoplication nearly abolishes all types of reflux, acid and nonacid.
However, in some cases, lasting side effects of the procedure may overshadow its positive effects. It has
remained difficult to determine which patients are the most suitable candidates for fundoplication.

Areas covered: This review aims to evaluate the available data on preoperative factors that are
associated with the outcome of fundoplication and to determine which combination of patient
characteristics and preoperative test results provides optimal selection. In addition, we assess the
need for tailoring the procedure on the basis of the preoperative quality of esophageal peristalsis,
Expert opinion: Surgical treatment of gastroesophageal reflux disease is underutilized as it may
provide an excellent option for a subset of GERD patients. It is not sensible to restrict surgical treatment
to patients who do not respond to acid suppression. However, meticulous patient selection is key. Most
importantly, surgical treatment should not be considered in patients in whom there is no convincing
evidence that the symptoms are caused by reflux. Impaired esophageal peristalsis should not be
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regarded as a contraindication against fundoplication.

1. Introduction

Gastroesophageal reflux disease (GERD) is defined as the pre-
sence of bothersome reflux symptoms (heartburn, regurgitation,
or other) and/or distal esophageal mucosal lesions (esophagitis,
intestinal metaplasia) that are brought about by the reflux of
gastric contents [1]. This definition encompasses a broad spec-
trum of GERD phenotypes which can be distinguished by endo-
scopy and pH-impedance monitoring. Studies using these
techniques have made clear that erosive and non-erosive forms
of the disease cannot be distinguished on the basis of symptoms,
that the reflux does not need to be excessive and that the
refluxate needs not to be acidic to cause typical reflux symptoms
[2]. Analysis of the temporal association between symptom epi-
sodes and reflux events, using indices such as the Symptom
Index (SI) and the Symptom Association Probability (SAP),
makes it possible to identify patients with functional heartburn,
whose reflux-like symptoms are not caused by reflux [3].

GERD is a very common disease: a systemic review con-
cluded that the global prevalence of GERD can be estimated
at 14% [4]. Many GERD sufferers in the community never
consult a doctor for their symptoms, others consult a general
practitioner and only a small percentage is seen by a medical
specialist. This has been called the GERD iceberg [5].

For at least 30 years now, reduction of gastric acid secretion
by a proton pump inhibitor (PPI) is the cornerstone of GERD
treatment. This therapy suffices in the majority of cases.
However, whereas PPl-resistant esophagitis is very rare,

insufficient response of typical reflux symptoms occurs in
a third to a half of patients on PPIs [6,7]. PPI-refractory GERD is
often defined as persistence of heartburn and/or regurgitation
after 2-3 months of treatment with a PPI taken in double dose
[8,9]. Referral centers that use not only endoscopy but also
esophageal manometry and pH-impedance monitoring to eval-
uate patients with PPI-refractory symptoms report that at least
one-third of these patients do not have GERD [10,11]. In the
majority of these, a diagnosis of functional heartburn, defined
as reflux-like symptoms but absence of signs of GERD at endo-
scopy and pH-impedance monitoring, is arrived at [12].

GERD therapy by surgical fundoplication was first described
by the Swiss surgeon Rudolph Nissen as an open procedure, in
which a 360° fundic wrap was constructed around the eso-
phagogastric junction. Nowadays, the procedure is almost
always carried out laparoscopically. In most centers, partial
fundoplication (Toupet, Dor) has become the preferred option
because it has been shown that this provides reflux control
that is similar to that of a complete wrap and leads to less
dysphagia [13]. The mechanisms through which fundoplica-
tion works include an increase in lower esophageal sphincter
(LES) pressure, a decrease in the frequency of transient LES
relaxations and strengthening of the so-called flap valve
formed by the angle of His [14].

In contrast to acid-suppressant therapy, which only renders
the refluxate less acidic, fundoplication strongly reduces reflux
of all types, whether acid or nonacid, with or without duode-
nogastric component [15,16].
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Article highlights

e Fundoplication should only be carried out when there is incontrover-
tible evidence that the patient has GERD.

o If the symptom response to acid suppression is unsatisfactory, there
is a high probability that the diagnosis of GERD is not correct.

e Meticulous pre-fundoplication work-up including upper endoscopy,
esophageal manometry, and ambulatory reflux monitoring is
mandatory.

o Ineffective esophageal motility is not a contraindication against fun-
doplication, but tailoring of the procedure (partial rather than 360°
wrap) is recommended.

o The safety of fundoplication in patients with esophageal aperistalsis
is still questionable.

Recurrence of reflux after initially successful fundoplication
does occur, but the magnitude of this phenomenon is limited. In
a nation-wide Swedish study that involved 2655 patients who
underwent laparoscopic antireflux surgery, 82.3% of the partici-
pants were still free from reflux recurrence after 5 years [17].

Fundoplication may be effective, but very few GERD patients
undergo fundoplication and interest in fundoplication may even
be declining. Data from nationwide databases indicate that the
number of surgical fundoplications performed in the US is
decreasing and that only 0.05% of patients with GERD are treated
with fundoplication [18]. This is not very surprising given that
PPIs are recommended as the first-line therapy for GERD in most
guidelines. Moreover, long-term PPI use is safe. Fundoplication
can fail to relieve reflux symptoms or can bring about bother-
some new symptoms, in particular dysphagia. However, persis-
tent dysphagia is rare and in randomized trials that compared
laparoscopic fundoplication with medical treatment, no differ-
ence in the rate of long-term dysphagia between the two treat-
ment arms was found [19-21].

In recent years, several guidelines and expert recommenda-
tions regarding the indications for fundoplication have been
published [8,22-28]. However, as shown in Table 1, there are
marked differences between the proposed indications and
most are not sufficiently detailed.

For this review, we have searched the literature, using
PubMed, for original clinical studies that yielded information
on relationships between preoperative patient factors and
outcome of surgical fundoplication as treatment of GERD.
Review papers and articles that expressed an opinion without
providing new facts were not included.

The overarching aim of this exercise was to arrive at science-
based recommendations on how to identify GERD patients who
are likely to benefit from fundoplication. In our review, we con-
fined ourselves to laparoscopic fundoplication, which is usually
combined with diaphragmatic cruroplasty. In this review, other
surgical procedures such as anterior gastropexy and implanta-
tion of antireflux devices were not taken into account nor were
peroral endoscopic procedures.

2. Preoperative factors affecting outcome

Selecting the right candidates for fundoplication is likely to be
benefited by having a proper insight into and understanding
of the preoperative factors that determine the outcome of

Table 1. Indications for fundoplication as worded in guidelines, consensus
papers, and expert panel recommendations.

Asia-Pacific consensus (2016) [23]

o ‘refractory GORD symptoms failing medical therapy’
e ‘only recommended with objectively documented reflux’

Management options Expert Panel (2018) [8]

e ‘abnormal acid exposure on double-dose PPI
o ‘Reflux sensitivity to regurgitation with large hiatal hernia’

ICARUS guidelines (2019) [24]

o Typical symptoms of heartburn, with good response to PPI

e GERD symptoms and hiatal hernia, Barrett’s esophagus or esophagitis LA B or
higher

e GERD symptoms and paraesophageal hernia

SAGES guidelines for the surgical treatment of gastroesophageal reflux (2021)
[25]

o ‘confirmed chronic or chronic refractory GERD' (not specified)
2020 Seoul Consensus (2021) [26]

e ‘proven GERD' (not specified)
e ‘other esophageal motility disorders should be excluded’

ESNM/ANMS consensus paper (2021) [22]

e ‘Proper preoperative evaluation and appropriate patient selection’
e ‘Ambulatory reflux monitoring is important as part of this evaluation’

American College of Gastroenterology (2022) [27]

o Esophagitis LA grade C or D, large hiatal hernia, and/or persistent trouble-
some symptoms with objective evidence of GERD

Multi-society consensus conference and guideline (2023) [28]

e Typical symptoms, endoscopy, manometry, and pH-testing
o Additional testing may be required for patients with atypical symptoms
e Severe comorbid disease or BMI > 50: Roux-en-Y gastric bypass

antireflux surgery. Many studies have provided pieces of infor-
mation on the predictive values of preoperative patient char-
acteristics. In this section of the review, these will be
summarized and discussed.

2.1. Esophageal symptoms

The two most typical symptoms of GERD are heartburn,
defined as a relatively short-lived retrosternal burning sensa-
tion, and regurgitation, defined as the perception of flow of
refluxed gastric content into the mouth or hypopharynx [1]. In
most GERD patients, the incidence of regurgitation episodes is
lower than the incidence of heartburn episodes [29]. It is
important to note that PPIs reduce the symptom regurgitation
much less effectively than the symptom heartburn [30]. In
placebo-controlled trials, the response of regurgitation to PPI
was only 17% greater than the response to placebo, whereas
the gain for heartburn was approximately 41% [31]. It is likely
therefore that persisting regurgitation is an important deter-
minant of PPI refractoriness.

In contrast, when GERD is treated by means of fundoplica-
tion, the symptom regurgitation appears to respond as pro-
foundly as the symptom heartburn. In a 2014 systematic
review on the effectiveness of fundoplication, Lundell and
colleagues found that, on average, the procedure reduced
the proportion of patients with heartburn from 93.1% before
operation to 3.8% 1 year after operation and the proportion of
patients with regurgitation from 78.4% to 1.9% [32].



In randomized controlled trials in which fundoplication was
compared with PPl maintenance treatment, the prevalence of
both heartburn and regurgitation after fundoplication was
found to be lower than during continued PPI use [33-35].

Chest pain, which in the context of GERD is episodic and
retrosternally located, can be regarded as a third typical reflux
symptom. It is much less common than heartburn but its
association with reflux events can be assessed with pH-
impedance monitoring [36].

2.2. Extraesophageal symptoms

The list of extraesophageal or supraesophageal reflux symp-
toms, also referred to as atypical symptoms, is long and sub-
ject to much debate. The problem is that, for most of these
symptoms, it is virtually impossible to prove with diagnostic
testing that they are caused by reflux, in particular in an
individual patient. In most of the studies in which the effects
of fundoplication on extraesophageal symptoms were
assessed, the primary focus was on typical reflux symptoms
and the indication for the operation was not based on the
concurrent extraesophageal symptoms.

In a prospective US study in 113 GERD patients, laparo-
scopic fundoplication was found to lead to improvement of
heartburn and regurgitation scores in 87.8% and 87.4%,
respectively. Improvement of cough, hoarseness, and
wheeze, when present preoperatively, was reported by
50.5%, 46.0%, and 48.1% of the patients, respectively [37].
In another US study, fundoplication was less successful in
the subgroup of 123 patients who had atypical symptoms
preoperatively than in the 29 patients with typical symp-
toms (success rates 41% vs 85%, respectively) [38]. In an
Australian study, candidates for antireflux surgery were
divided into three groups: those with typical symptoms
during the 24-hour pH study, those who reported atypical
symptoms, and those who were symptom-free during the
24-hour test. One year after the operation, there were no
differences in heartburn scores between the three groups.
However, postoperative satisfaction score was significantly
higher in the group who had typical symptoms [39].

The ‘reflux cough syndrome’ lends itself to attempts toward
objective diagnosis with ambulatory pH-impedance monitoring
and analysis of the temporal association between cough events
and reflux episodes [40]. However, this technique cannot be
regarded as the gold standard for diagnosis of reflux-related
cough. In all published case series in which the effect of fundopli-
cation on cough was evaluated, the majority of the patients
(between 64% and 91%) reported improvement of their cough
[41-47].

2.3. Response to PPI

Whereas patients whose reflux symptoms respond insuffi-
ciently to PPl treatment may be more likely to opt for
surgical intervention, the question is whether they are the
best candidates for it. Since poor PPl responders are less
likely to have GERD, it was to be expected that they respond
less favorably to antireflux surgery. Over the years, several
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studies have evidence that this
assumption.

In one of these, multivariate analysis was performed on
data from 199 patients undergoing Nissen fundoplication in
a US center. A clinical response to acid suppressive therapy
was one of the factors that predicted a successful outcome
(odds ratio 3.3) [48]. Another US study, in 100 patients, con-
cluded that complete resolution of symptoms with acid sup-
pression therapy was a predictor of postoperative success [49].
In a Canadian prospective study in 719 patients, follow-up
quality-of-life scores were higher in the PPl-responder sub-
group than in the PPl non-responders, although esophageal
acid exposure responded equally well to fundoplication in the
two subgroups [50]. In a study from the UK, in which 324
patients underwent fundoplication, the difference in success
rate between PPl-responders and non-responders was slightly
less convincing (94% vs 87%, p=0.08) [51]. In 2007, it was
reported from the U.S.A. that in 166 patients who had under-
gone Nissen fundoplication, successful outcome of fundopli-
cation was observed less often in those who had not
responded to acid suppression preoperatively than in the
subgroup with complete or partial response (56% and 77%,
respectively) [38]. In 2014, an Egyptian study in 370 patients
also reported that symptom relief after fundoplication was
achieved less frequently in the subgroup who had a poor
response to PPl treatment, but in the same year a possibly
underpowered French study (35 patients) failed to confirm the
trend [52,53].

provided supports

2.4. Reflux exposure, reflux-symptom association, and
‘GERD phenotypes’

In patients with (suspected) GERD, ambulatory pH-impedance
monitoring is often used since this test provides information
on reflux episodes (acid as well as nonacid) and on associa-
tions between symptom episodes and reflux events. When
reflux is in the physiological range but episodes of heartburn
or regurgitation occur in temporal relation with reflux events,
the phenotype reflux hypersensitivity is diagnosed [12].
Patients whose symptom episodes appear not to be related
to reflux events are diagnosed with functional heartburn,
a condition that is defined as ‘retrosternal burning discomfort
or pain refractory to optimal antisecretory therapy in the
absence of GERD, histopathologic mucosal abnormalities,
major motor disorders, or structural explanations’ [12].
Functional heartburn is a disorder of gut-brain interaction
rather than GERD.

The studies that explored the predictive value of preopera-
tively measured reflux variables for the outcome of fundoplica-
tion have yielded mixed results. In three studies, the outcome of
fundoplication was found not to correlate with preoperative
esophageal acid exposure, total number of impedance-
detected reflux episodes and SAP [38,54,55]. In three other stu-
dies, better fundoplication outcomes were observed in patients
with high acid exposure and/or a positive SAP [56-58]. To our
knowledge, there is only one study in which abnormal preopera-
tive pH findings were found to predict worse outcome of fundo-
plication [59].
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Several studies have shown that also patients with reflux
hypersensitivity are good candidates for fundoplication [60-
62]. Only one study indicates that the results in reflux hyper-
sensitivity may be not as good as with other GERD pheno-
types [63].

Patients with functional heartburn do not have GERD. At
least half of the patients referred to tertiary centers because of
PPI-refractory ‘reflux’ symptoms, are diagnosed with functional
heartburn [10]. These patients are poor candidates for sur-
gery [64].

2.5. Esophagitis

Whereas for many decades GERD equated to reflux esophagitis,
we now know that in the majority of untreated patients with
GERD the distal esophageal mucosa does not show macro-
scopic signs of inflammation, such as erosions or ulcers.
Patients with so-called non-erosive reflux disease (NERD) cannot
be distinguished from those with esophagitis (ERD) on the basis
of their symptoms. An Australian study that analyzed data from
262 patients who had undergone fundoplication found no
association between preoperative esophagitis and long-term
outcome of the procedure [56]. A Dutch study compared the
5-year outcomes of Nissen fundoplication in 96 patients with
NERD and 117 patients with ERD. It was found that symptom
relief, reduction in PPl use, improvement in quality-of-life, and
reduction in esophageal acid exposure were similar in the two
groups [65].

It is important to note that even in patients who undergo
endoscopy as part of the diagnostic work-up, the distinction
between NERD and ERD is often not really made, because the
endoscopy is often done while the patient is on PPI treatment.

2.6. Hiatal hernia

In patients with a sliding hiatal hernia, reflux mechanisms other
than transient relaxation of the LES, such as low basal sphincter
pressure and straining-related pressure gradients, play a more
prominent role in the pathophysiology. These lead to more
excessive reflux [66]. In line with this, hiatus hernia size is
a significant predictor of reflux esophagitis [67,68]. However,
asymptomatic hiatus hernia is also prevalent and this is not
regarded as indication for surgery [69].

The question to be addressed here is whether presence or
size of a hiatus hernia affects the outcome of surgical
fundoplication.

In a US study of 290 fundoplications, failure of the proce-
dure occurred in 13% of patients with a hiatal hernia >3 cm,
versus in 4% of patients with no or a small hernia [70]. Also in
a study from lIreland in 131 patients after fundoplication,
a hiatus hernia >3 cm was found to be one of the statistically
significant predictors of fundoplication failure [59]. In contrast,
in another study, preoperatively measured size of hiatus her-
nia was not significantly different in the group with successful
outcome of Nissen fundoplication from that in the group with
treatment failure (2.7 vs 2.9 cm p=0.56) [38]. According to
some surgeons, it is important to assess the extent of esopha-
geal shortening in patients with a hiatus hernia preoperatively,

because in their opinion this information is helpful during the
conduct of the surgical procedure [71-73].

In the case of a paraesophageal hernia, part of the contents
of the peritoneal cavity (stomach, colon, or other) has become
positioned in the thoracic cavity, alongside the distal esopha-
gus. The gastroesophageal junction may still be positioned at
the level of the diaphragm. A paraesophageal hernia may
cause retrosternal pain, dysphagia, and/or upper Gl bleeding,
but heartburn and regurgitation can also occur. Whereas the
risk of incarceration of the hernia, with life-threatening con-
sequences, is nowadays deemed to be low, there seems to be
consensus that symptomatic paraesophageal hernia deserves
surgical correction. The question is whether correction of
a paraesophageal hernia should always be combined with
a fundoplication. In the ICARUS guidelines on the selection
of patients for antireflux surgery, there was an overall agree-
ment of 97.1% for the addition of fundoplication to paraeso-
phageal hernia repair [24].

2.7. Barrett’s metaplasia

In the pathogenesis of Barrett's metaplasia in the distal eso-
phagus, a recognized precancerous condition, excessive gas-
troesophageal reflux plays an important role. The question to
be addressed in this review is whether the presence of
Barrett's esophagus makes a GERD patient a better or worse
candidate for antireflux surgery. Theoretically, it can be argued
that even asymptomatic patients with Barrett should be
offered fundoplication because the procedure reduces reflux,
whether acid or nonacid, more effectively than a PPI. However,
there is no evidence that fundoplication reduces the chance of
progression from metaplasia to adenocarcinoma [74]. Several
studies have shown that fundoplication reduces symptoms as
effectively in patients with Barrett's esophagus as in other
patients with GERD [75-77].

2.8. Impaired esophageal motility

During the first weeks after fundoplication transient dysphagia is
common, but persistent postoperative dysphagia is a dreaded
complication of antireflux surgery in a small subset of patients.
Intuitively, it seems likely that the chance of worsening or devel-
opment of dysphagia after fundoplication is increased when
primary and/or secondary peristalsis is weak preoperatively.
Several studies published in the past three decades have pro-
vided information on the predictive value of impaired esopha-
geal motility for the development of postoperative dysphagia
[37,38,54,68,78-87]. These studies, summarized in Table 2, either
compared subgroups of patients with normal and abnormal
preoperative esophageal motility or used correlation analysis
techniques. As shown in Table 2, in none of these studies
impaired esophageal motility, as measured preoperatively with
a standard manometric technique, was identified as predictive
factor for postoperative dysphagia.

However, it has been reported that the esophageal
response to a series of rapid swallows (known as multiple
rapid swallows, MRS), as assessed with high-resolution mano-
metry, can predict post-fundoplication dysphagia [83,84]. Low
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Table 2. Studies in which the predictive value of preoperative esophageal manometry for development of dysphagia after surgical fundoplication was assessed.

Pre-op manometry predictive of post-op

Esophageal motility dysphagia?
First author Nr of patients in Manometric standard multiple rapid
(year) Ref  Country study technique Normal Ineffective Aperistalsis manometry swallows
Bremner (1994)  [78] USA 100 Conv. (5-Ch) 56 44 0 no X
Rydberg (1999) [79] Sweden 106 Conv. (3-Ch) 39 60 7 no X
Fibbe (2001) [80] Germany 200 Conv. (8-Ch) 100 92 8 no X
Munitiz (2004) [68] Spain 93 NR 52 41 0 no X
Morgenthal [38] USA 166 NR NR NR NR no X
(2007)

Del Genio (2008) [54] Italy 62 Conv. (8-Ch) 40 22 NR no X
Strate (2008) [81] Germany 200 Conv. (8-Ch) 100 100 NR no X
Booth (2008) [82] UK 127 Conv. (3-Ch) 75 52 NR no X
Brown (2011) [37]1 USA 113 HRM 66 47 0 no X
Shaker (2013) [83] USA 63 HRM with MRS 60 3 0 no yes
Hasak (2019) [84] USA 157 HRM with MRS 132 23 2 no yes
Nikolic (2020) [85] Austria 144 HRM 72 72 NR no X
Tran (2021) [88] Australia 748 HRM/Conv. 708 0 40 no X
Hodges (2023) [87] USA 220 HRM with MRS NR NR 0 no no

Conv, conventional. NR, not reported. Ch, channel. HRM, high-resolution manometry. MRS, multiple rapid swallows. x, not done.

strength of the first esophageal contraction that follows the
deglutitive inhibition is considered to be the most relevant
parameter. However, in a recently published study by another
research group, this could not be confirmed [87]. Clearly, the
results of additional, prospective studies on this potential
predictive factor should be awaited.

It should be noted that in the studies listed in Table 2 few
patients with complete esophageal aperistalsis were included.
The only exception is the retrospective study by Tran and collea-
gues that analyzed data from 40 GERD patients who underwent
fundoplication despite a complete absence of esophageal con-
tractions at preoperative manometry [86]. Postoperatively, the
dysphagia scores in patients with absent contractility were not
statistically different from the dysphagia scores reported by
patients in the control group, who all had normal motility.
Seven of the forty patients with absent contractility had systemic
sclerosis and their postoperative outcome did not differ from the
outcome in the other 33 patients [86].

Several earlier studies had also arrived at the conclusion that
fundoplication is safe in patients with complete aperistalsis, such
as seen in systemic sclerosis, but these were case series that
lacked comparison with a control group with normal or less
severely disturbed esophageal motility [88-91]. Most experts
continue to be reluctant to perform a fundoplication in patients
with an aperistaltic esophagus. They fear esophageal decom-
pensation with massive stasis and widening.

2.9. Hypercontractile esophageal motility

Apart from esophageal hypoperistalsis, also hypercontractile
activity has been considered as a predictive factor for poor
outcome of fundoplication.

In a study conducted in Sao Paulo, Brazil, patients with GERD
who also had manometrically confirmed diffuse esophageal
spasm, nutcracker esophagus, or hypertensive LES were found to
have symptomatic outcomes after fundoplication that were com-
parable to those of patients with normal esophageal motility [92].

In a report that describes 38 patients, it is concluded that
preoperatively identified hypercontractile motility disorders
(nutcracker esophagus, distal esophageal spasm, and

hypertensive LES) often improve after fundoplication [93]. In
all patients, fundoplication led to normalization of esophageal
acid exposure [93]. In a study of 643 patients who had antire-
flux surgery for GERD, 15 had hypercontractile esophagus and
4 had hypertensive LES. After fundoplication, heartburn
improved in 78% of the patients and resolved in 57%. Chest
pain improved in 80% of those who had this symptom and
developed in 23% who did not have it preoperatively [94].

2.10. Gastric emptying

Delayed gastric emptying is a recognized factor in the patho-
physiology of GERD and, clinically, esophagitis is often found in
patients with severe gastric retention. It is also known that gastric
retention can be induced by fundoplication when the vagus
nerve is damaged inadvertently. In some studies, gastric empty-
ing was found to be faster after fundoplication than preopera-
tively [95,96]. In a study in 106 patients undergoing Toupet
fundoplication, there was no overall change in gastric emptying,
but acceleration was found in 18% and delay in 12% of patients
[97]. However, the question is whether that preoperatively
delayed gastric emptying is a predictor of less optimal results
after fundoplication. In one of the early studies, preoperatively
delayed gastric emptying of solids was found to be associated
with symptoms of bloating after fundoplication, but interpreta-
tion is hampered by the fact that 50 of the 81 patients underwent
additional procedures, such as highly selective vagotomy [98]. In
yet another study, preoperatively delayed gastric emptying was
documented in 31% of patients, but there was no correlation
with outcome after fundoplication [99].

2.11. Obesity

It may be more difficult for the surgeon to perform fundopli-
cation in a patient with (morbid) obesity, but the question is
whether obesity reduces the success rate of the procedure.
At least four studies concluded that obesity was not asso-
ciated with a poorer outcome after fundoplication [100-103].
Only one of these studies focussed on patients with morbid
obesity, defined as BMI >35 kg/m?. In a series of 224 patients
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of whom 187 underwent laparoscopic Nissen fundoplication
and 37 a Belsey Mark IV procedure, the recurrence rate was
significantly higher in the obese subgroup (BMI >30) than in
those with normal BMI (31% vs 8%, respectively) [104]. It
should be noted that the overall recurrence rate was higher
in the Belsey Mark IV than in the Nissen group (27% vs 8.6%)
[104]. One study reported that preoperative morbid obesity
(BMI >35 kg/m?) was associated with failure of Nissen fundo-
plication, while obesity (BMI 30-34.9 kg/m?) was not [38].
Recent reports suggest that, in patients with morbid obe-
sity, reflux symptoms respond as well to bariatric surgery
(Roux-en-Y gastric bypass) as to fundoplication [105,106].

2.12. Other comorbidities

Eosinophilic esophagitis (EoE) is an immune-based disease
entity characterized histologically by infiltration of eosinophils
into the esophageal mucosa and clinically by dysphagia for
solids and liquids and occasional food impaction. Reflux plays
a role in the pathophysiology of the disease in a proportion of
EoE patients. Most guidelines recommend to exclude EoE
before considering antireflux surgery. It has been reported
that in five out of five EoE patients who underwent fundopli-
cation the symptoms persisted [107].

It is not certain whether comorbid functional dyspepsia
(FD) or irritable bowel syndrome (IBS) diminishes the chance
of a favorable outcome of fundoplication because relevant
studies are scarce. One study concluded that comorbid IBS
did not affect the outcome of fundoplication, and that IBS
symptoms had improved after the operation in 25 of the 31
patients [108]. Another study reported that patients with pre-
operative symptoms of functional bowel disorders were more
likely to have a poor outcome [109].

In a Swedish nationwide population-based cohort study,
comorbidity, assessed by the Charlson comorbidity index
[110], was found to be a risk factor (HR 1.36) for reflux recur-
rence after antireflux surgery [17].

2.13. Psychiatric illness and chronic pain

There is limited information about the effect that psychosocial
factors may have on the outcome of fundoplication. In a study
of 166 patients who had undergone Nissen fundoplication,
a trend toward poorer outcome (p=0.06) in patients with
a history of psychiatric illness was reported [38]. Two small
studies by one and the same author in a US center indicate
that patients with a DSM-IV psychiatric diagnosis or chronic
pain syndrome are much more often dissatisfied with the
result of fundoplication [111,112]. In an Austrian study invol-
ving 38 patients with major depression and 38 patients with-
out, dysphagia and chest pain were much more prominent
after floppy Nissen fundoplication in the former group [113].

2.14. Combinations of preoperative characteristics

In their recent retrospective analysis of 690 GERD patients of
whom 88% underwent surgical fundoplication and 12% other
procedures, Zimmermann and colleagues distinguished 12
subgroups, on the basis of combinations of various

preoperative factors. The subgroup with the highest post-
operative GERD-HRQL scores at 1 year, present in 4% of the
patients, was defined by obesity, ineffective esophageal moti-
lity, and paraesophageal hernia, while the subgroup with the
lowest scores, present in 6%, was defined by obesity, hypo-
tensive LES, and paraesophageal hernia. However, at the 2-
and 5-year timepoints, there were no differences in patient-
reported outcomes between the subgroups [114].

3. Implications for patient management

How should the accumulated information on correlations
between preoperative patient factors and the outcome of
fundoplication be used to optimize care for patients with
GERD? The response to this question can be broken down
into 1) patient selection and 2) tailoring of the surgical
procedure.

3.1. Patient selection

As summarized in Table 1, guidelines on surgical treatment of
GERD issued by professional societies and expert panels do
not go into detail as it comes to selection criteria for fundo-
plication. In our review, we have used the scientific literature
on outcome-predicting preoperative factors as the basis for
our recommendations regarding patient selection. In this pro-
cess, we have focussed on the scenario in which bothersome
reflux symptoms are the primary motivation for considering
surgical treatment.

Whereas many different preoperative patient-based factors
have been found to predict outcome of fundoplication, some
of these cannot be taken too seriously, either because the
study results are conflicting, or the power of the prediction
is low, or because it is not practical to take the factor into
account. For instance, the fact that in one study overall satis-
faction with outcome was higher among male patients and
the chance of reflux recurrence higher in females in another
[17,56] would not led us to disadvise the operation to poten-
tial female candidates. The less so because female gender was
not found to be a predictor in dozens of other studies.
Differences in inclusion criteria and outcome measures used
in the published series add to the complexity of weighing the
study results. However, we believe the following factors to be
the most important predictors of success of fundoplication as
treatment for GERD:

e Predominance of typical reflux symptoms (heartburn,
acid regurgitation)

e Positive response of the patient’s symptoms to PPI
treatment

e Positive symptom-reflux association as assessed with
ambulatory monitoring

e Absence of esophageal aperistalsis or severely impaired
peristalsis

e Absence of morbid obesity (BMI >35)

e Absence of significant psychiatric, somatic, and func-
tional comorbidities



The most pivotal criterion that has to be met before consider-
ing fundoplication is that the patient must have a proven
diagnosis of GERD. Whereas a PPl might be used as
a diagnostic test, surgical fundoplication (or other invasive
treatment with risk of irreversible side-effects) should never
be used as such.

In candidates in whom the proof of GERD consists of PPI-
refractory reflux esophagitis and/or significant Barrett’s meta-
plasia, it is still important to analyze the origin of the patient’s
symptoms because unrealistic expectations about the effect of
fundoplication must be avoided.

3.2. Procedure tailoring

When preoperative manometry has shown that esophageal
peristalsis is weak, most surgeons would be reluctant to do
a total, 360° wrap, and choose for a partial fundoplication
instead. In case of absent peristalsis, many surgeons would
refrain from doing any type of fundoplication.

The concept of tailoring because of impaired esophageal
motility was challenged by several studies. A study from San
Francisco compared outcome data of a tailored procedure
(235 patients) with data of total fundoplication (122 patients).
The type of operation was not determined by manometric
findings. The incidence of postoperative dysphagia was
found to be similar in the two groups [115]. In a randomized
clinical study from Germany, 100 patients with normal eso-
phageal motility and 100 patients with esophageal dysmotility
were randomized to either Nissen or Toupet fundoplication.
Four months after the operation, dysphagia was reported by
44% of Nissen recipients and 17% of Toupet recipients (p <
0.0001) [80]. However, because there were also many cases of
new-onset dysphagia after Nissen fundoplication in the nor-
mal motility group, the authors concluded that tailoring is
irrational. Seven years later, 2-year outcome data of the same
study were published. Dysphagia was still found to be more
frequent following a Nissen than after a Toupet procedure
(19% vs 8%, p <0.05). However, since the difference in dys-
phagia did not correlate with preoperative motility, the
authors again concluded that tailoring of surgical manage-
ment is not useful [81].

In a clinical trial conducted in the UK, 127 GERD patients
were randomized to Nissen or Toupet fundoplication.
One year after operation, dysphagia and chest pain on eating
were more prevalent in the Nissen group (27% vs 9% and 22%
vs 5%, respectively) [82]. However, postoperative symptoms in
patients who had ineffective esophageal motility preopera-
tively did not differ from those with normal preoperative
motility. The authors concluded that tailoring of antireflux
procedures on the basis of preoperative manometric results
should be abandoned [82].

It is surprising that the authors of the above mentioned
publications dismissed the option of tailoring because they
found no statistically significant correlations between preo-
perative manometric findings and postoperative dysphagia
scores. We would rather conclude that because the dysphagia
rates were significantly higher after Nissen than after Toupet
fundoplication a tailored approach is warranted in cases with
impaired esophageal motility. However, many surgeons
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already perform a partial (Toupet) fundoplication as their
standard procedure, for good reasons. They could choose for
a Dor procedure when peristalsis is very poor.

In our opinion, there is insufficient data to support the view
that a tailored fundoplication is safe in cases of total absence
of esophageal peristalsis.

4. Conclusions

Usually, fundoplication as treatment for GERD is only consid-
ered when the effects of PPI treatment are not satisfactory, or
when PPl side-effects are experienced or anticipated. In the
process of determining whether a patient is a suitable candi-
date for fundoplication, all preoperative factors that are
known to predict the outcome of the procedure should be
weighed. However, drawing conclusions from the scientific
literature on these factors is hampered by wide variations in
study design, diagnostic work-up, patient selection, fundopli-
cation techniques, and outcome measures.

The most important requirement for antireflux surgery is an
incontrovertible diagnosis of GERD, as evidenced by typical
reflux symptoms (heartburn and/or regurgitation), shown to
be temporally associated with reflux events (positive SI and/or
SAP), or reflux-induced mucosal lesions (reflux esophagitis
grade B or higher or significant intestinal metaplasia).
Fundoplication for atypical symptoms is not supported by
the results of well-designed studies. When the indication for
fundoplication is based on mucosal lesions, it is still important
to analyze the patient’s symptoms, in order to manage expec-
tations about the outcome of surgery.

The impact of weak preoperative esophageal peristalsis on
the outcome of fundoplication appears to be limited, but in
these cases partial rather than full fundoplication is recom-
mended. Partial fundoplication also has advantages in patients
with normal esophageal motility and can be used as the
standard procedure. In case of total aperistalsis, fundoplication
is best avoided.

5. Expert opinion

PPl treatment of GERD is effective and safe. Once a PPl has
been started, however, it is often continued for the remainder
of the patient’s life, leading to high cumulative costs and
possibly to side-effects. This prolonged use is somewhat sur-
prising because more than half of all GERD patients are not
satisfied with the response of their symptoms to PPIs [6,7].
Furthermore, the diagnosis of GERD is often not correct, since
at the bottom of the GERD iceberg it is based on symptoms
and the response to PPl and the performance of the so-called
PPI test is poor [116,117]. To complicate matters further, stop-
ping PPI treatment leads to rebound hypersecretion of gastric
acid, with induction of acid-related symptoms, even in those
who did not have these symptoms at the start [118]. At the
top of the iceberg, in tertiary referral centers, where patients
with alleged PPl-refractory GERD abound, at least half of the
potential candidates for antireflux surgery do not to have
GERD [10,11]. Most of these patients have functional heart-
burn and it can be challenging to explain to them why surgi-
cal treatment is not indicated. In the subset of tertiary setting
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patients in whom GERD has been proven beyond doubt, the
adjective ‘PPl-refractory’ is often not accurate. Most of these
patients report that acid inhibition did reduce their symptoms,
but that the remaining symptoms are still bothersome. Even
when the refluxate is no longer acidic, regurgitation can be
bothersome enough to consider surgical treatment. In cases
like these, the algorithm in Figure 1 can be consulted and the
factors that might affect the outcome of surgical treatment
should be weighed. In our institution, the standard procedure

PPI-refractory
heartburn / regurgitation

is laparoscopic Toupet fundoplication (270°). When severe
esophageal hypomotility is present, a Dor fundoplication is
chosen for. Until now, we have refrained from performing
fundoplication in patients with complete esophageal aperis-
talsis, such as in systemic sclerosis. Despite some reassuring
reports in the literature, we are reluctant to change this strat-
egy and prefer to await the results of new, prospective studies.

When symptoms other than typical heartburn and regurgi-
tation are involved, it is important to differentiate the

PPI-responsive
heartburn / regurgitation
and
wish to avoid long-term PPI use

A

Suitable candidate for LF?

!

PPI bid, taken before meals, for 8 weeks
(if not done already)

A

heartburn / regurgitation persists

Morbid obesity?
Significant comorbidities?

no contraindications

Endoscopy with biopsies
(if not done already)

A

EoE excluded

High-resolution esophageal manometry

A 4

achalasia and aperistalsis excluded

pH-impedance monitoring with
OFF

symptom-association analysis
PPI

S/ SAP

Negative

functional

Positive SI / SAP

|

heartburn

v

v

Excessive reflux

Borderline or

A A

physiological reflux

reflux
hypersensitivity

A 4

No candidate
for LF

Optimal candidate
for LF

Good candidate
for LF

Figure 1. Algorithm for selection of patients with heartburn and/or regurgitation for laparoscopic fundoplication.

LF, laparoscopic fundoplication.



expectations regarding the effects of fundoplication. For
instance, if the patient also has dyspeptic symptoms, it should
be made clear that it is very unlikely that these will respond
sufficiently to fundoplication. On the contrary, these might
become worse.

Whereas this review focussed on patient selection, it goes
without saying that for optimal results of antireflux surgery,
a skilled surgeon is essential. We believe that care of fundo-
plication candidates should be provided by a team of dedi-
cated surgeons, gastroenterologists, motility lab technicians,
and nurses. It is also essential that all relevant arguments pro
and contra surgical treatment of GERD, as compared with
medical treatment, and perhaps other treatment modalities,
are shared and discussed with the patient and that the deci-
sion to proceed to surgery is taken conjointly.

One could argue that the care for patients presenting with
reflux symptoms is affected negatively by the GERD iceberg that
prevails in most health-care systems. It is likely that among the
patients who reach the top of the iceberg there are relatively few
good candidates for antireflux surgery, and that many potential
candidates lower down the iceberg miss out on optimal treat-
ment. Lowering the threshold for access to reflux testing could
help to reshape the iceberg. The available evidence indicates
that, when testing is done, it is best performed off PPI treatment,
and using pH-impedance monitoring.

In our opinion, fundoplication should not be carried out
with the aim to treat extraesophageal symptoms, because in
most cases it is impossible to ascertain that the patient’s
symptoms are reflux-related. However, unexplained cough
may be an exception to this rule, since reflux-related cough
can be identified by specialized monitoring techniques [119].
Fundoplication could be offered to patients with extraesopha-
geal symptoms who also have proven GERD and bothersome
typical esophageal symptoms, with the proviso that they
should have realistic expectations about an effect on their
extraesophageal symptoms.

In this Expert Opinion we have confined our assessment to
laparoscopic fundoplication, because this is by far the most
frequently used and best studied surgical procedure for the
treatment of GERD. Some of the other surgical and endoscopic
options for treatment of GERD hold promise, but with none of
these the experience is as extensive as with laparoscopic
fundoplication.

It is clear that our understanding of who are good candi-
dates for antireflux surgery and who are not has increased
considerably in the past two decades. We know now that
many cases of failure of fundoplication are in fact failures of
patient selection. But many questions still await a well-
informed response.

Further advance in the field requires more well-designed,
large-scale, multi-center prospective studies on the efficacy of
fundoplication, rather than retrospective cohort descriptions.
To make this possible, collaborating fundoplication research
groups should be formed and preoperative work-up techni-
ques and outcome measures should be standardized.
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