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Pre-operative evaluation of gastro-esophageal reflux disease
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Abstract: Anti-reflux surgery is a therapeutic option in gastro-esophageal reflux disease (GERD). A
pre-operative work up is necessary to confirm the diagnosis of GERD, the indication of surgery and to
rule out contra-indications. Upper gastro-intestinal endoscopy is the first line examination to search for
esophageal or gastric lesion and GERD complications. An endoscopy within the last year prior to surgery
is recommended. If the endoscopy is normal or demonstrates Los Angeles grade A or B esophagitis, reflux
monitoring is mandatory to confirm the diagnosis of GERD. Depending on the clinical presentation
and results of previous examinations, pH or pH-impedance monitoring can be performed off or on PPI
to diagnose GERD. The best parameter to define pathological GERD is the acid esophageal exposure
(abnormal if greater than 6% of total time). Reflux monitoring allows also the possibility to assess the
relationship between reflux episodes and symptom events. Patients with symptoms and grade C or D
esophagitis or pathological acid exposure are good candidates for surgery. Esophageal manometry is
mandatory in the pre-operative work up to rule out esophageal motility disorders. Achalasia is a contraindication for anti-reflux surgery. Hypomotility is frequently observed in patients with GERD; it can
resolve after anti-reflux surgery but can also appear after surgery. This is not a systematic contra-indication
to anti-reflux surgery. Multiple rapid swallows (MRS) performed during esophageal manometry assess
contractile reserve and could be helpful to predict post-operative dysphagia. Finally, barium esophagogram
is useful to diagnose hiatal hernia or short esophagus that could modify the choice of anti-reflux surgery.
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Introduction
Surgery is a valid therapeutic option for gastro-esophageal
reflux disease (GERD). The classical anti-reflux procedure
is a fundoplication usually performed laparoscopically. A
pre-operative work up is necessary to select patients for
surgery and to eliminate conditions that could contraindicate surgery.
Currently patients with typical GERD symptoms
(heartburn, regurgitation) and good response to proton
pump inhibitors (PPI) are good candidates for anti-reflux

surgery (1). However, even in this group of patients, the
5-year outcome after fundoplication is not better than the
outcome on PPI therapy (2). The caveat is for patients with
prominent regurgitation who seem to benefit more from
surgery than from medical treatment. Thus, the clinical
evaluation is an important step in patients’ selection for
surgery. In some instances, a non-response or a partial
response to PPI could be as well an indication for surgery.
A recent prospective randomized trial demonstrated that
some patients with persistent typical symptoms and proven
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reflux on PPI might have better outcome after surgery than
on medical therapy combining PPI and reflux inhibitors
(baclofen) (3). The occurrence of atypical symptoms
remains a difficult situation and caution is warranted before
offering anti-reflux surgery. Even if an intensive workup links a typical symptom to reflux episodes, it does not
reliably predict good response to surgery. Therefore, patient
selection for surgery is crucial. Symptom presentation alone
(typical or atypical symptoms) is not sufficient to indicate
surgery and the confirmation of GERD diagnosis (as will be
detailed below) is essential.
Besides the confirmation of GERD diagnosis, it
is important to rule out contra-indication to surgical
treatment and to search for predictive factors of response
and/or side effects. For example, the occurrence of
esophageal motility disorders can contra-indicate surgery or
lead to a modification of surgical procedure (partial rather
than complete fundoplication).
Guidelines are available to select patients for anti-reflux
surgery (ICARUS, international consensus regarding
preoperative examinations and clinical characteristics
assessment to select adult patients for antireflux surgery) (1).
The minimal pre-operative work up consists usually
of upper gastro-intestinal (GI) endoscopy and pH(impedance) monitoring (if necessary) to confirm the
diagnosis of GERD, and of esophageal manometry to rule
out esophageal motility disorders. Radiological examination
(and in particular esophagogram) is frequently performed to
describe esophago-gastric junction anatomy.
This review on pre-operative evaluation of GERD
summarizes the procedures and the results of the
examinations performed to confirm the diagnosis of GERD
and evaluation esophageal function and anatomy.
Confirmation of the diagnosis of GERD
The probability of GERD is higher in patients with
typical symptoms than in those with atypical symptoms.
Nevertheless, clinical symptoms alone are not sufficient to
confirm the diagnosis of GERD when surgical treatment
is considered. Different examinations are thus required
to confirm the diagnosis of GERD and to establish a
relationship between symptoms and reflux episodes.
Upper GI endoscopy
Upper GI endoscopy is the first line examination in
patients with GERD symptoms. The indications are an
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age older than 50 years, the occurrence of alarm signs
(weight loss, bleeding, anemia, dysphagia, odynophagia),
persistent or recurrent symptoms despite PPI treatment,
previous family history of cancer and/or when surgical
treatment is considered. ICARUS guidelines mentions
that endoscopy is mandatory in the last year prior to
anti-reflux surgery and there is no need to perform this
examination off PPI in the pre-operative work up (1). The
aim of this examination is to rule out esophageal or gastric
lesions (for example esophageal tumor) that may explain
symptoms and to search for mucosal complications related
to GERD. The assessment of Barrett’s esophagus (and
dysplasia) is important in order to organize patient’s follow
up and treatment. The identification of hiatal hernia (size,
configuration) and short esophagus may help the surgeon to
choose the anti-reflux procedure. Moreover, patients with
hiatal hernia and GERD symptoms are good candidates for
anti-reflux surgery (1).
The Lyon Consensus defined pathological GERD on
upper GI endoscopy as the occurrence of Los Angeles grade
C or D esophagitis, Barrett’s mucosa greater than 1 cm
or peptic stricture (4). Grade A esophagitis (defined as
mucosal breaks no longer than 5 mm) can be encountered
in asymptomatic subjects (5) and therefore is not sufficient
for the diagnosis of GERD. According to the Lyon
consensus, grade B esophagitis was not sufficient as well to
confirm the diagnosis of GERD when a surgical treatment
was considered. While grade B esophagitis is rarely shown
in asymptomatic controls, progression from grade A/B
esophagitis to grade C/D esophagitis is encountered in
only 1% to 6% of cases and progression from grade A/B
to Barrett’s esophagus in 1% to 12% (6). Further grade A/
B esophagitis may regress to normal endoscopy in 20% to
60%. Due to this natural history, the question of including
grade B esophagitis as robust sign of GERD was debated
during the Lyon Consensus and the experts recommended
the confirmation of GERD diagnosis with reflux monitoring
before referring a patient with grade B esophagitis to
surgery.
Upper GI endoscopy can also identify a hiatal hernia
that is a risk factor for GERD. However, hiatal hernia is
not synonymous of GERD and the indication of anti-reflux
surgery cannot rely only on a finding of hiatal hernia on
endoscopy.
Overall, endoscopic abnormalities are present in 10%
to 30% of patients with GERD. Thus, it is frequently
necessary to perform reflux monitoring to confirm the
diagnosis of GERD (see below). Some authors have
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proposed to use esophageal biopsies to improve the
diagnosis of endoscopy. Unfortunately, microscopic
esophagitis has a limited diagnostic value for the diagnosis
of GERD and the indication of anti-reflux surgery cannot
rely on this finding. Performing esophageal biopsies
can be of interest to depict eosinophilic esophagitis. An
overlap between GERD, eosinophilic esophagitis and PPIresponsive eosinophilia is now admitted but patients with
eosinophilic esophagitis are poor candidates to anti-reflux
surgery (1). It is important to note that the prevalence of
eosinophilic esophagitis seems to be low in adults with
refractory heartburn. Therefore obtaining esophageal
biopsies in all patients evaluated for anti-reflux surgery is
debatable.
Reflux monitoring
Reflux monitoring allows the identification of reflux
episodes into the esophagus. It is considered as the gold
standard for the diagnosis of GERD. However, this
examination is not perfect as pathological reflux can be
intermittent and cannot occur during the monitoring
period.
Three methods are available to detect reflux episodes
into the esophagus: catheter-based pH-monitoring, wireless
pH-monitoring, and pH-impedance monitoring (this latter
one is catheter-based technique). pH-monitoring detects
reflux episodes as the presence of acid into the esophagus
(reflux being defined as an esophageal pH <4) while
impedance identifies reflux as the anterograde propagation
of liquid (+/− air) into the esophagus. Thus only acid reflux
episodes are detected with catheter-based and wireless pH
monitoring. With pH-impedance monitoring it is possible
to identify not only acid but also weakly acid reflux episodes
as the detection is based on the presence of liquid into the
esophagus. Reflux monitoring is performed ambulatory
during 24 hours for catheter-based pH-(impedance)
monitoring and during 48 to 96 hours for wireless pHmonitoring.
According to the Lyon consensus, in a patient without
proven GERD (no grade C or D esophagitis, no Barrett’s
mucosa, no peptic stricture), reflux detection should be
performed off PPI with one of these three techniques.
The wireless pH-monitoring has the advantages of a
better tolerance with fewer dietary modifications and
restrictions on activities compared to catheter-based system
and prolonged recording (up to 96 hours) (7). Thus it is
more sensitive than other techniques for reflux detection.
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However, it is not available everywhere and not reimbursed
in some countries.
In a patient with proven GERD (grade C or D
esophagitis, Barrett’s esophagus >1 cm, peptic stricture)
and persistent symptoms on PPI, reflux detection should
be performed on PPI using pH-impedance monitoring.
Indeed, in this subset of patients the question is to know if
residual symptoms are related to persistent reflux on PPI
and the majority of reflux episodes are weakly acidic in a
patient on PPI.
Based on the Lyon consensus, the best parameter to
confirm the diagnosis of GERD on reflux monitoring is the
esophageal acid exposure time (AET). AET is pathological
if is greater than 6% of the total time and normal if lower
than 4%. In between, there is a grey area in which the
diagnosis of GERD is possible but additional parameters
are required. One of these parameters is the number of
reflux episodes (pathological than 80/24 h on impedance
monitoring). The Lyon consensus proposed to use the
same threshold for studies performed off or on PPI. Some
recent data in a large international cohort of normal
subjects suggested that lower thresholds could be used for
the diagnosis of pathological GERD with pH-impedance
monitoring (8). Another important finding from this
international cohort is that thresholds might differ from one
country to another. Other parameters such mean nocturnal
baseline impedance (MNBI) or post reflux swallow-induced
peristaltic wave (PSPW) were considered as exploratory
tools in the Lyon Consensus. Indeed, there are some data
(mainly retrospective) to suggest that these parameters
could predict response to GERD treatment. However, the
experts thought that further studies would be required to
confirm these promising results.
The relationship between reflux episodes and symptom
can be evaluated during reflux monitoring. The patient can
report symptom by pushing a button on the recorder and/
or filling a diary. A symptom event occurring within the
2 minutes following the reflux episode is considered to be
secondary to reflux. According to the Lyon consensus, to be
reliable, the analysis of reflux-symptom association should
be based on at least three symptom events reported by the
patient. Further, this analysis is possible for symptom with
a precise onset such as heartburn, regurgitation, chest pain
or cough. This is more difficult to assess the relationship
when patient reports atypical symptoms such as sore
throat or dental erosion. Two indices are available to assess
the association reflux-symptom: the symptom index (SI)
and the symptom association probability (SAP). SI is the
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percentage of symptom episodes that correlate with reflux
episodes. A SI >50% is considered as positive. A positive SI
is a predictive factor of good response to PPI therapy and
to surgery. The SAP assesses the likelihood that patient’s
symptoms are related to reflux. This is a statistical test
(Fisher’s exact test). SAP is a predictor of good response to
anti-reflux surgery. Having both SI and SAP positive seems
to be more robust than one single positive index to establish
the relationship between reflux episodes and symptoms
events (4).
Indications of anti-reflux surgery
Patients with GERD symptoms and grade C or D
esophagitis are good candidates for surgery. The presence of
GERD symptoms and hiatal hernia or grade B esophagitis
were considered as good candidates as by the experts of
the ICARUS guidelines (1). These experts recommended
esophageal pH-(impedance) monitoring off therapy before
anti-reflux surgery to confirm the diagnosis of GERD in
patients without esophagitis (1). The recommendation
included as well patients with short Barrett’s esophagus in
absence of erosive esophagitis.
Based on pH-(impedance) monitoring, the indications
of anti-reflux surgery were discussed in the ICARUS
guidelines. Few statements achieved a consensus (1). The
expert agreed on the fact that patients with normal pHmonitoring off PPI were poor candidates to anti-reflux
surgery. Pathological acid exposure is generally admitted to
be a good indication of surgery as long as the patients have
typical symptoms and response to PPI therapy. Recent data
suggest that the number of reflux episodes detected on pHimpedance monitoring can be predictive on outcome in
patients with regurgitation (9). So it might be of interest to
discuss surgery in these patients especially if there are other
arguments in favor of surgery (clinical presentation, hiatal
hernia…). A positive symptom-reflux association in absence
of abnormal reflux on pH-(impedance) monitoring is not
sufficient to indicate anti-reflux surgery. Recently a large
randomized trial explored the yield of anti-reflux surgery in
patients with typical GERD symptoms who did not respond
to PPI therapy (3). In highly selected patients with proven
GERD off PPI, persistent heartburn and pathological reflux
on pH-impedance monitoring, anti-reflux surgery might
be associated with better outcome than medical treatment.
It is important to note that 366 patients were enrolled on
symptoms presentation (refractory GERD symptoms) but
only 78 (21%) were randomized after the work-up. Indeed
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despite symptoms on PPI at enrollment, some patients
improved on a well-conducted PPI therapy and other did
have not persistent pathological GERD on examinations.
This study emphasizes the role of an extensive work up
before referring patients for anti-surgery.
Evaluation of esophageal motility
Esophageal manometry is mandatory before anti-reflux
surgery (1). The aim of this examination is to rule out major
motility disorders that could contra-indicate surgery. The
superiority of high resolution manometry (HRM) over
conventional manometry was demonstrated in particular for
the diagnosis of achalasia (10). There is no data to confirm
HRM superiority in patients referred for manometry before
anti-surgery. However, it is important to note that HRM
replaces progressively conventional manometry and the
diagnosis yield demonstrated for patients with dysphagia
might exist for other indications as well.
Achalasia is a contra-indication to anti-reflux surgery
(unless the fundoplication is performed in combination with
a Heller myotomy). In a series of 1,081 patients referred for
esophageal manometry before anti-reflux surgery, 1% of
them had achalasia (11). Indeed regurgitation, heartburn,
and/or chest pain might be the main symptoms in patients
with achalasia without obvious dysphagia. Ruling out
achalasia with manometry is thus essential in patients
referred for anti-reflux surgery.
Absent contractility and esophago-gastric junction
outflow obstruction are also considered as contraindications to anti-reflux (1). Some questions are raised
for these two types of motility disorders. The first one
concerns scleroderma which is associated with GERD
in a large majority of patients. Absent esophageal
contractility is a hallmark of esophageal involvement in
scleroderma. As GERD can be severe in scleroderma,
some authors have proposed anti-reflux surgery despite
the absence of esophageal contractility. Outcome data are
contradictory and no consensus was achieved to contraindicate systematically anti-reflux surgery in scleroderma
patients in the ICARUS guidelines (1). A case-based
discussion is recommended in these patients if they have
severe GERD symptoms and/or esophagitis despite PPI
therapy. Alternative surgery such as Roux-en-Y gastric
bypass might be an option in well-selected patients
with scleroderma. Regarding EGJ outflow obstruction,
the problem is the clinical significant of this motility
disorder. This is now addressed in the latest version of the
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Figure 1 Esophageal high resolution manometry. (A) represents a normal esophageal contraction and (B) an ineffective esophageal
contraction. Response to multiple rapid swallows is normal with an effective esophageal contraction on (C) and demonstrates an absence of
contractile reserve on (D).

Chicago Classification (12). The manometric diagnosis
of EGJ outflow obstruction (requiring an abnormal EGJ
relaxation in supine and upright position and an elevated
intra-bolus pressure without criteria for achalasia) is
always considered clinically inconclusive in the Chicago
Classification v4.0. Supportive investigations (barium
esophagogram, EndoFLIP™) are required to confirm the
clinical relevance in patients with dysphagia and/or non
cardiac chest pain and manometric pattern of EGJ outflow
obstruction. If the clinical relevance of EGJ outflow
obstruction is confirmed, the contra-indication of antireflux surgery is logical.
There is no data to determine if hypercontractile
esophagus or distal esophageal spasm are risk factor for
dysphagia after fundoplication. However, caution could be
recommended in these patients and some complementary
examinations to asses for example esophageal clearance
could be helpful to evaluate the clinical relevance of these
manometric patterns in particular if the patient has no
dysphagia.
Hypotensive esophageal motility disorders are frequently
encountered in GERD (Figure 1) (13). As the fundoplication
restores the anti-reflux and could thus increase the
pressure at the level of the EGJ, there is a concern that
pre-existing esophageal hypomotility could be associated
with post operative dysphagia. In a series of 68 patients
who underwent pre and post anti-reflux surgery HRM, the
authors observed four phenotypes: a persistent esophageal
hypomotility after surgery (15%), a resolved hypomotility
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after surgery (9%), a newly developed hypomotility after
surgery (19%) and the absence of hypomotility both
before and after surgery (57%) (14). Thus anti-reflux can
induce esophageal motility disorders but can also resolve
these disorders. Therefore, hypomotility should not be
considered as a strict contra-indication to anti-reflux. The
risk of post-operative dysphagia depends on the type of
surgery. It is higher after Nissen fundoplication (360°) than
after Toupet (270°) (15). Fibbe et al. explored the interest
of tailoring anti-reflux surgery according to esophageal
motility disorders (16). Patients were stratified according
to pre-operative motility disorders and randomized to
Nissen or Toupet fundoplication. While pre-operative
esophageal dysmotility was associated with more severe
reflux symptoms, clinical outcome and reflux recurrence
were similar and not associated with pre-operative motility
disorders. The authors concluding that tailoring surgical
management was not required. This study was performed
with conventional manometry. At the era of HRM, it is
unknown if this conclusion is still true.
Importantly some authors have proposed to perform
provocative maneuvers during pre-operative HRM to
determine the risk of post-operative dysphagia. In a
retrospective study, Shaker et al. demonstrated that response
to multiple rapid swallows (MRS) on pre-operative HRM
predicted late post-operative dysphagia. MRS consists of
five-2 mL water swallows performed in rapid succession (less
than 4-s interval between swallows). MRS is considered as
normal if the esophageal contraction that follows the 5th
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swallow is more vigorous than the esophageal contractions
observed after single 5-mL water swallows (Figure 1). In
a series of 63 patients who underwent anti-reflux surgery,
normal response to response was observed in 64% of
patients without post-operative dysphagia versus 11% of
patients with late post-operative dysphagia (17). Thus,
the absence of response after MRS could be predict postoperative dysphagia. MRS is easy to perform and could be
helpful to predict post-operative dysphagia in particular in
patient with esophageal hypomotility. Further prospective
studies are required to confirm the role of MRS to predict
post-operative dysphagia.
Incorporating HRM and impedance measurement
might be useful in these cases of hypomotility to evaluate
the risk of post-operative dysphagia. Indeed, some authors
have developed a dysphagia risk index, including pressure
and impedance parameters (time from nadir esophageal
impedance to peak esophageal pressure, intra-bolus
pressure, and rate of bolus pressure rise) (18). To develop
this index they included 19 patients with pre and postoperative impedance-combined HRM. Five months after
surgery, seven patients complained of new onset dysphagia.
Using ROC analysis, the authors concluded that a dysphagia
risk index >14 was optimally predictive of dysphagia with
a sensitivity of 75% and a specificity of 93%. This index
is promising to select patients before anti-reflux surgery.
Prospective studies to confirm the role of this index are
lacking so far.
Finally, HRM allows not only the assessment of
esophageal motility but also the analysis of the morphology
and the pressure of the EGJ. One study demonstrated that
HRM was accurate for the diagnosis of hiatal hernia (19).
Separation between lower esophageal sphincter and crural
diaphragm on HRM is clearly associated with pathological
reflux (20). EGJ is also less vigorous is patients with GERD
compared to those without (21). Therefore, the EGJ
findings on HRM can be an adjunctive tool for the diagnosis
of GERD (4). It remains to determine if these findings can
help to select patients for surgery.
Other examinations
Barium esophagogram
Hiatal hernia might represent a good indication of antireflux in patients with GERD symptoms. Therefore,
evaluating the esophago-gastric anatomy could be of
interest to identify hiatal hernia that is an argument in favor
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of surgery. Barium esophagogram is superior to endoscopy
for the diagnosis of hiatal hernia.
Further, according to the ICARUS guidelines, in patients
with suspicion of hiatal hernia or short esophagus, barium
esophagogram is mandatory in the preoperative workup for
anti-reflux surgery (1). Recognizing a shortened esophagus
before surgery may modify the choice of antireflux
procedure. The signs in favor of a shortened esophagus are
a hiatal hernia greater than 5 cm, a straightening of a loss of
the angle of His, a stricture or a type III mixed or complex
para-esophageal hernia.
Endoscopic functional lumen imaging probe (EndoFLIP™)
EndoFLIP™ has recently demonstrated its role to evaluate
EGJ and esophageal distensibility (22). In patients with
GERD, preliminary studies demonstrated an increased
distensibility of the EGJ and the possibility to identify hiatal
hernia. It has been used as well to tailor fundoplication (23).
Fundoplication is associated with a decreased of EGJ
distensbility but post-operative studies are controversial
concerning the correlation between symptoms and
EndoFLIP™ findings (22). The role of EndoFLIP™ in the
pre-operative work up remains to be determined.
Evaluation of gastric emptying
Delayed gastric emptying might be a risk factor for GERD.
Anti-reflux surgery can affect gastric emptying and gas bloat
syndrome is one side effect of this surgery. However, there
is no data to support that delayed gastric emptying can
predict the occurrence of anti-reflux surgery complications.
Therefore, according to the ICARUS guidelines, there is
no need to assess gastric emptying rate in the pre-operative
work up before anti-reflux surgery (1).
Conclusions
Selecting patients for anti-reflux surgery is crucial. The
clinical presentation is important but not sufficient to
indicate surgery. Therefore, complementary examinations
are mandatory to confirm the diagnosis of GERD and to
search for contra-indications. According to the ICARUS
guidelines, upper GI endoscopy, reflux monitoring
and esophageal manometry are required (1). Barium
esophagogram can also be of interest to describe the
esophago-gastric anatomy and orientate the choice of antireflux surgery. Figure 2 proposes an algorithm to organize
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Patient with GERD symptoms and in whom surgery is discussed
No

Upper Gl endoscopy with in the last year?
Yes

Upper GI
endoscopy

Los angeles grade C or D esophagitis on upper Gl endoscopy?
No

Esophageal
manometry and
Reflux monitoring
off PPI

Yes

Persistent symptoms on PPI?

No

Yes
Esophageal
manometry and
Reflux monitoring
on PPI
Barium
esophagogram
(optional)

Figure 2 Organization of patient’s work up before anti-reflux surgery.

pre-operative work up when surgery is considered in
a patient with GERD symptoms. In absence of severe
esophagitis, reflux monitoring is essential to select good
candidates to anti-reflux surgery who are symptomatic
patients with abnormal acid esophageal exposure off PPI.
Persistent symptoms on PPI can be also an indication for
surgery as long as pathological GERD is confirmed on
pH-impedance monitoring performed on PPI. Esophageal
manometry is mandatory to search motility disorders that
could contra-indicate surgery but there are no data to
confirm that manometry is useful to tailor the anti-reflux
procedure. Prospective data are required to determine if the
generalization of HRM could be helpful to choose the best
anti-reflux surgery according to the esophageal motility
findings.
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