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Abstract

Introduction Gastroesophageal reflux disease (GERD) may present with heartburn, regurgitation, dysphagia, chronic
cough, laryngitis, or even asthma. The clinical presentation of GERD is therefore varied and poses certain challenges
to the physician, especially given the limitations of the diagnostic testing.

Discussion The evaluation of patients with suspected GERD might be challenging. It is based on the evaluation of clinical
features, objective evidence of reflux on diagnostic testing, correlation of symptoms with episodes of reflux, evaluation of
anatomical abnormalities, and excluding other causes that might account for the presence of the patient’s symptoms.
Conclusions The diagnostic evaluation should include multiple tests, in addition to a thorough clinical examination.

Introduction

The presentation of patients with suspected gastroe-
sophageal reflux disease (GERD) is complex and might
include a cadre of symptoms that include heartburn, regur-
gitation, dysphagia, chronic cough, laryngitis, or even
asthma. The Montréal classification of GERD was created in
2006 to provide a diagnostic standardization of the symp-
tomatology globally [1]. This classification defined GERD as
“a condition resulting from reflux of stomach contents and
causing troublesome symptoms or complications, occurring
at least 2 times per week, with an adverse effect on an
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individual’s well-being.” The Montréal classification also
stated that GERD might present with a typical, or “esopha-
geal,” symptomatology that includes heartburn, regurgita-
tion, and dysphagia and an atypical, or “extraesophageal,”
symptomatology that includes chronic cough, laryngitis,
hoarseness, or even asthma. However, not all patients with
typical symptoms might have GERD. The clinical presen-
tation of GERD is therefore varied and poses certain chal-
lenges to the physician, especially considering the
limitations of the diagnostic testing. In addition, most of
patients with GERD symptoms are often placed on an
empiric trial of antireflux medications, as suggested by the
2013 American College of Gastroenterology guidelines [2].
These patients might not have GERD, and the diagnosis of
the underlying disease is often delayed [3]. In more dire
circumstances, these false positives could be occasionally
referred for an unnecessary antireflux operation [4].

The evaluation of patients with suspected GERD is often
difficult and is based on the evaluation of clinical symp-
toms, objective evidence of reflux on diagnostic testing,
correlation of symptoms with episodes of reflux, evaluation
of anatomical abnormalities (e.g., presence of hiatal her-
nia), and ruling out other common causes for the patient’s
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symptoms. This complexity explains the absence of a
golden standard single diagnostic test and the reason why
the diagnostic evaluation should include multiple tests,
such as barium swallow, upper endoscopy, esophageal
high-resolution manometry and ambulatory 24-h pH
monitoring in addition to a thorough clinical examination
that includes the presence, duration, and severity of
symptoms and their relief with antireflux medications [5].
A multidisciplinary panel of gastroenterologists and sur-
geons has developed guidelines on the evaluation of GERD
and its diagnostic workup prior to antireflux surgery in
2013 [6]. This panel articulated an evidence and experi-
ence-based consensus that recommended a thorough
symptomatic evaluation, endoscopy barium swallow, high-
resolution impedance manometry (HIRM), ambulatory pH
monitoring in all patients with suggestive symptoms of
GERD. The panel recommended that a gastric emptying
study and combined multichannel impedance pH (MII-pH)
should be performed in selected patients [6].

Clinical evaluation

The clinical evaluation should address the presence, dura-
tion, and severity of typical “esophageal” (heartburn,
regurgitation, and dysphagia) and atypical “extrae-
sophageal” (chronic cough, hoarseness, chest pain)
symptoms. Symptom questionnaires developed to aid the
diagnosis of GERD, such as the Reflux Disease Ques-
tionnaire and the ReQuest symptom scale have modest
sensitivity and specificity (65-75%) and are of limited
diagnostic help [7, 8]. The clinical evaluation should
address the trends in dosage, schedule, and effect of
antireflux medications on symptom relief. Campos et al. [9]
have shown that the clinical response to proton pump
inhibitors (PPIs) together with the presence of typical
symptoms and an abnormal pH monitoring can reliably
diagnose GERD and become predictors of excellent out-
comes of antireflux surgery. Conversely, not all patients
with typical symptoms might have GERD. A study from
Patti et al. [3] has shown that when the diagnosis of GERD
is based exclusively on the presence of heartburn and
regurgitation, about one-third of patients have a normal
esophageal acid exposure. Furthermore, bloating, nausea,
and diarrhea are unlikely manifestations of GERD and they
should point out to other functional or organic diseases.

Diagnostic evaluation
Current applications of methodologies in gastroesophageal

reflux disease testing are evolving [10]. In the absence of a
golden standard single diagnostic test, the diagnostic

evaluation of GERD should include a combination of
endoscopy barium swallow, HRIM, ambulatory pH moni-
toring or MII-pH, and gastric emptying study, in selected
cases.

Upper endoscopy

The diagnostic yield of an upper endoscopy in the evalu-
ation of GERD is limited to the detection of high-grade
erosive esophagitis (Los Angeles Classification C and D),
peptic stricture, and Barrett’s esophagus, findings that can
indirectly support a diagnosis of GERD, or malignancy [6].
Additionally, an upper endoscopy helps excluding other
differential diagnoses (e.g., gastritis, duodenitis, peptic
ulcer disease, and non-reflux esophagitis of infectious or
eosinophilic etiology).

Barium swallow

Although barium swallow is being increasingly supplanted
by the upper endoscopy in the detection of anatomical
abnormalities of the esophagus and stomach, the barium
esophagram is still preferred in some centers as a helpful
adjunct. This test has no diagnostic role per se, as the
presence of reflux during the test does not correlate with
the pH-monitoring data [11]. In fact, Bello et al. demon-
strated the absence of any radiological sign of reflux in
53% of patients with GERD diagnosed by ambulatory 24-h
pH monitoring. The diagnostic yield of a barium swallow
in the evaluation of GERD is therefore limited to the
identification of a concomitant hiatal hernia, a Schatzki
ring (which can be missed on upper endoscopy given the
difficulty of distending the distal esophagus with air), and
an esophageal stricture.

High-resolution impedance manometry (HRIM)

Although HRIM does not diagnose GERD, it is a test that
has a central role in the evaluation of patients with sus-
pected GERD. In fact, HRIM can rule out primary eso-
phageal motility disorders that present with symptoms
similar to those with GERD, mainly achalasia, and can aid
in the selection of candidates for a partial fundoplication—
or a cardiomyotomy, when achalasia is detected. Achalasia
in fact may be misdiagnosed as GERD, as heartburn—
caused by chronic mucosal irritation by stasis of fermen-
tation of food in an achalasic esophagus—could be present
in addition to dysphagia (4). Esophageal manometry also
identifies patients with severe abnormality of esophageal
motility, such as those with scleroderma, for which a par-
tial fundoplication is indicated [12, 13]. Finally, HRIM
localizes the upper level of the lower esophageal sphincter
in order to guide the proper placement of the MII-pH
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catheter. HRIM also provides information pressure and
coordination of the hypopharynx and cricopharyngeal
muscle. However, the utility of this information is limited
to the research arena, as the diagnostic value of HRIM
regarding potential association with a diagnosis of laryn-
gopharyngeal reflux (LPR) is still largely unproven [14].

Ambulatory pH monitoring

Ambulatory pH monitoring provides objective evidence of
abnormal reflux. It is almost always performed after
antireflux medications are withheld for at least 7 days.
Indications include clarification of the diagnosis of GERD
in those patients with persistent symptoms on PPI or in
those who complain of symptoms without endoscopic
evidence of esophagitis or with endoscopic evidence of
esophagitis Los Angeles Classification A and B, and in the
pre- and postoperative evaluation of patients undergoing an
antireflux operation [2, 6]. Preoperatively, a positive pH
monitoring provides an objective measure of the amount of
reflux, which is an important outcome predictor of surgery.
In fact, Campos et al. [9] in their multivariate analysis on
199 patients showed that a positive pH monitoring was the
strongest predictor of good outcomes after laparoscopic
antireflux surgery and that 25% of patients with typical
symptoms responding to antisecretory medications yet with
a normal pH monitoring had worst outcomes. In addition,
postoperative pH monitoring performed in patients with
persisting or recurrent symptoms helps identifying failures
reliably and direct medical treatment. In fact up to 70% of
those who are placed on PPIs postoperatively do not have
GERD on pH monitoring [13, 15]. The use of a dual sensor
pH-monitoring catheter has also been described to be very

Table 1 Pro and cons of pH testing methods. Adapted from [17]

helpful in assessing the amount of proximal reflux, often
thought to be the cause of extraesophageal and otorhino-
laryngologic manifestations [16].

The options available today for pH monitoring include
MII-pH, BRAVO® pH capsule (Given Imaging, Yogneam,
Israel), and ResTech™ (Respiratory Technology Corpo-
ration, San Diego, CA, USA). The pro and cons of each
method of pH testing are shown in Table 1. MII-pH is a
catheter that monitors acid and non-acid reflux over 24-h
and can detect the proximal extent of reflux. BRAVO® is a
capsule deployed during an upper endoscopy and it mon-
itors only acid reflux over 48-96 h. ResTech™ is a single-
channel pH catheter placed in the oropharynx without need
for manometry or endoscopy and has been used in the
assessment of patients with suspected LPR. During testing,
patients can document body position, meal times, and
symptom events, which can eventually be used by the
software to provide a statistical analysis of the correlation
of the reflux event (acid or non-acid) with the symptoms
[17].

Up until recently, the presence of abnormal reflux and
the positive association with symptoms has been consid-
ered a diagnostic criterion for GERD. Today, the additional
impedance data might offer potentially a more precise
diagnosis of GERD especially when the symptom associ-
ation probability (SAP) can be calculated for both acid and
non-acid reflux. SAP is a statistical calculation that allows
to reliably identify any meaningful or statistically signifi-
cant association (when SAP is greater than 95%, which is
equivalent to a p value <0.05) between the patient’s
symptoms and the presence of acid or non-acid reflux [18].
Desjardin et al. [19] in a retrospective study on 33 patients
demonstrated that a preoperative positive SAP was the only

MII-pH
Pros
Does not require endoscopy for placement
Detects both acid and non-acid reflux
Allows detection of proximal reflux
BRAVO®
Pros
Patient comfort

48-96-h recording time

ResTech™
Pros
Ease of placement without endoscopy or manometry
Greater comfort due to a thinner catheter

Cons
24-h recording time
Placement requiring manometry

Patient discomfort

Cons
No measurement of non-acid reflux
Prevents detection of proximal reflux
Requires upper endoscopy for positioning
Risk of early capsule dislodgement

Chest pain requiring endoscopic removal

Cons

Assessment of only pharyngeal, not esophageal reflux

@ Springer



World J Surg (2017) 41:1672-1677

1675

reflux parameter associated with favorable outcome after
laparoscopic fundoplication for refractory reflux symp-
toms. Nevertheless, the role of abnormal non-acid reflux
and the value of its association with symptoms are still
under investigation, especially in those patients with
extraesophageal manifestations of GERD [20]. In fact,
Francis et al. evaluated 27 patients with objective evidence
of GERD who underwent a fundoplication and found that
traditional reflux parameters (heartburn with or without
regurgitation and esophageal pH < 4 more than 12% of a
24-h period) and not impedance monitoring predicted
outcomes [21].

Regarding the proximal location of reflux on MII-pH,
studies have shown that this event might indicate LPR.
However, we have recently showed that distinguishing
whether LPR (or chronic cough and asthma) is caused by
GERD remains challenging because investigators have
used different methods to link these syndromes to reflux
and the unreliability of diagnostic testing [14]. For these
reasons, Jobe et al. [6] have recommended MII-pH only to
those with symptoms refractory to PPIs and those with
cough of unknown origin.

Finally, we have shown the usefulness of pH monitoring
in a highly selected groups of patients such as those with
scleroderma awaiting lung transplantation, with obesity,
and idiopathic pulmonary fibrosis [22-24].

Gastric emptying testing

Gastroparesis may be associated with GERD, although in a
very small percentage of patients. Galindo et al. [25] have
shown objective evidence of gastroparesis by scintigraphy
in 5.8% (16 out 275) of patients with symptoms of GERD.
Because of this small prevalence, Jobe et al. have recom-
mended that a radiolabeled gastric emptying study should
not be performed routinely during the evaluation of
patients with GERD in preparation for antireflux surgery.
However, gastric emptying testing should be performed in
selected cases: those with nausea and postprandial bloating,
in patients with evidence of food in the stomach despite an
overnight fast, and in patients with other risk factors such
as diabetes and chronic opiate use. In cases of mild
abnormality, a Nissen fundoplication might have a thera-
peutic effect, as this operation could improve gastric
emptying by reducing the capacity of the fundus of the
stomach [26].

Gastric emptying testing has been traditionally done by
a radiolabeled study over 4 h. More recently, a new tech-
nology has been introduced that allows the simultaneous
assessment of gastric emptying and the gastric acid secre-
tion. The SmartPill® (Given Imaging, Yogneam, Israel) is a
pill that contains a wireless pH sensor that measures transit
times and pH throughout the digestive tract and gastric acid

output [27]. Although the role of gastric acid output in
GERD remains poorly defined, the SmartPill® technology
has a potential role in the clinical management of patients
with GERD and disorders of gastric acid secretion.

Other methods to measure gastroesophageal reflux

Salivary pepsin (PepTestTM, RD Biomed Limited, Hull,
UK) is a simple, non-invasive and inexpensive test mainly
used to aid in the diagnosis of LPR [28]. However, the test
still has a limited value, as the cutoff values that predict the
presence of LPR are not known. The sensitivity and
specificity to detect LPR are comparable to symptom
questionnaires, response to antireflux medications, and pH
monitoring, highlighting the lack of a gold standard test for
its diagnosis [14]. Our group has also shown that detection
of pepsin in the bronchoalveolar fluid can be used as a
diagnostic marker of aspiration and that laparoscopic
antireflux surgery has a protective role against it [29, 30].

Special situations (end-stage lung diseases and lung
transplants)

The evaluation of GERD in patients with end-stage lung
diseases and lung transplants is particularly challenging.
Today, many questions persist regarding the causal rela-
tionship between GERD and aspiration and its potential to
induce both pulmonary demise and allograft failure. Recent
studies have demonstrated a significant prevalence of
GERD in patients with idiopathic pulmonary fibrosis (IPF),
cystic fibrosis (CF), and connective tissue disorders
(CTDs), such as scleroderma [31-34]. Work in this field
has also attempted to elucidate the association between
GERD and bronchiolitis obliterans syndrome (BOS) after
lung transplantation and has shown: a) a possible connec-
tion between the development of GERD and the progres-
sion of BOS; and b) that effective control of GERD with
laparoscopic antireflux surgery (LARS) can decrease the
incidence of BOS [29, 35, 36]. In 2010, for instance, Davis
et al. tried to determine the prevalence and extent of
GERD, as well as risk factors, in lung transplant patients.
In 35 consecutive patients, they found that more than half
had GERD and that half of these patients had proximal
reflux, which was more pronounced when supine, with
predisposition to aspiration [34]. They also found that 36%
of patients with GERD had ineffective esophageal motility
compared with the 6% without GERD.

With increasing availability of HRIM and MII-pH,
abnormalities in this category of patients have been better
recognized [37]. A prospective study by Rhagu et al. [31]
reported that 87% of 65 IPF patients had abnormal reflux.
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Allaix et al. attempted to characterize patterns of esopha-
geal motility, reflux, and clinical presentations in 22 IPF
patients compared with 80 controls with GERD. Interest-
ingly, patients in both groups had similar profiles in terms
of pH monitoring, esophageal motility, and LES function;
however, IPF patients were 40% less likely to present with
typical symptoms, had a higher incidence of hypotensive
upper esophageal sphincter, demonstrated shorter duration
of proximal and distal esophageal amplitudes on HRIM,
and had significantly slower acid clearance and more fre-
quent proximal reflux in the supine position when com-
pared with the control group [38]. Davis et al. [39]
confirmed these findings and showed no difference in
manometric findings in IPF patients compared with those
with other end-stage lung disease, as opposed to patients
without GERD and no pulmonary involvement. The same
authors showed that lung transplant patients with IPF were
at increased risk for aspiration and had a greater frequency
of acute rejection episodes [39]. They also found no dif-
ference in the findings of manometric, barium swallow, or
gastric emptying study in IPF patients compared to those
with other ESLDs, thus speculating that risk factors for
aspiration may be different among those who had under-
gone transplantation [39]. A study that demonstrated the
higher prevalence of GERD in patients according to the
type of transplant they received, showed that patients who
had undergone bilateral lung transplant or re-transplanta-
tion had GERD and proximal reflux, a likely proxy for
aspiration, more frequently than those who received a
unilateral lung transplant [40]. The authors of the study
speculated that iatrogenic vagal nerve disruption could
have played a role in causing GERD, as patients with
GERD after bilateral or re-transplantation tended to have
some indirect evidence of vagal nerve injury, such as a
pronounced delayed gastric emptying, impaired esophageal
motility, and delayed esophageal acid clearance, when
compared to those who had received a unilateral lung
transplant.

To date, the most successful management of GERD in
patients with ESLD and after lung transplantation is LARS
[29, 35]. Studies have shown that LARS is safe even in
high-risk lung transplant patients. A study that analyzed
morbidity and mortality of LARS in the lung transplant
population compared to a control group, found that they
were equivalent [41]. Interestingly, in this study lung
transplant patients were more prone to proximal reflux, and
thus possibly aspiration, than the general population with
GERD [41]. Another study also showed that LARS could
improve lung function, preventing GERD-induced aspira-
tion. The detection of pepsin identified those who aspirated
and that patients with LARS had minimal pepsin levels in
their bronchoalveolar lavage fluid. Furthermore, those with
GERD who did not have LARS had more pepsin, quicker
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progression to BOS, and more episodes of acute rejection,
which could lead to chronic rejection [29]. The authors also
speculated that the ability of LARS in preventing GERD-
induced aspiration might modulate the pulmonary inflam-
matory environment [42].

Finally, the evidence herein reviewed supports an early
evaluation for GERD in patients with end-stage lung dis-
ease and in those who had lung transplantation, especially
bilaterally. The evaluation should be thorough and should
include gastric emptying study and pepsin testing, where
available, to assist in the decision making to proceed with
LARS.

Conclusions

The evaluation of patients with suspected GERD might be
challenging. It is based on the evaluation of clinical fea-
tures, objective evidence of reflux on diagnostic testing,
correlation of symptoms with episodes of reflux, evaluation
of anatomical abnormalities, and excluding other causes
that might account for the presence of the patient’s
symptoms. The diagnostic evaluation should include mul-
tiple tests, in addition to a thorough clinical examination.
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