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Complex Gastroesophageal Reflux Disease
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Gastroesophageal reflux disease (GERD) is the most prev-
alent gastrointestinal disorder posing diagnostic and
therapeutic challenges. Diagnosis should be objectively
defined with endoscopy and pH testing, while novel met-
rics may augment diagnosis for inconclusive GERD cases,
including the postreflux swallow-induced peristaltic wave
index and esophageal mucosal impedance. Conditions that
overlap with or mimic GERD should be considered such as
achalasia, rumination, and eosinophilic esophagitis. Ge-
netic testing for proton pump inhibitor metabolism is an
option for precision therapy in complex persistent GERD.
Proton pump inhibitor refractory GERD may require
medical, surgical, or endoscopic therapies. The presence of
GERD should be objectively evaluated in achalasia patients
treated with peroral endoscopic myotomy, and further
studies are needed to determine timing of this evaluation.
Patients with scleroderma are at a high risk for GERD
owing to abnormal esophageal motility and should be
managed with aggressive medical therapy and lifestyle
changes given the high prevalence of esophagitis and
Barrett’s esophagus in this population. Further studies are
needed to understand the complex mechanisms of GERD in
idiopathic pulmonary fibrosis and lung transplantation.
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Heller myotomy; MNBI, mean nocturnal baseline impedance; POEM,
peroral endoscopic myotomy; PPI, proton pump inhibitor; PSPW, postre-
flux swallow-induced peristaltic wave.
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Gastroesophageal reflux disease (GERD) is defined as
reflux of gastric contents into the esophagus, lead-

ing to symptoms and/or pathologic complications.1 It is the
most prevalent gastrointestinal disorder present in 8%–
33% of the population worldwide and 18.1%–27.8% in
North America.2 Symptoms alone are limited in their ability
to confirm a GERD diagnosis. Patients with esophageal dis-
eases that share common features and/or mimic GERD may
present with heartburn and regurgitation. It is thus not
surprising that expert clinical evaluation by a gastroenter-
ologist is only 67% sensitive and 70% specific for GERD.3

Furthermore, the lack of a single diagnostic gold standard
makes GERD a complex condition requiring a combination
of compatible findings such clinical symptoms, endoscopic
evaluation, pH monitoring, and response to therapy to
confirm the diagnosis.4

Variability in GERD presentation and inconsistent
treatment response can be due to multiple underlying
mechanisms, including lower esophageal sphincter (LES)
dysfunction, impaired esophageal peristalsis, impaired
esophageal mucosal integrity, delayed gastric emptying, and
reflux hypersensitivity.5 Further research is needed to
elucidate the complex interaction between chemical, me-
chanical, and sensory mechanisms of GERD to guide future
precision-directed therapy.5

This review will focus on complex GERD defined as
GERD with unique diagnostic and management challenges.
This includes defining GERD when standard diagnostics are
inconclusive, a practical approach to proton pump inhibitor
(PPI) refractory symptomatic and/or injurious GERD, and
finally GERD as a comorbid condition or complication of
treatment in complex disease states including treated
achalasia, scleroderma (SSc), idiopathic pulmonary fibrosis
(IPF), and lung transplantation.
Diagnostic Dilemma of Defining the
Disease

Historically, GERD has been defined by the presence of
typical esophageal symptoms (heartburn and regurgitation)
and an assessment for symptomatic response to empirically
prescribed PPIs or other medical therapies. Owing to the
heterogeneity of esophageal disorders that may present
with heartburn and/or regurgitation, a more objective
approach is needed to determine if symptoms are secondary
to GERD or an alternate condition. According to the Lyon
Consensus, objective testing is indicated for treatment fail-
ure, for an unclear diagnosis, or for treating or preventing
GERD complications.6 The primary methods for objective
testing include an upper endoscopy, wireless pH capsule,
and catheter-based multichannel intraluminal pH-
impedance testing.7–9 An important diagnostic decision is
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whether to perform pH and impedance monitoring on or off
therapy. In general, wireless pH monitoring is recom-
mended off therapy and catheter-based therapy, on PPIs.
The latter is commonly used to demonstrate the presence of
active GERD despite high-dose PPI therapy, that is, re-
fractory GERD.10 Owing to the complexity of establishing a
GERD diagnosis, the Lyon Consensus set out to formulate
clear international recommendations for defining GERD. The
consensus concluded that acid exposure time >6.0%, Los
Angeles (LA) grade C or D esophagitis, long segment Bar-
rett’s esophagus, or the presence of peptic esophageal
stricture indicate clear evidence of pathologic GERD, while
acid exposure time <4% with less than 40 reflux episodes
provides strong evidence against GERD.6 The validity of the
Lyon criteria has been established in a trial of nearly 500
patients (Frazzoni L., et al. 2021, Unpublished). Finally, the
presence of LA grade A and B esophagitis or acid exposure
time of 4%–6% is inconclusive for GERD.6 This has created
another problematic group of patients previously diagnosed
definitively with evidence of GERD.
Novel Metrics
Owing to the larger population of patients that fall into

the inconclusive for GERD category, additional objective
evidence is needed to establish a clear diagnosis. Novel
metrics that may enhance a GERD diagnosis in the setting of
equivocal findings on pH testing and endoscopy are the
postreflux swallow-induced peristaltic wave (PSPW) index,
baseline impedance, and mucosal impedance. The PSPW
index is defined as the proportion of reflux episodes on pH-
impedance testing that are followed by a PSPW (Figure 1). A
value of 61% of intact PSPWs is considered the normal
cutoff.11 A low index has a 99%–100% sensitivity and 92%
specificity for differentiating pathologic acid exposure from
functional heartburn or healthy controls. This is currently
being used for research purposes and needs to be manually
calculated on pH-impedance software.12,13

A second novel diagnostic metric is baseline impedance.
Impedance is defined as resistance to electrical flow, and
low baseline impedance is present in patients with erosive
or nonerosive GERD owing to changes in mucosal perme-
ability.14,15 Baseline impedance may be measured during
sleep through mean nocturnal baseline impedance (MNBI)
or during high-resolution esophageal impedance manom-
etry (HRIM) (Figure 2). MNBI is lower in erosive and non-
erosive reflux disease than that in functional heartburn and
healthy controls.12,16,17 The advantage of nocturnal MNBI
measurement is reduced interference of frequent swallow-
ing and reflux events during sleep; however, this is a
cumbersome process requiring an average of 3 nocturnal
10-minute baseline periods.12,18 More recently, a simplified
MNBI analysis method using automatic software calcula-
tions over the entire supine period provided similar results
to the conventional analysis.19 Another more streamlined
approach is to utilize baseline impedance measurements
over 15 seconds during the landmark period of HRIM. In a
recent study, HRIM baseline impedance below 1582 U had a
sensitivity of 86.2% and specificity of 88.5% for GERD.20

Notably, the precise normal baseline value for mucosal
impedance is variable among studies with a more recent
study using >2292 ohms (U) as normal.11 A 2020 interna-
tional consensus noted the MNBI below 1500 U suggests
impaired esophageal mucosal integrity.21

Finally, a third diagnostic tool that may aid in the com-
plex diagnosis of GERD is pan-esophageal mucosal imped-
ance. This method of mucosal impedance technology uses a
balloon catheter with 36 channels to measure impedance
over 10 cm of the esophagus during endoscopy. A multi-
center prospective study found a significant difference in
mucosal impedance between patients with GERD, with
eosinophilic esophagitis (EoE), and without GERD. Patients
with GERD have low impedance in the distal esophagus that
transitions to normal proximally, while EoE patients
exhibited low impedance throughout the esophagus. Non-
GERD patients had higher mucosal impedance values
along the entire measured esophageal segment.22 This new
device may be particularly useful in distinguishing GERD
from EoE given the overlap in clinical presentation and
patchy distribution of eosinophils that may be missed on
endoscopic biopsies. Further study is needed to determine
reproducibility and generalizability of these results.
PPI Refractory GERD
Up to 40% of patients with suspected GERD do not have

adequate response to PPI therapy.23 This may be due to
inadequate acid suppression, nonacid reflux, or alternative
diagnoses (Figure 3). PPI refractory GERD is defined by
objective evidence of GERD with a lack of adequate symp-
tomatic response, persistence of abnormal acid exposure,
and/or GERD complications in the presence of PPI therapy.
Although heartburn and regurgitation are common symp-
toms of GERD, multiple esophageal disorders have similar
symptomswhich can be challenging to distinguish fromGERD
with careful history taking alone. Furthermore, some esoph-
ageal disorders may share overlapping physiology with
GERD. Thus, it is important to investigate other etiologies
when patients are referred for inadequate response to PPIs
before considering PPI refractory GERD. These disorders
include achalasia, rumination syndrome, supragastric belch-
ing, EoE, and functional heartburn. It is also important to
exclude nonesophageal conditions such as cardiac disease.

Evaluation for Non-GERD Causes of Refractory
Symptoms

Achalasia is a primary esophagealmotility disorder due to
esophageal myenteric plexus damage, leading to loss of
peristalsis and impaired esophagogastric junction relaxa-
tion.24 A careful history assessment is needed to increase
clinical suspicion that chest pain and regurgitation are sec-
ondary to achalasia though heartburnwithout dysphagiamay
be an early presenting symptom.25 Whether this is an early



Figure 1. Examples of reflux events with the presence or absence of postreflux swallow-induced peristaltic waves.
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symptom of esophageal distention and stasis is unclear.
Appropriate testing should be initiated including timed
barium esophagram and HRIM and before proceeding with
management for refractory GERD.26 Moreover, it is para-
mount to exclude this diagnosis before considering antireflux
surgery since this could result in worsening dysphagia.4

Rumination syndrome is a disorder of unclear etiology
which manifests as effortless regurgitation of recently
swallowed food from the stomach into the mouth followed
by reswallowing or spitting. This condition is important to
recognize since the effortless regurgitation of food may be
mistaken for regurgitation in GERD. Similarly, rumination
may coexist in patients with objective GERD. A study of
patients with PPI nonresponsive esophageal symptoms
found 20% had evidence of rumination on HRIM.27 Another
study evaluating ambulatory multichannel intraluminal
impedance-pH monitoring found postprandial rumination is
found in 46% of patients with refractory GERD as suggested
by a marked increase in immediate postprandial nonacid
reflux events.28 Rumination is diagnosed based on Rome IV
criteria in the setting of a postprandial HRIM study, showing
increased gastric pressure events (an R wave) with move-
ment of impedance to the proximal esophagus.29,30 Adding
to the complexity of defining these diagnoses, recent evi-
dence found postprandial gastric pressure is significantly
higher in patients with pH-proven GERD than that in con-
trols, suggesting overlap in pathophysiologic mechanisms of
GERD and rumination and lowered with diaphragmatic
breathing. A randomized controlled trial found that post-
prandial diaphragmatic breathing significantly reduces the
number of reflux events in patients with upright GERD;
therefore, diaphragmatic breathing may also serve as an
adjunct therapy for GERD.31

Supragastric belching is another condition that should be
identified in patients initially suspected to have GERD, but
who have poor response to PPIs. It is a pathologic condition
in which air enters and leaves the esophagus quickly
without reaching the stomach.32 Supragastric belching is
distinguished from physiologic gastric belching using
impedance-pH monitoring (Figure 4). A study of patients
presumed to have GERD with PPI nonresponsiveness found
that 42% had supragastric belching on esophageal



Figure 2. Low baseline nocturnal impedance in the distal 3 esophageal impedance leads.
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impedance testing.27 Supragastric belching is important to
define since it responds to behavioral therapies rather than
acid suppression.32

EoE is another esophageal disorder that may present
with similar symptoms to GERD. About 30%–60% of pa-
tients with EoE have heartburn which could be secondary to
the inflammatory mucosal response.33,34 This appears more
likely in older children and teenagers. Furthermore, GERD
and EoE may coexist in patients, requiring esophageal bi-
opsies and pH testing for evaluation.

Reflux hypersensitivity and functional heartburn should
also be distinguished from GERD through objective testing.
Patients with reflux hypersensitivity have heartburn that
correlates with physiologic reflux events, which can be
considered a unique phenotype on the GERD spectrum. It is
defined as normal acid exposure time in the setting of a
positive symptom index and/or symptom association
probability on pH testing with exclusions of esophagitis,
EoE, or a major motility disorder on HRIM.35 Functional
heartburn or chest pain is a diagnosis of exclusion defined
as heartburn in the setting of normal acid exposure on pH
testing without symptom correlation, normal esophagogas-
tricduodenoscopy with no histologic abnormalities, and no
evidence of a major motility disorder on HRIM.36 It is
common in patients presenting with refractory symptoms. A
recent randomized trial evaluating medical vs surgical
management for refractory heartburn found that 27% of
patients initially enrolled were ultimately excluded since
they were diagnosed with functional heartburn after
objective testing.37 Neuromodulators are considered
important treatment for reflux hypersensitivity, but data are
needed to support this. There are randomized placebo-
controlled trials supporting use of neuromodulators in
reducing functional heartburn or chest pain.38
Management Strategies for PPI Refractory GERD
Once non-GERD etiologies are excluded, the initial

management approach is to educate patients on lifestyle
measures including avoiding meals 3 hours before the su-
pine position, elevation of the torso in bed, and achieving
and maintaining a healthy body mass index (BMI). In
addition, it is important to optimize PPI dosing and confirm
appropriate administration 30–60 minutes before meals.
The greatest therapeutic response of PPIs is healing of
erosive esophagitis followed by control of heartburn.39 The
American College of Gastroenterology guidelines support
only one empiric change in the PPI if there is lack of
response to an initial PPI.4 Precision medicine may be used
to optimize PPI therapy. Genetic variants in the gene that
encodes the CYP450 2C19 isoenzyme can alter PPI meta-
bolism. Patients with rapid or ultra-rapid metabolism
through this pathway may benefit from treatment with
rabeprazole which is primarily metabolized through a
nonenzymatic pathway.40

For GERD symptoms due to other mechanisms, adjunc-
tive medical therapies should be considered. Histamine-2
receptor antagonists may be used for control of nighttime
symptoms although sustained efficacy is limited by tachy-
phylaxis.41 Gamma amino butyric acid agonists such as
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Figure 3. Approach to heartburn and regurgitation that do not respond to proton pump inhibitors.
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baclofen can reduce the frequency transient lower esopha-
geal relaxations but may be limited by neurologic side ef-
fects and/or fatigue.42 Sodium alginate preparations are
useful for postprandial symptoms by neutralizing the gastric
“acid pocket and providing esophageal mucosal protec-
tion.”43 Potassium-competitive acid blockers such as
vonoprazan which work with less inhibition through
CYP2C19 may be future therapies, but are not currently
approved in the United States.44

Surgical or endoscopic approaches may be used in pa-
tients with objectively confirmed GERD who do not respond
to lifestyle measures and medical therapy. The nature of



Figure 4. Supragastric belching identified on impedance testing.
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refractory disease can range from persistent mucosal injury
such as erosive esophagitis or refractory GERD strictures to
uncontrolled symptoms. One problematic symptom of GERD
is regurgitation. Studies using sphincter-directed mechani-
cal therapy such as with a laparoscopic magnetic sphincter
augmentation device or transoral incisionless fundoplica-
tion (TIF) have demonstrated a significantly greater
response of regurgitation than those using PPIs.45–47

Furthermore, a meta-analysis has demonstrated only a
50% overall response to PPIs.48 This is not surprising as
regurgitation likely represents complete LES failure that
persists in the presence of complete acid suppression. The
performance of sphincter repair or augmentation therapy
for control of Barrett’s metaplasia is more controversial.
Although there is good logic and some clinical trials
demonstrating that optimal control of reflux may attenuate
the risk of developing adenocarcinoma, no clear superiority
has been demonstrated of fundoplication over PPI therapy.

Surgical approaches to refractory complex GERD include
laparoscopic fundoplication and Roux-en-Y gastric bypass
surgery. A 2011 5-year randomized multicenter European
trial found that standardized laparoscopic antireflux surgery
maintained GERD remission in 85% of patients at 5 years.49

In 2019, a randomized trial evaluating management for re-
fractory heartburn reported that in the select group with
confirmed refractory heartburn, surgical therapy was highly
successful in 67% of patients.37 The recent American Col-
lege of Gastroenterology guidelines recommend antireflux
surgery when performed by an experienced surgeon in
patients with objective evidence of GERD.4 Patients with LA
grade C or D esophagitis, large hiatal hernias, and/or
persistent GERD symptoms are most likely to benefit.4 It is
optimal to heal the esophagitis if possible and avoid the
periesophageal inflammation during surgery associated
with persistent erosive disease. Preoperative HRIM is
required before antireflux surgery, and evaluation of
esophageal reserve using the multiple rapid swallow
sequence may help predict which patients are likely to have
late postoperative dysphagia.50 More specifically, patients
with ineffective esophageal motility may benefit from a less
than 360� wrap though this is controversial and ineffective
esophageal motility is variably defined based on the time of
publication. In patients with obesity, Roux-en-Y gastric
bypass is preferred as an antireflux therapy that will also
treat other comorbidities.51 This approach is taken to avoid
a more rapid and higher incidence of fundoplication failure
in patients with obesity. The cutoff BMI with which to
stratify patients for bypass or fundoplication is unclear but
is generally 30–35. Perhaps, a more accurate determinant
would be a measure of central obesity.

Owing to adverse symptoms such as dysphagia and
bloating and the abdominal approach associated with
laparoscopic antireflux surgery, endoscopic antireflux
techniques have been further evaluated.49 TIF is a recent
endoscopic procedure that may be considered as an
alternative to surgical fundoplication. It can be performed
in select patients without a significant hiatal hernia and
diaphragmatic crural defect, erosive esophagitis, or Bar-
rett’s esophagus. During this procedure, a retractor is used
to position the distal esophagus below the diaphragm,
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while the gastric fundus is folded around the distal
esophagus and plicated with fasteners to form a 270�

partial fundoplication.52 A few randomized controlled trials
have evaluated the most recent TIF 2.0 technique. One
noted troublesome regurgitation was resolved in 97% of
patients who completed TIF compared to 50% of patients
on the PPI at 6-month follow-up. Of the 63 patients in the
trial who received TIF, 44 were evaluated up to 5 years
with 86% having elimination of troublesome regurgita-
tion.46 Another sham-controlled trial found TIF eliminated
regurgitation in 67% of patients compared to 45% on once
or twice daily omeprazole at 6 months. Secondary analysis
noted improvement in heartburn.47 Further study is
needed to determine longer-term outcomes including rates
of patients who remain PPI free after TIF. TIF combined
with laparoscopic hernia repair is currently under
investigation.52
GERD Evaluation and Management in
the Setting of Complex Disease States

Management of GERD in the setting of other complex
disorders proposes further challenges including achalasia
after peroral endoscopic myotomy (POEM), SSc, IPF, and
lung transplantation.
Achalasia After Peroral Endoscopic Myotomy
Durable therapies for achalasia disrupt the LES in order

to improve esophageal emptying.24 Laparoscopic Heller
myotomy (LHM), POEM, and pneumatic dilation are effec-
tive treatments for achalasia.24,53 While opening the
esophagogastric junction facilitates food and liquid transit
into the stomach, it can also enable retrograde flow and,
hence, GERD. For LHM, a modified fundoplication provides
some protection against reflux with GERD rates in LHM
ranging from 11% to 32%.54–57 Thus far, an antireflux
procedure has not been performed with POEM with the
assumption that the technique minimizes disruption of the
reflux barrier including the hiatus and angle of His.58

Nevertheless, reflux is a prevalent problem after POEM.
This is not surprising as LES disruption in the presence of
absent esophageal clearance is a model for GERD. On pH
testing after POEM, acid exposure time is abnormal in about
20%–53% of patients.55,56,58 Erosive esophagitis is found in
16%–57%, with most patients having LA grade A or B and
responsive to medical therapy.58–60 There is no difference in
GERD rates based on an anterior vs posterior myotomy in
POEM.59,60 Furthermore, achalasia patients with post-
treatment GERD can be asymptomatic; therefore, objective
measurement with endoscopy and pH testing is important
to identify candidates for GERD management and avoid
complications.61–63 Further study is needed to determine
the ideal timing of pH testing after POEM, and it is imper-
ative to counsel patients on the comparative risk of GERD
before proceeding with therapy.
Scleroderma
Patients with systemic sclerosis (SSc) have frequent

heartburn and regurgitation.64–66 SSc affects the esophagus
through injury to the myenteric plexus through anti-
myenteric neuronal antibodies and abnormal collagen
deposition secondary to diffuse damage of small vessels.
This results in fibrosis and ultimately impaired smooth
muscle contractility.67–69 Diminished function of the LES
and esophageal body predisposes SSc patients to significant
GERD. Dysfunction of the LES occurs in 50% of SSc patients,
leading to a hypotensive esophagogastric junction pressure
with hypofunction of the reflux barrier. In addition, aper-
istalsis in the lower smooth muscle segment of the esoph-
agus impairs esophageal clearance of injurious gastric
refluxate.70 SSc patients are at a high risk for GERD com-
plications. Studies report that up to 60% of SSc patients
have erosive esophagitis.71–74 The prevalence of Barrett’s
esophagus in the SSc population is higher than that in the
general population estimated at 12.8%. It is important that
SSc patients receive adequate PPI therapy to reduce acid
exposure and progression of dysplasia.75 This often requires
multiple daily doses of medication and lifestyle precautions.
Fundoplication is generally contraindicated with sclero-
derma esophagus because of the high incidence of severe
dysphagia following sphincter augmentation in the presence
of esophageal aperistalsis.
Idiopathic Pulmonary Fibrosis
IPF is a chronic progressive lung disease of unclear eti-

ology. The morbidity and mortality of IPF are high; there-
fore, identifying appropriate causes may guide management.
The association between GERD and pulmonary fibrosis is
not fully defined. It is hypothesized that GERD may lead to
chronic microaspiration with recurrent lung injury eventu-
ally causing pulmonary fibrosis. Alternatively, patients with
pulmonary fibrosis have increased negative thoracic pres-
sure that can alter function of the lower and upper esoph-
ageal sphincters, leading to microaspiration through a
vacuum effect. Further evaluation is needed to define these
mechanisms.76 Studies have shown a higher prevalence of
GERD in the IPF population than in the general population
with up to 94% of IPF patients having abnormal acid
exposure on 24-hour pH testing but only about 47%
exhibiting classic GERD symptoms.77,78 In addition, an
increasing incidence of GERD in IPF patients is reported.79

In contrast, a recent meta-regression analysis of 18 case-
control studies did not find a correlation between IPF and
GERD once the data were controlled for smoking.80 Studies
suggest that PPIs stabilize lung function and increase sur-
vival in IPF; thus, current IPF guidelines provide a condi-
tional recommendation to use antireflux therapies for
patients with IPF.77,79,81,82 A difficult question arises when
there is progressive IPF in the presence of proven uncon-
trolled GERD, and fundoplication is recommended. Further
studies are needed to investigate the association between
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GERD and IPF in addition to better defined use of medical
and surgical management strategies.
Lung Transplantation
In addition to its role in lung function decline for pa-

tients with chronic lung disease such as IPF, GERD also
impacts lung transplant outcomes. The prevalence of GERD
is very high in patients with end-stage pulmonary disease
being evaluated for lung transplant with abnormal 24-hour
pH testing in up to 68% of patients.83 GERD management
has important implications for lung transplant outcomes.
Chronic allograft rejection or bronchiolitis obliterans syn-
drome after lung transplant requires a complex interaction
of immunologic and nonimmunologic processes. It is hy-
pothesized that GERD may contribute to the non-
immunologic pathway through aspiration of
gastroesophageal contents, leading to transplant graft
injury.84 A retrospective study determined equivalent safety
outcomes for laparoscopic antireflux surgery in lung trans-
plant recipients compared to patients without lung trans-
plant.85 Multiple studies have evaluated antireflux surgery
and allograft function. A recent meta-analysis of 6 studies
found that patients with declining forced expiratory volume
in 1 second may benefit from antireflux surgery.86 The role
of PPIs is less clearly defined. A retrospective study of 188
lung transplant recipients noted reduced rates of allograft
rejection for patients with PPI acid suppression indepen-
dent of the BMI.87 Further study is needed on medical acid
suppression in lung transplant patients.
Conclusions
GERD is a prevalent disorder that poses complex diag-

nostic and therapeutic challenges. Objectively defining the
disease is imperative since other esophageal disorders may
overlap in clinical presentation. Novel metrics including the
PSPW index, baseline impedance, and mucosal impedance
may guide diagnosis. PPI refractory GERD should be defined
with objective testing, and management strategies include
genetic testing for ultra-rapid metabolism, medical thera-
pies, and surgical or endoscopic management. Further
studies are needed to guide management of GERD in com-
plex disease states such as achalasia after POEM, SSc, IPF,
and lung transplantation.
References

1. Vakil N, van Zanten SV, Kahrilas P, et al. The Montreal

definition and classification of gastroesophageal reflux
disease: a global evidence-based consensus. Am J
Gastroenterol 2006;101:1900–1920; quiz 1943.

2. El-Serag HB, Sweet S, Winchester CC, et al. Update on
the epidemiology of gastro-oesophageal reflux disease:
a systematic review. Gut 2014;63:871–880.

3. Dent J, Vakil N, Jones R, et al. Accuracy of the diagnosis
of GORD by questionnaire, physicians and a trial of
proton pump inhibitor treatment: the Diamond Study.
Gut 2010;59:714–721.

4. Katz PO, Dunbar KB, Schnoll-Sussman FH, et al. ACG
clinical guideline for the diagnosis and management of
gastroesophageal reflux disease. Am J Gastroenterol
2022;117:27–56.

5. Sharma P, Yadlapati R. Pathophysiology and treatment
options for gastroesophageal reflux disease: looking
beyond acid. Ann N Y Acad Sci 2021;1486:3–14.

6. Gyawali CP, Kahrilas PJ, Savarino E, et al. Modern
diagnosis of GERD: the Lyon consensus. Gut 2018;
67:1351–1362.

7. Hila A, Agrawal A, Castell DO. Combined multichannel
intraluminal impedance and pH esophageal testing
compared to pH alone for diagnosing both acid and
weakly acidic gastroesophageal reflux. Clin Gastro-
enterol Hepatol 2007;5:172–177.

8. Kline MM, Ewing M, Simpson N, et al. The utility of
intraluminal impedance in patients with gastroesopha-
geal reflux disease-like symptoms but normal endoscopy
and 24-hour pH testing. Clin Gastroenterol Hepatol
2008;6:880–885; quiz 836.

9. Mainie I, Tutuian R, Shay S, et al. Acid and non-acid
reflux in patients with persistent symptoms despite
acid suppressive therapy: a multicentre study using
combined ambulatory impedance-pH monitoring. Gut
2006;55:1398–1402.

10. Gyawali CP, Tutuian R, Zerbib F, et al. Value of pH
impedance monitoring while on twice-daily proton
pump inhibitor therapy to identify need for escalation
of reflux management. Gastroenterology 2021;161:
1412–1422.

11. Ribolsi M, Frazzoni M, Marabotto E, et al. Novel
impedance-pH parameters are associated with proton
pump inhibitor response in patients with inconclusive
diagnosis of gastro-oesophageal reflux disease accord-
ing to Lyon Consensus. Aliment Pharmacol Ther 2021;
54:412–418.

12. Frazzoni M, Savarino E, de Bortoli N, et al. Analyses of
the post-reflux swallow-induced peristaltic wave index
and nocturnal baseline impedance parameters increase
the diagnostic yield of impedance-pH monitoring of pa-
tients with reflux disease. Clin Gastroenterol Hepatol
2016;14:40–46.

13. Frazzoni L, Frazzoni M, de Bortoli N, et al. Postreflux
swallow-induced peristaltic wave index and nocturnal
baseline impedance can link PPI-responsive heartburn to
reflux better than acid exposure time. Neuro-
gastroenterol Motil 2017;29.

14. Farré R, Blondeau K, Clement D, et al. Evaluation of
oesophageal mucosa integrity by the intraluminal
impedance technique. Gut 2011;60:885–892.

15. Kessing BF, Bredenoord AJ, Weijenborg PW, et al.
Esophageal acid exposure decreases intraluminal base-
line impedance levels. Am J Gastroenterol 2011;
106:2093–2097.

16. de Bortoli N, Martinucci I, Savarino E, et al. Association
between baseline impedance values and response pro-
ton pump inhibitors in patients with heartburn. Clin
Gastroenterol Hepatol 2015;13:1082–1088.e1.

17. Kandulski A, Weigt J, Caro C, et al. Esophageal intra-
luminal baseline impedance differentiates

http://refhub.elsevier.com/S2772-5723(22)00029-2/sref1
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref1
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref1
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref1
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref1
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref2
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref2
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref2
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref2
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref3
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref3
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref3
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref3
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref3
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref4
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref4
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref4
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref4
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref4
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref5
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref5
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref5
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref5
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref6
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref6
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref6
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref6
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref7
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref7
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref7
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref7
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref7
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref7
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref8
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref8
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref8
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref8
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref8
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref8
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref9
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref9
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref9
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref9
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref9
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref9
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref10
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref10
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref10
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref10
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref10
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref10
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref12
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref12
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref12
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref12
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref12
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref12
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref12
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref13
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref13
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref13
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref13
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref13
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref13
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref13
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref14
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref14
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref14
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref14
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref14
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref15
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref15
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref15
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref15
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref16
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref16
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref16
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref16
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref16
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref17
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref17
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref17
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref17
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref17
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref18
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref18


428 Snyder and Katzka Gastro Hep Advances Vol. 1, No. 3
gastroesophageal reflux disease from functional heart-
burn. Clin Gastroenterol Hepatol 2015;13:1075–1081.

18. Martinucci I, de Bortoli N, Savarino E, et al. Esophageal
baseline impedance levels in patients with pathophysi-
ological characteristics of functional heartburn. Neuro-
gastroenterol Motil 2014;26:546–555.

19. Hoshikawa Y, Sawada A, Sonmez S, et al. Measurement
of esophageal nocturnal baseline impedance: a simpli-
fied method. J Neurogastroenterol Motil 2020;
26:241–247.

20. Ravi K, Geno DM, Vela MF, et al. Baseline impedance
measured during high-resolution esophageal impedance
manometry reliably discriminates GERD patients. Neu-
rogastroenterol Motil 2017;29.

21. Sifrim D, Roman S, Savarino E, et al. Normal values and
regional differences in oesophageal impedance-pH
metrics: a consensus analysis of impedance-pH studies
from around the world. Gut 2021;70:1441–1449.

22. Patel DA, Higginbotham T, Slaughter JC, et al. Devel-
opment and validation of a mucosal impedance contour
analysis system to distinguish esophageal disorders.
Gastroenterology 2019;156:1617–1626.e1.

23. Cicala M, Emerenziani S, Guarino MP, et al. Proton pump
inhibitor resistance, the real challenge in gastro-
esophageal reflux disease. World J Gastroenterol 2013;
19:6529–6535.

24. Vela MF. Management strategies for achalasia. Neuro-
gastroenterol Motil 2014;26:1215–1221.

25. Blam ME, Delfyett W, Levine MS, et al. Achalasia: a
disease of varied and subtle symptoms that do not
correlate with radiographic findings. Am J Gastroenterol
2002;97:1916–1923.

26. Savarino E, di Pietro M, Bredenoord AJ, et al. Use of the
functional lumen imaging probe in clinical esophagology.
Am J Gastroenterol 2020;115:1786–1796.

27. Yadlapati R, Tye M, Roman S, et al. Postprandial high-
resolution impedance manometry identifies mecha-
nisms of nonresponse to proton pump inhibitors. Clin
Gastroenterol Hepatol 2018;16:211–218.e2.

28. Nakagawa K, Sawada A, Hoshikawa Y, et al. Persistent
postprandial regurgitation vs rumination in patients with
refractory gastroesophageal reflux disease symptoms:
identification of a distinct rumination pattern using
ambulatory impedance-pH monitoring. Am J Gastro-
enterol 2019;114:1248–1255.

29. Absah I, Rishi A, Talley NJ, et al. Rumination syndrome:
pathophysiology, diagnosis, and treatment. Neuro-
gastroenterol Motil 2017;29.

30. Halland M, Pandolfino J, Barba E. Diagnosis and treat-
ment of rumination syndrome. Clin Gastroenterol Hep-
atol 2018;16:1549–1555.

31. Halland M, Bharucha AE, Crowell MD, et al. Effects of
diaphragmatic breathing on the pathophysiology and
treatment of upright gastroesophageal reflux: a ran-
domized controlled trial. Am J Gastroenterol 2021;
116:86–94.

32. Ooi JL, Vardar R, Sifrim D. Supragastric belching. Curr
Opin Gastroenterol 2016;32:302–309.

33. Dellon ES, Gibbs WB, Fritchie KJ, et al. Clinical, endo-
scopic, and histologic findings distinguish eosinophilic
esophagitis from gastroesophageal reflux disease. Clin
Gastroenterol Hepatol 2009;7:1305–1313; quiz 1261.
34. Veerappan GR, Perry JL, Duncan TJ, et al. Prevalence of
eosinophilic esophagitis in an adult population under-
going upper endoscopy: a prospective study. Clin Gas-
troenterol Hepatol 2009;7:420–426, 426.e1-2.

35. Schmulson MJ, Drossman DA. What is new in Rome IV.
J Neurogastroenterol Motil 2017;23:151–163.

36. Fass R, Zerbib F, Gyawali CP. AGA clinical practice up-
date on functional heartburn: expert review. Gastroen-
terology 2020;158:2286–2293.

37. Spechler SJ, Hunter JG, Jones KM, et al. Randomized
trial of medical versus surgical treatment for refractory
heartburn. N Engl J Med 2019;381:1513–1523.

38. Nguyen TM, Eslick GD. Systematic review: the treatment
of noncardiac chest pain with antidepressants. Aliment
Pharmacol Ther 2012;35:493–500.

39. Kahrilas PJ, Boeckxstaens G. Failure of reflux inhibitors
in clinical trials: bad drugs or wrong patients? Gut 2012;
61:1501–1509.

40. El Rouby N, Lima JJ, Johnson JA. Proton pump in-
hibitors: from CYP2C19 pharmacogenetics to precision
medicine. Expert Opin Drug Metab Toxicol 2018;
14:447–460.

41. Fackler WK, Ours TM, Vaezi MF, et al. Long-term effect
of H2RA therapy on nocturnal gastric acid breakthrough.
Gastroenterology 2002;122:625–632.

42. Koek GH, Sifrim D, Lerut T, et al. Effect of the GABA(B)
agonist baclofen in patients with symptoms and
duodeno-gastro-oesophageal reflux refractory to proton
pump inhibitors. Gut 2003;52:1397–1402.

43. Manabe N, Haruma K, Ito M, et al. Efficacy of adding
sodium alginate to omeprazole in patients with non-
erosive reflux disease: a randomized clinical trial. Dis
Esophagus 2012;25:373–380.

44. Miyazaki H, Igarashi A, Takeuchi T, et al. Vonoprazan
versus proton-pump inhibitors for healing gastroesoph-
ageal reflux disease: a systematic review.
J Gastroenterol Hepatol 2019;34:1316–1328.

45. Bell R, Lipham J, Louie B, et al. Laparoscopic magnetic
sphincter augmentation versus double-dose proton
pump inhibitors for management of moderate-to-severe
regurgitation in GERD: a randomized controlled trial.
Gastrointest Endosc 2019;89:14–22.e11.

46. Trad KS, Barnes WE, Simoni G, et al. Transoral inci-
sionless fundoplication effective in eliminating GERD
symptoms in partial responders to proton pump inhibitor
therapy at 6 months: the TEMPO Randomized Clinical
Trial. Surg Innov 2015;22:26–40.

47. Hunter JG, Kahrilas PJ, Bell RC, et al. Efficacy of
transoral fundoplication vs omeprazole for treatment of
regurgitation in a randomized controlled trial. Gastroen-
terology 2015;148:324–333.e5.

48. Zhang JX, Ji MY, Song J, et al. Proton pump inhibitor for
non-erosive reflux disease: a meta-analysis. World J
Gastroenterol 2013;19:8408–8419.

49. Galmiche JP, Hatlebakk J, Attwood S, et al. Laparo-
scopic antireflux surgery vs esomeprazole treatment for
chronic GERD: the LOTUS randomized clinical trial.
JAMA 2011;305:1969–1977.

50. Shaker A, Stoikes N, Drapekin J, et al. Multiple rapid
swallow responses during esophageal high-resolution
manometry reflect esophageal body peristaltic reserve.
Am J Gastroenterol 2013;108:1706–1712.

http://refhub.elsevier.com/S2772-5723(22)00029-2/sref18
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref18
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref18
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref19
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref19
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref19
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref19
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref19
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref20
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref20
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref20
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref20
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref20
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref21
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref21
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref21
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref21
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref22
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref22
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref22
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref22
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref22
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref23
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref23
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref23
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref23
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref23
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref24
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref24
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref24
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref24
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref24
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref25
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref25
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref25
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref26
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref26
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref26
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref26
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref26
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref27
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref27
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref27
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref27
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref28
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref28
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref28
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref28
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref28
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref29
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref29
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref29
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref29
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref29
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref29
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref29
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref30
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref30
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref30
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref31
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref31
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref31
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref31
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref32
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref32
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref32
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref32
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref32
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref32
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref33
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref33
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref33
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref34
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref34
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref34
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref34
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref34
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref35
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref35
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref35
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref35
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref35
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref36
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref36
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref36
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref37
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref37
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref37
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref37
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref38
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref38
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref38
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref38
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref39
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref39
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref39
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref39
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref40
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref40
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref40
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref40
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref41
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref41
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref41
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref41
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref41
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref42
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref42
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref42
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref42
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref43
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref43
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref43
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref43
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref43
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref44
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref44
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref44
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref44
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref44
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref45
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref45
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref45
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref45
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref45
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref46
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref46
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref46
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref46
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref46
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref46
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref47
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref47
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref47
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref47
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref47
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref47
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref48
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref48
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref48
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref48
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref48
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref49
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref49
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref49
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref49
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref50
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref50
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref50
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref50
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref50
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref51
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref51
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref51
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref51
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref51


2022 Complex gastroesophageal reflux disease 429
51. Frezza EE, Ikramuddin S, Gourash W, et al. Symptomatic
improvement in gastroesophageal reflux disease (GERD)
following laparoscopic Roux-en-Y gastric bypass. Surg
Endosc 2002;16:1027–1031.

52. Chang KJ, Bell R. Transoral incisionless fundoplication.
Gastrointest Endosc Clin N Am 2020;30:267–289.

53. Khashab MA, Vela MF, Thosani N, et al. ASGE guideline
on the management of achalasia. Gastrointest Endosc
2020;91:213–227.e6.

54. Schlottmann F, Luckett DJ, Fine J, et al. Laparoscopic
Heller myotomy versus peroral endoscopic myotomy
(POEM) for achalasia: a systematic review and meta-
analysis. Ann Surg 2018;267:451–460.

55. Patel K, Abbassi-Ghadi N, Markar S, et al. Peroral
endoscopic myotomy for the treatment of esophageal
achalasia: systematic review and pooled analysis. Dis
Esophagus 2016;29:807–819.

56. Zaninotto G, Bennett C, Boeckxstaens G, et al. The 2018
ISDE achalasia guidelines. Dis Esophagus 2018;31.

57. Bhayani NH, Kurian AA, Dunst CM, et al. A comparative
study on comprehensive, objective outcomes of lapa-
roscopic Heller myotomy with per-oral endoscopic
myotomy (POEM) for achalasia. Ann Surg 2014;
259:1098–1103.

58. Stavropoulos SN, Modayil R, Friedel D. Per oral endo-
scopic myotomy for the treatment of achalasia. Curr
Opin Gastroenterol 2015;31:430–440.

59. Brewer Gutierrez OI, Moran RA, Familiari P, et al. Long-
term outcomes of per-oral endoscopic myotomy in
achalasia patients with a minimum follow-up of 4 years:
a multicenter study. Endosc Int Open 2020;
8:E650–E655.

60. Li QL, Wu QN, Zhang XC, et al. Outcomes of per-oral
endoscopic myotomy for treatment of esophageal
achalasia with a median follow-up of 49 months. Gas-
trointest Endosc 2018;87:1405–1412.e3.

61. Werner YB, Costamagna G, Swanström LL, et al. Clinical
response to peroral endoscopic myotomy in patients
with idiopathic achalasia at a minimum follow-up of 2
years. Gut 2016;65:899–906.

62. Jones EL, Meara MP, Schwartz JS, et al. Gastroesoph-
ageal reflux symptoms do not correlate with objective pH
testing after peroral endoscopic myotomy. Surg Endosc
2016;30:947–952.

63. Pallabazzer G, Peluso C, de Bortoli N, et al. Clinical and
pathophysiological outcomes of the robotic-assisted
Heller-Dor myotomy for achalasia: a single-center
experience. J Robot Surg 2020;14:331–335.

64. Forbes A, Marie I. Gastrointestinal complications: the
most frequent internal complications of systemic scle-
rosis. Rheumatology (Oxford) 2009;48 Suppl
3:iii36–iii39.

65. Franck-Larsson K, Graf W, Rönnblom A. Lower gastro-
intestinal symptoms and quality of life in patients with
systemic sclerosis: a population-based study. Eur J
Gastroenterol Hepatol 2009;21:176–182.

66. Crowell MD, Umar SB, Griffing WL, et al. Esophageal
motor abnormalities in patients with scleroderma: het-
erogeneity, risk factors, and effects on quality of life. Clin
Gastroenterol Hepatol 2017;15:207–213.e1.
67. Cohen S, Fisher R, Lipshutz W, et al. The pathogenesis
of esophageal dysfunction in scleroderma and Ray-
naud’s disease. J Clin Invest 1972;51:2663–2668.

68. Eaker EY, Kuldau JG, Verne GN, et al. Myenteric
neuronal antibodies in scleroderma: passive transfer
evokes alterations in intestinal myoelectric activity in a
rat model. J Lab Clin Med 1999;133:551–556.

69. Sjogren RW. Gastrointestinal motility disorders in
scleroderma. Arthritis Rheum 1994;37:1265–1282.

70. Carlson DA, Crowell MD, Kimmel JN, et al. Loss of
peristaltic reserve, determined by multiple rapid swal-
lows, is the most frequent esophageal motility abnor-
mality in patients with systemic sclerosis. Clin
Gastroenterol Hepatol 2016;14:1502–1506.

71. Zamost BJ, Hirschberg J, Ippoliti AF, et al. Esophagitis in
scleroderma. Prevalence and risk factors. Gastroenter-
ology 1987;92:421–428.

72. Arif T, Masood Q, Singh J, et al. Assessment of esopha-
geal involvement in systemic sclerosis and morphea
(localized scleroderma) by clinical, endoscopic, mano-
metric and pHmetric features: a prospective comparative
hospital based study. BMC Gastroenterol 2015;15:24.

73. Abu-Shakra M, Guillemin F, Lee P. Gastrointestinal
manifestations of systemic sclerosis. Semin Arthritis
Rheum 1994;24:29–39.

74. Ling TC, Johnston BT. Esophageal investigations in
connective tissue disease: which tests are most appro-
priate? J Clin Gastroenterol 2001;32:33–36.

75. Snyder DL, Crowell MD, Kahn A, et al. Prevalence of
Barrett’s esophagus in female patients with scleroderma.
Am J Gastroenterol 2021;116:517–521.

76. Ghisa M, Marinelli C, Savarino V, et al. Idiopathic pul-
monary fibrosis and GERD: links and risks. Ther Clin Risk
Manag 2019;15:1081–1093.

77. Raghu G, Freudenberger TD, Yang S, et al. High preva-
lence of abnormal acid gastro-oesophageal reflux in
idiopathic pulmonary fibrosis. Eur Respir J 2006;
27:136–142.

78. Raghu G, Amatto VC, Behr J, et al. Comorbidities in
idiopathic pulmonary fibrosis patients: a systematic
literature review. Eur Respir J 2015;46:1113–1130.

79. Lee CM, Lee DH, Ahn BK, et al. Protective effect of
proton pump inhibitor for survival in patients with
gastroesophageal reflux disease and idiopathic pulmo-
nary fibrosis. J Neurogastroenterol Motil 2016;
22:444–451.

80. Bédard Méthot D, Leblanc É, Lacasse Y. Meta-analysis
of gastroesophageal reflux disease and idiopathic pul-
monary fibrosis. Chest 2019;155:33–43.

81. Raghu G, Rochwerg B, Zhang Y, et al. An official ATS/
ERS/JRS/ALAT clinical practice guideline: treatment of
idiopathic pulmonary fibrosis. An update of the 2011
clinical practice guideline. Am J Respir Crit Care Med
2015;192:e3–e19.

82. Lee JS, Collard HR, Anstrom KJ, et al. Anti-acid treat-
ment and disease progression in idiopathic pulmonary
fibrosis: an analysis of data from three randomised
controlled trials. Lancet Respir Med 2013;1:369–376.

83. Sweet MP, Herbella FA, Leard L, et al. The prevalence of
distal and proximal gastroesophageal reflux in patients

http://refhub.elsevier.com/S2772-5723(22)00029-2/sref52
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref52
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref52
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref52
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref52
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref53
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref53
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref53
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref54
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref54
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref54
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref54
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref55
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref55
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref55
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref55
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref55
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref56
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref56
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref56
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref56
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref56
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref57
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref57
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref58
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref58
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref58
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref58
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref58
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref58
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref59
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref59
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref59
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref59
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref60
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref60
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref60
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref60
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref60
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref60
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref61
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref61
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref61
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref61
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref61
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref62
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref62
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref62
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref62
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref62
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref63
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref63
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref63
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref63
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref63
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref64
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref64
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref64
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref64
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref64
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref65
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref65
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref65
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref65
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref65
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref66
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref66
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref66
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref66
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref66
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref67
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref67
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref67
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref67
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref67
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref68
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref68
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref68
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref68
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref69
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref69
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref69
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref69
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref69
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref70
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref70
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref70
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref71
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref71
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref71
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref71
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref71
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref71
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref72
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref72
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref72
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref72
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref73
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref73
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref73
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref73
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref73
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref74
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref74
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref74
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref74
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref75
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref75
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref75
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref75
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref76
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref76
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref76
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref76
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref77
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref77
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref77
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref77
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref78
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref78
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref78
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref78
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref78
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref79
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref79
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref79
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref79
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref80
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref80
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref80
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref80
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref80
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref80
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref81
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref81
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref81
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref81
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref82
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref82
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref82
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref82
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref82
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref82
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref83
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref83
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref83
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref83
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref83
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref84
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref84


430 Snyder and Katzka Gastro Hep Advances Vol. 1, No. 3
awaiting lung transplantation. Ann Surg 2006;
244:491–497.

84. Patti MG, Vela MF, Odell DD, et al. The intersection of
GERD, aspiration, and lung transplantation.
J Laparoendosc Adv Surg Tech A 2016;26:501–505.

85. Fisichella PM, Davis CS, Gagermeier J, et al. Laparo-
scopic antireflux surgery for gastroesophageal reflux
disease after lung transplantation. J Surg Res 2011;
170:e279–286.

86. Davidson JR, Franklin D, Kumar S, et al. Fundoplication
to preserve allograft function after lung transplant: sys-
tematic review and meta-analysis. J Thorac Cardiovasc
Surg 2020;160:858–866.

87. Lo WK, Goldberg HJ, Boukedes S, et al. Proton pump
inhibitors independently protect against early allograft
injury or chronic rejection after lung transplantation. Dig
Dis Sci 2018;63:403–410.
Received December 27, 2021. Accepted February 15, 2022.

Correspondence:
Address correspondence to: David A. Katzka, MD, Presbyterian Hospital, 622
West 168th Street, 4th Floor, Suite 478, New York, New York 10032. e-mail:
dak2178@cumc.columbia.edu.

Authors’ Contributions:
Diana L. Snyder substantially contributed to the writing of the article, inter-
pretation of the relevant literature, and revision of the article. David. A. Katzka
substantially contributed to the writing of the article, interpretation of the
relevant literature, and revision of the article.

Conflicts of Interest:
This author discloses the following: David A. Katzka: consulting for Takeda and
Celgene. The remaining author discloses no conflicts.

Funding:
The authors report no funding.

Ethical Statement:
The study did not require the approval of an institutional review board.

http://refhub.elsevier.com/S2772-5723(22)00029-2/sref84
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref84
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref84
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref85
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref85
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref85
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref85
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref86
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref86
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref86
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref86
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref86
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref87
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref87
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref87
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref87
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref87
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref88
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref88
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref88
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref88
http://refhub.elsevier.com/S2772-5723(22)00029-2/sref88
mailto:dak2178@cumc.columbia.edu

	Complex Gastroesophageal Reflux Disease
	Introduction
	Diagnostic Dilemma of Defining the Disease
	Novel Metrics

	PPI Refractory GERD
	Evaluation for Non-GERD Causes of Refractory Symptoms
	Management Strategies for PPI Refractory GERD

	GERD Evaluation and Management in the Setting of Complex Disease States
	Achalasia After Peroral Endoscopic Myotomy
	Scleroderma
	Idiopathic Pulmonary Fibrosis
	Lung Transplantation

	Conclusions
	References
	Authors' Contributions:


