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Introduction

Gastroesophageal reflux disease (GERD) is among the most common conditions seen in
ambulatory clinics and its disease burden continues to rise, with most recent studies
reporting an 18 to 28% prevalence of GERD among North Americans.! 2 Proton pump
inhibitor (PPI) therapy is the mainstay pharmacologic management for GERD, although up
to 40% of patients with suspected GERD derive inadequate symptom relief with PP1.3 While
patients with PPI non-response may not have true GERD to begin with, a subset of PPI non-
responders will have PPI refractory GERD. The management strategies for refractory GERD
expand beyond PPIs to include other pharmacologic or invasive interventions. Since
mechanisms of PPI refractory GERD are varied, the choice of management strategy should
be personalized to the patient’s needs and mechanistic dysfunction. This article will review
the definition, mechanisms, and management options for PPI refractory GERD.

Definition of PPI Refractory GERD

PPI refractory GERD is defined as the presence of persistent troublesome GERD symptoms
and objective evidence of GERD despite optimized PPI therapy (Figure 1). Generally, an
optimized PPI trial consists of double dose PP therapy over at least eight weeks.# Data
supporting the optimal duration and dose of a PPI trial mostly derives from studies assessing
healing in erosive esophagitis which demonstrated higher rates of endoscopic healing of
erosive esophagitis and heartburn symptom resolution with double dose PPI compared to
single dose®, and lower symptom relapse following eight weeks of PP therapy compared
with four weeks of therapy.® At present, the US Food and Drug Administration (FDA)
recommends single dose PPI use over 4 to 8 weeks for GERD.’ Professional societies such
as the American College of Gastroenterology and the American Gastroenterological
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Association recommend escalating to double dose PPI if erosive esophagitis persists or
symptoms are only partially controlled on single dose PPI.8: ©

Partial PPI response, according to the Montreal Consensus, is presence of mild heartburn
and/or regurgitation on three or more days/week despite at least four weeks of PP1.10 When
assessing for symptom response it is essential to ensure correct medication administration
and that PPIs are being taken 30 to 60 minutes prior to a meal, as up to 54% of patients take
PPIs incorrectly.11: 12 Furthermore, at the onset of treatment providers should review
treatment expectations and assist with goal setting. An aligned goal should be to reduce
symptoms to a tolerable level and optimize quality of life, with the shared understanding that
complete resolution is rarely achieved.13

Objective Diagnosis of PPl Refractory GERD—In the setting of persistent
troublesome symptoms despite an appropriate PPI trial, the next step is to evaluate for
objective evidence of GERD. Esophageal pH monitoring is the gold standard, and choice of
testing modality depends on the pre-test likelihood of GERD. If objective GERD has not
been previously diagnosed and/or there is a low suspicion of pathologic GERD, initial
testing should be performed off PPI therapy with either wireless or catheter-based pH
systems to evaluate for baseline GERD.1* Not infrequently, pH testing in these scenarios is
negative for GERD and helps to guide the evaluation and management away from GERD.
However, in patients previously diagnosed with pathologic GERD (e.g., Los Angeles Grade
C or D esophagitis, peptic stricture, Barrett’s esophagus, or pathologic acid exposure off PPI
on esophageal pH monitoring) the diagnostic evaluation begins with esophageal pH-
impedance monitoring on PPI therapy to assess not only for PPI refractory acid exposure,
but also excessive burden of non-acidic or weakly acidic contents.1* According to the GERD
Consensus Group, esophageal acid exposure time greater than 6% on PPI is consistent with
PPI refractory GERD. When acid exposure time is borderline (4 to 6%), the group
recommends consideration of further complimentary metrics (Figure 2).

Mechanisms of PPI Refractory GERD

Pathologic GERD typically requires compromise to one or more protective systems which
exist to prevent gastroesophageal reflux, as well as an enhanced reflux physiology (Table 1).

Anti-reflux Barrier—The anti-reflux barrier is a high-pressure zone comprised of the LES
attached to the crural diaphragm via the phreno-esophageal ligament and functions to
prevent gastroesophageal reflux. Reduced integrity of the anti-reflux barrier, either by way
of a hypotonic resting LES and/or axial displacement of the LES and crural diaphragm
(hiatal hernia), can lead to increased reflux burden and acid exposure (Case example in
Figure 3).15.16

Reduced Esophageal Clearance—Delays in esophageal acid and bolus clearance are
also associated with pathological acid reflux.1” Primary peristalsis is the principal
mechanism of reflux clearance.!® In addition, volume distention induces secondary
peristalsis and salivation assists with esophageal clearance.1® 20 Reduced esophageal
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clearance can occur with impaired esophageal peristalsis, in the setting of a hiatal hernia
with re-refluxing of bolus, and impaired salivation.2!

Epithelial Tissue Resistance—Barrier function of the esophageal mucosa is maintained
by cell to cell junctions and works to prevent toxic substances from compromising the
mucosal integrity.22 Biopsies in patients with erosive and non-erosive reflux disease show
evidence of microscopic esophagitis: necrosis, erosions, eosinophilic/neutrophilic infiltrate,
basal cell hyperplasia, elongation of papillae, or dilation of intercellular spaces.23 Therefore,
reduced mucosal integrity is a potential mechanism of PPI refractory GERD. Mucosal
impedance is an emerging field of study to examine electrical conductivity and mucosal
integrity of the esophagus. A lower baseline mucosal impedance is associated with increased
acid exposure and dilated intracellular spaces and seems to differentiate patients with
objective GERD from other disease states.24 2

Delayed gastric emptying—Slowed gastric emptying may also contribute to PPI
refractory GERD through increased gastric distension and initiation of reflux events via
TLESRs.26 In one study, use of a prokinetic agent that accelerates gastric emptying prior to
pH-impedance and manometry testing significantly reduced acid exposure time and acid
clearance time.2’ However, in the absence of delayed gastric emptying, the data generally
does not demonstrate reliable symptom improvement in PPI refractory GERD with

adjunctive use of promotility agents (i.e., metoclopramide, prucalopride, and domperidone).
28, 29

Physiologic Mechanisms of Reflux—TLESRS, prolonged relaxations in the LES
associated with inhibition of the crural diaphragm that occur in response to gastric distention
in the absence of a swallow, are the primary mechanism of initiating reflux in the context of
an intact EGJ, (Figure 4).29-32 When the LES is hypotensive, reflux can occur with a rise in
intragastric pressure (strain-induced) or without a rise in intragastric pressure (free-reflux).
Furthermore, gastric contents and esophageal bolus can re-reflux when hiatal hernia is
present.

Pharmacologic Management of PPI Refractory GERD

CYP Independent PPIs—The mainstay of treatment for GERD is PPls. Among different
PPIs, there are variations in drug metabolism that can alter plasma levels.33 Genetic
polymorphisms of the CYP isoenzyme CYP2C19 in the liver affect drug levels of PPIs that
are dependent on CYP2C19 for metabolism.34 A patient with a rapid metabolizer genotype
of CYP2C19 may have lower plasma levels of PPI, reducing effective acid suppression.3®
Use of specific PPIs that do not rely exclusively on CYP2C19 metabolism (i.e., rabeprazole
and esomeprazole) in rapid metabolizers can increase acid suppression, improve symptom
response, and improve rates of healing and remission of erosive esophagitis.32 36 Therefore,
switching therapy from CYP dependent PPIs to more CYP independent PPIs in partial PPI
responders may be a reasonable first step.32 37

H2 Receptor Antagonists—H2 receptor antagonists (H2RAs) can be utilized to help
reduce nighttime heartburn in conjunction with double dose PPI.32 38 Although there is
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controversy regarding whether H2RAs help to decrease nocturnal acid breakthrough, studies
have shown that in patients on both double dose PPI and nightly H2RAs, nighttime reflux
symptoms are improved and sleep is less disturbed.38 Tolerance to H2RAs has been
suggested, however, and the benefit of adding H2RAs may wane over time.3°

Potassium Competitive Acid Blockers—Potassium-competitive acid blockers (P-
CABs), such as vonoprazan, competitively inhibit proton pumps and are currently approved
in Japan for the treatment of peptic ulcer disease, healing of reflux esophagitis, and
eradication of Helicobacter Pylori infection.49: 41 Compared to PPIs, P-CABs have a higher
potency, longer duration of action, and ability to block both inactive and active proton
pumps.32 Multiple retrospective studies have shown a symptomatic improvement in PPI-
refractory GERD*2, and vonoprazan was found to be non-inferior to lansoprazole for
treatment of erosive esophagitis.*3

GABA-Agonists—GABA-agonists, such as Baclofen, have been shown to decrease the
number of TLESR events and reduce heartburn and regurgitation symptoms in PPI

refractory GERD when compared to placebo.?4 Potential side effects of GABA agonists,
including CNS depression, should be considered when selecting patients to start therapy.

Alginate Antacids—Alginate antacids, such as Gaviscon, may be effective in controlling
post-prandial heartburn and regurgitation.28: 45 When exposed to gastric acid, alginates
precipitate and form a floating raft to function as a physical barrier between gastric contents
and the LES.46: 47 The low side effect profile and unique mechanism of action make alginate
antacids a helpful adjunct to partial PPI response.*’

Invasive Management of PP| Refractory GERD

Laparoscopic Fundoplication—Laparoscopic fundoplication involves hernia repair
with repositioning of the LES in the intraabdominal cavity and creation of a one-way flap
valve in order to reduce reflux events.#8-50 Success rates of laparoscopic fundoplication
range from 67% to 95% and are highly dependent on surgical expertise, adequate
preoperative evaluation, and appropriate patient selection.?1-53 Nissen fundoplication is a
total 360 degree fundoplication following crural closure. In the setting of impaired
esophageal peristaltic reserve at baseline, partial wraps, such a 270 degree posterior
fundoplication (Toupet) or a 180 degree anterior fundoplication (Dor), may be preferred to
reduce post-fundoplication dysphagia.>* Since the EGJ is a complex anatomical area subject
to a multitude of mechanical stresses, the durability of a fundoplication may weaken over
time resulting in hiatal herniation proximal to the wrap and/or slippage of the
fundoplication.®>~>7 Furthermore, tight fundoplications may result in dysphagia and other
obstructive symptoms.3 24 29 |n fact, up to 30% of patients will develop a prolonged
structural complication following fundoplication. Additionally, symptoms such as gas-bloat
syndrome, chest pain, and diarrhea following fundoplication are common.58: 59

Magnetic Sphincter Augmentation—Magnetic sphincter augmentation is a new
procedure using the LINX device FDA approved for treatment of PPI refractory GERD.50
This laparoscopic procedure entails placing a magnetic bead device around the LES to
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augment EGJ pressure through magnetic attraction. In a multi-center trial of 100 patients,
the prevalence of esophagitis after LINX decreased by 28%°%1 and in a prospective study of
200 patients undergoing magnetic sphincter augmentation and repair of large hernias > 3 cm,
outcomes included post-operative improvement in quality of life.52 The most common side
effect of magnetic sphincter augmentation is dysphagia, and the rate of device migration and
esophageal erosion is approximately 0.15%.53

Roux-en-Y Gastric Bypass—Obesity is a major risk factor for failure of laparoscopic
fundoplication,% and procedures such as Roux-en-Y gastric bypass have been studied to
treat both GERD and obesity. At three year follow-up of 55 patients with morbid obesity
undergoing Roux-en-Y gastric bypass, reflux symptoms improved and incidence of
esophagitis decreased.®® Thus in the setting of morbid obesity, obesity with related
comorbidity, or fundoplication failure, Roux-en-Y gastric bypass should be considered for
PPI refractory GERD.

Transoral Incisionless Fundoplication—Transoral incisionless fundoplication is an
endoluminal procedure that aims to reduce hiatal hernia size, restore the physical barrier of
the LES, and prevent reflux of gastric contents.®® In this procedure, a plication device is
inserted to first reduce the hiatal hernia, and then create a mechanical valve by way of a
partial fundoplication.®6: 67 In a meta-analysis, transoral incisionless fundoplication did not
outperform surgical fundoplication with regards to reduction in esophagitis and increase in
LES pressure.56: 68 The rate of serious adverse outcomes, including GI perforation and
bleeding, was 2.4%.59

Radiofrequency Energy Delivery to the LES—The Stretta procedure is another
minimally-invasive treatment with a low adverse event rate (<1%) aimed at improving the
barrier function of the EGJ through endoscopic administration of radiofrequency energy to
the LES.’0 Studies have shown a significant improvement in symptoms and decreased PPI
use with the Stretta procedure. 7076 Nonetheless, concerns of limited post-procedural
durability surround both transoral incisionless fundoplication and radiofrequency energy
delivery.

Diagnosis of PPI refractory GERD requires the presence of troublesome symptoms and
objective evidence of ongoing pathologic GERD despite PPI optimization. pH-impedance
monitoring on PPI therapy is the standard method to objectively document PPI refractory
GERD. Alternate causes of PPI non-response are common and should be ruled out to avoid
misdiagnosis and mismanagement. Mechanisms of PPI refractory GERD vary and include a
dysfunction of protective systems (e.g., anti-reflux barrier, esophageal clearance, epithelial
resistance) and enhanced reflux physiology (e.g., TLESR episodes, hypotensive LES with
free-or strain induced reflux, re-reflux with hiatal hernia).

As such, management of PPI refractory GERD should be tailored to mechanism, patient
profile, and patient preference, as possible. It is reasonable to switch PPIs from CYP
dependent to less CYP dependent PPIs (e.g., rabeprazole, esomeprazole). H2RAs may be an
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option for patients reporting nighttime symptoms and/or in the setting of breakthrough
nocturnal acid exposure. P-CABs seem to be a promising pharmacologic option for acid
related erosive disease, however are not currently available in the US. GABA agonists such
as Baclofen may be tried in PPI refractory GERD, particularly in patients exhibiting
TLESRs, an elevated number of reflux events, and regurgitation; GABA agonists may not be
as effective in the setting of hiatal hernia. Alginate-antacids carry a favorable safety profile
and may be an effective adjunct to PPI.

When non-invasive treatment options fail, invasive anti-reflux options should be considered.
Once again, confirmation of objective PPI refractory GERD is essential as surgical and
endoscopic anti-reflux interventions are associated with risks, and outcomes are dependent
on appropriate patient selection. The gold standard anti-reflux surgery remains laparoscopic
fundoplication in the form of a complete or partial wrap. Other interventions include
laparoscopic magnetic sphincter augmentation, endoscopic transoral incisionless
fundoplication, or endoscopic radiofrequency energy delivery to the LES. Selection of anti-
reflux intervention requires a discussion of risks and long-term efficacy and durability with
the patient.
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Synopsis:

Proton pump inhibitor (PPI) refractory gastroesophageal reflux disease (GERD) is
defined by the presence of troublesome GERD symptoms despite PP1 optimization for at
least 8 weeks in the setting of ongoing documented pathologic gastroesophageal reflux.
PPI refractory GERD arises from a dysfunction in protective systems to prevent reflux, as
well as propagation of physiologic reflux events. Treatment for PPI refractory GERD
includes pharmacologic options such as addition of histamine-2 receptor antagonists,
alginate antacids, and GABA agonists. Invasive management strategies include surgery
such as laparoscopic fundoplication, magnetic sphincter augmentation, and Roux-en-Y
gastric bypass, and endoluminal therapies such as transoral incisionless fundoplication
and radiofrequency energy delivery.

Key Points:

Proton pump inhibitor (PPI) refractory gastroesophageal reflux disease
(GERD) occurs when troublesome symptoms and elevated acid exposure
and/or reflux burden persist despite an optimized PPI trial.

PPI refractory GERD arises from dysfunction of physiologic lines of defense
(e.g., anti-reflux barrier, reflux clearance, epithelial tissue resistance) and
propagation of reflux mechanisms (e.g., transient lower esophageal sphincter
relaxations, hernia re-reflux, hypotensive lower esophageal sphincter).

Pharmacologic options for PPI refractory GERD include switching to a less
CYP2C19 dependent PPI, adding H2 receptor antagonists at night, using
alginate-based antacids, and trialing GABA agonists.

Surgical options for PPI refractory GERD include laparoscopic
fundoplication, magnetic sphincter augmentation, and Roux-en-Y gastric
bypass, particularly in the setting of morbid obesity.

Transoral incisionless fundoplication and radiofrequency energy delivery to
the LES are endoluminal interventional options for PPI refractory GERD.
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Troublesome GERD
symptoms despite
single-dose PPI

8 wk double-dose

PPI trial
Assess for objective GERD despite double dose PPI
1. Erosive disease on EGD (LA Grade C or D Esophagitis, Peptic
No symptom stricture, Barrett esophagus)
response

2. pH impedance on PPI therapy with elevated acid exposure
time and/or reflux burden

PPI-refractory
GERD

Figure 1.
Arriving at a diagnosis of PPI refractory GERD.
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Unproven GERD

Troublesome GERD symptoms despite PPI
therapy (Normal endoscopy)

I

Proven GERD

pH monitoring (+/-
impedance) OFF
PPI

Figure 2.
Role of pH testing to identify etiologies of PPl non-response.
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Example of a patient with troublesome regurgitation and heartburn despite optimized PPI
therapy for 8 weeks, and a positive wireless pH study performed off PPI previously, who on
evaluation was noted to have a 4.0cm hiatal hernia and pathologic gastroesophageal reflux.
Patient underwent a hernia repair and magnetic sphincter augmentation. (A) Image depicts
high-resolution esophageal manometry study with a 4cm separation between her LES and
crural diaphragm, with borderline intact peristaltic contractility. (B) Image depicts pH
impedance on PPI testing with pathologic acid exposure and elevated number of reflux
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events. (C) Image demonstrates endoscopic view in forward view and retroflexion of
separation between the crural diaphragm and lower esophageal sphincter.
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Figure 4.
Example of a transient lower esophageal sphincter relaxation (TLESR) with reflux episode.

First there is inhibition of the crural diaphragm and the lower esophageal sphincter relaxes
for more than 10 seconds and this is accompanied by a gastroesophageal reflux episode.
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Diagnostic testing and management options based on pathophysiologic mechanism of refractory GERD

Table 1:

Pathophysiologic Mechanism

Presenting Symptoms

Diagnostic Testing

Potential Treatment Options

permeability

impedance testing (investigational);
pH impedance
testing

Increased TLESR Regurgitation, Post-prandial highresolution GABA agonist
heartburn, chest pain esophageal
manometry
Hiatal hernia Regurgitation, Barium Hernia repair
heartburn, chest pain esophagram;
Upper GI
endoscopy; High-
resolution
esophageal
manometry
Hypotensive LES Regurgitation, High-resolution Surgical/endoluminal
heartburn, chest pain esophageal restoration
manometry
Reduced esophageal Dysphagia High-resolution Limited options
contractility esophageal Consider muscarinic
manometry receptor agonist
Increased mucosal Heartburn Mucosal

Persistent esophageal acid
exposure on double dose PPI

Heartburn, chest pain

pH impedance
testing on PPI

H2RA

Consider switching
toaCYP
independent PPI

Delayed gastric emptying

Regurgitation,
heartburn, chest pain

Gastric emptying
study; Upper Gl
series with small
bowel follow
through

Roux-en-Y gastric
bypass
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