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Abstract
Proton pump inhibitors (PPIs) remove most of the acid from the gastroesophageal refluxate.
However, PPIs do not eliminate reflux and the response of specific GERD symptoms to PPI
therapy depends on the degree to which acid drives those symptoms. PPIs are progressively less
effective for heartburn, regurgitation, chest pain and extra-esophageal symptoms. Hence, with an
incomplete PPI response, obtaining an accurate history, detailing which symptoms are ‘refractory’
and exactly what evidence exists linking these symptoms to GERD is paramount. Reflux can
continue to cause symptoms despite PPI therapy because of persistent acid reflux or weakly acidic
reflux. Given these possibilities, diagnostic testing (pH or pH-impedance monitoring) becomes
essential. Antireflux surgery is an alternative in patients if a clear relationship is established
between persistent symptoms, particularly regurgitation, and reflux. Treating visceral
hypersensitivity may also benefit the subset of GERD patients whose symptoms are driven by this
mechanism.
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Introduction
Proton pump inhibitor (PPI) therapy has largely changed the clinical face of
gastroesophageal reflux disease (GERD). Prior to the introduction of PPIs in 1989,
clinicians struggled to manage reflux patients with the existing pharmacological therapies,
dominated at the time by the histamine-2 receptor antagonists. Of course, the ‘refractory
patient’ at that time was easily defined with an endoscope: persistent mucosal erosions,
ulcers, and recurrent strictures. Almost miraculously, however, these problems succumbed
to the potent acid suppression made possible with PPIs. It is now widely accepted that the
mucosal manifestations of GERD (other than Barrett’s metaplasia) can be controlled
indefinitely with sustained PPI therapy [1]. Not surprisingly, PPI use has subsequently
increased tremendously and a number of alternative molecules have been added to the
therapeutic armamentarium.

The ensuing PPI euphoria broadened through the turn of the century leading many clinicians
to conclude that, not only were these drugs tremendously effective in treating GERD, but
that the therapeutic response to PPIs constituted a clinical definition of GERD [2]. If a
patient’s symptoms responded to PPIs, they had GERD and conversely, if they did not
respond to PPIs, they did not have GERD. Or so the thinking went. This was, of course,
flawed thinking, as it would equate to diagnosing rheumatoid arthritis based on
improvement with aspirin therapy [3]. While it is true that many cases of rheumatoid
arthritis do respond to aspirin, it is also true that many do not and, for that matter, that many
other conditions may exhibit a therapeutic response to aspirin. And then there is the placebo
response. The analogy with GERD is apparent.

The other evolution that has paralleled the introduction of PPIs, perhaps even made possible
by the PPIs, was an improved understanding of the full spectrum of GERD. As the problem
of refractory mucosal disease receded, the problem of refractory symptoms blossomed. And
the list of symptoms and syndromes potentially attributable to GERD expanded. These
developments led to the formation of an international consensus conference tasked with
developing a modern definition of GERD. The resultant ‘Montreal definition’ proposed the
overarching definition of GERD as ‘a condition which develops when the reflux of stomach
contents causes troublesome symptoms and/or complications’ [4]. The consensus document
went on to review health related quality of life data pertinent to the cardinal reflux
symptoms, heartburn and regurgitation to define ‘troublesome’. In the case of heartburn, the
threshold at which the symptom becomes ‘troublesome’ as evident by a clinically relevant
decrement in health related quality of life was ≥ 2 days/week of mild symptoms or ≥ 1 day/
week of ≥ moderate symptoms. No thresholds were proposed for any other potential reflux
symptoms because no relevant data could be found in the literature. Nonetheless, failure to
satisfactorily resolve potential GERD symptoms has become one of the most common
reasons for gastroenterological consultations in the US and Western Europe [5]. This treatise
will explore the many facets of this clinical scenario and propose a systematic approach to
management.

Phenotypes of incomplete PPI response
An estimated 10 to 40% of the patients with ‘GERD’ have either an incomplete or no
response to a standard dose of PPI [6, 7]. However, while that may be a unifying clinical
diagnostic code, this is an extraordinarily heterogeneous group of patients. PPI therapy is,
after all, directed at suppressing gastric acid secretion and acid secretion is usually normal in
GERD patients. Rather, the primary pathophysiology of GERD usually resides in the
domains of excessive or abnormal reflux events, prolonged acid clearance, or altered
mucosal sensitivity as conceptualized in Figure 1. Any of these may dominate the
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pathophysiology of a particular reflux syndrome. Indeed, even prior to treatment most
patients with heartburn do not have reflux esophagitis and this disconnect becomes more
exaggerated in patients with atypical GERD symptoms. Furthermore, the dominant
mechanism distinguishing esophagitis from non-erosive reflux disease is not found in the
number of reflux events but rather, in prolonged refluxate (acid) clearance mechanistically
attributable to the effects of a hiatal hernia or weak peristalsis [9, 10]. In fact, prolonged acid
clearance correlates with both the severity of esophagitis and the presence of Barrett’s
metaplasia [11, 12]. The efficacy of acid clearance is particularly impaired in patients with
hiatus hernia who exhibit reflux of fluid from the hernia during deglutitive relaxation while
in the supine posture [13, 14].

Generally speaking, reflux treatment strategies target individual elements of GERD
pathophysiology as represented in Figure 1. Unfortunately, pharmaceutical therapies have
minimal effect in the domain of improving acid clearance, but lifestyle modifications such
as avoiding post-prandial recumbency and head of bed elevation do target this mechanism
[1]. Gaining increasing recognition as an important element of reflux pathophysiology,
visceral sensitivity, is also an important modulator of reflux symptom severity and, in the
case of reflux-cough, a key pathophysiological feature [15]. However, thus far, treatments
targeting this mechanism are rudimentary and non-specific [16]. On the other hand, the
lethality of gastric juice to esophageal epithelial cells, a key event in the pathogenesis of
esophagitis, proved to be an excellent pharmacological target. However, the dominance of
acid as a major pathophysiological determinant diminishes with syndromes other than
esophagitis. The therapeutic implications of that observation are summarized in Figure 2
comparing the efficacy of PPIs in treating esophagitis to their efficacy in treating GERD
syndromes other than esophagitis [8]. Evident in the figure, PPI efficacy progressively
diminishes moving from esophagitis to symptomatic heartburn, regurgitation [18, 19], chest
pain [20], cough [21, 22] and laryngitis [17]. Improving these therapeutic outcomes hinges
upon finding alternative treatment strategies that are either more efficacious in preventing
reflux or in treating disease cofactors that are often equally important with these conditions.

Even within the domain of typical esophageal symptoms (heartburn, regurgitation, chest
pain), there are distinct phenotypes of incomplete PPI response to consider. There is the
immediate problem that no symptom is 100% specific for GERD. Hence, persistent
heartburn, regurgitation or chest pain may alternatively be related to esophagitis of another
etiology (eosinophilic, infectious, pill), severe dysmotility such as achalasia, rumination,
functional heartburn, or functional chest pain. And then, within the spectrum of GERD there
are instances in which reflux continues to cause symptoms despite PPI therapy. This can be
result from insufficient acid suppression with persistent acid reflux or symptoms as a result
of weakly acidic reflux. Given this wide array of possibilities, and the reality that there is no
longer a ‘one size fits all’ therapeutic strategy, diagnostic testing now becomes an essential
clinical tool.

Diagnostic Tests
History

In instances of an incomplete symptom response to PPI therapy it is imperative that the
patient’s symptoms be revisited. Which were the symptoms allegedly caused by reflux and
which of these were incompletely resolved by the PPI? Heartburn, defined as a painful
retrosternal burning sensation of relatively short duration, is the most characteristic reflux
symptom and the one that responds best to acid inhibition. Regurgitation, defined as
backflow of gastric content into the chest or mouth is also a characteristic reflux symptom,
but this symptom is known to be less responsive to PPI therapy [18, 19]. Extra-esophageal
symptoms such a hoarseness, throat pain, asthma and cough are the least likely to resolve
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with PPI treatment, in part because they are often not caused by reflux [23]. How severe
were the symptoms before the start of the treatment? Patients with severe pretreatment
symptoms are less likely to respond satisfactorily to PPI treatment [24].

Various questionnaires have been developed to assess GERD symptom severity and
frequency. However, while several of these have been validated and shown to yield
reproducible results, their use does not increase the accuracy of the GERD diagnosis [25].
Not surprisingly, higher pretreatment scores for dyspeptic symptoms predict poorer
symptom response to PPI therapy [26]. In two large randomized trials using the Reflux
Disease Questionnaire (RDQ) other concomitant RDQ items, particularly ‘substernal pain’
and ‘dyspepsia pain’ were associated with a reduced benefit of acid suppression for
‘substernal burning’ [27]. Finally, there are no specific data supporting the clinical use of
questionnaires as a diagnostic test in patients with therapy-resistant GERD.

Endoscopy
The American Society of Gastrointestinal Endoscopy recommends endoscopy for patients
with “GERD symptoms that are persistent or progressive despite appropriate medical
therapy” [28]. In these cases endoscopy can detect alternative diagnoses such as eosinophilic
esophagitis, infection and pill injury, even achalasia. Alternatively, endoscopy may detect
reflux esophagitis although, admittedly, the likelihood of this is low in a patient compliant
with full dose PPI therapy; in a study of 105 patients with incomplete PPI symptomatic
response, erosive lesions (Los Angeles A or B) were found in only 6.7% [29]. However, in
another recent study, this one restricting the analysis to patients who initially had
esophagitis, 31.4% of partial PPI responders were found to have Los Angeles A or B
esophagitis [30]. Other potential endoscopic findings that support a diagnosis of GERD are
peptic stenosis, Barrett’s metaplasia, or hiatus hernia. However, none of these findings
necessarily mean that the patient’s symptoms are caused by reflux.

Histology
Esophageal biopsies in GERD patients may show elongated papillae and hyperplasia of the
basal cell layer with dilated intercellular spaces [32, 33]. Hence, although dilated
intercellular spaces are reported to be more prevalent in patients with incomplete response to
PPI [33], large inter-observer variation, low sensitivity and low specificity strongly limit the
value of histology as a diagnostic marker for GERD. Similarly, it is uncertain whether
increased numbers of mucosal eosinophils are relevant in the management of therapy-
resistant GERD. Nonetheless, it is recommended that esophageal biopsies be taken when
eosinophilic esophagitis is a diagnostic consideration, particularly when dysphagia is a
presenting symptom.

Esophageal pH monitoring
Esophageal pH monitoring is conventionally carried out for a period of 24 hours, using a
portable data logger and a transnasal catheter on which a pH electrode is mounted. The
electrode is positioned at 5 cm proximal to the upper border of the manometrically defined
LES. More recently, telemetric pH monitoring has become popular (Bravo). With this
technique a capsule containing an antimony pH electrode and a radiotransmitter is attached
to the esophageal mucosa, positioned with its electrode 6 cm proximal to the endoscopically
identified squamocolumnar junction. The advantage of the Bravo technique is that there is
no discomfort caused by the presence of the naso-esophageal catheter and it allows longer
measurements, e.g. 48–96 hours. However, the wireless pH capsule technology is much
more expensive than catheter-based pH-metry. The results obtained with catheter-based and
wireless systems correlate well, but may not be identical [34, 35].
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Two types of information about gastroesophageal reflux can be obtained with pH
monitoring: 1) quantitative data on the magnitude of esophageal acid exposure usually
expressed as percentage of time with pH < 4, and 2) pH monitoring makes it possible to
assess the temporal association between the patient’s symptom episodes and acid reflux
events. A symptom episode is considered to be reflux-related if its onset takes place within
two minutes after the onset of an acid reflux episode. The result of such assessment can be
expressed in indices such as the Symptom Index or the Symptom Association Probability
[36, 37]. The importance of symptom association in a patient with incomplete symptom
response to a PPI is that it allows one to distinguish reflux-related symptoms from functional
heartburn [38]. The latter condition is defined as the presence of heartburn in the absence of
evidence that it is caused by reflux. In the evaluation of a patient with incomplete symptom
response to PPIs, esophageal pH monitoring is ideally performed after cessation of acid-
suppressive medication for at least 5 days because the primary aim is to determine whether
or not the patient really has GERD and reflux events cannot be recognized reliably with pH
monitoring when the patient is on a PPI.

Combined pH-impedance monitoring
Whereas pH measurement cannot be used to monitor reflux that is not acidic, the technique
of intraluminal impedance monitoring makes it possible to identify all types of reflux (acid
and weakly acidic, liquid and gaseous) [39]. Since an array of impedance electrodes
covering most of the length of the esophagus is used, the direction in which liquid or gas
boluses are propagated can also be established. Impedance monitoring is usually combined
with pH monitoring, using a pH electrode incorporated into the impedance catheter, so that
the acidity of all reflux events is also measured. Monitoring not only acid (pH < 4) but also
weakly acidic (pH 4–7) reflux episodes is relevant because it has been shown that weakly
acidic reflux events can cause symptoms, including heartburn [40]. Using impedance
monitoring it is possible to detect gastroesophageal reflux whilst the patient is taking a drug
that inhibits gastric acid secretion.

There are opposing views on how best to perform impedance monitoring in the patient with
incomplete symptom resolution on acid inhibition. One may argue that the purpose of
impedance monitoring in such a patient is to establish whether the remaining symptoms on
PPI are reflux-related and thus that the measurement should be done while the PPI is
continued. However, as with pH monitoring, the chance of finding a positive correlation
between the reflux symptoms and reflux events in a pH-impedance study is greatest when
the patient is studied ‘off’ acid inhibitors[41]. Therefore, pH-impedance monitoring is best
performed off PPI when the diagnosis of GORD has not yet been established beyond doubt.
Measurement ‘on’ PPI is reasonable when the diagnosis has been made already and the main
question is why the treatment proves to be ineffective.

Manometry
In general, there are no manometric findings that have a sufficiently high specificity and
sensitivity for the diagnosis of GERD and there are no data showing that patients with
incomplete response to treatment exhibit distinguishing manometric features from patients
with a satisfactory response. However, manometry is useful to determine correct positioning
for pH electrode placement and to detect the rare case in which achalasia was misdiagnosed
as GERD [42]. An erroneous diagnosis of GERD in achalasia is made possible by the report
of heartburn in up to 35% of achalasia patients [43]. Finally, manometry may be helpful in
diagnosing the rumination syndrome. This is best accomplished with concurrent pH-
impedance monitoring [44].
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Pharmacological Approaches
Although PPIs are undoubtedly the most widely used drugs to treat GERD, it is still
remarkable that patients are not always instructed properly about the timing of PPI intake
relative to eating. This is of great relevance as PPIs only selectively interact with and inhibit
actively secreting proton pumps. Hence, pre-meal dosing, especially before breakfast has
been proven to most effectively reduce acid secretion [45]. However, a recent survey in 100
GERD patients on PPI found only 46% to be dosing optimally (i.e. within one hour before a
meal), whereas only 12% dosed in a manner that maximized acid suppression (15–30 min
before breakfast) [46]. Hence, optimization of PPI dosing should be the first step in
addressing an inadequate symptom response before increasing dose or changing medication.

Double dose PPI
Doubling the PPI dose is one of the most common interventions made to improve symptom
control in partial PPI responders. However, objective data supporting this approach are
scarce. In fact, several studies have indicated that although increased dosing of PPI (either
administered as q.d. or b.i.d.) results in improved suppression of gastric acid secretion,
esophageal acid exposure and, most importantly, esophageal symptoms (particularly
heartburn) were not more effectively reduced [47]. Alternatively, switching to alternative
PPI is often tried to enhance symptom control. In one such trial, patients with persistent
symptoms while receiving 30 mg lansoprazole were treated with twice daily 30 mg
lansoprazole or single dose 40 mg esomeprazole for 8 weeks. Both treatments were equally
effective for controlling heartburn [48]. Finally, the development of new compounds acting
through novel mechanisms to reduce acid secretion did not improve symptom control
beyond that achieved with PPIs. For example, the potassium-competitive acid blocker
AZD0865, capable of nearly complete and immediate acid inhibition, was not superior to
esomeprazole with respect to symptom control in patients with either erosive or non-erosive
reflux disease [49, 50]. Taken together, these observations suggest that a plateau effect of
blockading acid secretion exists with respect to symptom control; more is not better. Rather,
alternative strategies beyond increasing the PPI dose should be explored.

PPI plus histamine-2 receptor antagonists (H2RAs)
Nocturnal acid secretion, mainly driven by histamine, is less sensitive to PPIs, as evidenced
by a nocturnal drop in gastric pH, even in patients on double dose PPI. This phenomenon is
referred to as nocturnal acid breakthrough [51]. Triggered by this observation, nocturnal
acid breakthrough has been proposed as a potential mechanism of PPI resistant GERD
symptoms. Hence, studies were undertaken in which PPIs were combined with nighttime
H2RAs. Proof-of-concept pH monitoring studies indeed showed that acute H2R blockade
improved control of nocturnal gastric pH and was associated with improvement of GERD
symptoms [52]. However, subsequent studies found that symptom improvement was
independent of the degree of nocturnal breakthrough, suggesting this phenomenon to be of
limited clinical significance. Moreover, due to the development of tolerance, no difference
could be demonstrated in gastric acid control between long term treatment (28 days) with
PPI twice daily vs PPI twice daily combined with an H2RA [53], arguing against adding
H2RA to PPIs as maintenance therapy in GERD.

PPI plus prokinetics
Accepting that more aggressive acid suppression fails to reduce GERD symptoms,
improvement of clearance once the refluxate has entered the esophagus may represent an
effective therapeutic approach. Vigneri et al. explored this strategy in GERD patients with
endoscopic esophagitis [54]. These investigators reported that in a 12-month trial cisapride
plus ranitidine was more effective than ranitidine alone in controlling pain, but that no

Kahrilas et al. Page 6

Best Pract Res Clin Gastroenterol. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



addititive effect was observed by adding cisapride to omeprazole. A more recent study
reported similar findings with mosapride citrate, a prokinetic agent with 5-HT4 agonistic
and 5-HT3 antagonistic properties [55]. Two hundred NERD patients were randomized to
omeprazole (10 mg o.d.) or omeprazole plus mosapride (5 mg t.i.d.) for 4 weeks, but no
difference in symptom control was reported. Taken together, these data do not support the
addition of a prokinetic agent to PPI therapy in patients with PPI-persistent GERD
symptoms.

Raft-forming agents
A recent observation of great interest is that gastroesophageal reflux, in particular
postprandial reflux, originates from a reservoir of gastric acid floating on top of the meal
[56, 57]. This ‘acid pocket’ of newly secreted gastric juice does not mix with the meal and
can be detected at the esophagogastric junction within 20 minutes after eating making it a
novel target to reduce postprandial heartburn [58, 59].

Alginates, i.e. anionic polysaccharides widely distributed in the cell wall of brown seaweed,
have been shown to form a floating raft in the presence of acid and calcium ions in vitro.
This raft potentially creates a physical barrier against reflux or increases the viscosity of
refluxate potentially impeding gastroesophageal reflux. Alginates are currently widely used
in combination with an antacid as over-the-counter medication for heartburn and have
proven effective in reducing heartburn and esophageal acid exposure time in GERD patients
[60]. In line with these observations, Rohof et al. recently demonstrated that alginates co-
localize with the acid pocket when administered after the meal and reduce acid reflux
episodes and acid exposure more effectively than antacid in GERD patients [61]. These data
suggest that alginates have potential to reduce PPI resistant reflux by targeting the acid
pocket. Manabe et al. randomly assigned 76 NERD patients to omeprazole 20 mg daily or
omeprazole plus sodium alginate [62]. Complete resolution of heartburn for at least 7
consecutive days by the end of 4 weeks treatment was significantly better in the group
receiving the combination (57%) compared to omeprazole alone (26%). Although further
confirmation is required, this study suggests that alginates may be effective in relieving PPI
resistant symptoms. In practice, GERD patients may already apply this strategy, as
evidenced by a recent US community-based survey, showing that 42% of patients on PPI
use other GERD medication, including over-the-counter medications [63].

Reflux inhibitors
Even though the number of acidic reflux episodes is reduced by PPI treatment, the total
number of reflux events is unaffected [64]. Hence, most reflux events detected in GERD
patients while taking PPIs are weakly acidic [65]. Given that weakly acidic reflux can cause
symptoms, an ideal GERD treatment should reduce both acidic and weakly acidic reflux
events. One strategy to achieve this goal is by interfering with the main mechanism
underlying gastroesophageal reflux, transient lower esophageal sphincter relaxations
(TLESRs). TLESRs are prolonged relaxations of the LES accompanied with inhibition of
the crural diaphragm and esophageal shortening, facilitating reflux; they are the
physiological mechanism of belching. Interestingly, the gamma-amino butyric acid (GABA)
B receptor agonist baclofen not only reduces TLESRs in animal models and humans, but
also decreased the number of acidic and weakly acidic reflux events in both healthy
volunteers and GERD patients [8]. However, as baclofen treatment can lead to dizziness and
sleepiness, more potent and peripherally acting GABAB agonists or prodrugs of baclofen
were developed to avoid these central side effects. Unfortunately, although these compounds
reduced TLESRs by approximately 30–40%, lack of clinical efficacy and side effects (liver
toxicity, central side effects) led to their withdrawal [8, 66, 67] and currently no reflux
inhibitors remain in active development programs. If tolerated though, adding baclofen to
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PPI treatment still represents a valuable therapeutic approach for PPI resistant symptoms
[68].

Low dose antidepressants
Antidepressants may modulate esophageal sensitivity at the central nervous system and/or
sensory afferents level, potentially benefitting symptomatic patients. Specifically, low dose
tricyclic antidepressants have been effective in patients with chest pain that was only
partially responsive to PPIs [69]. Similarly, trazodone, a serotonin reuptake inhibitor, was
more effective than placebo in patients with esophageal symptoms (chest pain, dysphagia,
heartburn, and/or regurgitation) associated with esophageal contraction abnormalities [70].
Citalopram, another selective serotonin reuptake inhibitor, significantly increased the
threshold for perception and discomfort after balloon distension in healthy volunteers [71].
Citalopram also prolonged the duration of esophageal acid perfusion required to induce
heartburn. Consequently, these medications may be useful adjunctive therapy in the subset
of GERD patients with hypersensitivity. However, thus far, there have been no large studies
that evaluate antidepressants in GERD patients.

Non-pharmacological Approaches
Acupuncture and hypnotherapy have also been proposed as therapeutic alternatives for
GERD. In one series of 30 GERD patients who failed PPI once daily, adding acupuncture
(in an uncontrolled study) was significantly better in controlling acid regurgitation and
heartburn than was doubling the PPI dose [72]. Response to PPI treatment is also modulated
by psychological distress [73]. Consequently, reducing psychological distress may be
beneficial in a subset of patients with an inadequate response to PPI. Hypnotherapy has been
proposed as such an alternative therapy, especially for patients with atypical GERD
symptoms. In a randomized trial including 28 patients with non-cardiac chest pain, patients
treated with hypnotherapy experienced a global improvement in pain more frequently than
did controls (80% vs 23%). Similarly, in a case series of patients with globus sensation,
hypnotherapy appeared to be a beneficial intervention [74]. It remains to determine if this
alternative is effective in larger series of patients with GERD-associated functional
symptoms.

Surgical fundoplication
High quality evidence on the efficacy of antireflux surgery exists only for esophagitis and/or
excessive distal esophageal acid exposure determined by pH monitoring without ongoing
PPI therapy [1]. In that scenario, controlled trials have shown antireflux surgery to be at
least as effective as PPI therapy in controlling heartburn and acid regurgitation. The best
example of this is the recently published LOTUS trial, a large randomized European trial
comparing laparoscopic antireflux surgery to esomeprazole treatment for patients with
chronic GERD [75]. The diagnosis of GERD was established on the basis of typical
symptoms and presence of esophageal mucosal breaks at endoscopy and/or a pathological
pH monitoring study. Only patients with clinical response to esomeprazole during a 3-month
run-in period were randomized. Over 3 years of follow up, both treatments were similarly
effective in achieving complete symptom remission. At 5 years, the remission rates were
greater in the esomeprazole group than in the laparoscopic fundoplication group (92% vs
85%, p=0.048) [76]. Differences were also observed when analyzed by specific symptoms.
Specifically, regurgitation was significantly worse in the medical group than in the surgical
group (13% vs 2% respectively, p<0.001) while there was no significant difference between
the groups in heartburn severity. Dysphagia, bloating and flatulence were all significantly
more common in the fundoplication group than in the PPI group. Consequently the potential
benefits of antireflux surgery should be weighed against the deleterious effect of new
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symptoms consequent from surgery, particularly dysphagia, flatulence, an inability to belch,
and post surgery bowel symptoms.

Another practical limitation of antireflux surgery is that it is acknowledged to be highly
operator dependent. Efficacy data from community practice [77] are widely divergent from
those of the LOTUS trial with as many as 30% of patients resuming PPI therapy within 5
years of surgery. Revision fundoplication surgery is also common accounting for up to 50%
of operations performed at some referral centers [78]. Hence, antireflux surgery should be
recommended with restraint. Patients with esophagitis who are intolerant of PPIs will likely
benefit from antireflux surgery. Conversely, esophagitis patients who are well maintained on
PPIs have nothing to gain from antireflux surgery and incur added risk. Patients with
esophageal GERD symptoms poorly controlled by PPIs may benefit from surgery especially
in the setting of persistent regurgitation. Even so, the indication must be balanced with the
risk of surgery and patients need to be advised of potential dysphagia, inability to belch,
flatulence, and bowel symptoms.

Summary
Reflux disease is caused by physiological dysfunction of the EGJ leading to excessive reflux
of gastric secretions into the esophagus. Esophagitis can be a direct consequence of this.
Hence, reducing gastric acid secretion with PPIs is very effective in esophagitis healing.
However, PPIs do not eliminate reflux and the response of specific GERD symptoms to PPI
therapy is dependent of the degree to which those symptoms are related to acid. PPIs are
most effective for the symptom of heartburn but progressively less so for regurgitation, chest
pain and extra-esophageal symptoms. However, even in the case of heartburn, PPI efficacy
is substantially less than for healing esophagitis. Hence, with an incomplete response to PPI
therapy, a fundamental question is whether or not the persistent symptoms are attributable to
reflux. Obtaining an accurate history, detailing which symptoms are ‘refractory’ and exactly
what evidence exists linking these symptoms to GERD is of paramount importance. Even
within the spectrum of typical esophageal symptoms, persistent heartburn, regurgitation or
chest pain may alternatively be related to esophagitis of another etiology (eosinophilic,
infectious, pill), severe dysmotility, rumination, functional heartburn, or functional chest
pain. Within the spectrum of GERD, reflux can continue to cause symptoms despite PPI
therapy because of persistent acid reflux or symptoms as a result of weakly acidic reflux.
Given this wide array of possibilities, and the reality that there is no longer a ‘one size fits
all’ therapeutic strategy, diagnostic testing with pH or pH-impedance monitoring now
becomes an essential clinical tool. Reducing the occurrence of reflux can be an important
therapeutic target, especially in patients with persistent regurgitation on PPI therapy.
Antireflux surgery is the main alternative in these patients if a clear relationship is
established between persistent symptoms, particularly regurgitation, and reflux. Finally
treating visceral hypersensitivity may be beneficial in the subset of GERD patients whose
symptoms are driven by this mechanism. Figure 3 details an algorithm for managing patients
with PPI refractory symptoms.
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Practice Points

• Patients with a partial response to PPI therapy may have refractory symptoms
attributable to persistent reflux or to factors unrelated to reflux disease

• Revisiting the clinical history to characterize symptoms and weigh the evidence
that they are even GERD related is of paramount importance

• Reflux testing (pH-metry or pH-impedance monitoring) is essential to
phenotype patients with persistent symptoms into those with refractory reflux
symptoms vs functional symptoms vs hypersensitivity
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Research Agenda

• Understanding, characterizing, and treating esophageal hypersensitivity

• Characterizing the role of reflux in the domain of extra-esophageal syndromes

• Managing functional heartburn and functional dyspepsia
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Figure 1.
Conceptual model of the pathophysiological triggers of GERD symptoms. The fundamental
abnormalities are of symptomatic reflux events and prolonged clearance. However, the
effect of reflux in eliciting symptoms is linked to the toxicity of gastric juice even though
this factor is usually normal in GERD patients. Acid clearance and mucosal sensitivity
modulate the effect of reflux by prolonging the exposure of the esophageal mucosa to
refluxate and diminishing the sensory threshold of what is perceived as painful. Modified
from [8].
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Figure 2.
Summary of PPI efficacy for various GERD syndromes as assessed in randomized
controlled trials. In each case, data among trials are averaged to derive estimates of placebo
effect and therapeutic gain, defined as the degree to which PPI therapy improved upon the
benefit seen with placebo. The blue segments represent the placebo effect and the green
arrows the therapeutic gain beyond the placebo effect seen with PPIs. PPI data are grouped
in terms of brand and dose, taking some liberties for simplification. However, it is
imperative to recognize that the only disease manifestation in which a dose-response curve
has been convincingly demonstrated by randomized controlled trial is in healing esophagitis.
At the other extreme, in the case of hoarseness, controlled trial data are sparse and the only
large trial (which was done in patients without esophagitis or frequent heartburn) failed to
show benefit of PPI vs placebo [17]. Modified from [8].
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Figure 3.
Algorithm for management of the patient with incomplete response to PPI therapy. Since the
pivotal question in ‘therapy-refractory GERD’ is whether or not the symptoms are
attributable to reflux, pH/impedance monitoring plays a central role in the evaluation. The
chance of finding a positive correlation between symptoms and reflux events is greatest
when the reflux monitoring is carried out ‘off’ acid inhibition therapy. Antireflux surgery is
best restricted to patients with pathological reflux and a positive symptom correlation.
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