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Abstract

Refractory chronic cough due to gastroesophageal
reflux is a troublesome condition unresponsive to the
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standard medical anti-reflux therapy. Its underlying
mechanisms may include incomplete acid suppression,
non-acid reflux, transient lower esophageal sphincter
relaxations and esophageal hypersensitivity. The
diagnosis of this disorder depends on both the findings
of multi-channel intraluminal impedance-pH monitoring
and the subsequent intensified anti-reflux therapy. The
strategies of pharmacological treatment for refractory
chronic cough due to reflux include the optimization
of proton pump inhibitors and add-on therapies with
histamine H: receptor antagonists, baclofen and
gabapentin. However, the further study is needed to
satisfy its management.

Key words: Esophageal pH monitoring; Chronic cough;
Anti-reflux therapy; Refractory cough; Gastroesophageal
reflux
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Core tip: Refractory cough due to reflux can be defined
as a reflux-induced cough resistant to standard
medical anti-reflux treatment but responsive to the
subsequent intensified anti-reflux therapy. It may be
associated with the residual acid or non-acid reflux,
transient lower esophageal sphincter relaxations and
esophageal hypersensitivity. The definite diagnosis of
the disorder depends on the positive findings of multi-
channel intraluminal impedance-pH monitoring as well
as favorable response to the intensified anti-reflux
therapy. The current therapeutic strategies include the
complete acid suppression and add-on uses of baclofen
or gabapentin.
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INTRODUCTION

Gastroesophageal reflux-induced chronic cough (GERC)
is a special form of gastroesophageal reflux disease
with predominant cough symptom!! and along with
cough variant asthma, upper airway cough syndrome
or eosinophilic bronchitis, is considered as a common
cause of chronic cough®?. Like gastroesophageal
reflux disease, proton pump inhibitors (PPIs) alone or
in combination with prokinetic agents are a standard
medical therapy for GERC and can resolve the cough in
most patients'’. However, a small percentage of patients
with GERC are resistant to the standard anti-reflux
treatment and this condition is also defined as refractory
GERC™., This review summarizes our understanding
about the definition, mechanism and management of
refractory GERC.

DEFINITION OF REFRACTORY GERC

How to define refractory GERC remains to be con-
troversial. There is no consensus on the refractory
gastroesophageal reflux disease which GERC can refer
to. The generally accepted definition of refractory
gastroesophageal reflux disease is the persistent classical
reflux-related symptoms such as regurgitation and
heartburn despite the treatment with PPIs twice daily for
at least 4-8 wk™. Recently, Sifrim et af*® proposed that
refractory gastroesophageal reflux disease should be
defined as the condition in which symptoms (heartburn
and/or regurgitation) are not responsive to a stable
double dose of PPIs during a treatment period of at
least 12 wk and patients continue to report troublesome
symptoms while “on” PPIs at least thrice weekly for
the last 3 mo™. As one of extraesophageal symptoms,
cough can be caused by many diseases other than
GERC. A cause-effect association between reflux and
cough is more difficult to establish than regurgitation
and heartburn, and too long-lasting trial with PPIs may
delay the diagnosis and treatment of the other etiologies
of chronic cough. Therefore, we have defined refractory
GERC as a condition of chronic cough with the objective
evidence of abnormal reflux as demonstrated by multi-
channel intraluminal impedance-pH monitoring (MII-
pH), and resistant to a 8-wk standard medical anti-
reflux treatment but responsive to the subsequent
intensified anti-reflux therapy!’’. This definition is
consistent with the principles recommended in several
guidelines for the management of chronic cough™® as
well as the generally accepted definition of refractory
gastroesophageal reflux disease'™.

The exact prevalence of refractory GERC is still
unclear. It is estimated that 10%-40% patients with
gastroesophageal reflux disease do not or only partially
respond to the standard dose of PPIs®., Unlike erosive
esophagitis, nonerosive reflux disease has basically
normal esophageal mucosa under an endoscope and
normal or slightly abnormal esophageal acid exposure
as indicated by MII-pH, accounts for 70% of gastroeso-

Baishidenge ~ WIM | www.wjgnet.com

150

phageal reflux disease and is poorly responsive to PPIs
treatment™®'"), Therefore, nonerosive reflux disease
is responsible for the majority of refractory gastroeso-
phageal reflux disease. Our preliminary results have
shown that refractory GERC accounts for about one third
of GERC'", and is comparable with the prevalence of
refractory gastroesophageal reflux disease.

MECHANISMS OF REFRACTORY GERC

It is well known that GERC may be caused by micro-
aspiration of the refluxate into the airways (reflux
hypothesis) and esophageal-tracheobronchial reflexes
mediated by the afferent nerves in the distal esophagus
(reflex hypothesis)™. However, the mechanisms under-
lying the refractory GERC is poorly understood. It may
be associated with the incomplete acid suppression,
non-acid reflux, transient lower esophageal sphincter
relaxations (TLESRs) and esophageal hypersensitivity.

INCOMPLETE ACID SUPPRESSION

Incomplete acid suppression has been documented in
patients with persistent symptoms despite the therapy
with PPIs at a standard dose. Several studies have
shown 4%-17% patients presented with abnormal
acid reflux™' and 7%-11% patients had a positive
symptom index!™**® as revealed by 24-h esophageal
pH monitoring when they were “on” PPIs. The residual
acid reflux can continue to elicit cough through microa-
spiration or esophageal-tracheobronchial reflex™!.
In addition to poor compliance such as not taking
PPIs in time or at the suitable time, ineffective acid
suppression may also be related to the difference in
the responsiveness to therapy among patients. For
example, the rapid metabolism of PPIs in some patients
may result in that the high serum PPIs level can not be
achieved for the adequate acid suppression™”’. Nocturnal
acid breakthrough, a phenomenon of gastric pH below
4 for at least 1 h during the night, was also suggested
as a cause of the failure to PPIs treatment by promoting
gastroesophageal reflux during sleep!®. However,
accumulating evidence does not support a significant
role of nocturnal acid breakthrough in the failure of PPIs
treatment.

NON-ACID REFLUX

Non-acid reflux, an important constituent of reflux,
includes weakly acidic (refluxate pH = 4-7) and weakly
alkaline (refluxate pH > 7) reflux, with 95% belonging
to weakly acidic reflux and only 5% belonging to weakly
alkaline reflux™. Non-acid reflux accounts for 50% and
95% of reflux in the patients with gastroesophageal
reflux disease “off” and “on” PPIs, respectively®®. It
is reported that cough-related reflux consists of acid
(65%), weakly acidic (29%) and weakly alkaline (6%)
reflux in the GERC patients “off” acid suppressive
therapy™'l. In contrast, reflux-related cough is caused

September 26, 2015 | Volume 5 | Issue3 |



by weakly acidic (74%), weakly alkaline (17%) and
acid (4%) reflux in patients with refractory GERC™?.
The increase in weakly acidic reflux episode may derive
from the relative increase in the percentage of original
weakly acidic reflux due to the inhibition of acid reflux or
in a considerable part, the transition of the original acid
reflux due to pH value shift in the refluxates after PPIs
treatment. The cough induced by weakly acidic reflux
may be associated with esophageal distension due to
increased reflux volume, persistent impaired mucosal
integrity and esophageal hypersensitivity™.

TLESRS

TLESRs refer to the spontaneous (not preceded by a
swallow) relaxations of the lower esophageal sphincter
lasting 10-60 s'**!, which is a vagally mediated event
induced by the volume distension of the stomach.
Physiologically, it plays a role in venting air from the
stomach after meals and also represents a main mech-
anism underlying all types of reflux®. In patients with
established gastroesophageal reflux disease, TLESRs
have a high prevalence and is two times more likely to
be related to the reflux'*®’. In general, PPIs can reduce
the acidity and volume of refluxate in the esophagus,
but have no ability to rectify the dysfunction of the lower
esophageal sphincter and decrease reflux episodes.

ESOPHAGEAL HYPERSENSITIVITY

Esophageal hypersensitivity is defined as an exagge-
rated response of esophageal mucosa to normal or
subthreshold stimuli and involved in the pathogenesis
of GERC. It is unclear whether esophageal sensitivity in
refractory GERC is higher than naive GERC. However,
several lines of evidence have demonstrated that
patients with nonerosive reflux disease are more sensi-
tive to intraesophageal acid infusion, balloon distension
and electrical stimulation than patients with erosive
esophagitis®®’*®.

The function of peripheral sensory terminals may be
modified by inflammatory mediators released from the
injured and inflammatory esophageal mocosa caused
by reflux. Consequently, the transduction threshold is
decreased in the primary sensory afferents, resulting
in hypersensitivity at the site of injury or inflammation,
and a heightened response to subthreshold or innocuous
chemical, mechanical and electrical stimuli. It has been
shown that the expression of acid-sensing receptors
and transient receptor potential vanilloid 1 are up-
regulated in the esophageal mucosa of patients with
gastroesophageal reflux disease™®. Patients with
refractory GERC have the dilated intercellular spaces in
the esophageal epithelium due to repeated exposure
to acid and enzymes, which permits the penetration
of some noxious or sensitizing substances through the
epithelial barrier, exposes and activates subepithelial
nerves, and prompts the transduction of acid signals
from the peripheral afferents to cough center'®. Once
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central sensitization is established, it can continue to
potentiate cough even though the initial peripheral
stimulus is discontinued.

DIAGNOSTIC APPROACH

According to the algorithms recommended in several
guidelines for the management of chronic cough, a
complete laboratory workup including sinus or chest
imaging, pulmonary function test, bronchial provocation
and induced sputum cytology should be performed in
sequence or simultaneously to identify the common
causes of chronic cough such as cough variant asth-
ma, upper airway cough syndrome and eosinophilic
bronchitis™®. Possible GERC is considered when the
patients have the concomitant typical reflux-related
symptoms, the other common causes of chronic cough
are excluded and the treatment specific to current
etiologies fails to resolve cough completely™.. If the
laboratory findings reveal the abnormal reflux, the
favorable response to the subsequent standard medical
anti-reflux treatment will confirm the diagnosis of
GERC. Otherwise, refractory GERC has to be assumed
(Figure 1).

The difficulty in diagnosing refractory GERC is to
confirm the cause-effect association between reflux and
cough. The resistance to medical anti-reflux therapy
may be refractory GERC or the ongoing cough is not
related to any continuing reflux'®. Of note, the false
refractoriness to PPIs treatment due to poor compliance
to treatment should be excluded. It is found that 40%
of the patients with gastroesophageal reflux disease
are not compliant to PPIs therapy in a large population
based study™!!. Except for omeprazole sodium bicar-
bonate and dexlansoprazole, the traditional delayed
release PPIs should be administered 30-60 min before
meals to assure the maximal gastric acid inhibition™,
When the factors are addressed, the possibility of
refractory GERC may be increased.

As shown in Table 1, MII-pH is currently a major
laboratory examination for the diagnosis of refractory
GERC while barium radiographs and upper gastroin-
testinal endoscopy are not recommended or used
only when MII-pH is unavailable because their overall
sensitivity is extremely low™, With the impedance
probes located at different sites of the esophagus, MII-
pH can record the changes in the electric impedance
induced by the movement of various types of bolus in
the esophagus, recognize gas, liquid and mixed reflux
based on the impedance value of bolus, and classify
reflux as acid and non-acid according to the pH value
of refluxate!®**, Theoretically, MII-pH has an ability
to detect all types of reflux, identify the characters of
refluxate and establish a temporal association between
acid or non-acid reflux and cough. MII-pH is superior
to the ambulatory 24-h esophageal pH monitoring for
the diagnosis of GERC in that it provides additional
information of non-acid reflux®. Recently, it has been
reported that the presence of a pathological acid
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Table 1 Diagnostic value of laboratory investigation for chronic cough due to gastroesophageal reflux

Diagnostic tests Indications Advantages Drawbacks

Barium radiographs Not recommended for diagnosis of GERC unless High specificity Extremely low sensitivity
evaluating for dysphagia

Upper gastrointestinal endoscopy =~ Not recommended for diagnosis of GERC. Only useful High specificity Low sensitivity

for the detection of erosive esophagitis but not for non-

erosive reflux disease

Ambulatory 24-h esophageal pH
monitoring

Multi-channel intraluminal
impedance-pH monitoring

Able to detect acid reflux but not non-acid (weakly acidic
and alkaline) reflux
Able to detect both acid and non-acid reflux

Relatively high sensitivity Modest specificity

High sensitivity Modest specificity

GERC: Gastroesophageal reflux-induced chronic cough.

‘ Suspected cough due to reflux ‘

‘ Multi-channel intraluminal impedance-pH monitoring ‘

Negative findings

| Empirical anti-reflux therapy |

—

‘ Unresponsive H Responsive ‘

l

‘ Diagnosis excluded ‘

Positive findings

| Standard anti-reflux therapy |

Fﬁ

‘ Responsive ‘ Unresponswe

‘ Diagnosis confirmed ‘

| Suspected refractory cough due to reflux |

| Intensified anti-reflux therapy |

R

| Unresponsive | | Responsive |

| Cause unknown | | Diagnosis confirmed |

Figure 1 Diagnostic algorithm for refractory chronic cough due to reflux.

exposure time or pathological impedance baseline in
MII-pH study may predict the better response to the
treatment with PPIs in patients with chronic cough®®*.
Therefore, MII-pH has been posited as a future standard
for the reflux detection and monitoring™®.

MII-pH has the similar inherent limitations to
ambulatory 24-h esophageal pH monitoring. For the
estabishment of a temporal association between cough
and reflux, the calculation of the symptom association
probability (one of significant criteria in the diagnosis of
GERC) still depends upon the counts and timing of cough
reported by patients and the reflux recorded by MII-
pH. Since patients usually underestimate the frequency
of cough events or misreport their timing during MII-
pH, the symptom association probability determined
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with above method is not adequately accurate. Several
studies have demonstrated that only 40% of cough
bursts are indicated by the patients, with a delay of
around 30 s, and a positive symptom association
probability is found in only 35% of GERC patients,
Even though with synchronized intraesophageal mano-
metric monitoring or 24-h ambulatory cough sound
recording for precise recognition of cough, the positive
rate of the symptom association probability is only
improved to 45%-48%'%7®!, Therefore, the sensitivity
of MII-pH in the diagnosis of refractory GERC is not high
enough to meet the need in clinical practice.

The diagnostic criteria for the refractory GERC can
be defined as follows'*”®: (1) chronic cough, with or
without the classical reflux-related symptoms such as
regurgitation and heartburn; (2) MII-pH confirms the
abnormal acid or non-acid reflux, defined as DeMeester
score of = 14.72 and/or the symptom association
probability for acid or non-acid reflux of = 95%.
However, our study has shown that = 80% may be
an optimal cut-off value for the symptom association
probability and can maintain the better balance
between sensitivity and specificity in the diagnosis of
GERCP™: (3) cough fails to improve after 8-wk standard
anti-reflux treatment with omeprazole (or equivalent
PPIs) at 20 mg twice daily and domperidone at 10 mg
thrice daily with life style modification, but responds to
the subsequent intensified anti-reflux therapy; and (4)
other causes of chronic cough are excluded. When a
patient meets all the above criteria, refractory GERC can
be definitely diagnosed.

THERAPEUTIC INTERVENTIONS

Refractory GERC can be treated pharmacologically and
non-pharmacologically. Currently, the intensified medical
anti-reflux treatment is the most common therapeutic
option (Table 2).

OPTIMIZATION OF PPIS THERAPY

The modulation of brands and doses of PPIs is a useful
strategy for the management of refractory GERC.
When a PPI fails, switching to another PPI is possibly
effective. Several clinical studies have demonstrated
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Table 2 Evaluation of therapeutic options for refractory chronic cough due to gastroesophageal reflux

Therapeutic options Evaluations

Pharmacologically
Optimization of PPIs therapy
Switch to another PPI
Doubling the current dose of PPI
Add-on therapy
Histamine H2 receptor antagonists
TLESRs inhibitors (baclofen)
Gabapentin
Surgically
Laparoscopic fundoplication
Endoscopic therapy or transoral incisionless
fundoplication
Radiofrequency augmentation

Useful for some refractory cough due to acid reflux
Useful for refractory cough due to severe acid reflux

Useful for refractory cough due to severe acid reflux and night-time reflux
Useful for refractory cough due to acid or non-acid reflux resistant to PPI therapy

Useful for refractory cough due to acid or non-acid reflux resistant to PPI and baclofen therapy

A treatment option for long-term therapy of refractory cough due to acid or non-acid reflux
Not recommended for refractory cough due to reflux on the basis of lack of long-term efficacy

Not recommended for refractory cough due to reflux on the basis of lack of long-term efficacy

PPI: Proton pump inhibitor. TLESRs: transient lower esophageal sphincter relaxations.

that, when adequate symptom relief is not achieved
with omeprazole, the switch to esomeprazole (40 mg
once daily) for 8 wk may attenuate the symptoms and
improve the health-related quality of life in 78% of the
patients with gastroesophageal reflux disease®®*,
This option is also cost-effective. When a single dose of
lansoprazole (30 mg once daily) fails, switching to either
omeprazole or esomeprazole (40 mg once daily) may
achieve adequate symptom control in the patients with
gastroesophageal reflux disease**!!. However, there
is no study to demonstrate the efficacy of a switch to
another PPI in patients with refractory GERC.

To increase the dose of PPIs may help to achieve
complete acid suppression, and eliminate the residual
acid reflux in patients with refractory GERC. Doubling
the original dose of PPIs is a common selection. When
the dose of lansoprazole is increased from 30 mg daily
to 60 mg daily, adequate symptom control is achieved
in approximately 20%-30% of patients who are
unresponsive to the original low dose lansoprazole for 6-8
wk“**_Our study has demonstrated that the cough in
38.9% of patients with refractory GERC was controlled
after the treatment with a doubled-dose omeprazole (40
mg twice daily)!*?\. These patients had a more severe
esophageal acid exposure, as indicated by a mean
85-point DeMeester score, suggesting the standard
dose PPIs were not enough to obviously reduce the
acidity of refluxate. After treatment with doubled-dose
omeprazole, the significant increase in the pH value
of refluxate may markedly attenuate the acid-induced
stimulation to the esophageal receptors, inhibit the
esophageal-tracheobronchial reflex and finally resolve
the cough!*?.

ADD-ON THERAPY WITH HISTAMINE H:
RECEPTOR ANTAGONISTS

Seventy-five percent of patients with refractory
gastroesophageal reflux disease still present with
abnormal nocturnal gastric acid secretion even after
the treatment with PPIs twice daily™*?. The addition of a
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histamine Hz receptor antagonist at bedtime may help
to achieve complete acid suppression in these patients.
Retrospective studies have shown that the combination
of PPIs with histamine H: receptor antagonists may
improve the overall symptoms in 72% of patients with
refractory gastroesophageal reflux disease**. Since
long-term use of histamine H2 receptor antagonists
may develop tachyphlaxis and decrease its therapeutic
efficacy, its intermittent or on-demand use at bedtime is
advocated. Our results showed the addition of ranitidine
150 mg twice daily attenuated the cough symptoms
in 25% of patients with refractory GERC who were un-
responsive to the therapy with high dose PPIs!**. This
combined therapy is not to eliminate the night-time
reflux but to completely inhibit the day-time gastric
secretion by acting on multiple targets in the parietal
cells of the stomach. Surprisingly, refractory GERC
responsive to the add-on therapy with ranitidine had
lower severity of acid reflux (mean DeMeester score
of only 36.3) than that responsive to treatment with
doubled dose PPIs, suggesting that the esophageal hyper-
sensitivity to acid is a major cause in these patients!”.

ADD-ON THERAPY WITH TLESRS
INHIBITORS

Baclofen is a selective gamma-aminobutyric acid
(GABA) B receptor agonist primarily used for the
treatment of spasticity. It has been demonstrated
baclofen can reduce the frequency of TLESRs, decrease
the reflux episodes™*!, and relieve the acid reflux
related symptoms by 72% and non-acid reflux related
symptoms by 21%™"), In addition, baclofen has non-
specific antitussive activity and has been used for the
treatment of refractory chronic cough of unknown
causes*®, As an add-on therapy to PPIs, baclofen may
significantly improve the cough symptoms and decrease
the cough sensitivity to inhaled capsaicin in 56.3% of
patients with refractory GERC'. Therefore, baclofen
may be useful for treatment of refractory GERC un-
responsive to other anti-reflux therapies.
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However, baclofen can decrease but not completely
abolish TLESRs. It has been documented that baclofen
only reduces the frequency of TLESRs by 40%-60% and
decrease the reflux episodes by 43%"***¢!, Therefore, the
residual reflux may continue to produce cough through
stimulating the receptors in the distal esophageal
mucosa. This explains why baclofen is not always
effective to relieve the refractory GERC. To develop
more potent TLESRs inhibitors with few side effects
may be a future direction. Furthermore, some refluxes
may be secondary to the decreased pressure difference
between stomach and esophagus because of the lower
baseline pressure of lower esophageal sphincter, and
thus be unrelated to TLESRs. Therefore, baclofen is not
effective for these refluxes.

The main side effects of baclofen are related to
the central nervous system since it can permeate the
blood-brain barrier. This limits its clinical application.
Nevertheless, the drug-related somnolence, drowsiness
and fatigue are usually tolerable and may disappear
within 3 wk in most patients. Only a few patients have
to stop the baclofen treatment due to severe dizziness
and drowsiness”’, A gradual increase in the dose of
baclofen from 5 mg to 20 mg per time may help to
improve the patients’ tolerance and avoid the severe
adverse effects.

ADD-ON THERAPY WITH GABAPENTIN

Gabapentin is a lipophilic structural analogue of GABA,
an important central neurotransmitter, and may prevent
the synaptic release of neurotransmitters by binding
selectively to the Cavozp subunit of the voltage gated
calcium channels. It is primarily used to treat chronic
neuropathic pain. Since patients with chronic cough
have a similar central sensitization to those with
chronic neuropathic pain, the possible inhibition of
hypersensitized cough center with gabapentin may be
a new therapy for the refractory chronic cough. Ryan et
al*?! have demonstrated that gabapentin can improve
the cough symptoms and cough-specific quality of
life in the patients with refractory chronic cough with
8-wk treatment with gabapentin starting at 300 mg
daily and titrating up to 1800 mg daily. Madanick et
al® have reported that, after the add-on therapy with
gabapentin, approximately 75% of GERC patients
experienced at least 50% subjective improvement in
cough, irrespective of findings from the esophageal pH
monitoring. The dose of gabapentin they used was 300
mg daily in most patients and 900 mg daily or more in
a few patients, obviously lower than that reported by
Ryan et a*”’. At present, it remains unclear whether
the cough attenuation after gabapentin therapy is
associated with the inhibition of reflux. Further studies
are needed to clarify this issue.

ANTI-REFLUX SURGERY
Anti-reflux surgery can treat GERC by artificially reestab-
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lishing the mechanical barrier between esophagus
and stomach to block both acid and non-acid reflux.
Currently, the most commonly used anti-reflux surgery
is laparoscopic fundoplication, which can improve more
in cough symptom and PPI elimination®!. In contrast,
the radiofrequency augmentation, silicone injection
and endoscopic suturing of the lower esophageal
sphincter as well as transoral incisionless fundoplication
are not recommended due to the absence of evidence
supporting their long-term efficacy®?!. The reported
successful rate of laparoscopic fundoplication for
refractory GERC was about 85%"™?!. However, the
efficacy of anti-reflux surgery reduces over time. The
rate of cough resolution decreases post-operationally
from 83% at 6 mo to 74% at 2 years, and 71% within
5 years™, Because of its invasiveness and uncertain
efficacy, anti-reflux surgery is not a first-line treatment
and not extensively used in clinical practice.

In conclusion, refractory GERC is a disorder diffi-
cult to manage. Its underlying mechanisms may be
associated with incomplete acid suppression, non-
acid reflux, TLESRs and esophageal hypersensitivity.
MII-pH is a major laboratory examination and can
establish the temporal association between reflux and
cough, which, however, need to be confirmed by the
subsequent intensified anti-reflux therapy. Refractory
GERC can be treated pharmacologically and non-
pharmacologically. The optimization of PPIs and add-
on therapy with histamine H: receptor antagonists,
TLESRs inhibitors baclofen and gabapentin are the
selective pharmacological therapies for refractory GERC.
However, the further study is needed to satisfy its
management.
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