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Abstract

Along with upper airway cough syndrome (formerly, postnasal drip syndrome) and eosinophilic
airway inflammation (asthma, non-asthmatic eosinophilic bronchitis), gastroesophageal reflux
disease (GERD) is generally considered among the most common etiologies of chronic cough.
Indeed, cough management guidelines published by numerous respiratory societies worldwide
recommend evaluation and treatment of GERD as an integral component of the diagnostic/
therapeutic algorithm for the management of chronic cough. However, a significant number of
patients with chronic cough presumed due to GERD do not report improvement despite aggressive
acid-suppressive therapy. Some of these refractory cases may be due to the recently appreciated
entity of non-acid or weakly acidic reflux. Further contributing to the controversy are recent
studies demonstrating that patients with chronic cough do not have excessive reflux events relative
to healthy volunteers. Although a temporal relationship between cough and reflux events has been
suggested by studies utilizing impedance-pH monitoring of reflux events and objective cough
recording, consensus is lacking in terms of whether this temporal relationship proves a causal link
between reflux and cough. The 4t American Cough Conference, held in New York in June, 2013,
provided an ideal forum for the debate of this issue between two internationally recognized
experts in the field of reflux and chronic cough.
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Introduction

Multiple prospective studies have demonstrated that gastroesophageal reflux disease
(GERD) is among the most common etiologies of chronic cough [1,2]. However, despite the
availability of effective acid-suppressing agents, a significant percentage of patients with
chronic cough presumed due to GERD prove refractory to seemingly appropriate therapy.
Indeed, multiple studies and meta-analyses have failed to document a therapeutic effect of
proton-pump inhibitors (PPIs) and histamine-2 receptor antagonists for chronic cough
associated with GERD [3-5]. The ability of anti-reflux surgery [6] and prokinetic agents
such as metaclopramide [7] to ameliorate cough that had not improved despite acid
suppression raised awareness that some cases of chronic cough are due to non-acid or
weakly acidic refluxate. These and other observations have thus called into question the
importance of acid reflux and GERD in general as an etiologic factor in chronic cough.

The 4t American Cough Conference, which took place in New York City, June 7-8, 2013,
provided an ideal venue for discussion and debate on this topic. Professor Peter Kahrilas of
the Northwestern University Feinberg School of Medicine argued in favor of a causal
relationship between GERD and chronic cough, whereas Dr. Jaclyn Smith of the University
of Manchester, UK, defended the opposing view. The following is a summary of the debate
that occurred in front of an audience of clinicians and investigators who all share an interest
in the field of cough.

Peter J. Kahrilas for the Motion

The Montreal definition defines gastroesophageal reflux disease (GERD) as inclusive of all
conditions in which the reflux of stomach contents causes troublesome symptoms and/or
complications; reflux-cough syndrome is one such condition [8]. Large population-based
surveys have demonstrated an increased risk of several ENT and pulmonary symptoms
among patients with either esophagitis or reflux symptoms [9-11]. The reported odds ratios
for having laryngeal or pulmonary conditions among GERD patients in these studies range
from 1.2 to 3.0, with nocturnal cough having the strongest association. However, for a
number of reasons it is far from straightforward to establish the causality of
gastroesophageal reflux (GER) as the cause of refractory chronic cough in a clinical
scenario. Hence, estimates of the proportion of chronic cough cases with GER as the
underlying pathogenesis vary widely (0-40%) among specialty centers [2]. Part of the
explanation for that is in not fully appreciating that cough can have multiple etiologies in an
individual patient, with GER being but one of them.

Establishing causality is more difficult than establishing association, which simply explores
the co-occurrence of phenomena. Within the framework of evidence-based-medicine [12]
the criteria for causation for reflux causing cough would be: 1) that reflux precede the onset
of cough; 2) the demonstration of a dose-response relationship between reflux and cough; 3)
demonstration that the association between reflux and cough makes biological sense; 4)
demonstration of a consistent association between reflux and cough among studies; and 5)
supportive evidence from GERD treatment trials aimed at relieving cough. Although item #1
makes sense, it is difficult to apply in the case of reflux-cough. Reflux can be a normal
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physiological event, can be caused by cough, and it is generally difficult to establish the
threshold at which it becomes a ‘disease’ as opposed to an episodic occurrence. As for item
#2, this ignores the phenomenon of hypersensitivity. Somewhat paradoxically, in many
instances, the worse the reflux disease, the less sensitive the individual to episodes of reflux.
Patients with severe reflux, manifest as Barrett’s esophagus and peptic stricture often report
only modest heartburn. On the other hand, patients with nonerosive reflux disease generally
report experiencing more severe heartburn than patients with esophagitis. This leaves items
#3, #4, and #5; that the reflux cough association make biological sense, that the association
between reflux and cough be consistent among trials, and that there be supportive evidence
of the association from GERD treatment trials aimed at relieving cough. Each of these
criteria will be explored in turn.

Physiology of the reflux cough association

Alternative hypotheses for the mechanism wherein reflux might cause cough are by
stimulation of a vagal esophageal-bronchial reflex or by regurgitation, with or without
aspiration. In the first case this would be a manifestation of hypersensitivity while in the
second, cough might be one of a number of reflux laryngitis symptoms or a consequence of
‘microaspiration’. Evidence can be found supporting each of these mechanisms.

Physiological studies have examined the effect of intra-esophageal acid infusion in
suspected reflux-cough patients with varied results. Ing et al. found that cough frequency
was acutely increased by 15 minutes of acid infusion in 22 suspected reflux-cough patients,
but not in 12 control subjects [13]. Interestingly, saline infusion also significantly increased
the cough frequency in about half of the patients but to a much lesser degree than did acid.
In a similar experiment with 12 reflux-cough patients, Irwin had contradictory findings,
instead showing no acute change in cough frequency when alternating between acid and
saline infusion [14]. However, cough frequency was probably not the optimal outcome
measure for these proof-of-principle experiments and more recent investigations have
instead focused on the concept of cough sensitivity, determined by tussigenic challenges
with agent such as capsaicin or citric acid. The irritative substances are delivered by
nebulizer, sequentially doubling the concentration until the individual coughs at least two
(C2) or five times (C5) in the 15 seconds after inhalation of a test concentration [15].
Applying such methodology, Javorka et al [16] was able to show that intra-esophageal acid
infusion significantly sensitized the cough reflex in patients with chronic cough and asthma.
However, acid infusion only increased cough reflex sensitivity in patients with objective
evidence of GERD (endoscopic or pH-metry) and airway disease, not if reflux patients
without airway disease or healthy controls suggesting that both pathologies were
prerequisite.

The alternative physiological mechanism for reflux-cough causation is regurgitation or
‘microaspiration’. However, for all that has been written about it, evidence in support of
these as causal mechanisms is less robust that that supporting a reflexive mechanism.
Refluxate containing acid and pepsin reaching the larynx and pharynx is often referred to as
laryngopharyngeal reflux (LPR) and is frequently invoked as a cause of chronic laryngitis
with a spectrum of symptoms, including cough. LPR is usually diagnosed on the basis of
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laryngoscopic findings, but these signs show poor specificity for reflux when tested in a
blinded fashion [17] and may even be the result of the trauma of chronic coughing [18]. An
alternative diagnostic approach is to monitor reflux reaching the larynx or pharynx with
either pH-metry or combined pH-impedance metry. However, this too is unlikely to have
much diagnostic utility given that even though refluxate occasionally reaches the pharynx in
chronic cough patients (mean, 2 per 24 hours) [19], it does so no more frequently than what
is observed in healthy controls [20]. As for ‘microaspiration’, the concept is that minute
amounts of gastric acid, enzymes, and/or bile aspirated into the airway are the root cause of
chronic irritation leading to cough. Implicit in this model, is that even trace amounts of these
substance in the airway represent an abnormality. However, this proves not to be the case.
Controlled observations have found that airway pepsin concentrations in bronchoalveolar
lavage samples taken from chronic cough patients are no different from those in healthy
volunteers [21]. On the other hand, sputum pepsin concentrations were weakly correlated
with the number of proximal reflux events (r = 0.33, P =.045) and inversely related to cough
frequency (r = -0.52, P =.04), suggesting that coughing appears to be a protective
mechanism, clearing pepsin from large airways of chronic cough patients. Also supportive
of this construct, a recent prospective study of 51 otherwise healthy adult patients
undergoing elective orthopedic surgery quantified lower airway pepsin concentrations in
samples obtained immediately following endotracheal intubation and found enzymatically
active pepsin C (but not pepsin A) in 22% of them [22]. Pepsin C can be expressed by
pneumocytes whereas pepsin A is exclusive to the stomach; most publications on the subject
do not distinguish between these isoforms.

Temporal association between reflux and cough

Both reflux and cough are discreet events and if reflux were causing cough, one would
anticipate some degree of temporal association between the two. Hence the diagnostic
approach of prolonged (24 hr or more) reflux and cough monitoring and examining the co-
occurrence of events. It sounds simple, but of course it is quite complex. Early studies
seeking to establish reflux-cough correlation required that patients press an event marker
each time they coughed, as is done when associating symptoms such as heartburn or chest
pain with reflux events. However, in contrast to heartburn or chest pain, several hundred
coughs may occur over a 24-h period in patients with chronic cough, making this task
inherently difficult and inaccurate. The high frequency of coughing also increases the
probability of chance association with reflux events making it absolutely mandatory to
establish statistically significant reflux-cough association with an index such as the symptom
association probability (SAP) as opposed to the symptom index (SI) that might suffice for an
infrequent symptom [23]. Hence it is easy to find fault in these early studies [14, 24-26] on
methodological grounds.

Two technological enhancements have vastly improved our ability to correlate cough with
reflux during physiological testing: use of impedance-pH monitoring to detect all reflux
events irrespective of pH and the use of a physiological signal (manometry or microphone)
to detect and time the occurrence of coughs. Together with use of the SAP, these
technologies greatly improve the objectivity of the analysis. All recent studies utilizing one
or another variation of these enhancements have consistently demonstrated that in a

Lung. Author manuscript; available in PMC 2015 February 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kahrilas et al.

Page 5

substantial proportion of chronic cough patients (20-48%) cough follows reflux more
frequently than expected by chance [27-31]. Furthermore, the pH of the reflux events
preceding cough does not matter; reflux events of pH> 4 are equally important as those with
pH italic>4 [30-31]. The most sophisticated and convincing of these studies (ironically
published by my antagonist in this debate) enrolled chronic cough patients irrespective of
concomitant diagnoses that might also explain cough and utilized acoustic monitoring
coupled with computer analysis to detect coughs [30]. These investigators found the
strongest reflux-cough association of all of the studies (48%) and were also able to show the
reverse correlation, that cough prompted reflux. When cough did prompt reflux, it did so
outside of the 10-second window that might be attributable to the abdominal strain
associated with coughing. Hence, the developing hypothesis is that reflux-cough patients
exhibit hypersensitivity of both the airway, demonstrable by tussive challenges and the
esophagus, manifest by sensitivity to weakly acidic reflux and likely the triggering of
transient lower esophageal sphincter relaxations.

GERD treatment trials aimed at relieving cough

Evident from the discussion up to this point, the relationship between gastroesophageal
reflux and chronic cough is particularly complex with the influences of other disease
processes, issues of cause and effect, and hypersensitivity all coming into play.
Consequently, relevant treatment trials aimed at relieving cough with GERD treatment have
been a heterogeneous lot, employing a wide variety of patient selection criteria and outcome
measures. The only thing held relatively constant among the trials was the treatment; high
dose proton pump inhibitors (PPIs). Hence, it is not entirely surprising that a recent
Cochrane review and a meta-analysis found insufficient evidence to conclude that PPI
treatment is beneficial in treating nonspecific chronic cough [32-33]. The irony of this is the
substantial uncontrolled data, well summarized in the American College of Chest Physicians
2006 Practice Guidelines [1], suggesting efficacy of diet, antacids, histamine-2 receptor
antagonists, prokinetics, PPIs, and antireflux surgery in improving or curing reflux cough
syndrome.

Seeking to reconcile the contradiction between clinical wisdom and controlled trials, a
recent systematic review re-explored GERD-cough treatment trials with a focus on relating
study outcomes to whether or not the patients studied had objective evidence of GERD [34].
Although this may seem rather obvious, it was, in fact, one of the most variable of inclusion
criteria among studies. The analysis found that of the nine placebo controlled, randomized
clinical trials identified, only two reported a statistically significant reduction in cough
frequency and/or severity after pharmacologic acid suppressive therapy. However, in six
[5,25, 35-37] of the seven datasets in which the therapeutic gain of PPI vs placebo could be
calculated, the PPI treatment effect was greater. Furthermore, the only dataset demonstrating
no therapeutic gain was from a study that intentionally enrolled patients with normal
esophageal pH-metry [38]. When the therapeutic gain data from these trials were segregated
according to the pH-metry characteristics of the patients included, response was greater in
patient subsets with pathologic esophageal acid exposure (range, 12.5%-35.8%) than in
those without (range, 0.0%-8.6%) (Figure 1).
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Accepting that PPI therapy does benefit patients with chronic cough, one must concede that
the therapeutic gain is modest at best. Again, hypersensitivity and the cough-evoking
potential of reflux irrespective of pH are likely explanations for this. The apparent success of
antireflux surgery in treating patients with chronic cough refractory to PPI therapy, albeit in
uncontrolled trials, also supports these concepts. Antireflux surgery is potentially more
effective than PPI therapy in chronic cough patients, as both acid and weakly acidic reflux
are reduced. A recent retrospective analysis concluded that this was particularly true in
patients with concomitant heartburn or >12% esophageal acid exposure on pH-metry [39].
However, among the many studies reporting benefit in reduced chronic cough after
antireflux surgery [40-46] none were placebo controlled, which is essential for a condition
that tends to resolve spontaneously over time.

Conclusions: putting it all together

The relationship between reflux and chronic cough is far from straightforward because data
do not exist to meet all evidence-based-medicine criteria for causation: that exposure
precede the onset of cough (no); demonstration of a dose-response relationship (no);
demonstration that the association makes biological sense (yes); demonstration of a
consistent association among studies (yes, when the studies are well done); supportive
evidence from treatment trials (yes, but not robust). Most relevant to the clinical scenario are
treatment data and having a reliable test or algorithm for detection of affected patients.
Neither is robust in the case of reflux-cough. Evidence of the efficacy of using proton pump
inhibitors for treating cough is scant, but there is a hint of efficacy if one examines those
data for patients with objective evidence of GERD (endoscopy of physiological monitoring).
Uncontrolled data also support the efficacy of antireflux surgery in treating chronic cough.
Furthermore, evidence of hypersensitivity is ever-expanding; both with respect to the
esophagus and to the cough reflex itself. When the influence of hypersensitivity is accounted
for, studies suggest that 40% of chronic cough patients have a relevant reflux-cough
association. Hence, in all likelihood, GER is a cause of chronic cough, but there are a
number of important caveats: 1) the likely mechanism is a vagal reflex rather than
‘microaspiration’; 2) hypersensitivity is an important mechanism; 3) many affected patients
have few esophageal GER symptoms; and 5) PPI trials are an insensitive method of
establishing GER causality.

Jaclyn A. Smith against the Motion

An association between gastroesophageal reflux disease and chronic cough has long been
recognized, however such an association may just reflect that these conditions tend to affect
a similar population and does not necessarily imply causality. Current evidence suggests that
patients with chronic cough do not have excessive intra- or extra- esophageal reflux. Whilst
studies have found reflux events tend to be linked in time to cough in up to 50% of patients,
such temporal associations do not provide strong evidence of causality. Well-designed
controlled trials demonstrating that reducing reflux events, through either medical or
surgical intervention, reduces coughing are currently lacking, hence a causal relationship has
not yet been established.
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Potential Mechanisms Linking Reflux to Cough

Reflux events potentially trigger coughing through three main mechanisms:
1. Microaspiration of refluxate into the airways
2. Extension of reflux into the larynx and pharynx (laryngo-pharyngeal reflux)
3. An ‘esophageal bronchial reflex’

There are technical challenges in accurately measuring pepsin and bile acids in airway
samples [47]. To date, three studies have investigated biochemical markers of refluxate in
samples from patients with chronic cough and compared them to healthy controls
[21,48,49]. Irrespective of whether these studies collected broncho-alveolar lavage fluid or
induced sputum, measured levels of pepsin or bile acids, none have suggested significant
differences between patients with chronic cough and controls. This would suggest micro-
aspiration of refluxate is unlikely to play an important role in chronic cough.

The accurate measurement of refluxate in the larynx and pharynx is extremely difficult and
therefore there is little convincing evidence that excessive laryngopharyngeal reflux is
important in chronic cough. Standard pH electrodes tend to dry out in the larynx/pharynx
and therefore do not function. Impedance measurements demonstrate a highly variable
baseline, causing very poor agreement in reporting of pharyngeal reflux events, even
amongst expert reviewers [50]. Studies investigating pharyngeal reflux in patients with
chronic cough are therefore likely to be unreliable [19,51]. Recently, a new type of pH
electrode has been developed, designed specifically to function in the pharynx and to detect
aerosolised and liquid acid reflux events. Some initial evaluations comparing this system
with simultaneous esophageal impedance monitoring have been disappointing however,
suggesting a significant proportion of pharyngeal events detected (up to 35%) represent
swallowing [52] and that there is poor agreement between acid reflux events within the
esophagus and pH changes in the pharynx [53].

So, currently there is little evidence to suggest extra-esophageal reflux is an important factor
in chronic cough. The most compelling evidence that reflux may cause coughing comes
from studies investigating intra-esophageal reflux events, which can be accurately assessed.

Intra-esophageal Reflux and Cough

Several investigators have quantified the nature of gastro-esophageal reflux events using
esophageal pH/impedance monitoring in patients presenting with chronic cough. Such
studies seem to agree that the number and acidity of reflux events measured by esophageal
impedance is comparable to that in healthy controls, irrespective of whether unselected
subjects are studied [21] or those in whom other causes of cough have been excluded
[27,28]. Therefore as a group, chronic cough patients seem to exhibit physiological amounts
of reflux.

However when the precise timing of cough and reflux events has been interrogated, up to
48% of patients with chronic cough display significant temporal associations (positive
symptom association probability), with reflux events preceding cough more frequently than
would be expected by chance alone [27-31]. These associations have been described for
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reflux events in the distal esophagus and therefore support the notion that a neuronal
mechanism might explain the link between reflux and cough events. However, there are
unanswered methodological questions with these studies, for example, what the optimal time
window should be to classify events as associated and whether the statistical analyses used
are the most appropriate. Moreover, an association in time does not confirm causality.
Greater confidence that reflux events can trigger coughing will only be achieved when it has
been shown that blocking reflux events directly impacts upon the number of cough events.

Evidence from Interventions for Reflux in Chronic Cough Patients

Proton Pump Inhibitors—Given the observation that chronic cough patients on average
do not exhibit excessive acid reflux, it is perhaps unsurprising that randomized controlled
trials of proton pump inhibitors have been largely disappointing [3]. One retrospective
analysis of previous studies has suggested that there could be a sub-group of responders
amongst patients with higher levels of esophageal acid exposure [34]. Few of these studies
used validated measures of cough however, and so there is a concern that such a finding may
be confounded by an improvement in more typical symptoms associated with excessive
esophageal acid such as heartburn. Adequately powered and appropriately designed
prospective studies with validated measures of cough are needed in order to establish
whether such responders truly exist.

Laparoscopic Fundoplication—Data from studies of patients with typical reflux
symptoms demonstrate that laparoscopic fundoplication is highly effective in reducing the
numbers of reflux events detected by pH/impedance [54] and produces symptomatic
improvement comparable to PPI treatment [55]. Responses are poorer in patients with
atypical symptoms, normal acid exposure and symptoms refractory to PPI treatment [56].
Unfortunately the quality of data describing the effect of fundoplication in patients with
chronic cough is low, with most reports describing series of patients with no control group
or comparator therapy, patients selected for surgery using a variety of different criteria and
then the effect not assessed with validated tools for the assessment of cough [6,40,43,45,57—
60]. Nonetheless if these data are accurate, approximately 60% may respond to surgery,
however it remains unclear which groups of patients are most likely to respond. Better
designed studies are needed to establish whether fundoplication is truly effective in a
subgroup of patients with chronic cough and if so, what features define this group.

Reflux is just another Cough ‘Trigger'—A final important consideration in the debate
about a causal link between gastro-esophageal reflux disease and cough is the question, if
reflux does trigger coughing in a subgroup of patients, is this their only cough trigger?
Patients with chronic cough frequently report coughing to a wide variety of triggers. These
include otherwise innocuous exposures to airway irritants such as smoke or perfumes,
changes in temperature, and use of the larynx such as talking excessively, laughing or
singing. All these stimuli have the potential to activate vagal afferents, so perhaps such
patients are also hypersensitive to internal vagal stimuli such as esophageal reflux events. Of
note, in our study, patients with positive reflux-cough associations with also had heightened
cough responses to inhaled citric acid. This supports the idea that central sensitization might
explain neuronal crosstalk between esophagus and cough reflex, but also suggests these
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same patients are sensitized to airway as well as esophageal stimuli. If this is the case,
targeting treatments to reduce reflux events may not be a successful strategy and indeed the
term gastro-esophageal reflux disease may not be the most appropriate classification
phenomenon of reflux triggering cough. Newer terms such as cough hypersensitivity
syndrome are being suggested to describe the sensitivity of patients to environmental cough
stimuli but may also ultimately encompass cough responses to reflux.

In conclusion, whilst there is a significant body of circumstantial evidence associating
chronic cough with gastro-esophageal reflux disease, definitive studies establishing a causal
effect are still lacking. Furthermore, it remains to be determined whether reflux-cough
associations are simply a reflection of vagal neuronal hypersensitivity and accompanied by
cough responses to many other innocuous stimuli, rather than a discrete form of gastro-
esophageal reflux disease.
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Figure 1.
Calculated therapeutic gain (acid suppressive therapy minus placebo response) in improving

chronic cough for datasets derived from patients with pathologic esophageal acid exposure
(GERD +) defined by 24 hour pH-metry and populations including patients with normal
esophageal acid exposure (GERD -). From Kahrilas PJ, et al. Chest 2013;143:605-12, with
permission (ref. 34).
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