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SUMMARY

Chronic cough was previously thought to be attributed to three main aetiologies;
asthma, reflux and postnasal drip. There is little to differentiate these three differ-
ent diagnoses in the patients with chronic cough in terms of histology, cytokine
profile or clinical history. In fact, the uniform clinical history exhibited by
patients with chronic cough points to a single aetiology - airway reflux. In sup-
port of this, a questionnaire has been developed which identifies key elements
within the clinical history which is answered positively by the overwhelming
majority of patients presenting to a cough clinic. A new technology, including
airway pH and exhaled breath condensate pepsin levels provide supporting evi-
dence for the hypothesis that chronic cough is really a single diagnosis which has
been termed the cough hypersensitivity syndrome. The syndrome is not necessar-
ily precipitated by acid reflux and therefore therapy is directed more at motility
and inhibition of the hypersensitivity components of the syndrome. The applica-
tion of these diagnostic methodologies to other airway diseases such as severe
asthma and recurrent exacerbations of COPD has revealed that many of the fea-
tures of the cough hypersensitivity syndrome are also present in these conditions.

INTRODUCTION

observations in individual patient groups. Repeated

Numerous reports in the 1980s and 1990s examined the
profile of patients presenting with chronic cough, which
is arbitrarily defined as cough lasting greater than
8 weeks.! These studies identified three common causes
for chronic cough, asthma, postnasal drip syndrome
(PNDS), more latterly called the Upper Airways Cough
Syndrome and gastro-oesophageal reflux disease (GERD).
The paradigm was applied around the world in clinics
treating patients with cough. However, some patients
steadfastly refused to be pigeonholed into one of these
diagnostic categories and were labelled idiopathic cough.

In the Hull Cough Clinic, we adopted a similar para-
digm and developed a probabilistic based paradigm of
therapeutic trials aimed at discovering the underlying
cause of the cough.” It became increasingly apparent,
however, that none of the diagnostic categories claimed
in the original studies were well supported by the clinical
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attempts via histological examination,* or the detection
of inflammatory markers and mediators™ ® were unsuc-
cessful in differentiating objectively these diagnostic cate-
gories. The asthmatic cough was strikingly different from
classic atopic asthma, with an onset of middle age often
without obvious atopy and sometimes even without
bronchoconstriction.” Here the term cough variant
asthma was coined to describe patients with chronic
cough and bronchial hyperresponsiveness but without
overt bronchoconstriction. Sputum eosinophilia was
present. In a further variation even bronchial hyperre-
sponsiveness was dropped from the classification and
chronic cough with sputum eosinophilia described.® This
form of airway TH2 response was termed eosinophilic
bronchitis, which in the eyes of enthusiasts became a
separate condition. The ‘disease’ of postnasal drip syn-
drome has never found much credence in Europe. It was

Aliment Pharmacol Ther 2011; 33 (Suppl. D: 1-71
© 2011 Blackwell Publishing Ltd



chiefly a diagnosis found in the Americas. As far back as
the 1800s, an English surgeon reported that on his visit
to the United States he had come across a new condition
- PNDS.” In the ACCP guidelines on chronic cough, it
is defined by response to therapy with first generation
antihistamines.'® There are no objective tests to describe
the syndrome. Reliance on therapeutic response to define
a particular condition is at best risky and open to the
problems associated with the use of old fashioned drugs
developed with a multitude of activities. More recently
the drug most frequently used in the treatment of PNDS
in the Americas — dexbrompheniramine has been shown
to be an antagonist of the capsaicin cough receptor,
TRPV1.'" Thus, while there is no doubt that patients
with chronic cough can present with predominantly
nasal and upper airway symptoms the response to a
therapeutic agent cannot be said to define a particular
syndrome, and PNDS is really a symptom which is a
facet of a larger overall pathological process.'>

Review: reflux in cough and airway disease

The final diagnosis within the 20th Century triad of
chronic cough was reflux disease. Unfortunately, the
term GERD had been commandeered by the gastroente-
rologists to describe the dyspeptic symptoms of heart-
burn and indigestion. Here acid is the predominant
player in the evolution of the condition."> When close
associations were sought between chronic cough and
GERD, while there were correlations they were insuffi-
cient to prove causality.'* This was because whilst acid is
undoubtedly the major pathogenic factor in heartburn,
non-acid reflux is the major precipitant of the symptoms
associated with airway reflux.!® Before this was realised,
patients would be sent for conventional 24 h oesophageal
pH assessment which clearly delineates heartburn-associ-
ated GERD. The report would read that there was no
evidence of reflux. In fact, the true report should have
read there was no evidence of liquid acid reflux.

It was thus by applying an unsatisfactory series of
existing paradigms to the diagnosis of chronic cough that

HULL COUGH HYPERSENSITIVITY QUESTIONNAIRE

Name:

D.O.B: UN:

DATE OF TEST:

Please circle the most appropriate response for each question

Within the last MONTH, how did the following problems affect you?
0 = no problem and 5 = severe/frequent problem

Hoarseness or a problem with your voice

0 1 2 3 4 5

Clearing your throat

0 1 2 3 4 5

your nose or throat

The feeling of something dripping down the back of| 1 2 3 4 5

Retching or vomiting when you cough

Cough on first lying down or bending over

Chest tightness or wheeze when coughing

Heartburn, indigestion, stomach acid coming up 0 1 > 3 4 5
(or do you take medications for this, if yes score 5)

A tickle in your throat, or a lump in your throat 0 1 2 3 4 5
Cough with eating (during or soon after meals) 0 1 2 3 4 5
Cough with certain foods 0 1 2 3 4 5
Cough when you get out of bed in the morning 0 1 2 3 4 5

example, on the telephone)

Cough brought on by singing or speaking (for

Coughing more when awake rather than asleep 0 1 2 3 4

A strange taste in your mouth

Figure 18 | Hull cough hypersensitivity questionnaire.
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three separate ‘diseases’ were invented to describe the
syndrome and those patients not fitting into these boxes
were then assigned as idiopathic. In truth, the over-
whelming majority of patients with chronic cough pres-
ent with a remarkably uniform history, elements of
which clearly and undoubtedly point to the origin in
reflux disease.'®

Cough hypersensitivity syndrome

Patients with chronic cough give a remarkably uniform
clinical history. This story has two components. Firstly,
the precipitants of airway reflux, which is probably
gaseous and mildly acidic in nature, give striking clues
to the clinician. For example, patients not infrequently
complain of cough after meals. This postprandial
paroxysm of coughing typically occurs 10 min after
the meal.'® This of course is the peak time for lower
oesophageal ~sphincter opening,'” allowing the air
swallowed during eating to be belched up. There
is no heartburn as the food has neutralised gastric

acid.

The second component of the syndrome is the conse-
quence of the reflux, which leads to hypersensitivity of
the irritant receptors on upper airway nerves. These
nociceptors are mainly of the transient receptor potential
(TRP) family."® While there are twenty-seven different
TRP receptors described fortunately those of interest
within the cough sphere are temperature receptors and,
in particular, TRPV1, TRPA1 and TRPMS. These tem-
perature receptors are promiscuous in binding to a wide
range of environmental stimuli and provide the defence
against the inhalation of noxious physical and chemical
stimuli. In chronic cough (and probably in acute viral
respiratory tract infection cough), these receptors are up-
regulated and increased in number.'” ** Thus, the
patient with a chronic cough will complain of paroxysms
induced by exposure to noxious chemical stimuli, includ-
ing smoke (acreolin), or a change in atmospheric tem-
perature (TRPV1 and TRPA1). These responses have
previously been dismissed as nonspecific whereas in fact
they represent specific adaption with increased nococep-
tion in response to the challenge of airway reflux.
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Figure 19 | Demonstration of grossly abnormal episodes of airway pH in patient with severe asthma. The trace shows
repeated falls in pH indicating episodes of gaseous acid reflux into the pharynx.
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The diagnosis of reflux cough

There is no readily available objective test which indi-
cates the presence of airway reflux. The clinical history,
however, has been codified into a fourteen point ques-
tionnaire, which has recently been validated®' (Fig-
ure 18). Each question independently tests for the cough
hypersensitivity syndrome and the upper limit of normal
is 13 out of 70. Perhaps the greatest utility of the ques-
tionnaire is that it directs the questioning into aspects of
the history which are unequivocally reflux associated
with components of the non-acid reflux nature, such as
the dysmotility associated with vomiting and retching
and the repetitive throat clearances.

New technologies for the diagnosis of airway reflux
Recently combined multichannel intraluminal impedance
and pH testing (MII-pH) has been used to determine the
role of reflux in patients presenting with chronic cough.

Multichannel intraluminal impedance-pH is exten-
sively described by Arevelo, Sharma and Castell in their
paper on Symptomatic Non-acid Reflux: The New Fron-
tier in GERD in this supplement.

Two more recent modalities of examination of airway
reflux have been developed. Firstly, the sampling of pha-
ryngeal airway pH maybe undertaken by the Restech
probe, which has been specifically designed to sit at the
back of the pharynx and sample gaseous pH.** Thus, the
gaseous Dbelch responsible for airway reflux can be
detected. However, many of these belches are of a neu-
tral or mildly acid nature. None the less valuable infor-
mation can be obtained proving airway reflux which had
previously been misdiagnosed as other airway conditions.
For example, in Figure 19 grossly abnormal episodes of
airway pH are demonstrated in a female with severe
‘asthma’ who had multiple ITU admissions before cura-
tive fundoplication. The second modality is the estima-
tion of airway pepsin using exhaled breath condensate.
Previous methods for collecting exhaled breath conden-
sate relied on laboratory based technologies. A recent

Review: reflux in cough and airway disease

development has been a device for the patient to take
home and collect samples during attacks.”’ Here the
presence of pepsin within the exhaled breath is indicative
of a reflux during coughing, asthma or acute exacerba-
tions of COPD.

Airway reflux in other respiratory conditions

Many other respiratory conditions are misdiagnosed
because airway reflux is not widely recognised. In
asthma, a TH2 response maybe precipitated by the aspi-
ration of airway reflux. This maybe a TH1 response with
wheezing and neutrophils but often a TH2, eosinophilic
led response occurs which mimics classic asthma.** Late
onset asthma, i.e. asthma presenting in the 40s and 50s
is often described as intrinsic asthma, because it was
clearly differentiated by the early physicians from extrin-
sic allergic asthma. However, patients with this form of
asthma, which is often resistant to conventional treat-
ment, answer highly to the cough hypersensitivity ques-
tionnaire and fundoplication can lead to significant
improvements.

In numeric terms, viral infections are clearly the most
common cause of exacerbations of COPD, but in those
patients who are ‘frequent flyers’, i.e. those patients with
multiple admissions in a short period of time an alterna-
tive aetiology must be evident. Classic GERD is highly
associated with COPD exacerbations.”> We have recently
surveyed our frequent flyers at Castle Hill Hospital and
find that a highly abnormal score on the cough hyper-
sensitivity questionnaire is the norm. We believe that
these patients represent COPD patients with additional
airway reflux. Finally, those patients with bronchiectasis,
cystic fibrosis, lung transplantation rejection and fibro-
sing alveolitis also respond highly to questionnaires and
associations with GERD have been reported.%’28 So, air-
way reflux may not only be responsible for chronic
cough but is a precipitating factor in a spectrum of respi-
ratory disease, which was previously thought to be idio-
pathic in nature.

REFERENCES
1. Morice AH. The epidemiology of

gation and management of chronic

5. Birring SS, Parker D, Brightling CE,

chronic cough. Eur Resp Rev 2002; 12:
222-5.

. Haque RA, Usmani OS, Barnes PJ.
Chronic idiopathic cough: a discrete
clinical entity? Chest 2005; 127: 1710-3.

. Kastelik JA, Aziz I, Ojoo JC, Thompson
RH, Redington AE, Morice AH. Investi-

Aliment Pharmacol Ther 2011; 33 (Suppl. 1: 1-71
© 2011 Blackwell Publishing Ltd

cough using a probability-based algo-
rithm. Eur Respir ] 2005; 25: 235-43.

. Irwin RS, Ownbey R, Cagle PT, Baker S,

Fraire AE. Interpreting the histopathol-
ogy of chronic cough: a prospective,
controlled, comparative study. Chest
2006; 130: 362-70.

Bradding P, Wardlaw AJ, Pavord ID.
Induced sputum inflammatory mediator
concentrations in chronic cough. Am J
Respir Crit Care Med 2004; 169: 15-9.

. McGarvey LP, Forsythe P, Heaney LG,

MacMahon ], Ennis M. Bronchoalveolar
lavage findings in patients with chronic

51



A

H. Morice

nonproductive cough. Eur Respir ] 1999;  14. Jaspersen D, Kulig M, Labenz J, et al. ity of the hull reflux cough questionnaire
13: 59-65. Prevalence of extra-oesophageal manifes- (HRCQ). Am ] Respir Crit Care Med
7. Corrao WM, Braman SS, Irwin RS. tations in gastro-oesophageal reflux dis- 2009; 179: A5756.
Chronic cough as the sole presenting ease: an analysis based on the ProGERD  22. Sun G, Muddana S, Slaughter JC, et al.
manifestation of bronchial asthma. N Study.[erratum appears in Aliment Phar- A new pH catheter for laryngopharyn-
Engl ] Med 1979; 300: 633-7. macol Ther. 2003 Aug 1;18(3):355]. Ali- geal reflux: normal values. Laryngoscope
8. Brightling CE, Ward R, Goh KL, Ward- ment Pharmacol Ther 2003; 17: 1515-20. 2009; 119: 1639-43.
law AJ, Pavord ID. Eosinophilic bronchi-  15. Blondeau K, Dupont L], Mertens V, 23. Dettmar PW, Morice AH, Farugqi S, Stru-
tis is an important cause of chronic Tack J, Sifrim D. Improved diagnosis of gala V Detection of pepsin in sputum
cough. Am ] Respir Crit Care Med 1999; gastro-oesophageal reflux in patients and exhaled breath condensate: could it
160: 406-10. with unexplained chronic cough. Ali- be a useful marker for reflux-related
9. Sanu A, Eccles R. Postnasal drip syn- ment Pharmacol Ther 2007; 25: 723-32. respiratory disease. Eur Respir ] 2009;
drome. Two hundred years of contro- 16. Everett CF, Morice AH. Clinical history 34(Suppl. 53), 704s.
versy between UK and USA. Rhinology in gastro-oesophageal cough. Respir Med ~ 24. Harding SM, Sontag SJ. Asthma and gas-
2008; 46: 86-91. 2007; 101: 345-8. tro-oesophageal reflux. Am ] Gastroenter-
10. Pratter MR. Chronic upper airway cough  17. Mittal RK, Balaban DH. The esophagog- ol 2000; 95: $23-32.
syndrome secondary to rhinosinus dis- astric junction. N Engl ] Med 1997; 336: 25. Terada K, Muro S, Sato S, et al. Impact
eases (previously referred to as postnasal 924-32. of gastro-oesophageal reflux disease
drip syndrome): ACCP evidence-based 18. Morice AH, Geppetti P. Cough. 5: The symptoms on COPD exacerbation. Tho-
clinical practice guidelines. Chest 2006; type 1 vanilloid receptor: a sensory rax 2008; 63: 951-5.
129: 63S-71S. receptor for cough. Thorax 2004; 59: 26. Salvioli B, Belmonte G, Stanghellini V,
11. Sadofsky LR, Campi B, Trevisani M, 257-8. et al. Gastro-oesophageal reflux and
Compton SJ, Morice AH. Transient 19. Mitchell JE, Campbell AP, New NE, interstitial lung disease. Dig Liver Dis
receptor potential vanilloid-1-mediated et al. Expression and characterization of 2006; 38: 879-84.
calcium responses are inhibited by the the intracellular vanilloid receptor 27. Blondeau K, Dupont L], Mertens V,
alkylamine antihistamines dexbromphe- (TRPV1) in bronchi from patients with et al. Gastro-oesophageal reflux and aspi-
niramine and chlorpheniramine. Exp chronic cough. Exp Lung Res 2005; 31: ration of gastric contents in adult
Lung Res 2008; 34: 681-93. 295-306. patients with cystic fibrosis. Gut 2008;
12. Morice AH. Post-nasal drip syndrome-a  20. Groneberg DA, Niimi A, Dinh QT, et al. 57: 1049-55.
symptom to be sniffed at? Pulm Phar- Increased expression of transient recep- 28. Blondeau K, Mertens V, Vanaudenaerde
macol Ther 2004; 17: 343-5. tor potential vanilloid-1 in airway nerves BA, et al. Gastro-oesophageal reflux and
13. Sontag SJ. The medical management of of chronic cough. Am ] Respir Crit Care gastric aspiration in lung transplant
reflux oesophagitis. Role of antacids and Med 2004; 170: 1276-80. patients with or without chronic rejec-
acid inhibition. [Review]. Gastroenterol 21. Farugi S, Brook H, Hunter V, Fathi H, tion. Eur Respir ] 2008; 31: 707-13.
Clin North Am 1990; 19: 683-712. Morice AH. Reproducibility and sensitiv-
52 Aliment Pharmacol Ther 2011; 33 (Suppl. D: 1-71

© 2011 Blackwell Publishing Ltd



20.

21.

22.

23.

24.

25.

Blonski W, Vela MF, Castell DO. Com-
parison of reflux frequency during pro-
longed multichannel intraluminal
impedance and pH monitoring on and
off acid suppression therapy. J Clin Gas-
troenterol 2009; 43: 816-20.

Lehmann A. Novel treatments of
GERD: focus on the lower oesophageal
sphincter. Eur Rev Med Pharmacol Sci
2008; 12(Suppl. 1): 103-10.

Lehmann A, Antonsson M, Bremner-
Danielsen M, et al. Activation of the
GABA(B) receptor inhibits transient
lower oesophageal sphincter relaxations
in dogs. Gastroenterology 1999; 117:
1147-1154.

Lidums I, Lehmann A, Cheklin H, et al.
Control of transient lower oesophageal
sphincter relaxations and reflux by the
GABA (B) agonist baclofen in normal
subjects. Gastroenterology 2000; 118:
7-13.

Vela MF, Tutuian R, Katz PO, Castell
DO. Baclofen decreases acid and non-
acid post-prandial gastro-oesophageal
reflux measured by combined multi-
channel intraluminal impedance and
pH. Aliment Pharmacol Ther 2003; 17:
243-51.

Ciccaglione AF, Marzio L. Effect of
acute and chronic administration of the
GABA B agonist baclofen on 24 hour
pH metry and symptoms in control

26.

27.

28.

29.

30.

31.

Review: nonsurgical treatment of non-acid reflux

subjects and in patients with gastro-
oesophageal reflux disease. Gut 2003;
52: 464-70.

Koek GH, Sifrim D, Lerut T, et al.
Effect of the GABA(B) agonist baclofen
in patients with symptoms and duode-
no-gastro-oesophageal reflux refractory
to proton pump inhibitors. Gut 2003;
52: 1397-402.

Bredenoord  AJ.  Lesogaberan, a
GABA(B) agonist for the potential
treatment of gastro-oesophageal reflux
disease. IDrugs 2009; 12: 576-84.
Gerson LB, Huff FJ, Hila A, et al. Arba-
clofen Placarbil Decreases Postprandial
Reflux in Patients With Gastro-oesoph-
ageal Reflux Disease. Am ] Gastroenterol
2010; 105: 1266-1275.

Vaezi MF, Sears R, Richter JE. Placebo-
controlled trial of cisapride in postgastr-
ectomy patients with duodenogastro-
oesophageal reflux. Dig Dis Sci 1996; 41:
754-63.

Miyamoto M, Haruma K, Takeuchi K,
Kuwabara M. Frequency scale for
symptoms of gastro-oesophageal reflux
disease predicts the need for addition of
prokinetics to proton pump inhibitor
therapy. J Gastroenterol Hepatol 2008;
23: 746-51.

Futagami S, Iwakiri K, Shindo T, et al.
The prokinetic effect of mosapride cit-
rate combined with omeprazole therapy

32.

33.

34.

35.

36.

improves clinical symptoms and gastric
emptying in PPI-resistant NERD
patients with delayed gastric emptying. J
Gastroenterol 2010; 45: 413-421.

Khan M, Santana J, Donnellan C, Pres-
ton C, Moayyedi P. Medical treatments
in the short term management of reflux
ooesophagitis. Cochrane Database Syst
Rev 2007; 18: CD003244.

Mandel KG, Daggy BP, Brodie DA, Ja-
coby HI. Review article: alginate-raft
formulations in the treatment of heart-
burn and acid reflux. Aliment Pharma-
col Ther 2000; 14: 669-90.

Chatfield S. A comparison of the effi-
cacy of the alginate preparation, Gavis-
con Advance, with placebo in the
treatment of gastro-oesophageal reflux
disease. Curr Med Res Opin 1999; 15:
152-9.

Strugala V, Avis ], Jolliffe IG, et al. The
role of an alginate suspension on pepsin
and bile acids — key aggressors in the
gastric refluxate. Does this have implica-
tions for the treatment of gastro-
oesophageal reflux disease? J Pharm
Pharmacol 2009; 61: 1021-8.
McGlashan JA, Johnstone LM, Sykes ],
et al. The value of a liquid alginate sus-
pension (Gaviscon Advance) in the
management of laryngopharyngeal
reflux. Eur Arch Otorhinolaryngol 2009;
266: 243-51.

Aliment Pharmacol Ther 2011; 33 (Suppl. 1: 1-71
© 2011 Blackwell Publishing Ltd

Ul



