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Introduction

Cough may arise from anywhere in the distribution of the 
vagus nerve. Cough arising from the ear (Arnold ear-cough 
reflex) is rare with only 15 cases having been previously 
reported. It is considered a medical curiosity, but now 
takes on more significance due to increasing observations 
that refractory chronic cough may be re-evaluated as a 
form of sensory neuropathy of the vagus nerve. Cough 
initiated by mechanical stimulation of the ear involves the 
integration of both ongoing airway vagal afferent nerve 
input with additional afferent input arising from the ear. 
Sensory laryngeal neuropathy (SLN) (1) and post viral vagal 
neuropathy (PVVN) (2,3) can occur after viral infections 
and are associated with chronic cough. Similarly, injury to 
various branches of the vagus nerve have been described 
as potential causes of unexplained chronic cough. Patients 

with these conditions frequently describe symptoms that 
suggest sensitization of the cough reflex and a neuropathic 
response. Examples are an abnormal throat sensation, 
for example, “tickle”, representing laryngeal paresthesia, 
increased cough sensitivity in response to a known tussigen, 
for example, smoke (hypertussia), and cough that is 
triggered in response to a nontussive stimulus, for example, 
exposure to cold air (allotussia) (4). Twenty percent to 40% 
of chronic cough patients do not respond to usual medical 
treatment; this is referred to as a refractory chronic cough 
with the precise aetiology and mechanism remaining a 
challenge to the medical community. We present two cases 
of sensory neuropathic chronic cough due to ear-cough 
reflex hypersensitivity and its successful treatment with 
gabapentin. The cases and their treatment response further 
strengthen the concept that vagal neuropathy may be an 
important cause of refractory chronic cough.

Case Report

Arnold’s nerve cough reflex: evidence for chronic cough as a 
sensory vagal neuropathy

Nicole M. Ryan1,2, Peter G. Gibson1,2, Surinder S. Birring3

1Priority Centre for Asthma and Respiratory Diseases, School of Medicine and Public Health, The University of Newcastle, Newcastle, NSW 2308, 

Australia; 2Department of Respiratory and Sleep Medicine, Hunter Medical Research Institute, New Lambton, NSW 2305, Australia; 3Division of 

Asthma, Allergy and Lung Biology, King’s College London, Denmark Hill, London SE5 9RS, UK

Correspondence to: Nicole M. Ryan. Clinical Toxicology & Pharmacology, Level 5 New Med Building, Calvary Mater Newcastle, Edith Street Waratah, 

NSW 2298, Australia. Email: Nicole.Ryan@newcastle.edu.au.

Abstract: Arnold’s nerve ear-cough reflex is recognised to occur uncommonly in patients with chronic 
cough. In these patients, mechanical stimulation of the external auditory meatus can activate the auricular 
branch of the vagus nerve (Arnold’s nerve) and evoke reflex cough. This is an example of hypersensitivity of 
vagal afferent nerves, and there is now an increasing recognition that many cases of refractory or idiopathic 
cough may be due to a sensory neuropathy of the vagus nerve. We present two cases where the cause of 
refractory chronic cough was due to sensory neuropathy associated with ear-cough reflex hypersensitivity. 
In both cases, the cough as well as the Arnold’s nerve reflex hypersensitivity were successfully treated with 
gabapentin, a treatment that has previously been shown to be effective in the treatment of cough due to 
sensory laryngeal neuropathy (SLN).

Keywords: Gabapentin; Arnold’s ear-cough reflex; sensory vagal neuropathy; refractory chronic cough

Submitted Feb 11, 2014. Accepted for publication Apr 05, 2014.

doi: 10.3978/j.issn.2072-1439.2014.04.22

View this article at: http://dx.doi.org/10.3978/j.issn.2072-1439.2014.04.22



S749Journal of Thoracic Disease, Vol 6, Suppl 7 October 2014

© Pioneer Bioscience Publishing Company. All rights reserved. J Thorac Dis 2014;6(S7):S748-S752www.jthoracdis.com

Case report

Case 1

A 61-year-old female presented with non-specific chronic 
cough. The patient had cough duration of 30 months. 
She had normal spirometry and a negative response to 
previously trialled proton pump inhibitor and inhaled 
corticosteroid treatment. Associated symptoms included a 
scratchy, raw and very dry throat, voice changes, nocturnal 
cough and coughing bouts triggered by cleaning of the 
ears and teeth. A number of subjective and objective 
investigations were undertaken (Table 1). These included, 
cough severity by visual analogue scale (VAS), cough quality 
of life by Leicester Cough Questionnaire (LCQ), generic 
quality of life by the SF36 questionnaire, extrathoracic 
airway hyperresponsiveness (EAHR) (greatest fall in mid 
inspiratory flow during hypertonic saline challenge testing), 
fibre optic laryngoscopy to determine the presence of vocal 
cord dysfunction (VCD) and the Leicester cough monitor 
with external microphone to measure the frequency of the 
patient’s cough during ear stimulation. The patient had 
significantly impaired cough specific and generic quality 
of life, increased extrathoracic airway responsiveness, and 
there was evidence of VCD during fibre optic laryngoscopy, 
ie, paradoxical vocal fold movement with posterior chinking 
during inspiration (Table 1).

We stimulated the external auditory meatus with a cotton 
bud and this triggered a hypersensitive cough reflex with  

12 discrete cough events recorded after stimulation (Figure 1). 
The patient was treated for sensory vagal neuropathy with 

gabapentin 1,800 mg/day for 1 month. The investigations 
were repeated and with treatment there was a significant 
improvement in cough severity (Table 1, Figure 2), cough 
quality of life (Table 1, Figure 3) and general quality of life 
for both the physical and mental domains (Table 1, Figure 4). 
Repeat stimulation of the external auditory meatus after 
successful gabapentin treatment (Figure 1) led to a marked 
reduction in cough frequency to four coughs (Table 1).

Case 2

A 69-year-old male presented with non-specific chronic 
cough and gave a history of cough triggered by mechanical 
stimulation of the ear. Patient 2 reported cough duration 
of 96 months and had normal spirometry and a negative 
response to treatment trials with inhaled corticosteroids, 
oral corticosteroids and nasal steroid treatment. His 
associated symptoms included post nasal drip syndrome, 
heartburn, “tickle” in throat and voice changes. Cough 
triggers included cold air, dry foods such as breadcrumbs, 
positional manoeuvres (bending down and rising after 
sleep) and cleaning of the ears. There was evidence of 
EAHR during hypertonic saline challenge testing (Table 1). 
The patient was treated with gabapentin 1,800 mg/day for  
3 months and the investigations repeated (Table 1). There was 
a significant improvement in cough severity, (Table 1, Figure 2)  

Table 1 Pre and post treatment results for patient 1 and patient 2 with gabapentin 1,800 mg/day for ≥1 month

Case 1 Case 2

Pre-treatment Post-treatment Pre-treatment Post-treatment

Cough severity, VAS (mm) 27 14 74 42

Cough quality of life, LCQ total score 5.73 17.23 12.54 16.46

Quality of life (generic SF36v2)

Physical domain 53 98 92.75 96.75

Mental domain 11.25 97.5 99 100

Ear stimulation cough Frequency,  

(no. recorded cough events)

12 4 N/D N/D

EAHR FIF50, max (%) fall 19.3 22.2*

Fibre optic laryngoscopy Evidence of VCD: 

posterior chinking 

during inspiration and 

laryngeal erythema

N/D

*, evidence of EAHR. Abbreviations: VAS, visual analogue scale; LCQ, Leicester Cough Questionnaire (higher scores mean better 

quality of life); EAHR, extrathoracic airway hyperresponsiveness; VCD, vocal cord dysfunction; N/D, not determined. 
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and cough quality of life (Table 1, Figure 3) when on 
gabapentin 1,800 mg/day. 

Written consent was obtained from patients and the 
study was approved by The University of Newcastle, 
H-2008-0241 and the Hunter New England Human 
Research Ethics committees, 08/03/19/3.04.

This study is registered with the Australian New Zealand 
Clinical Trials Register, ACTRN12608000248369. 

Discussion

We describe two cases where Arnold’s nerve ear-cough 
reflex was a manifestation of a vagal sensory neuropathy 
and this was identified as the cause of a refractory chronic 
cough that was successfully treated with gabapentin. In both 
cases, the cough was triggered by mechanical stimulation 
of the external auditory meatus and accompanied by other 
neuropathic features such as throat irritation (laryngeal 
paresthesia), and cough triggered upon exposure to 
nontussive triggers such as cold air and eating (termed 
allotussia). These features suggest a neuropathic origin to 
the cough (4). We therefore used gabapentin to treat the 
patients based on its known success in sensory neuropathic 
disorders (5,6) and recently chronic cough (7,8). These 
observations strengthen the emerging concept that vagal 
sensory neuropathy may underlie many cases of refractory 
or idiopathic chronic cough.

SLN (1) and PVVN (2,3) have been described as 
potential causes of chronic cough. SLN may occur after 
viral infections or after mechanical trauma to the vagus or 
superior laryngeal nerve (1,3,9). It is thought to result in a 
lowered threshold for sensory laryngeal nerve firing and is 

Figure 2 Cough severity pre vs. post gabapentin (1,800 mg/day) 
treatment. VAS, visual analogue scale.

Figure 1 Leicester cough monitor trace from case 1. Schematic 
shows induced cough event during stimulation of the external 
auditory meatus in case 1.

Figure 3 Cough quality of life pre vs. post gabapentin (1,800 mg/day) 
treatment. LCQ, Leicester Cough Questionnaire.

Figure 4 Pre vs. post gabapentin treatment for SF36 generic quality 
of life questionnaire in patient 1. *, Pre vs. post treatment result 
significantly different for these domains.

Cough

1

0

–1
0       0.05       0.1      0.15       0.2      0.25       0.3       0.35

0     0.1    0.2    0.3    0.4    0.5    0.6   0.7    0.8    0.9     1

1

0

–1

Patient 2

Patient 1

Pre Rx

C
ou

gh
 s

ev
er

ity
 (V

A
S

), 
m

m

Post Rx

75

50

25

0

■

■

■

■

Patient 2

Patient 1

Pre Rx

C
ou

gh
 q

ua
lit

y 
of

 li
fe

 (L
C

Q
), 

un
its

Post Rx

17.5

15.0

12.5

10.0

7.5

5.0

2.5

0

■

■

■

■

Phy
sic

al 
fu

nc
tio

n
Poorest health

Best health

Norm

Role
 p

hy
sic

al

Bod
ily

 p
ain

Gen
er

al 
he

alt
h

Vita
lity

Soc
ial

 fu
nc

tio
n

Role
 em

ot
ion

al

M
en

ta
l h

ea
lth

Post Rx

Pre Rx
100

75

50

25

0

* * *
* * *



S751Journal of Thoracic Disease, Vol 6, Suppl 7 October 2014

© Pioneer Bioscience Publishing Company. All rights reserved. J Thorac Dis 2014;6(S7):S748-S752www.jthoracdis.com

consequently perceived as throat irritation and often chronic 
cough. In 2005, a form of hereditary sensory neuropathy 
was observed to be associated with chronic cough in a 
case study of two families (10). Affected individuals had an 
adult onset of paroxysmal cough, gastroesophageal reflux 
disease and distal sensory loss. Cough could be triggered by 
noxious odours or by pressure in the external auditory canal 
(Arnold’s ear-cough reflex). Other features included throat 
clearing, hoarse voice, cough syncope and sensorineural 
hearing loss. This disorder clearly demonstrated how cough 
could be linked to denervation hypersensitivity of the upper 
airways and oesophagus. Similarly, PVVN is a condition 
that occurs following an upper respiratory illness, which 
represents injury to various branches of the vagus nerve. 
The pattern of symptoms and findings in this condition are 
consistent with the hypothesis that viral infection causes or 
triggers vagal dysfunction (9). These patients may also have 
airway hyperresponsiveness persisting beyond the acute 
upper respiratory tract infection that manifests as a decrease 
in cough threshold in response to irritating chemical or 
mechanical stimuli. 

There is therefore a body of evidence that links chronic 
cough to a neuropathic disorder involving the vagus nerve. 
The cases reported here extend this data by objectively 
documenting the Arnold nerve cough reflex, and showing 
that a treatment approach based on a neuropathic disorder 
can effectively improve cough severity, cough frequency and 
quality of life. We also observed an association with VCD in 
the first case. Cough is not uncommon in VCD, and may be a 
manifestation of upper airway hypersensitivity (11). Further, 
EAHR was also evident in one of the two cases reported. 
This may be a physiological example of paradoxical vocal 
cord closure, and is a more prevalent syndrome than first 
thought, potentially affecting areas under vagal innervation. 
In a study by Cho et al. (12) cough sensitivity was found to 
be closely related with EAHR during capsaicin provocation 
in some CC subjects. It is therefore possible that EAHR 
may be one of the mechanisms developing some subtypes of 
CC. The presence of EAHR is confirmed in this case report 
by hypertonic saline challenge testing with a greater than 
20% fall in mid-inspiratory airflow and/or the identification 
of associated VCD confirmed by fibre optic laryngoscopy 
which also presents with extrathoracic obstruction and 
chronic cough.

Conclusions

This case report highlights the need for thorough 

investigation into patients previously diagnosed with 
refractory chronic cough. Uncommon causes and novel 
therapeutic management should be considered. In this case 
series chronic cough was associated with sensory neuropathy 
and we have shown this by identifying and triggering cough 
by external auditory meatus stimulation. In both cases, the 
cough was successfully treated with gabapentin.
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