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Abstract

improvement.

Rationale: Speech language pathology is an effective management intervention for chronic cough that persists
despite medical treatment. The mechanism behind the improvement has not been determined but may include
active cough suppression, reduced cough sensitivity or increased cough threshold from reduced laryngeal irritation.
Objective measures such as cough reflex sensitivity and cough frequency could be used to determine whether the
treatment response was due to reduced underlying cough sensitivity or to more deliberate control exerted by
individual patients. The number of treatments required to effect a response was also assessed.

Objective: The aim of this study was to investigate subjective and objective measures of cough before, during and
after speech language pathology treatment for refractory chronic cough and the mechanism underlying the

Methods: Adults with chronic cough (n = 17) were assessed before, during and after speech language pathology
intervention for refractory chronic cough. The primary outcome measures were capsaicin cough reflex sensitivity,
automated cough frequency detection and cough-related quality of life.

Results: Following treatment there was a significant improvement in cough related quality of life (Median (IQR) at
baseline: 13.5 (6.3) vs. post treatment: 16.9 (4.9), p = 0.002), objective cough frequency (Mean + SD at baseline:
725 + 558 vs. post treatment: 25 + 27.9 coughs/hr, p = 0.009), and cough reflex sensitivity (Mean + SD log C5 at
baseline: 0.88 + 0.48 vs. post treatment: 1.65 = 0.88, p < 0.0001).

Conclusions: This is the first study to show that speech language pathology management is an effective
intervention for refractory chronic cough and that the mechanism behind the improvement is due to reduced
laryngeal irritation which results in decreased cough sensitivity, decreased urge to cough and an increased cough
threshold. Speech language pathology may be a useful and sustained treatment for refractory chronic cough.

Trial Registration: Australian New Zealand Clinical Trials Register, ACTRN12608000284369.

Introduction

Chronic cough that persists despite medical treatment
(termed refractory cough) is a difficult problem fre-
quently associated with increased cough reflex sensitivity
[1-3]. Management using speech language pathology is
effective for both refractory cough and its associated
voice disorder [4,5] but the mechanism behind the
symptom improvement has yet to be determined. Cough
reflex hypersensitivity plays an important role in chronic

* Correspondence: NicoleRyan@newcastle.edu.au
'Centre for Asthma and Respiratory Diseases, School of Medicine and Public
Health, The University of Newcastle, Newcastle, 2308, NSW, Australia

( BioMVed Central

cough [6,7], and it was hypothesised that speech lan-
guage pathology would either increase the threshold for
cough or reduce cough sensitivity [4]. These effects
could be achieved by either a behavioural approach to
cough suppression or improved vocal hygiene leading to
reduced laryngeal irritation.

This study sought to investigate capsaicin cough reflex
sensitivity and automated cough frequency monitoring in
patients with refractory chronic cough undergoing
speech language pathology intervention. Cough reflex
sensitivity testing and cough frequency monitoring are
two objective measures allowing standardized assessment
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as well as providing an understanding of possible
mechanisms of effect. Capsaicin is an extract of hot pep-
pers and is commonly used as a tussive agent in clinical
research because it induces cough in a safe, dose-depen-
dent and reproducible manner [8-10]. Our aim was to
objectively measure changes in cough reflex sensitivity
and cough frequency prior to, during and after a speech
language pathology treatment programme for refractory
cough.

It was hypothesised that speech language pathology
intervention for chronic cough would result in
decreased cough reflex sensitivity, reduced cough fre-
quency, improvement in clinical outcome and improve-
ment in cough and laryngeal subjective measures. We
also sought to determine how many treatment sessions
a patient required to show an improvement and if these
benefits were maintained post intervention.

Methods
A previous pilot study compared 2 behavioral
approaches (isolated cough suppression techniques and
supportive counselling) for refractory chronic cough
(CC) to a CC control group and showed that there was
no change in cough reflex sensitivity (CRS) measured as
C5 after 1 hour of intervention. These were used to
establish the current study in the following ways;

1) C5 does not respond to isolated behavioural
approaches,

2) C5 does not change after 1 x 1 hour session of an
isolated behavioural approach, and, 3) CRS testing mea-
sured as C5 is a highly reproducible test.

Participants

Adult non-smokers (n = 17) with chronic persistent
cough that was refractory to medical assessment and
treatment [11,12] and who were referred for speech lan-
guage pathology management for cough [4] were eligible
for the study. All participants provided written informed
consent for this study, which was approved by the Uni-
versity of Newcastle’s Human Research Ethics Commit-
tee and the Hunter New England Human Research
Ethics Committee. “For detailed description of the
participants, procedures, and analysis, see additional
file 1: Participant details and results.”

Study Design

Participants attended for a maximum of 6 visits (a base-
line visit, up to 4 treatment visits and a post treatment
visit) over a period of 14 to18 weeks. At visit 1, there
was a voice assessment by a qualified speech language
pathologist. This involved a clinical case history, symp-
tom frequency and severity rating [13], auditory percep-
tual voice analysis and instrumental voice analysis
utilizing acoustic and electroglottographic assessment.
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The auditory perceptual analysis was conducted utilizing
the Perceptual Voice Profile by Oates and Russell [14]
whereby 15 perceptual parameters of voice pitch, loud-
ness and quality are rated on a severity scale from nor-
mal to severe. A clinical research officer then
administered several questionnaires, [15-20] and con-
ducted cough reflex sensitivity with capsaicin testing
[8,21] and cough frequency by Leicester Cough Monitor
[22] during the visit period. Visits 2-5 consisted of a 30
minute published speech language pathology pro-
gramme for chronic persistent cough [4] followed by
cough reflex testing and cough frequency. A post treat-
ment visit was conducted 2 to 3 weeks after the final
speech language pathology programme session (Visit 6)
for objective cough monitoring.

Speech Pathology treatment programme for chronic
persistent cough

The speech pathology programme for chronic cough has
been described previously [4] and consisted of four
components: (a) education, (b) specific cough suppres-
sion strategies such as the Cough Suppression Swallow,
Cough Control Breathing or paradoxical vocal fold
movement release breathing techniques, (c) vocal
hygiene training, and (d) psychoeducational counselling.
All participants received each of the four components of
the program.

Capsaicin Cough Reflex Sensitivity (CRS) testing [8,21]
Capsaicin CRS was performed as previously reported
with the addition of a participant urge-to-cough score
[23] where the participant was asked to rate their urge
to cough after each dose inhalation of capsaicin accord-
ing to a modified Borg scale where 0 = “No urge to
cough” up to 10 = “Maximum urge to cough”.

Leicester Cough Monitor (LCM) [22]

The LCM is a digital ambulatory cough monitor and
external free-field microphone [22]. This was attached
to the participant at the beginning of each objective
cough measurement visit and removed at the end of the
visit. The cough frequency collection period therefore
encompassed a recording time of about one hour in
which questionnaires and cough reflex testing were per-
formed. This measurement was used to complement the
cough reflex sensitivity test by measuring any change in
the patient’s frequency of coughing after speech pathol-
ogy intervention. Data stored on the recorder was
downloaded onto a computer where it was analysed by
an automated cough detection algorithm (the Leicester
Cough Algorithm, [24,25]). Cough was defined as a
characteristic explosive sound (throat clears were classi-
fied by operator input as a “non-cough” to be consistent
with CRS cough counting) and reported as coughs/hour.
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Analysis
All analyses were performed using statistical and data
analysis software STATA (Statacorp, Texas, USA). Com-
parisons of log cough sensitivity (measured as C5 and
cough threshold) between baseline and each visit was
undertaken using a generalised linear mixed model
(GLMM) with a random intercept term which takes into
account the repeated observations on individuals. Stan-
dard errors were estimated using bootstrapping [26] and
results were expressed as Mean + SD. Parametric boot-
strap is a practical tool for addressing problems asso-
ciated with inference from GLMMs by producing
sensible estimates for standard errors. Similar models
were used to examine the change in cough frequency
although data was assumed to have a Poisson distribu-
tion. P values < 0.05 were considered significant.
Figures were produced using GraphPad Prism 4
(GraphPad Software, Inc, California, USA).

Results

Seventeen participants (8 male and 9 female) with a
chronic persistent cough participated in the study. The
participants had a median (IQR) cough duration of 60
(147) months and age of 61 (20) years with normal
spirometry [Table 1]. Co-morbidities included gastroeso-
phageal reflux disease (n = 10), asthma (n = 2), eosino-
philic bronchitis (n = 1) and rhinitis (n = 8). Treatment
trials were implemented for these conditions including
proton pump inhibitors for gastroesophageal reflux

Table 1 Subject Characteristics.

Page 3 of 8

disease, inhaled corticosteroids for asthma and eosino-
philic bronchitis, and nasal corticosteroid and/or antihis-
tamine for rhinitis. When cough proved refractory to
these treatments, speech language pathology was imple-
mented. An initial participant cough assessment per-
formed by a speech language pathologist found that 63%
of participants had abnormal auditory perceptual voice
analysis. There was also a high incidence of abnormal
acoustic and electrographic instrumental voice analysis
[Table 1]. The number of treatment sessions for each
participant was determined by their response to the
therapy; specifically this included the effectiveness of the
technique, the participant’s ability to perform and imple-
ment the technique appropriately, their understanding
of the rationale for the treatment, and availability to
attend treatment sessions. Generally, participants
attended 3 (n = 4) or 4 (n = 9) speech treatment ses-
sions while 3 participants responded rapidly and only
required 2 treatment sessions. One participant only
received 1 treatment session due to personal reasons.
Participant compliance was evaluated through informal
interview between the participant and speech pathologist
at the beginning of each session. Participant compliance
with the speech language pathology programme was
determined to be “good” in 53% of the participants;
“partial” in 35% and 12% were classified as non-
adherent.

Participants responded to the treatment with a signifi-
cant improvement in cough-related quality of life (LCQ,

Subject Characteristics Normal
Range
Number, (M/F) 17 (8/9)
Age, years 61 (20)
Age Range, years 34-83
Cough Duration, months 60 (147)
FEV1, %predicted 882 (16.7)
FVC, %predicted 88.5 (20.3)
Auditory perceptual voice analysis, % abnormal 63
Maximum phonation time, seconds 128 (8.9) >15
Range, seconds 1-26
Jitter, percent 1.7 (1.6) <1
Range, percent 04-65
Harmonic to noise ratio, dB SPL 159 (3.8) > 20
Range, dB SPL 10 - 24.7
Speaking fundamental frequency, Hertz Female: 178 (20) 180 - 200 (female)
Range, Hertz 154 - 198 90-130 (male)
Range, Hertz Male: 110 (14)97 - 133
Closed phase, percent 435 (64) 445
Range, percent 32-53

Median (IQR) unless otherwise stated.
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p = 0.002), laryngeal dysfunction symptom questionnaire ~0.04
score (LDQ, p = 0.003), cough score, p= 0.04 and total I p=2. I
symptoms score, p = 0.002 [Table 2, Figure 1]. There 11

was a significant improvement in cough reflex sensitivity m 10+
measured as C5 with speech language pathology treat- "é 9
ment for chronic persistent cough. Cough reflex sensi- 2 8-
tivity was heightened at baseline, Mean + SD log C5 o 71
0.88 + 0.48 and significantly improved with treatment to 8 g:
log C5 1.65 + 0.88, p < 0.0001 [Individual log C5 data @ 4
(baseline v post treatment) represented in Figure 2a]. 'E, 3
Improvements in cough reflex sensitivity were apparent 3 24
after each visit: treatment visit 1, Mean + SD log C5 o 14
(T1) 1.18 + 0.62, p = 0.023, treatment visit 2 (T2) log 0
C5 (T2) 1.46 + 0.78, p < 0.0001, treatment visit 3 (T3) Pre Rx Post Rx

log C5 1.45 + 0.68 p < 0.0001, and treatment visit 4
(T4) log C5 1.53 + 0.93, p < 0.0001 [Table 3]. These
results indicate that the improvement in cough reflex
sensitivity occurred after the first treatment visit, p=0.002
increased at subsequent treatment visits (significant I |
treatment response attained after 2 treatments and max-
imum treatment response after 4 treatments) and that
the effect was sustained at the post treatment visit.
There was also a significant decrease in cough fre-
quency with the speech language pathology treatment
for chronic persistent cough. The cough count at base-
line was reduced after treatment: Mean + SD cough fre-
quency, 72.5 + 55.8 vs. 25 + 27.9 coughs/hr, p = 0.009
[Individual cough frequency data (baseline v post treat-
ment) represented in Figure 2b] and the cough count

N
o
1

-
an
L

LCQ Score (units)
¢ 3

tended to reduce each treatment visit and reached sig- 0- pre Rx
nificance after treatment visit 3: cough frequency Mean
+ SD treatment visit 1 (T1) 42.5 + 60.5 coughs/hr,
p=0.003
Table 2 Questionnaire Scores. 8n I I
Measurement Baseline Post P
Treatment ’UT 7+
Cough Symptom Score (Mean £ 94 + 4.2 6.2 + 38 0.04 = 6+
sD) S
~— 5-
Total Symptom Score 30 (23.5) 16 (10) 0.002 o
LCQ Score 135 169 49 0002 o 4
(63) & 34
GORD Score 14.5 155 (11.0) 0.96 (¢]
6.0) a 21
-
Snot-20 Score 13 (1.5) 06 (1.3) 0.11 1=
LDQ Score 54 22 0.003 0
HADS Anxiety Score 95 (20) 110 (45) 033 pre Rx post Rx
HADS Depression Score 10 (2) 10 (6) 0.34 Figure 1 Cough subjective measures of a) Cough Score b)

Cough Quality of Life and c) Laryngeal Dysfunction (Baseline
vs Post Treatment). Effect of speech-language pathology
treatment on refractory chronic cough outcomes of a) Cough
symptoms scores (Mean + SD). b) Leicester cough questionnaire
Median (IQR) and ¢) Laryngeal dysfunction questionnaire Median
(IQR).

Median (IQR) unless otherwise stated.

LCQ = Leicester Cough Questionnaire

GORD = Gastroesophageal reflux disease
Snot-20 = 20-item Sino-Nasal Outcome Test
LDQ = Laryngeal Dysfunction Questionnaire
HADS = Hospital Anxiety and Depression Scale
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p = 0.23, treatment visit 2 (T2) 63.0
p = 0.34, treatment visit 3 (T3) 48.7
p = 0.005 and treatment visit 4 (T4) 29.4 + 18.4 coughs/

|
hr, p < 0.0001 [Table 3]. The effect of the treatment
programme on cough frequency was not as immediate
24 as the effect on C5 with a significant result occurring
after treatment visit 3 rather than at visit 1. The effect
of treatment on cough frequency continued for treat-
- ment visit 4 (maximum treatment response) and was
sustained at the post treatment visit.
Cough threshold at baseline was Mean + SD log CT
o 0.47 + 0.38 and was significantly altered during treat-

Baseline Post Rx ment: treatment visit 1, cough threshold (T1) log CT
0.72 + 0.60, p = 0.024, treatment visit 2 (T2) log CT 0.80
+ 0.60, p = 0.025, treatment visit 3 (T3) log CT 0.69 +
0.23, p = 0.002, until maximum effect had been achieved
with no significant change at treatment visit 4 (T4) log
CT 0.66 + 0.65, p = 0.122. After completion of therapy,
cough threshold improved significantly: log CT 1.14 +
0.76, p = 0.001 [Individual cough threshold data (baseline

I I
1954 oo
v post treatment) represented in Figure 3a].
There was a significant decrease in urge-to-cough with
145+ .
the speech language pathology treatment for chronic
persistent cough. The urge-to-cough at baseline was

78.8 coughs/hr,
36.8 coughs/hr,

+
+

p<0.0001

i

Cough Reflex Sensitivity
Log4oC5 (uMol/L)

p=0.009

o
2
prer)
O
9
8 —

<
(o) I
c 0
=)
3 3 954
=3 ‘\ reduced after treatment: Median (IQR), 5 (1) vs. 1 (4),
g ; 1 & p = 0.01 [Individual urge to cough data (baseline v post
3 g 50 treatment) represented in Figure 3b] and the urge-to-
o 3 ° cough tended to reduce after each treatment visit and
: = reached significance after treatment visit 3: urge to
=] 0 r cough Median (IQR) treatment visit 1 (T1) 3.5 (4), p =
3 Base Post Rx 0.38, treatment visit 2 (T2) 3 (5), p = 0.61, treatment

visit 3 (T3) 1.5 (3), p = 0.005 and treatment visit 4 (T4)

Figure 2 Objective cough measures of a) Cough Reflex 0.5 (1) - 024
Sensitivity (C5) and b) Cough Frequency (Baseline vs Post : » p = Ueask
Treatment). Effect of speech-language pathology treatment on . .
refractory chronic cough outcomes of a) Log Cough Reflex Discussion
Sensitivity at baseline (Base), and post treatment (Post Rx) for This is the first study to objectively assess response to a
individual data. C5 = capsaicin dose to elicit 5 or more coughs 30 speech language pathology programme for refractory

sec after dose administered. b) Cough Frequency at baseline (Base),

and post treatment (Post R). chronic cough using measures of cough sensitivity and

cough frequency. We have shown that patients with
refractory chronic cough have significantly decreased
cough sensitivity and cough frequency together with an

Table 3 Capsaicin Cough Reflex Sensitivity Test, Urge-to-Cough and Leicester Cough Monitor Testing.

Measurement Baseline T1 T2 T3 T4 Post Treatment p*
Log CRS, C5 0.88 + 048 1.18 £ 0.62 146 £ 0.78 145 + 068 1.53 £ 093 1.65 + 0.88 < 0.0001
pMol/L
Cough Frequency 725+ 558 425 £ 60.5 63.0 £ 789 487 + 36.8 294 + 184 250 £ 279 0.009
(coughs/hr)
Log Cough Threshold 047 +038 0.72 £ 060 0.80 + 0.60 069 + 0.23 066 + 0.65 1.14 £ 0.76 0.001
uMol/L
Urge to Cough Score, 5(M) 3.5 (4.0) 3 (5 1.5 (3.0) 0.5 (1.0) 1 (4) 0.01
Median (IQR)

Mean + SD unless otherwise indicated.
* Baseline vs Post Treatment T = Treatment Post = Post Treatment
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Figure 3 Objective measure-Cough Threshold (a) and
Participants urge-to-cough at C5 (b) (Baseline vs Post
Treatment). Effect of speech-language pathology treatment on
refractory chronic cough outcomes of a) Log Cough Threshold at
baseline (Base), and post treatment (Post Rx). b) Urge to Cough
score at baseline (Base), and post treatment (Post Rx).

improvement in clinical outcome and cough and laryn-
geal symptoms following the speech language pathology
intervention. Participants had an early symptom
response to the speech language pathology program that
was further improved upon throughout subsequent
treatment sessions. Generally, a patient needed 3 to 4
treatment sessions and the response was maintained
after the intervention ceased.

The speech language pathology program for refractory
CC includes several components, and from a previously
conducted pilot study (presented in the additional data
file 1: Participant details and results) it was found that
isolated components such as specific cough suppression
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techniques or counselling were not enough for a patient
to achieve a clinical response. In a previous study [27],
we showed the benefit of the speech language pathology
program combined with a cough diagnostic and treat-
ment algorithm [12] on cough reflex sensitivity in
chronic persistent cough patients with paradoxical vocal
fold movement (PVFM). This study expands on those
results by treating patients with cough that is refractory
to usual medical care with or without the presence of
PVEM and investigating the mechanism of action. Our
aim was to objectively measure changes in cough reflex
sensitivity and cough frequency prior to speech language
pathology program, during the speech pathology lan-
guage program and at a post-treatment visit. We found
that both cough frequency and cough sensitivity
improved progressively with the speech language pathol-
ogy program. Statistically significant improvements in
cough reflex sensitivity were apparent after 1 treatment
session, and this resulted in significant reduction in
cough frequency after 3 sessions.

Within the large population of patients with CC, there
is a small subgroup that does not respond to usual med-
ical treatment [3,28]. In the past this group has been
referred to as chronic idiopathic cough [1]. This group
has been shown to have increased sensitivity to capsai-
cin challenge indicating a heightened cough reflex. The
typical refractory cough patient will have coughing
bouts triggered by normal daily activities such as expo-
sure to aerosols, perfumes, cold air or when talking or
laughing. Patients also describe a ‘tickle, irritation, lump
or blockage’ in the throat preceding the urge to cough.
While the mechanism/s of chronic idiopathic cough are
currently unknown it has been proposed that chronic
idiopathic cough maybe similar to other sensory hyper-
algesias, where there is a long-standing reduction in sen-
sory nerve threshold to stimulation [29,30]. We
previously showed that up to 60% of refractory or idio-
pathic cough can be associated with paradoxical vocal
fold movement - a sensory laryngeal hypersensitivity
with heightened cough reflex sensitivity and extrathor-
acic airway hyperresponsiveness [7]. Both extrathoracic
airway hyperresponsiveness and cough reflex sensitivity
respond to diagnostic medical treatment with the addi-
tion of speech language pathology in chronic cough, and
in the current study we now extend that data to show
that refractory cough with or without PVFM responds
to speech language pathology program for cough that
persists after usual treatments have been exhausted.
This study investigated the mechanism of the improve-
ment in sensory hyperresponsiveness in chronic idio-
pathic cough following a speech language pathology
programme. The mechanism of the effect is due to a
reduction in cough reflex sensitivity. The speech lan-
guage pathology program has several components that
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include cough suppression behaviour and vocal hygiene
training. Voluntary cough suppression does not appear
to be the primary mechanism of effect since we saw the
effect of the speech language pathology program on
cough threshold during the treatment programme. This
is also supported by a pilot study where we examined
the individual speech language pathology program com-
ponents and found no effect of the cough suppression
component on cough reflex sensitivity.

The study does suggest that the effective speech lan-
guage pathology programme components reduce
cough reflex sensitivity. This effect could occur by
improvement in vocal hygiene leading to reduce sen-
sory nerve stimulation, and is supported by the
improvements in C5 and urge to cough during the
programme. It is also possible that the reduction in
cough frequency subsequently reduces cough-related
airway trauma, and this explains the delayed improve-
ment in cough threshold.

In this study we used an open design with objective
measures to assess outcome. Although a nonrandomized
design is a limitation, our primary purpose was to treat
refractory cough patients and determine their response
to a therapy outside normal chronic cough treatment.
We achieved this aim by using objective measures and
presenting novel data showing that cough frequency and
cough reflex hypersensitivity significantly improve after
speech language pathology treatment. It is possible that
a placebo effect such as cough suppression [31-33] may
have influenced some of the measures used in this
study. We believe however that this is unlikely as the
majority of the subjects studied had a cough for more
than 5 years duration and underwent numerous cough
treatments prior to speech language pathology interven-
tion. Also, if there was a placebo effect at work then an
improvement in C5 and cough threshold may be seen
but there would be no change in the subjects urge to
cough [23,34] as seen here.

We did not find a heightened cough reflex sensitivity
in CC females compared to CC males (power 90%) and
this was consistent with our previous research [7,27]
(for further results on this refer to additional file 1: Par-
ticipant details and results). A gender difference in
cough reflex sensitivity has been reported in some
healthy subjects without cough [35,36] but not all [37]
studies. We studied subjects representative of those with
refractory chronic persistent cough. They were primarily
middle-aged with a significant cough duration, had been
treated for the usual causes of cough [12] and had not
responded to those treatments. We assessed cough
reflex sensitivity to capsaicin and cough frequency using
validated techniques [8,21,22] and present novel data on
how this group respond to speech language pathology
treatment for chronic cough.
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Conclusion

In conclusion, this is the first study to show that speech
language pathology management is an effective interven-
tion for refractory chronic cough and that the mechan-
ism behind the improvement is due to reduced laryngeal
irritation which results in decreased cough sensitivity,
decreased urge to cough and an increased cough thresh-
old. This is accompanied with an improvement in cough
symptoms, associated laryngeal symptoms, and cough
quality of life. Speech language pathology may be a use-
ful therapy for refractory chronic cough.

Additional material

Additional file 1: Participant details, supplemental methods and
results.

List of Abbreviations

CC: Chronic Cough; CRS: Cough Reflex Sensitivity; C5: concentration of
capsaicin required to elicit 5 or more coughs within 30 secs after dose
administration; LCM: Leicester Cough Monitor; LCQ: Leicester Cough
Questionnaire; GLMM: Generalized linear mixed model; LDQ: Laryngeal
Dysfunction Questionnaire; PVFM: Paradoxical Vocal Fold Movement; IQR:
InterQuartile Range; T1-T4: Treatment No.; GORD: Gastro Oesophageal Reflux
Disease; Snot-20: 20-item sino-nasal outcome test; HADS: Hospital Anxiety
and Depression Scale.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

NR, AV and PG planned the study. AV, SB recruited the subjects, NR
performed the objective cough tests. NR, AV and SB performed
questionnaires, collected data and calculated scores. NR analysed the data.
AV, SB performed speech pathology treatment. AV participated in the
manuscript drafting. PG participated in the data interpretation, manuscript
drafting and coordination of the manuscript. All authors read and approved
the final manuscript.

Acknowledgements

Patrick MElduff (Senior Statistician) for statistics clarity and advice on most
appropriate data analyses.

Sources of Support: Nicole M Ryan holds a PhD scholarship from the
NHMRC CCRE in Respiratory and Sleep Medicine.

Anne Vertigan holds a post-doctoral fellowship from the NHMRC CCRE in
Respiratory and Sleep Medicine, Australia

Professor Peter Gibson is an NHMRC Practitioner Fellow.

Author details

'Centre for Asthma and Respiratory Diseases, School of Medicine and Public
Health, The University of Newcastle, Newcastle, 2308, NSW, Australia.
’Department of Respiratory and Sleep Medicine, Hunter Medical Research
Institute, John Hunter Hospital, Newcastle, 2310, NSW, Australia. 3Department
of Speech Pathology, John Hunter Hospital, Newcastle, 2310, NSW, Australia.

Received: 10 March 2010 Accepted: 28 July 2010
Published: 28 July 2010

References

1. Haque RA, Usmani OS, Barnes PJ: Chronic idiopathic cough: a discrete
clinical entity? Chest 2005, 127:1710-1713.

2. McGarvey L: Idiopathic chronic cough: a real disease or a failure of
diagnosis? Cough 2005, 1:1-9.


http://www.biomedcentral.com/content/supplementary/1745-9974-6-5-S1.DOC
http://www.ncbi.nlm.nih.gov/pubmed/15888850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15888850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16270915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16270915?dopt=Abstract

Ryan et al. Cough 2010, 6:5
http://www.coughjournal.com/content/6/1/5

20.

21,

22.

23.

24

25.

26.

27.

Pratter MR: Unexplained (idiopathic) cough: ACCP evidence-based clinical
practice guidelines. Chest 2006, 129(1 Suppl):2205-221S.

Vertigan AE, Theodoros DG, Gibson PG, Winkworth AL: Efficacy of speech
pathology management for chronic cough: a randomised placebo
controlled trial of treatment efficacy. Thorax 2006, 61:1065-1069.

Vertigan AE, Theodoros DG, Gibson PG, Winkworth AL: Chronic cough:
Behaviour modification therapies for chronic cough. Chronic Respiratory
Disease 2007, 4:89-97.

Choudry NB, Fuller RW: Sensitivity of the cough reflex in patients with
chronic cough. Eur Respir J 1992, 5:296-300.

Ryan NM, Gibson PG: Characterization of laryngeal dysfunction in chronic
persistent cough. Laryngoscope 2009, 119:640-645.

Dicpinigaitis PV: Short- and long-term reproducibility of capsaicin cough
challenge testing. Pulm Pharmacol & Therapeutics 2003, 16:61-65.
Dicpinigaitis PV, Alva RV: Safety of Capsaicin Cough Challenge Testing.
Chest 2005, 128:196-202.

Midgren B, Hansson L, Karlsson JA, Simonsson BG, Persson CGA: Capsaicin-
induced cough in humans. Am Rev Respir Dis 1992, 146:347-351.

Irwin RS, Madison JM: The diagnosis and treatment of cough. N Engl J
Med 2000, 343:1715-1721.

Kastelik JA, Aziz |, Ojoo JC, Thompson RH, Redington AE, Morice AH:
Investigation and management of chronic cough using a probability-
based algorithm. Eur Respir J 2005, 25:235-243.

Vertigan A, Theodoros D, Gibson P, Winkworth A: Voice and upper airway
symptoms in people with chronic cough and paradoxical vocal fold
movement. J Voice 2007, 21:361-383.

Oates J, Russell A: Learning voice analysis using an interactive multi-
media package: Development and preliminary evaluation. J Voice 1998,
12:500-512.

Birring SS, Prudon B, Carr AJ, Singh SJ, Morgan MDL, Pavord ID:
Development of a symptom specific health status measure for patients
with chronic cough: Leicester Cough Questionnaire. Thorax 2003,
58:339-343.

Locke GR, Talley NJ, Weaver AL, Zinsmeister AR: A New Questionnaire for
Gastroesophageal Reflux Disease. Mayo Clinical Procedures 1994,
69:539-547.

Piccirillo JF, Merritt MG, Richards ML: Psychometric and clinimetric validity
of the 20-item sino-nasal outcome test (Snot-20). Otolaryngol Head Neck
Surg 2002, 126:41-47.

Juniper EF, O'Byrne PM, Ferrie PJ, King DR, Roberts JN: Measuring asthma
control. Clinic questionnaire or daily diary? Am J Respir Crit Care Med
2000, 162:1330-1334.

Zigmond AS, Snaith RP: The hospital anxiety and depression scale. Acta
Psychiatr Scand 1983, 67:361-370.

Powell GH, Ryan NM, Taramarcaz P, Gibson PG: Development and
validation of a vocal cord dysfunction questionnaire [abstract].
Respirology 2007, 12(Suppl 1):A39.

Birring SS, Matos S, Patel RB, Prudon B, Evans DH, Pavord ID: Cough
frequency, cough sensitivity and health status in patients with chronic
cough. Respir Med 2006, 100:1105-1109.

Birring SS, Fleming T, Matos S, Raj AA, Evans DH, Pavord ID: The Leicester
Cough Monitor: preliminary validation of an automated cough detection
system in chronic cough. Eur Respir J 2008, 31:1013-1018.

Davenport PW, Bolser DC, Vickroy T, Berry RB, Martin AD, Hey JA, Danzig M:
The effect of codeine on the Urge-to-Cough response to inhaled
capsaicin. Pulm Pharmacol & Ther 2007, 20:338-346.

Matos S, Birring SS, Pavord ID, Evans DH: Detection of cough signals in
continuous audio recordings using hidden Markov models. IEEE Trans
Biomed Eng 2006, 53:1078-1083.

Matos S, Birring SS, Pavord ID, Evans DH: An automated system for 24-
hour monitoring of cough frequency: the Leicester cough monitor. IEEE
Trans Biomed Eng 2007, 54:1472-1479.

Booth J: Bootstrap methods for generalized mixed models with
applications to small area estimation. Statistical Modelling Proceedings of
the 10th International workshop on statistical modelling Innsbruck, Austria, 10-
14 July 1995 New York: Springer-VerlagSeeber GUH, Francis BJ, Hatzinger R,
Steckel-Berger G 1995, 43-51.

Ryan N, Vertigan A, Gibson P: Chronic cough and laryngeal dysfunction
improve with specific treatment of cough and paradoxical vocal fold
movement. Cough 2009, 5:4.

29.

30.

31

32.

33.

34.

35.

36.

37.

Page 8 of 8

McGarvey LP, Heaney LG, Lawson JT, Johnston BT, Scally CM, Ennis M,
Shepherd DR, MacMahon J: Evaluation and outcome of patients with
chronic non-productive cough using a comprehensive diagnostic
protocol. Thorax 1998, 53:738-743.

Carr MJ, Undem BJ: Pharmacology of vagal afferent nerve activity in
guinea pig airways. Pulm Pharmacol & Ther 2003, 16:45-52.

Morice AH, Gepetti P: Cough 5: the type 1 vanilloid receptor; a sensory
receptor for cough. Thorax 2004, 59:257-258.

Davenport PW: Urge-to-cough: what can it teach us about cough? Lung
2008, 186:5107-111.

Hutchings HA, Eccles R, Smith AP, Jawad MS: Voluntary cough suppression
as an indication of symptom severity in upper respiratory tract
infections. Eur Respir J 1993, 6:1449-1454.

Hutchings HA, Morris S, Eccles R, Jawad MS: Voluntary suppression of
cough induced by inhalation of capsaicin in healthy volunteers. Respir
Med 1993, 87:379-382.

Davenport PW, Sapienza CM, Bolser DC: Psychophysical assessment of the
urge-to-cough. Eur Respir Rev 2002, 12:249-253.

Dicpinigaitis P, Rauf K: The Influence of Gender on Cough Reflex
Sensitivity. Chest 1998, 113:1319-1321.

Fujimura M, Kasahara K, Kamio Y, Naruse M, Hashimoto T, Matsuda T:
Female gender as a determinant of cough threshold to inhaled
capsaicin. Eur Respir J 1996, 9:1624-1626.

Nieto L, De Diego A, Perpina L, Compte L, Garrigues V, Martinez E, Ponce J:
Cough reflex testing with inhaled capsaicin in the study of chronic
cough. Respir Med 2003, 97:393-400.

doi:10.1186/1745-9974-6-5

Cite this article as: Ryan et al: Cough reflex sensitivity improves with
speech language pathology management of refractory chronic cough.
Cough 2010 6:5.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

* Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/16428714?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16428714?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16844725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16844725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16844725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17621576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17621576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1572441?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1572441?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19205007?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19205007?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16002935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1489123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1489123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11106722?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15684286?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15684286?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16545940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16545940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16545940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9988037?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9988037?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12668799?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12668799?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11821764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11821764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11029340?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11029340?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6880820?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16266801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16266801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16266801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18184683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18184683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18184683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16761835?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16761835?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17694868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17694868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19292930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19292930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19292930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10319055?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10319055?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10319055?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14985566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14985566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17952695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8112437?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8112437?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8112437?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8209058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8209058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9596313?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9596313?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8866583?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8866583?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12693800?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12693800?dopt=Abstract

	Abstract
	Rationale
	Objective
	Methods
	Results
	Conclusions
	Trial Registration

	Introduction
	Methods
	Participants
	Study Design
	Speech Pathology treatment programme for chronic persistent cough
	Capsaicin Cough Reflex Sensitivity (CRS) testing 821
	Leicester Cough Monitor (LCM) 22
	Analysis

	Results
	Discussion
	Conclusion
	List of Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

