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Altering cough reflex sensitivity with aerosolized capsaicin paired
with behavioral cough suppression: a proof-of-concept study
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Background: The purpose of this prospective, quasi-experimental, single cohort proof-of-concept study
was to determine feasibility and proof-of-concept of programmatically decreasing cough sensitivity through
use of cough suppression strategies following inhalation of aerosolized capsaicin, in gradually increasing
doses, across repeated treatment sessions.

Methods: Five healthy adults, ages 20-32 years of age, enrolled and completed the study. The study
commenced in three phases. Phase I consisted of baseline cough sensitivity testing using pharmaceutical-
grade aerosolized capsaicin, delivered via a Koko DigiDoser with nebulizer. The single-inhale, dose-
response method was used. Doses that elicited two coughs (C2) and five coughs (C5) were recorded.
Testing ceased when participants met the C5 threshold or when they had been given the maximum dose of
1,000 pmol/L. Phase II consisted of 5-6 treatment sessions, during which participants were exposed to
increasing doses of aerosolized capsaicin while implementing behavioral cough suppression strategies. In
phase III, cough sensitivity was re-tested at 1 and 3 weeks post-treatment. Participants were given explicit
instructions to not try to suppress their cough. Participants who did not reach the C2 or C5 threshold at
1,000 pmol/L were assigned a score of 1,250 pmol/L.

Results: Each participant demonstrated a gradual increase in maximum capsaicin dose suppressed during
each treatment session, with each successfully suppressing at 1,000 pmol/L by the final treatment session.
C2 was greater than baseline in 4 of the 5 participants at 1 week post-treatment, and in 3 of the 5, at
3 weeks post-treatment. C5 was greater in all 5 participants at both post-treatment time points. In fact, 4 of
the 5 participants did not reach the C5 threshold during either post-treatment testing sessions. Wilcoxon’s
Signed Rank Test, using the logC2 and logC5 values, revealed a significant difference relative to baseline in
logC5 at 1 week (z=-2.02, P=0.04) and 3 weeks (z=-2.03, P=0.04) post-treatment. The difference in logC2
neared significance at 1 week post-treatment (z=-1.77, P=0.077), but was insignificant at 3 weeks post-
treatment (z=-1.46, P=0.144).

Conclusions: This study demonstrates the potential of treating patients with refractory chronic cough
(RCC), due to cough hypersensitivity, with a progressive desensitization approach paired with behavioral
cough suppression. Additional research is needed using a randomized, placebo-controlled trial with patients
with RCC.
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Introduction

Chronic cough (CC), defined as a cough lasting more than
8 weeks, is one of the most common complaints for which
patients seek medical care (1-6). Patients who suffer from
CC have significant impairments to quality of life and
experience psychological and social stress (7-9). Despite
extensive testing and medication trials, approximately
10-20% of patients who suffer from CC do not respond to
medical treatment, and are said to have refractory CC (RCC)
(1,10-14). Research has shown that the underlying cause of
RCC in many patients is hypersensitivity of afferent sensory
neurons in the mucosal lining of the airway, in particular
the transient receptor potential vanilloid type I receptor
(TRPV1) on C-fibers is over-expressed (11,15-18). There
is evidence for hypersensitization in the central nervous
system as well (19-21). This hypersensitivity results in the
elicitation of cough by a variety of stimulants including
chemical fumes, perfumes, cold air, and even talking,
laughing, or singing (11,15-18,22). This specific subset of
cough is now commonly termed cough hypersensitivity
syndrome (CHS) (11,16,18,23). Although the exact cause of
CHS is unknown, it is thought to be due to a neuroplastic
mechanism in response to airway inflammation, presumably
from a cough-inducing illness such as an upper respiratory
infection. For an unknown reason, the hypersensitivity does
not resolve spontaneously, and is then perpetuated by the
continual coughing (11,15,16). Evidence suggests that a
similar mechanism is responsible for chronic neuropathic
pain, and chronic rhinitis, both of which also involve
TRPV1 receptors (24-26).

Several peer-reviewed studies, including two randomized
controlled trials, demonstrate efficacy of behavioral
treatment for RCC (10,27-35). Although the name
of the therapy, and what professional delivers it (e.g.,
speech-language pathologist, physiotherapist, respiratory
therapist), varies throughout the literature, every behavioral
program focuses heavily on cough suppression strategies
(27-36). Consequently, we have chosen the term behavioral
cough suppression therapy (BCST) to describe this
treatment (10). The exact mechanism responsible for the
success of BCST is unclear, but studies showing an increase
in capsaicin cough reflex threshold following successful
treatment with BCST (27,32,34) suggest BCST stimulates a
reduction in sensitivity via the Use-It-Or-Lose-It principle
of neuroplasticity (27,37,38). In other words, avoidance of
cough, in the presence of an afferent signal eliciting an urge-
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to-cough (UTC), is thought to result in down modulation of
the afferent signal and subsequent reduced sensitivity.

Although a majority of patients with RCC benefit
from BCST (10,27,28,31,34), some patients are not able
to suppress their cough in the presence of environmental
stimuli, presumably because they have such severe
hypersensitivity. In our experience, these patients do not
respond well to BCST. We hypothesize these patients would
benefit from BCST if they could be exposed to a cough
stimulant strong enough to elicit an UTC, but weak enough
to allow for successful cough suppression. Aerosolized
capsaicin is an ideal cough stimulant to test this hypothesis
because of its established safety and reproducibility (39-42)
as well as the ability to dilute it to any concentration.

The purpose of this study was to determine feasibility
and establish proof-of-concept of programmatically
decreasing cough sensitivity by pairing cough suppression
strategies with inhalation of aerosolized capsaicin given
in gradually increasing doses, across repeated treatment
sessions. If effective, this treatment may benefit patients
with RCC who do not respond to BCST because they
are too sensitive to suppress their cough in the presence
of uncontrollable environmental stimuli. The study was
approved by The University of Montana Institutional
Review Board (#249-17) on November 28, 2017 for testing
on healthy individuals. Written informed consent was
obtained from each participant.

Methods
Design and participants

Five adults, 2 men and 3 women (mean age =25.8; SD =4.79),
from University of Montana’s Communicative Sciences and
Disorders department enrolled and completed this quasi-
experimental, non-randomized, single cohort proof-of-
concept study. All participants were healthy individuals with
no current signs of upper respiratory infection or illness,
without chronic respiratory conditions [asthma, chronic
obstructive pulmonary disease (COPD), etc.], and were
not current smokers. Subjects were given a $25 gift card
for participating. The study consisted of baseline capsaicin
cough sensitivity testing, 5—6 cough desensitization treatment
sessions across a 2-week period, and two post-treatment
cough sensitivity testing sessions, administered at 1 and 3
weeks post-treatment. A flowchart of the methods is provided
in Figure 1.
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Baseline (N=5)
e Cough sensitivity testing (C2 and C5)
e Cough suppression training

|

Treatment (N=5): 3 sessions/week x2 weeks

e Capsaicin inhalation followed immediately by cough
suppression (relaxed throat breathing, sip water)
* Increase capsaicin dose after 2 successful suppressions

1

Post-treatment (N=5): 1 and 3 weeks post-treatment
e Cough sensitivity testing without trying to suppress
(C2 and C5)
e Score of 1,100 pmol/L given if they didn’t reach C5

Figure 1 Flowchart of the study methods.

Baseline cough sensitivity testing

Single-breath, dose-response, capsaicin cough sensitivity
testing, as described in the literature (39-42), was completed
at baseline and 1 and 3-week post-treatment. Spirometry
was completed before and after each testing session and
each treatment session. Participants wore a nose clip during
spirometry. Forced vital capacity (FVC), forced expiratory
volume in the first second after a maximum inhale (FEV)),
forced expiratory flow at 50% of the FVC (FEV 50%) and
FEV /FVC were recorded and a minimum of two measures
were taken to ensure reliable results. The higher value of
each of the two trials was recorded.

Pharmaceutical-grade capsaicin, purchased from Sigma-
Aldrich, was used for cough sensitivity testing and treatment
sessions. A pharmacist in the pharmaceutical sciences
department at The University of Montana dissolved
50 mg of capsaicin in 1.637 mL ethanol to make a 0.1 mol/L
stock solution (43)*. The pharmacist trained the first author
and provided written directions for making serial dilutions
from the 0.1 mol/L stock solution. The pharmacist also
supervised the author in making the first serial dilutions, to
ensure accuracy. The following dilutions were made: 3.91,
7.8, 15.6, 31.2, 62.5,125, 250, 500 and 1,000 pmol/L. The
stock solution and initial serial dilutions, made one day
before initial baseline testing, were stored in opaque vials
and refrigerated at 2 °C.
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The Koko DigiDoser with nebulizer was used for delivery
of the aerosolized capsaicin. The dosimeter was calibrated
each day, prior to testing. Participants were instructed to
take full breaths in and out of the nebulizer prior to delivery
of the aerosolized capsaicin. They were coached to complete
a single inhale once they had received the capsaicin dose,
and then remove the mouthpiece. They were instructed not
to talk for 15 seconds following dose administration, and
not to attempt to suppress any UTC, but rather to allow
their body to respond naturally. Participants were first given
one or two trials of saline to familiarize with the sensation,
and to ensure accurate execution of the procedures. The
lowest concentration of capsaicin (3.91 pmol/L) was given
first. At least 30 seconds passed before each subsequent dose
was given, to allow for recovery. The dose was increased
until the participant coughed five or more times within
15 seconds of dose delivery. Doses that elicited two coughs
(C2) and five coughs (C5) were recorded. Testing ceased
when participants met the C5 threshold, or following
administration of the maximum dose of 1,000 pmol/L.

Following baseline testing, participants were instructed
in cough suppression techniques, specifically relaxed-throat
breathing and cough suppression effortful swallow (44).
They were instructed to practice 10 cycles of relaxed-throat
breathing, twice each day prior to and throughout the
treatment phase.

Treatment sessions

The first author made capsaicin dilutions, as needed, during
the treatment phase. Dilutions were made no more than
3 days prior to each session and were stored in opaque
vials at 2 °C. Treatment sessions were completed 2-3 times
per week for the 2 weeks following baseline testing. Each
session lasted 30-40 minutes. Each participant completed
five or six sessions, depending on availability.

Treatment sessions began with spirometry, as described
above. Participants were then exposed to increasing doses
of aerosolized capsaicin, through the Koko DigiDoser.
They were coached to suppress their cough after each
exposure. Participants were instructed to complete their
inhale after receiving the capsaicin, then forcefully blow
out with tightly pursed lips, followed by cycles of relaxed-
throat breathing, until the UTC dissipated. One to two

* We chose not to add Tween when making the stock solution due to its foul taste and the work of Costanzo, Yost, & Davenport (2014) who

demonstrated that dissolving in at least 10% ethanol provided sufficient solubility (43).
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Table 1 Cough sensitivity testing results at baseline and 1 and 3 weeks post-treatment for each participant (umol/L)

Baseline 1 week post treatment 3 weeks post treatment
Participant Age (years)
Cc2 C5 Cc2 C5 c2 C5
P1 20 62.5 500 31.25 >1,000 31.25 >1,000
P2 (male) 23 7.8125 7.8125 62.5 250 7.8125 500
P3 22 15.625 31.25 125 >1,000 250 >1,000
P4 31 31.25 125 1,000 >1,000 >1,000 >1,000
P5 (male) 32 31.25 250 1,000 >1,000 500 >1,000

saline trials were conducted initially to ensure accurate
execution of the procedures. The first capsaicin dose given
was two-concentration levels below each participant’s
baseline C2 threshold. The capsaicin concentration was
increased when each participant was able to receive 2-3
exposures of the same dose without coughing. Each increase
of capsaicin was a doubling dose up to 500 pmol/L. Two
concentrations between 500 and 1,000 pmol/L (i.e., 625 and
750 pmol/L) were used to minimize the large increase
between 500 and 1,000 pmol/L. Participants were typically
exposed to 3—4 different doses of capsaicin during each
30-40 minutes session, depending on their success with
cough suppression. Subsequent sessions began 1-2 levels
below the prior session’s highest successfully suppressed
concentration. In addition to relaxed-throat breathing,
participants were permitted to sip water or use a cough-
suppression hard swallow to help suppress their cough,
if desired, although no participant used either of these
strategies. Participants were given as much time as needed
prior to each subsequent exposure to ensure any burning or
tingling sensation in the throat had completely dissipated.
This rarely took more than 1-2 minutes. Participants
were intermittently asked, during and between treatment
sessions, about potential adverse effects from the repeated
exposure to capsaicin.

Post-treatment cough sensitivity testing

Post-treatment cough sensitivity testing was completed 1
and 3 weeks following the final treatment session. Fresh
capsaicin dilutions were used for each testing session. The
same procedure was used as during baseline sensitivity
testing except for the insertion of 1-3 random saline trials
to control for an anticipation effect. If the participant did
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not reach the C2 or C5 threshold at 1,000 pmol/L, they
were assigned a score of 1,250 pmol/L, for the purpose of
statistical analyses.

Data analysis

The data were analyzed using IBM Statistical Package for
the Social Sciences (SPSS) statistical analysis software. The
Wilcoxon Signed Rank Test was used to analyze differences
between baseline and 1 week and baseline and 3 weeks post-
treatment on logC2 and logC5 values.

Results

Spirometry measures before and after cough sensitivity
testing and before and after each treatment sessions were
normal. One participant reported a lingering taste of pepper
in his mouth for a few hours following treatment sessions.
No other adverse effects were reported for the duration of
the study.

Baseline cough threshold values for each participant are
shown in Table 1. Each participant demonstrated a gradual
increase in maximum capsaicin dose suppressed during each
treatment session, with each successfully suppressing at
1,000 pmol/L by the final treatment session (Figure 2). C2
was greater than baseline in 4 of 5 participants at 1 week
post-treatment and in 3 of 5 participants at 3 weeks post-
treatment. C5 was greater than baseline in all 5 participants
at both post-treatment time points. C2 and C5 scores for
each participant at baseline and during the post-treatment
phase are shown in Table 1 and Figures 3,4.

Wilcoxon’s Signed Rank Test, using the logC2 and logC5
values, revealed a significant difference relative to baseline,
in logC5 at 1 week (z=-2.02, P=0.04) and 3 weeks (z=-2.02,

atm.amegroups.com Ann Transl Med 2019;7(1):7
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Figure 2 Highest suppressed capsaicin dose per treatment session

for each participant. P, participant; Tx, treatment.

35
g3 ——P1
£

25
> —P2
S 2
7] ——P3
S 15
5 ——P4
] 1
& —P5
O 05

0

Baseline 1 week post 3 weeks post

Figure 3 Log capsaicin concentration required to elicit at least two
(C2) coughs at baseline, 1 week post-treatment, and 3 weeks post-
treatment for each participant. P, participant; wk, week. Note: data
points above 3.0 indicate C2 was not reached up to the maximum
dose of 1,000 pmol/L. In such cases C2 was coded as 1,250 pmol/L.

P=0.04) post-treatment. The difference in logC2 neared
significance at 1 week post-treatment (z=-1.77, P=0.077)

but was insignificant at three weeks post-treatment (z=-1.46,
P=0.144).

Discussion

This is the first study to investigate the potential of
modifying cough reflex sensitivity through the use of a
progressive desensitization model using increasing doses
of aerosolized capsaicin paired with behavioral cough
suppression. We were interested in testing this approach
because of its potential to benefit patients who cannot
suppress their cough in the presence of uncontrolled
environmental stimuli, presumably making them less
responsive to BCST. We hypothesize that such patients

© Annals of Translational Medicine. All rights reserved.
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Figure 4 Log capsaicin concentration required to elicit at least five
(C5) coughs at baseline, 1 week post-treatment, and 3 weeks post-
treatment for each participant. P, participant. Note: data points
above 3.0 indicate C5 was not reached up to the maximum dose of

1,000 pmol/L. In such cases C5 was coded as 1,250 pmol/L.

would benefit from BCST if they were able to successfully
suppress their cough in the presence of a cough stimulant
strong enough to elicit an UTC, but weak enough to allow
for successful cough suppression. Given this is the first
study to attempt such a treatment strategy, we chose to
begin with healthy individuals to determine feasibility and
proof-of-concept. Aerosolized capsaicin served as the cough
stimulant given its established safety and reproducibility as
well as the ability to dilute it to any concentration (39-42).

While this data is clearly very preliminary, and the sample
size is extremely small, the results support our hypothesis.
We demonstrated a change in cough threshold in five
healthy individuals after just 2 weeks of desensitization
treatment. While the change in C2 did not reach statistical
significance, change in C5 was significant at both 1 and
3 weeks post-treatment, and was relatively stable in the
post-treatment phase. Given that prior research suggests
that C5 is a more reliable measure of cough sensitivity than
C2, particularly for repeated testing (39), the data suggests
these participants experienced a considerable change in
cough sensitivity. Four of our five participants had such a
large change they did not reach the C5 threshold at either
post-treatment time points. Additionally, there were no
reported or observed adverse effects from the treatment.

It may be questioned whether the change in C5 was due
to participants simply becoming good at cough suppression
rather than an actual change in cough sensitivity. Hutchins
et al. [1993] (45) and Cho et al. [2017] (46) showed the
ability of healthy participants to voluntarily suppress their
cough during cough challenge testing by simply giving the
instruction “please do not cough”. Given this evidence, it

atm.amegroups.com Ann Transl Med 2019;7(1):7
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is reasonable to question whether our participants simply
voluntarily suppressed their cough without using an overt
cough suppression strategy. While this cannot be fully
ruled out without a placebo or comparison group, we find
it unlikely, given our explicit instruction to “not attempt to
suppress the cough in any way.” Additionally, the C5 mean
reported by Cho et 4/. during voluntary suppression trials in
healthy individuals was 321.70 pmol/L, which is significantly
lower than our data, of which only 1 of 5 participants even
reached C5 at the highest dose of 1,000 pmol/L. Hutchins
et al. only tested up to 333 pmol/L, and did not specifically
measure C5, preventing a comparison across studies.
Further, if the change in sensitivity testing were due solely
to improvement in the ability to suppress the cough, it
would not degrade the value of the treatment. Improved
ability to easily suppress cough would help patients cope in
social settings.

It may also be questioned whether the change in
sensitivity was due solely to the repeated exposure to
capsaicin, thereby negating the benefit of the added
cough suppression. While marked tachyphylaxis has been
demonstrated following repeated single-inhalation cough
challenges (as was used in this study), existing data indicates
that the attenuated response lasts no more than a few hours
(47-49). This data is supported by studies showing reliable
reproducibility of cough sensitivity testing with capsaicin
at intervals of 20 minutes to 14 days (39,48-50). Given this
information, we did not hypothesize that capsaicin exposure
alone would cause desensitization and, therefore, did not
include a no-suppression arm. Further, given the goals of
the study was to determine feasibility and proof-of-concept,
we felt little was to be gained by adding a no-suppression
arm to testing on healthy volunteers. Future research
comparing capsaicin exposure alone to capsaicin plus cough
suppression in patients with RCC is needed to definitively
answer this question. Still, if a desensitization effect is found
to be due solely to repeated exposure to capsaicin, it will
not necessarily negate the benefit of cough suppression, as
being able to suppress the cough may increase tolerability
of the treatment. In conclusion, we acknowledge several
limitations to this study. The foremost being a very small
sample size, lack of a placebo or comparison group to help
elucidate the actual cause of the change in sensitization,
and lack of inclusion of a clinical population. We also do
not know the longevity of the effects beyond 3 weeks post-
treatment. Given the novelty of the treatment concept,
we thought it prudent to first demonstrate feasibility and
proof-of-concept on healthy volunteers before testing on
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patients. With these goals now met, testing on patients
with RCC using a randomized placebo-controlled design is
appropriate.

If proven effective, this treatment model could be helpful
for patients with RCC who do not respond well to BCST
and have limited medical treatment options. Pharmaceutical
options, such as neuromodulators, have been shown to be
effective for up to 75% of patients (51); however, these
medications have significant side effects, are costly, and not
all patients experience long-lasting effects (51-53). Given
the well-established safety of capsaicin exposure, and lack
of adverse effects in our sample, the treatment posed in this
study would likely have no remarkable contraindications or
side effects. Further, considering the change participants
in this study experienced after just 2 weeks of treatment,
it may also prove to be a faster method of treatment than

traditional BCST.
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