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Evaluation methods and influencing factors o

of cough sensitivity
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Abstract: Increased cough sensitivity is an important mechanism of chronic cough, and the
evaluation of cough sensitivity helps understand the mechanism of cough and explore better
methods to reduce cough. Evaluation methods may be direct or indirect. Direct methods
include mechanical stimulation and chemical stimulation, and indirect methods include
laryngeal reflex test, questionnaires, and brain functional magnetic resonance imaging (fMRI]).
Chemical stimulation is the most common method, while the capsaicin cough challenge test
is proven and widely used. In this article, we will compare evaluation methods and explore

influencing factors of cough sensitivity.
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Introduction

Cough is defined as a defensive reflex to clear res-
piratory secretions and harmful factors. However,
chronic cough may lead to physical, psychologi-
cal, and social impairments, with a substantial
impact on quality of life.! The severity of cough is
closely related to quality of life and treatment sat-
isfaction. Evaluation of the severity of cough is
important for assessing the condition of patients
and treatment outcomes. In clinical practice,
commonly used evaluation methods include sub-
jective visual analogue scales (VAS), cough sever-
ity score, cough severity diary, and quality of life
assessments, as well as objective monitoring of
cough frequency and evaluating of cough sensitiv-
ity.2 For monitoring cough frequency, the
Leicester cough monitor has been invented to
automatically detect cough from continuous digi-
tal audio recording, but the device is not currently
commercially available.? At present, the evalua-
tion of cough sensitivity is still the most common
way to evaluate cough objectively. In recent years,
clinical studies have been conducted to investi-
gate how best to evaluate cough sensitivity as
researchers start to accept the concept of cough
hypersensitivity syndrome (CHS). In this article,
we will compare evaluation methods and explore
influencing factors of cough sensitivity.

Importance of cough sensitivity

assessments

Cough sensitivity is defined as responsiveness of
cough reflex to external simuli, which includes
chemical stimulation, mechanical stimulation,
and thermal stimulation.* Increased cough sensi-
tivity indicates that cough receptors are sensi-
tized, resulting in responses to weak stimuli that
would not otherwise induce cough or strong
responses to the above-threshold stimuli. Most
patients with chronic cough have the clinical fea-
tures of increased cough sensitivity and studies
have shown that patients with chronic cough have
upper-regulated cough reflex than normal people
which indicate increased cough sensitivity is a
mechanistic basis of chronic cough.*5 In 2009,
Morice® proposed the concept of CHS and that
CHS applies to most cases of chronic cough.
Common causes of chronic cough such as cough
variant asthma (CVA), eosinophilic bronchitis
(EB), gastroesophageal reflux-related cough, and
upper airway cough syndrome (UACS) may be
different clinical subtypes of CHS. CHS defines
chronic cough from a new perspective and pro-
vides new ideas for the diagnosis and treatment of
chronic cough, especially for refractory cough
with unknown cause and no effective treatment.
For CHS, the reestablishment of normal cough
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sensitivity may be an important strategy for the
treatment of refractory cough in the future.”

However, the clinical value of CHS is still contro-
versial. Further research is needed to investigate
underlying mechanisms of cough hypersensitiv-
ity. No ‘gold standard’ has been established to
detect cough hypersensitivity, and no uniform
method has been validated to evaluate treatment
outcomes of cough hypersensitivity.® The evalua-
tion of cough hypersensitivity plays a critical role
in these puzzles. Studies on cough sensitivity in
different populations via different pathways and
on influencing factors will deepen our under-
standing of the mechanisms of cough hypersensi-
tivity, establish standard evaluation methods and
criteria of CHS to facilitate clinical diagnosis, and
allow monitoring of changes in cough sensitivity
in patients with chronic cough to determine treat-
ment outcomes.

Definition and basic concept of cough
sensitivity assessments

Cough sensitivity assessments are narrowly
defined as cough challenge tests (chemical stimu-
lation), in which the subject inhales a certain
amount of aerosol stimulant particles that stimu-
late cough receptors in the airway to induce
cough.® The concentration of cough-inducing
stimulant is used to determine cough reflex sensi-
tivity,® which mainly reflects the cough reflex
mediated by specific peripheral chemorecep-
tors.!® In addition to chemical stimulation,
mechanical stimulation can also induce cough
directly,!1-15 reflecting the cough reflex mediated
by mechanoreceptors.!® Other indirect methods
are also used to evaluate cough sensitivity, includ-
ing different questionnaires, which subjectively
and indirectly evaluate cough sensitivity, and
brain functional magnetic resonance imaging
(fMRI), which objectively and indirectly evalu-
ates cough sensitivity, showing central nervous
system activity related to cough reflex. At present,
assessment of cough sensitivity is mainly used in
studies on efficacy of medication and cough
mechanism and has not been applied in clinical
practice.1®

Mechanisms of cough sensitivity assessments
Cough hypersensitivity could result from either
an increased sensitivity of cough receptors or
from changes in cough central processing.!”

Cough receptors are sensory nerve endings dis-
tributed between tracheobronchial epithelial cells
and in the epithelial basal layer. They are divided
into two subtypes: myelinated vagal afferent Ad
fibers and nonmyelinated vagal afferent C-fibers.18
Cough sensitivity mediated by peripheral cough
receptors can be evaluated by stimulating these
nerve endings.12.13,19,20

Vagal afferent C-fiber endings are chemorecep-
tors that are sensitive to chemical stimulation.
Transient receptor potential cation channel sub-
family V member 1 (TRPV1) and transient recep-
tor potential cation channel subfamily A member
1 (TRPA1), two members of the TRP family, are
expressed on the cell membrane of these nerve
fibers. Both TRPV1 and TRPA1 are nonselective
cation channel proteins that exist on the cell
membrane or intracellular organelle membrane.
TRPV1 is sensitive to stimuli such as capsaicin,
acid, inflammatory mediators, and higher tem-
perature (>42°C). TRPAI1 is sensitive to stimuli
such as acrolein, cinnamaldehyde, and lower
temperature (<17°C). Once activated, TRPV1
and TRPAI stimulate vagal afferent C-fiber end-
ings to produce neurogenic inflammation, release
neuropeptides, such as substance P (SP) and cal-
citonin gene-related peptide (CGRP), and upreg-
ulate cough sensitivity.21,22

Vagal afferent Ad fiber endings are mechanore-
ceptors that are sensitive to mechanical stimula-
tion. They are divided into pulmonary stretch
receptors and Widdicombe cough receptors.23:24
Pulmonary stretch receptors include rapid adap-
tation receptors (RARs) and slow adaptation
receptors (SARs). RARs and SARs do not directly
participate in the initiation of the cough reflex,
but they play roles in regulating and integrating
the initiation of the cough reflex. As special RARs
located in the extrapulmonary trachea,
Widdicombe cough receptors are highly sensitive
to slight mechanical changes and acids in the air-
way but are insensitive to tissue traction, bron-
chospasms, and chemical stimulation.?? Studies
have shown that TRPV4 may activate Ad fibers
by mediating ATP.25:26 As with TRPV1 and
TRPAI1, TRPV4 is another member of the TRP
family and is sensitive to myriad physical and
chemical stimuli, including shear force, osmotic
pressure, citric acid, temperature above 24°C,
and arachidonic acid metabolites.?” Bonvini et al.
used an i vivo animal cough model and calcium
imaging and electrophysiological techniques and
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found that a TRPV4 agonist and hypotonic solu-
tion induced the depolarization of all Ad fibers
but had no effect on C-fibers. This TRPV4 chan-
nel-mediated effect was blocked by P2X purino-
ceptor 3 (P2X3R, ATP receptor) antagonist,
indicating that ATP plays an important role in the
TRPV4-mediated activation of A fibers.?>

Located in the nucleus tractus solitarius and spi-
nal trigeminal nucleus, the cough center is regu-
lated by the higher cortical center.?8 Brain fMRI
and some indirect indicators such as urge to
cough and cough suppression (CS) can be used
to indirectly evaluate how well the cough centers
regulates the cough reflex.?®

Evaluation methods for cough sensitivity
Cough sensitivity may be assessed directly or
indirectly. Direct methods include mechanical
stimulation and chemical stimulation; indirect
methods include brain fMRI, laryngeal reflex
tests, and questionnaires.

Mechanical stimulation

For mechanical stimulation, mechanical vibration
is used to stimulate the cough receptors in air-
ways to induce cough.!8:30 An animal study shows
that the introduction of a rotating mechanical
probe to mechanically stimulate the airway of
anesthetized rabbits induces the cough reflex.!!

Studies of mechanical stimulation to evaluate
cough sensitivity in humans have applied mechan-
ical vibration, including laryngeal vibration and
thoracic vibration, to different locations of the air-
way. For laryngeal vibration, mechanical stimula-
tion is applied to the cervical trachea. Lee and
Eccles!? placed a modified electric shaver (the
shaving blade was replaced with a finger-like plas-
tic tab) at the level of the jugular notch to mechan-
ically stimulate the cervical trachea. This study
has found that the laryngeal vibration can repro-
ducibly induce cough and individuals with upper
respiratory tract infection (URTI) are more sensi-
tive to the stimulation than healthy individuals.
Kamimura et al.!3 designed and used a tracheal
compression test (TCT) (using a finger to gently
compress the cervical trachea several times), a tra-
cheal stretch test (T'ST) (the neck was retroflexed
and held for 5 seconds), and a tracheal fork test
(TFT) (a vibrating fork was placed on the cervical
trachea and held for 20 seconds) to mechanically

stimulate the cervical trachea of patients with
chronic cough. Test responses were categorized as
cough, new or worsening airway itching, and no
response. In patients with chronic cough, the inci-
dence of cough was 27.7% for the TCT, 39.8%
for the TST, and 36.9% for the TFT.
Approximately 50% of patients experienced itch-
ing with or without cough in each test. Patients
with phonation-induced cough (PIC) were more
sensitive to the test than the patients without PIC,
which supported the hypothesis that transmission
of vibrations from the vocal cords to the trachea
may be the cause of PIC. Thoracic vibration is a
type of stimulation which is applied to the tho-
racic. Lee and Eccles'# placed a G5 respiratory
percussion device (70 Hz) at sternum to induce
cough in URTT individuals and healthy individu-
als and found that URTT individuals were more
sensitive to stimulation. Jones er al.!> further inves-
tigated the effect of different frequencies (20, 40,
60 Hz) of percussion stimulation at different tho-
racic locations (lung base, front chest, and below
the sternum) on inducing cough in idiopathic pul-
monary fibrosis (IPF) patients. The incidence of
cough and cough frequency were also significantly
higher in the IPF group than in the healthy group.
Besides, the results showed that low-frequency
vibration at the base of the lungs was most effec-
tive for inducing cough.

These studies indicate that mechanical stimula-
tion can, to some extent, distinguish healthy indi-
viduals from patients with cough hypersensitivity.
However, there are still some problems need to be
explored. There are few studies about mechanical
stimulation. No studies have been conducted to
establish a threshold for cough hypersensitivity
with mechanical stimulation and the validity of
mechanical stimulation needs to be further
explored. The relevant factors which may influ-
ence the incidence of cough reflex in human dur-
ing the mechanical stimulation are still unknown.
In an animal study, the incidence of cough reflex
was related to the intensity, duration, and rate of
mechanical stimulation.!! But in human studies,
these factors have not been explored. Also, like
the study by Jones ez al.,!5 the effect difference
caused by different vibration frequency and vibra-
tion position needs to be further studied.

In summary, cough sensitivity assessments with
mechanical stimulation are simple, noninvasive,
and safe. However, few studies have been con-
ducted in this field, and further researches are
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needed to investigate the application value and
relevant factors for cough sensitivity assessments
with mechanical stimulation.

Chemical stimulation

Stimulants and the principle of chemical stimula-
tion. For chemical stimulation, the subject inhales
a certain amount of aerosol stimulant particles,
which stimulate cough receptors in the airway to
induce cough. Although there are different views,3!
cough sensitivity is most commonly assessed by
the lowest concentration of stimulations which
cause 2 (C2) or 5 (C5) coughs.?

Capsaicin is the most commonly used stimulant.
Several studies have demonstrated that capsaicin
is a useful substance for cough challenge test. The
safety,3? reproducibility,?? and dose-dependency3*
of capsaicin cough challenge test have been dem-
onstrated. And for patients with chronic cough
and sensory hyperreactivity, Pullerits ez al.35 have
found that capsaicin cough challenge test has an
excellent ability to discriminate patients from
control subjects. Capsaicin induces cough by
activating the ion channel TRPV1 on nonmyeli-
nated afferent C-fibers in the airway.?¢ Studies
have shown that patients with chronic cough are
more sensitive to capsaicin.? After treatment,
cough sensitivity to inhaled capsaicin is reduced
as cough symptoms relieved.?” The increased
cough sensitivity may be associated with elevated
TRPV1 expression on airway nerves of patients
with chronic cough.38

Not every patient with chronic cough shows height-
ened capsaicin cough sensitivity.!° In addition to
capsaicin, stimulants including TRPA1 stimulants,
citric acid, mannitol, and ATP can be used. Allyl
isothiocyanate (AITC) and cinnamaldehyde are
agonists of the ion channel TRPA1 on afferent
C-fibers. Unlike TRPV1, TRPA1 stimulants are
more common in daily life and include ozone, nico-
tine, and acrolein. These substances are widely pre-
sent in air pollution, vehicle exhaust, and cigarette
smoke, suggesting that TRPA1-related cough chal-
lenge tests may have broader applications. In addi-
tion, studies have shown that AITC and
cinnamaldehyde tests are safe and repeatable and
can complement the capsaicin challenge test.19:39

Followed by capsaicin, citric acid is the second
most widely used stimulant. Its mechanism of
action is unknown, although TRPV1, TPRAI,

and TRPV4 receptors may be involved. Rai ez al. 40
investigated the effect of pH on citric acid-induced
cough and found that after inhaling the citric acid
solution, patients with chronic cough coughed
more than healthy volunteers. Besides, research-
ers also found that cough frequency was unrelated
to pH value in patients with chronic cough. At a
given pH, patients respond in a highly idiosyn-
cratic manner (sometimes not cough to the first
few inhalations and then cough excessively to an
exactly similar stimulus). Researchers thought
that like the response for chronic pain, hypersensi-
tivity is not simply a shift in the dose response
curve to citric acid but a fundamental alteration in
the pattern of response to a given stimulus.

Mannitol induces cough through osmotic stimula-
tion of the airway. Koskela ez al.¥! performed man-
nitol stimulation and found that patients with
chronic cough had much higher cough sensitivity
than did subjects in other groups and that cough
sensitivity was correlated with subjective symptoms.

In a recent study, Fowles et al.2° used ATP and
AMP for cough challenge tests and found that
ATP was more effective than AMP for inducing
cough. Compared with normal subjects, patients
with chronic cough coughed more after inhaling a
significantly lower concentration of ATDP,
although the results were similar to those for other
cough challenge tests. Among the 40 subjects, the
only adverse reaction was urticaria, which may
have been an allergic reaction. Studies have
shown that under pathological conditions, ATP
activates the P2X2/3 receptors located on C and
AJ fibers to stimulate vagal afferent nerve endings
in the lungs, leading to the release of local neuro-
genic inflammatory mediators, bronchoconstric-
tion, and cough.4%43 At present, gefapixant (also
known as AF-219 and MK-7264), a P2X3 recep-
tor antagonist, is the most potential candidate for
the treatment of refractory cough, with proven
efficacy in improving cough symptoms in clinical
studies.*»%> These data indicate that ATP-P2X
plays an important role in chronic cough, suggest-
ing that ATP-related cough challenge tests have
broad research value.

Procedures and applications. While many cough
sensitivity tests are available, chemical stimulation
is still the proven and widely used method. In the
section below, we will use the capsaicin test as an
example to describe the standard procedures for
cough sensitivity assessments with chemical
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stimulation. Capsaicin may be administrated via
a tidal-breath inhalation or a dosimeter-controlled
inhalation.

The specific procedures for tidal-breath inhalation
are described by Fujimura ez al.%® A capsaicin
stock solution of 0.01 M/L is prepared for later
use. Before the test, the stock solution is diluted in
normal saline to prepare 12 concentrations (0.49,
0.98, 1.95, 3.9, 7.8, 15.6, 31.2, 62.5, 125, 250,
500, and 1000 uM/L). The subject takes a sitting
position and wears a nose clip. While breathing
calmly, the subject inhales normal saline through
a compressed-air nebulizer. After confirming that
there is no cough, the subject sequentially inhales
different concentrations of aerosol capsaicin solu-
tion (15 seconds on, 45 seconds off), starting from
the lowest concentration. Cough frequency is
recorded for 1 minute, and the lowest concentra-
tions that induce =2 or =5 coughs are recorded
(C2 and C5, respectively) as the subject’s cough
thresholds. Tidal breathing is easy to use and
operate. However, tidal volume and respiratory
frequency vary from person to person, making it
difficult to quantify the dose inhaled. Atomization
inhalation duration is long, with a high inhalation
volume, and inhalation may be interrupted by
coughing, affecting the cough frequency results.®
Although the safety of capsaicin has been con-
firmed, the aerosol stimulant particles may irritate
both subjects and operators.3247

Dosimeter-controlled inhalation avoids the prob-
lems associated with tidal-breath inhalation, it is
more conducive to standardization, but the device
is complex to operate. The specific procedures for
dosimeter-controlled inhalation are described in
the ERS (European Respiratory Society) guide-
lines for the assessment of cough (2007)° and the
Chinese National Guidelines for the Diagnosis
and Management of Cough (2015).1¢ To stand-
ardize the test, a flow-limited dosimeter-con-
trolled nebulization device is used. With the
dosimeter, the inspiration flow rate can be con-
trolled. Also, the structure of nebulizer is modi-
fied. With the straw and baffle assembly of the
nebuliser welded in place, the variations resulted
by the variable distances between the jet orifice
and straw can be eliminated. In the ERS guide-
lines for the assessment of cough (2007), capsai-
cin and citric acid are used as examples to propose
a series of standardization recommendations for
cough challenge tests,” stating that inhalation
cough challenge tests should be standardized to

facilitate universal interpretation and compari-
sons of results from different laboratories. The
standardized method is advocated by the guide-
lines to establish normal ranges. In most cases,
the single-breath concentration-response method
using a flow-limited dosimeter inhalation test is
recommended, and both C2 and C5 should be
recorded. Moreover, it is important to explain
that cough challenge test results have no inherent
meaning due to significant individual variation
but can be used to track any changes in cough
sensitivity in a given individual.

Based on the inhalation test above, Cho er al.%8
Fujiwara ez al.,* and Curtis and Troche?® also
have further improved the processes and devices
for cough sensitivity assessments.

Regarding processes, Cho er al.*8 developed a CS
test. During this dosimeter-controlled inhalation
test, the subject is instructed to do his or her best
to suppress coughs, and the corresponding con-
centrations of capsaicin that induce 1, 2, or 5
coughs (CS1, CS2, CS5) are recorded. This
study has shown that patients with chronic refrac-
tory cough are significantly less able to suppress
coughs than healthy subjects, suggesting abnor-
malities in central nervous pathways in patients
with chronic refractory cough. CS5 is highly
repeatable. Besides, CS5 is related to 24-hour
cough frequency in patients with chronic refrac-
tory cough. Moreover, CS5 (threshold: 39
umol/L) is more sensitive and specific than C5 for
the diagnosis of chronic refractory cough.48

Regarding devices, researchers designed a device
that measures both cough sensitivity and the
intensity of the cough reflex. Fujiwara er al.%°
invented a modified cough sensitivity assessment
device that consists of a mouthpiece, a special
double-lumen tube (an inner tube is nested into
an outer tube, with 10 ports between the 2 layers
of tubes), a nebulizer, and an electronic spirome-
ter. An ultrasonic nebulizer is connected to the
outer tube and fills the outer tube with micro-
aerosol stimulant, which enters the mouth and
airway through the ports and mouthpiece to
induce cough. The electronic spirometer is con-
nected to the inner tube to measure the intensity
and duration of the cough reflex. Curtis and
Troche?° invented a hand-held cough sensitivity
assessment device that consists of a face mask, a
hand-held nebulizer, and an analog peak flow
meter connected by a three-way tube. It measures
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the intensity of the cough reflex. After each cough
reflex, the subject completes a modified Borg
scale to indicate his or her urge to cough. Further
research is still needed to evaluate specific clinical
applications for these and similar devices.

Criteria for cough sensitivity assessments with
chemical stimulation and influencing factors for
cough sensitivity. No uniform normal ranges have
been established for cough sensitivity. Some stud-
ies have shown that cough sensitivity assessments
with chemical stimulation may be subject to many
factors, such as TRPV1 polymorphisms, capsaicin
exposure, sex, smoking, obesity, allergic inflam-
mation, and chemosensory regulation (Table 1),
with major individual and population variations.

Studies have shown that the TRPV1-V585 muta-
tion may be related to decreased cough sensitivity
to capsaicin.’!53 Capsaicin exposure may also
reduce cough sensitivity. Blanc ez al.4” found that
compared with those in workers without pepper
exposure, workers with long-term pepper exposure
showed a bimodal distribution pattern, including
both a higher cough threshold (3*10-6 M capsai-
cin) and a lower cough threshold (3*10-7 M cap-
saicin). Within the exposed group, a higher cough
threshold was significantly related to male gender
and was associated to a lesser extent with dietary
preference for hot food and cumulative cigarette
smoking. The researchers believed that capsaicin
exposure and other factors contributed to decreased
cough sensitivity. In a study by Ternesten-Hasséus
et al.,>* they found that after taking capsules with
pure capsaicin for 4 weeks, capsaicin cough sensi-
tivity of cough patients decreased and cough symp-
toms and cough scores improved. The researchers
thought that may related to the desensitization of
TRPV1. Moreover, Slovarp and Bozarth35 paired
CS strategies with inhalation of aerosolized capsai-
cin given in gradually increasing doses in 5 healthy
people and found that C5 was significantly
increased at both 1 and 3 weeks post-treatment.
However, the sample size of these three studies
were small, and further research is needed to inves-
tigate the relationship between capsaicin exposure
and decreased cough sensitivity.

Several studies have shown that women have
higher cough sensitivity than men during cough
challenge tests,!9:46:56,57 3 finding that may be
related to hormones, as estrogen and progester-
one affect TRPV1 activation and expression,>8-5°
eosinophils and mast cell activation,®® and the

onset of certain conditions, such as gastroesopha-
geal reflux disease (GERD),%! all of which may
increase cough sensitivity.

Millgvist and Bende®? and Dicpinigaitis,®3
Dicpinigaitis er al.%* proved that long-term smok-
ers have decreased cough sensitivity. Millqvist
et al. thought the decreased cough sensitivity of
smokers may support the hypothesis that nicotine
either inhibits the receptors of the C-fibers of the
sensory nerves in the respiratory epithelium, or
induces a depletion of neuropeptides and this
explained why increasing airway symptoms were
often seen after cessation of smoking.%2 Research
by Dicpinigaitis et al.%* further illustrated this
point because even after many years of smoking,
cough sensitivity enhanced as early as 2 weeks
after smoking cessation. Furthermore, Researchers
thought the decreased cough sensitivity of smok-
ers may also be related to the desensitization of
cough receptors in the airway epithelium and
increased airway mucus secretions that cover
cough receptors due to long-term smoking.63:64

Obesity may also affect cough sensitivity.
Epidemiological surveys show that obesity, espe-
cially abdominal obesity, is a risk factor for chronic
cough and certain conditions,®> suggesting that
obese individuals may have higher cough sensitiv-
ity. In our study, Shi er al.®® capsaicin cough chal-
lenge test results indicate that patients with normal
weight and obstructive sleep apnea hypopnea syn-
drome (OSAHS) have higher cough sensitivity
than do normal subjects, but in a study by
Guglielminotti ez al.,% citric acid cough challenge
test results show that female obese OSAHS
patients have lower cough sensitivity than normal
subjects. The discrepancy may be related to the
study population and indicate that obesity may
play a critical role in impaired cough sensitivity.
Pecova ez al. %8 investigated the relationship between
capsaicin cough sensitivity and body mass index
(BMI) in children with chronic cough and found
that in these children, BMI was weakly correlated
with decreased cough sensitivity (C5) and a low
coefficient of determination (R2 = 0.03). Increase
of body mass index in one unit is associated with
-34.959 mmol/l decrease of C5. Further research is
needed to investigate the effect of obesity on cough
sensitivity.

Allergic inflammation may increase cough sensi-
tivity. For patients with allergic asthma, capsaicin
cough sensitivity increased during the birch
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pollen season, while the response was similar to
that of healthy control subjects before the sea-
son.%® For patients with multiple chemical sensi-
tivity, their capsaicin cough sensitivity also
increased.’”® Researchers thought that allergic
inflammation in the lower and/or upper airways
may trigger neurogenic mechanisms of significant
clinical importance.

Chemosensory regulation affects cough sensitiv-
ity, as an oral rinse with sucrose’! and inhalation
of menthol vapor’l:72 significantly increase the
cough threshold, which explains to a certain
extent why cough syrup without active ingredi-
ents has some antitussive effects and adding men-
thol to cigarettes might make smokers more
tolerable to tobacco smoke.

Moreover, individuals with high capsaicin cough
sensitivity may not complain about cough. Pecova
et al.”® report that patients with seasonal allergic
rhinitis do not cough but that they have high cap-
saicin cough sensitivity. On the contrary, patients
who cough may or may not have high capsaicin
sensitivity, such as in some CVA patients. In our
study, Huang er al.”* analyzed the clinical mani-
festations, airway inflammation, and types and
levels of inflammatory mediators in CVA patients
with high or normal cough sensitivity. The results
showed that CVA patients with high cough sensi-
tivity had more severe cough and more significant
neutrophil infiltration and activation in the air-
way, suggesting that high cough sensitivity and
normal cough sensitivity may be 2 subtypes of
CVA that differ in neutrophil activation and infil-
tration in the airway.

Different cough challenge tests have been used in
China and abroad, making it difficult to analyze
results across studies. The ERS guidelines for the
assessment of cough (2007)° propose a series of
standardization recommendations for solution
preparation and storage, inhalation methods,
inspiratory flow, nebulizers, inhalation of placebo,
cough measurement, and data interpretation of
capsaicin and citric acid cough challenge tests. The
guidelines stated that isolated measurements of
capsaicin sensitivity (C2 or C5) had no intrinsic
significance due to the large variation in cough
reflex sensitivity within the normal population but
are important tools in pharmacological studies
incorporating serial challenges, as well as in epide-
miological studies comparing distinct populations.
There is no recommendation regarding normal

reference of C2 and C5 values for cough sensitivity
in ERS guidelines. In 2013, Chen er al.”> con-
ducted a study in 110 healthy volunteers from
Guangzhou, China, to establish a normal reference
value for capsaicin cough sensitivity in the Chinese
population. The initial result was C5=125
umol/L.. However, the sample size was small, and
the subjects were from a single area (Guangzhou,
China). Further research is needed to validate the
reference value, especially given the potential fac-
tors mentioned above, such as capsaicin exposure.

In summary, some standard procedures for cough
challenge test have already been established
according to the ERS guidelines and researchers
are further exploring the device and process to
improve cough challenge test. Capsaicin is proved
to be a valid and useful tool, and new stimulant
like ATP is under investigation. Also further
researches are needed to explore the influencing
factors of cough sensitivity and to compare the
cough sensitivity among distinct population.

fMRI. Cough central processing dysfunction
plays an important role in increased cough sensi-
tivity.28 However, no tests are available to directly
measure central cough sensitivity. fMRI can be
used to visualize the activity of the central nerv-
ous system while coughing and thus indirectly
assess central cough sensitivity. During fMRI, a
specific sensory organ is stimulated to cause neu-
ral activity (activation of a functional area) in the
corresponding cerebral cortex, which is detected
on fMRI because the local cortical blood oxygen
level increases during neural activity, resulting
in high T2 signals in the corresponding area.”®
Researchers have investigated neural activity
after the inhalation of capsaicin to analyze central
cough sensitivity in patients with chronic cough
versus other populations. Ando ez al.”? show that
after the inhalation of capsaicin, compared with
the control group, in CHS patients, the signals
are significantly increased in brain areas related
to the regulation of the pain system, such as the
cuneiform nucleus of the midbrain, the gray mat-
ter around the midbrain aqueduct, and the dor-
sal raphe nucleus, and are significantly decreased
in brain areas related to CS, such as the dorsal
medial prefrontal lobe and the anterior cingulate
cortex. Morice er al.?° show that healthy women
are more sensitive to the capsaicin cough chal-
lenge tests and that their somatosensory cortex is
twice as activated as that in men after the inhala-
tion of capsaicin.
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The use of fMRI in CHS patients may help in
understanding cough hypersensitivity at the cen-
tral level and to develop new antitussive therapies.

Laryngeal reflex text. Laryngeal hypersensi-
tivity refers to an excessive laryngeal response to
external stimuli; this response is related to the con-
traction of laryngeal muscles and the extrathoracic
airway. Laryngeal dysfunction can cause chronic
cough, and most patients with chronic cough have
laryngeal irritation; besides, their laryngeal hyper-
sensitivity improves after treatment for chronic
cough.”® Therefore, laryngeal hypersensitivity is
an indirect indicator of cough hypersensitivity.

Bucca et al.” used a histamine inhalation test to
assess the laryngeal sensitivity. A reduction in
maximum inspiratory flow (MIF50) by 25% was
used as the criterion for laryngeal stenosis, and
laryngeal hypersensitivity was considered if the
corresponding histamine concentration was <8
mg/mL. The study showed that 66% to 93% of
patients with chronic cough had varying degrees
of laryngeal hypersensitivity, which was resolved
or alleviated after cough symptoms relieved.

Tatar et al.8° performed laryngeal electromyogra-
phy (EMG) and laryngoscopy in 20 patients with
idiopathic cough and a history of upper airway
virus infection and found that EMG score was sig-
nificantly positively related to the quality of life
score in patients with chronic cough. The research-
ers believed that post-viral vagal neuropathy
(PVVN) resulted in a lower discharge threshold of
the vagus nerve, triggering laryngeal hypersensi-
tivity and chronic cough. These data suggest that
laryngeal EMG may be used to diagnose PVVN-
related chronic cough. However, the sample size
was small; therefore, large prospective studies are
needed to validate the results.

Giraldo-Cadavid ez al.81-83 designed and developed
a novel laryngopharyngeal endoscopic esthesiom-
eter and rangefinder (LPEER) composed of a high
precision air pulse generator, an endoscopic laser
rangefinder. The device uses endoscopic air pulses
to generate pressure on the mucosa of the laryn-
gopharyngeal tube; increasing pulse intensity trig-
gers the laryngeal adductor reflex, cough reflex,
and gag reflex. The intensity of the air pulse that
triggers the reflex reflects laryngopharyngeal sensi-
tivity and the laser rangefinder helps to precisely
control the location and angle of the air pulse.8!
The laryngeal adductor reflex threshold (LART)

and cough reflex threshold (CRT) were measured
on the laryngeal mucosa at a point between the
corniculate and cuneiform cartilages and the gag
reflex threshold (GRT) was explored at the lateral
wall of the pharynx at a point lateral to the epiglot-
tis.81 The high intra- and inter-rater reliability and
accuracy of LPEER for evaluating laryngopharyn-
geal sensitivity have been proved.82:83 Studies have
shown that in patients with laryngeal irritation, the
LART is slightly increased and the CRT and GRT
are decreased.8! At present, studies are focused on
the application of this device in the evaluation of
laryngopharyngeal sensitivity in patients with diffi-
cult swallowing, while no related studies have been
conducted in patients with chronic cough.

Questionnaires

There are also questionnaires that reflect cough
sensitivity from different perspectives. Vertigan
er al.8* developed a questionnaire to assess laryn-
geal paresthesia in patients with laryngeal dys-
function syndrome (including chronic cough,
vocal cord dysfunction, dystonia, muscle tension
dysphonia, and globus pharyngeus). The ques-
tionnaire includes 14 questions to assess laryngeal
paresthesia (obstruction, pain or heat, and irrita-
tion) on a 1-7 scale (1: always; 7: never). The
questionnaire can successfully distinguish patients
from healthy subjects, as in the initial study, the
score for each question was significantly higher in
the healthy control group than in the clinical
group. However, the questionnaire cannot distin-
guish clinical subgroups, such as chronic cough,
vocal cord dysfunction, muscle tension dyspho-
nia, and globus pharyngeus.

Morice er al.85 developed the Hull airway reflux
questionnaire (HARQ) to evaluate cough sensi-
tivity and diagnose CHS. It is a self-assessment
questionnaire that includes 14 items, with a maxi-
mum score of 70. In a study, 185 patients with
chronic cough and 70 normal volunteers com-
pleted the questionnaire. The results showed that
the HARQ score was significantly higher in
patients with chronic cough than in normal vol-
unteers. In normal volunteers, the 95% confi-
dence interval (CI) for the HARQ score was
0—13. When using 13 as the threshold, the sensi-
tivity was 94.1%, the specificity was 95%, and the
area under the receiver operating characteristic
(ROC) curve was 0.99 for the diagnosis of cough
hypersensitivity with the HARQ, suggesting that
the HARQ has a high diagnostic value for cough
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hypersensitivity. Moreover, for patients with
chronic cough, the score significantly decreased
after treatment, indicating that the HARQ score
can be used to evaluate treatment response. The
study showed that women had higher HARQ
scores than did men. The cause is unknown.
Moreover, age was unrelated to HARQ score in
patients with chronic cough.

In our study, Huang er al.8% evaluated the effec-
tiveness, repeatability, treatment response, and
clinical value of the Chinese version of the HARQ.
The results show that the HARQ effectively iden-
tifies cough hypersensitivity and is repeatable with
good treatment responses. Qur study shows that
for the HARQ, the upper limit of normal is 12.75
and that the HARQ score is significantly higher in
patients with GERD than in patients with other
diseases or compound diseases, suggesting that
the HARQ can be used to predict GERD. Wen
et al.87 further demonstrate that the HARQ is a
valuable tool for predicting GERD and is more
effective when combined with the GERD ques-
tionnaire (GerdQ).88 Also, Johansson er al.8®
translated the questionnaire into Swedish version
(HARQ-S) and found that the HARQ-S had good
reliability and validity to diagnose chronic cough.

Moreover, Zhang ez al. show that the HARQ has
moderate value in predicting the treatment
response of gabapentin, while C2 and C5 values
from the capsaicin cough test are useless in this
regard.?® Gabapentin has been shown to reduce
severity of cough, providing further evidence of
central sensitization.®! The predictive value of the
HARQ on the efficacy of gabapentin indicates
that certain items in the HARQ (such as laryngeal
itching or obstruction, cough when eating, and
morning cough) indirectly reflect central cough
hypersensitivity,’® further confirming that the
HARQ can be used to indirectly evaluate cough
sensitivity. The HARQ provides a subjective
evaluation of cough sensitivity. Combined, the
objective capsaicin challenge test and the HARQ
provide a comprehensive evaluation of cough
sensitivity.

Conclusion

Mechanical stimulation and chemical stimulation
can be used to directly evaluate cough sensitivity.
Mechanical stimulation is safe and easy to con-
duct, while there are few relevant studies. The
validity of mechanical stimulation needs to be

further confirmed. Chemical stimulation is more
commonly used in research. While the capsaicin
cough challenge test has been extensively studied,
other cough challenge tests, such as AITC, ATP
can be used as needed. A series of standardization
recommendations are available for the capsaicin
cough challenge test. However, chemical stimula-
tion is subject to many factors, and further
research is needed to establish normal reference
values for cough sensitivity and investigate spe-
cific clinical applications of cough challenge tests.
In addition, further research is needed to investi-
gate indirect evaluation methods such as brain
fMRI, laryngeal reflex responses, and the patient-
report questionnaires.
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