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Abstract. The addition of cough reflex testing (CRT) to a comprehensive clinical swallowing evaluation has the potential to
substantially contribute to the management of patients with dysphagia, by providing insights into the integrity of the cough
response to airway invasion and risk of silent aspiration. This “Spotlight on: Cough Reflex Testing in Clinical Dysphagia
Practice” outlines the theoretical and practical considerations of using CRT as a screening tool to identify patients’ risk of
silent aspiration. The following clinical questions are addressed: (1) What is coughing? (2) What is CRT? (3) What CRT
method should I use? (4) How is the citric acid CRT conducted? (5) Can CRT be repeated to monitor changes in cough
sensitivity? (6) What are the benefits of CRT in clinical dysphagia practice? This information is intended to support clinicians
in implementing and interpreting CRT as a screening tool to identify patients’ risk of silent aspiration in clinical dysphagia
practice.
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1. Introduction

Cough reflex testing (CRT) has been used in the
field of respiratory medicine for over 60 years to
evaluate the efficacy of cough medications. In the
past 20 years, CRT has been adopted into the field
of dysphagia. This clinical tutorial will outline (1)
the theoretical underpinnings of CRT and (2) practi-
cal considerations of how to implement and interpret
CRT as a screening tool to evaluate the integrity
of the cough response and patients’ risk of silent
aspiration.
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2. What is coughing?

Coughing is defined as “a forced expulsive maneu-
ver against a closed glottis, that is associated with a
characteristic sound” (Morice et al., 2007). However,
not all coughing is the same. Coughing can occur with
or without airway irritation and with varying levels
of conscious control. An understanding of different
types of coughing is important to draw accurate con-
clusions from CRT and to understand patients’ airway
clearance abilities.

• Volitional (or voluntary) coughing has three
phases: inspiration, compression, and expira-
tion. It is preceded by an intention or command
to cough, rather than airway irritation (Widdi-
combe et al., 2011). For example, a clinician may
ask a patient to cough during a videofluoroscopic
swallowing study (VFSS) upon observation of
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silent aspiration, or during a cranial nerve exam.
In this case, coughing occurs without preced-
ing sensory irritation. Volitional coughing can
also be produced in response to mild, or sub-
threshold (i.e., the point at which coughing can
be suppressed) airway irritation (Eccles, 2009).
For example, an individual may consciously per-
ceive saliva in the airway and intentionally cough
(or suppress) in response. In this case, cough-
ing is preceded by sensory irritation, but occurs
under high levels of conscious control.

• Reflexive Coughing is characterized by the
same three phases as volitional coughing. How-
ever, it is preceded by upper or lower airway
irritation (e.g., inflammation from upper respi-
ratory tract infection) that reaches the cough
threshold (i.e., the point at which coughing can-
not be suppressed) (Eccles, 2009; Widdicombe
et al., 2011). The initial inspiration provides
air to expel materials from the lower airways
(Widdicombe et al., 2011). However, it also
draws material into respiratory tract and in this
sense, represents a “pro-aspiration reflex” (Wid-
dicombe et al., 2011).

• The laryngeal expiration reflex (LER) is char-
acterized by rapid closing of the glottis and an
expulsive phase in response to acute laryngeal
irritation. The absence of an initial inspiration
prevents inhalation of material into the airway. In
this sense, it is an “anti-aspiration” mechanism
(Widdicombe et al., 2011).

The precise pattern of coughing to penetration or
aspiration of food/liquids is not well studied. It is
likely to involve an initial LER, followed by reflexive
and volitional coughing (Widdicombe et al., 2011).
This pattern is effective to expel supra-glottic material
(via the LER), followed by high velocity airflow to
expel sub-glottic material (via reflexive and volitional
coughing).

3. What is CRT?

In clinical dysphagia practice, the CRT can be
used as a screening tool to evaluate the integrity of
the cough response to airway invasion and risk of
silent aspiration. It involves inhalation of a cough
evoking aerosol at a specific concentration via a
nebulizer to induce coughing. Clinicians can record
presence, absence and number of coughs elicited, as
well as self-reported ratings of the perceived intensity

of airway irritation (known as the urge-to-cough).
In dysphagia research, aerodynamic measures of
the cough response can also be quantified. Numer-
ous studies have demonstrated the sensitivity and
specificity of CRT in identifying patients with silent
aspiration on instrumental assessment (Table 1). A
sensitivity of 81% means that 81% of patients with
silent aspiration will fail CRT (true positives), while
19% will go undetected (false negatives). A speci-
ficity of 65% means that 65% of patients without
silent aspiration will pass CRT (true negatives), while
35% will fail (false positives). For screening tests,
high sensitivity is preferable. However, CRT is not a
test of silent aspiration per se. It provides informa-
tion about the integrity of upper airway sensation that
would otherwise go unassessed. Impaired upper air-
way sensation is one factor contributing to patients’
risk of silent aspiration. In the absence of impaired
swallowing biomechanics, a patient with impaired
upper airway sensation may not aspirate. Thus, the
results of CRT must be interpreted in the context of
the entire clinical swallowing evaluation. Only citric
acid CRT has been validated as a screening tool to
detect silent aspiration on instrumental assessment.
Capsaicin CRT has been validated for detecting overt
aspiration in patients with Parkinson’s Disease (Heg-
land et al., 2016). The differences in these aerosols
are further discussed below.

4. What CRT method do I use?

A major challenge to implementing CRT into clin-
ical practice is the variability of methods reported in
the literature. A comprehensive discussion of CRT
methods has been published elsewhere (Wallace,
Guiu Hernandez, Ang, Hiew, et al., 2019). A feasible,
rapid and easily interpretable method is advantageous
in the clinical setting. If the goal is to screen patients
for risk of silent aspiration, any validated method in
Table 1 can be used. Clinicians should be aware that
altering aspects of the method will influence the sen-
sitivity and specificity of the test in identifying risk
of silent aspiration. Some key methodological con-
siderations are discussed below to support clinicians
to make informed decisions.

4.1. Cough-evoking aerosols

Both citric acid and capsaicin are commonly
reported cough-evoking aerosols in the dysphagia
literature. Other aerosols include tartaric acid and
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Table 1
Studies reporting the sensitivity and specificity of citric acid CRT in identifying patients with silent aspiration on instrumental assessment

Author (year) Instrumental Population Sensitivity Specificity Method
Assessment

Citric acid Nebulizer Inhalation Instruction Pass criteria
concentration duration

(seconds)
(Wakasugi et al.,

2008)
VFSS
FEES

n = 204
Cardiovascular disease (39%)
Head and neck cancer (24%)
Neuromuscular disease (17%)
Respiratory disease (15%)
Non-specified diseases (5%)

67%1 90%1 1% (w/v) Ultrasonic 60 “Subjects were directed to
breathe through the
mouth mask” (p, 365)

5+ coughs

(Sato et al., 2012) FEES n = 141
Cerebrovascular disease
Disuse syndrome
Neuromuscular disease
Respiratory
Cancer
Cervical spine injury
Miscellaneous

81%2 65%2 1% (w/v) Mesh 60 “Patients were asked to
inhale deeply through the
mouth according to verbal
instruction and inhale
citric acid several times
until the first cough
occurred” (p, 1938)

1 cough

(Miles et al., 2013) VFSS
FEES

n = 181
Stroke (38%)
Cancer (10%)
Respiratory (17%)
Progressive neurological (10%)
Other neurological (9%)
Non-specified (16%)

71%2 (VFSS) 60%2 (VFSS) 0.6 mol/L Jet 15 “Patients were asked to
breathe normally and
cough if they felt the need
to cough” (p, 26)

C2 cough
(2 or more
consecutive
coughs)

67%3 (FEES) 85%3 (FEES)

(Wakasugi et al.,
2014)

VFSS
FEES

n = 160
Cerebrovascular disease (36%)
Neuromuscular disease (25%)
Cancer (14%)
Respiratory (8%)
Other (17%)

86%1 71%1 1% (w/v) Handheld 60 “Subjects were directed to
breathe nebulized mist
through the mouth”
(p, 77)

5+ coughs

(Lee et al., 2014) VFSS n = 160
Ischemic stroke
Intracerebral hemorrhage
Traumatic brain injury
Encephalitis
Hypoxic brain damage
Parkinson disease

87.1%2 70%2 1% (w/v) Portable 604 Not reported 1 cough

(Guillén-Solà et al.,
2015)

VFSS n = 134
Sub-acute stroke5

19%2 71%2 1% (w/v) Ultrasonic 60 “Cough as needed”
(p, 1279)

5+ coughs

1Sensitivity and specificity of CRT in detecting silent aspiration for all patients (not only patients with aspiration). Trace silent aspiration was included. 2Sensitivity and specificity for the CRT in
detecting silent aspiration for all patients (not only patients with aspiration). 3Trace silent aspiration was excluded. 4A cut of period of 28.12 seconds was used in the analysis. 5Patients who were
considered low risk of aspiration were excluded from the study.
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ultrasonically nebulised distilled water (also known
as ‘fog’). The choice of aerosol should be carefully
considered, as it has implications on the underlying
neurophysiology of the induced cough. Citric acid
preferentially stimulates neural pathways and rapidly
adapting laryngeal receptors that play a role in cough-
ing to aspiration (Canning et al., 2004; Mazzone &
Undem, 2016). Thus, it is advantageous for assess-
ing coughing in patients with dysphagia. Tartaric acid
and ultrasonically nebulised distilled water mediate
coughing via the same mechanisms (Canning et al.,
2004; Mazzone & Undem, 2016). Capsaicin prefer-
entially stimulates slowly adapting sensory receptors
that mediate coughing to prolonged airway irritation
(e.g., inflammation from an upper respiratory tract
infection). A detailed discussion of neural pathways
and cough receptor subtypes is provided elsewhere
(Mazzone & Undem, 2016). Based on the advan-
tages of citric acid in stimulating neural pathways
and laryngeal receptors that play a role in coughing
to airway invasion, and the research validating the use
of citric acid CRT for this purpose, citric acid CRT is
used by the authors. Thus, the following suggestions
are made on citric acid CRT.

4.2. Aerosol exposure – flow rate, exposure time
and citric acid concentrations

Altering nebulizer flow rates, exposure times to
citric acid or the citric acid concentration will influ-
ence the outcome of the test (Barber et al., 2005).
Clinicians should pay close attention to these fac-
tors of their chosen protocol. Variations in citric acid
concentrations are evident across protocols (Table 1).
Most studies use a lower concentration (i.e. 1% w/v
citric acid = 0.05 mol/L) for a longer exposure time
(i.e. 60 seconds) (Guillén-Solà et al., 2015; Lee et al.,
2014; Sato et al., 2012; Wakasugi et al., 2008; Waka-
sugi et al., 2014), compared to Miles et al., (2013)
who used a higher concentration (0.6 mol/L = 11.5%
w/v citric acid) for a shorter exposure time (15
seconds). Theoretically, a higher concentration and
shorter exposure time would more likely mimic an
aspiration event. Longer exposures will increase risk
of tachyphylaxis (i.e., blunted sensation occurring
from prolonged exposure to an irritant) (Morice et al.,
2007). Regardless, clinicians should use the same
citric acid concentration and exposure time of their
chosen protocol to ensure validity. The way in which
citric acid solutions are made is an important consid-
eration. Citric acid solutions are made by dissolving
citric acid (a colourless, odourless powder) in sterile

0.9% sodium chloride (Morice et al., 2007). For a
0.6 mol/L or 0.05 mol/L (i.e. 1%) citric acid solution,
115.3 g or 10 g of citric acid respectively is dissolved
into 1 litre of sterile 0.9% sodium chloride. The use
of 0.9% saline is important, as other solvents (e.g.
distilled water) can confound effects of the citric acid
and influence the overall validity of the test (Wal-
lace, Guiu Hernandez, Ang, Hiew, et al., 2019). In
addition, caution is warranted in using oxygen from
the wall to nebulize citric acid solutions due to the
potential confounding effects.

4.3. CRT instructions

Instructions provided to patients vary across stud-
ies and change to reflect the type of cough being
assessed. Some instructions prompt patients to cough
(Guillén-Solà et al., 2015; Miles et al., 2013; Sato
et al., 2012), while others do not (Wakasugi et al.,
2008; Wakasugi et al., 2014). Clinicians are advised
to use the instructions of their chosen CRT method to
ensure validity and reliability. More recently, atten-
tion has shifted to evaluating a suppressed cough
in patients with dysphagia, i.e., instructing patients
to “try not to cough”; (Perry et al., 2019). Theo-
retically, suppressed coughing prevents individuals
eliciting a volitional cough to a sub-threshold cough
stimulus. It represents the point at which a cough
cannot be suppressed and, in this sense, may more
closely resemble coughing to aspiration (Monroe
et al., 2014). However, it remains unknown whether
a suppressed cough is superior in identifying risk of
silent aspiration in patients with dysphagia. Instruct-
ing patients to “try not to cough” is a cognitively
demanding task – a patient must perceive a stimu-
lus, bring the cough behavior to consciousness, and
suppress (Troche, Brandimore, Okun, et al., 2014).
Research suggests that patients with dysphagia have
blunted cognitive perception of airway irritation (dis-
cussed further below) (Troche, Brandimore, Okun,
et al., 2014), and may be able to suppress coughing
more easily.

4.4. What is urge to cough (UtC)?

UtC is a measure of the perceived intensity of
airway irritation that typically precedes an airway
clearance response. To measure UtC, patients are
asked to rate how much they felt the need to cough
following inhalation of a cough-evoking aerosol on
a modified Borg scale (Table 2) (Curtis & Troche,
2020; Hegland et al., 2011; Troche, Brandimore,
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Table 2
Modified Borg scales for measuring Urge to Cough

Modified Borg scale for measuring Urge to Cough Modified Borg scale for measuring Urge to Cough
(Hegland et al., 2011) (Curtis & Troche, 2020; Hegland et al., 2011)

1 No need to cough 0 None at all
1.5 Just noticeable urge to cough 1 Very slight
2 Slight urge to cough 2 Slight
3 Slight-to-moderate urge to cough 3 Moderate
4 Moderate urge to cough 4 Somewhat severe
5 Moderate-to-strong urge to cough 5 Severe
6 Strong urge to cough 6
7 Strong-to-severe urge to cough 7 Very, very severe
8 Severe urge to cough 8
9 Severe-to-maximum urge to cough 9
10 Maximum urge to cough 10 Very, very, very severe (almost maximal)

Okun, et al., 2014). In patients with neurodegene-
rative disease, UtC to capsaicin differentiated indi-
viduals with and without dysphagia (Curtis & Troche,
2020; Troche, Brandimore, Okun, et al., 2014) and
with and without silent aspiration (Tabor-Gray et al.,
2021), suggesting the cognitive perception of airway
irritation is important for airway protection and clear-
ance. Assessing UtC with CRT enables clinicians to
quantify whether a patient perceived airway irritation
but did not cough, or whether they had no percep-
tion of airway irritation whatsoever. UtC can also be
assessed in response to penetration or aspiration on
VFSS.

5. How is CRT conducted?

The following citric acid CRT protocol is used by
the authors to identify patients’ risk of silent aspi-
ration in clinical dysphagia practice. This method is
used by the authors as it was validated for this purpose
on instrumental swallowing assessment (Miles et al.,
2013). It is acknowledged however, that many dif-
ferent CRT methods exist and clinicians can use any
validated method of CRT. For this method, a compres-
sor, nebuliser, facemask, 0.9% saline and 0.6 mol/L
citric acid solution are used. Different brands of
instrumentation are available in different countries
and instrumentation used in original research stud-
ies is often discontinued. For this reason, clinicians
are advised to match the nebuliser specifications, i.e.,
nebuliser type (jet, ultrasonic, mesh) and flow rate, as
close as possible to their chosen protocol to ensure
validity and reliability.

5.1. Acclimatising the patient to the test

• Step 1: Approximately 20 ml of 0.9% saline
solution is placed into the nebuliser chamber.

• Step 2: The mask is placed over the patient’s
nose and mouth.

• Step 3: Instructions are provided to the patient
“breathe normally through your mouth. Cough
if you need to”.

• Step 4: The compressor is turned on, which
begins nebulisation for a maximum of 15 sec-
onds. 0.9% saline should not elicit coughing. It
is used to acclimate the patient to the test.

5.2. Assessing cough sensation to inhaled citric
acid

• Step 5: The 0.9% saline is tipped out of the neb-
uliser and replaced with 20 ml 0.6 mol/L citric
acid. Steps 2–4 are repeated.

• Step 6: The patient is observed for the produc-
tion of a C2 cough response (i.e., 2 consecutive
coughs) within 15 seconds.

• Step 7: After 1 minute break (which minimizes
the risk of tachyphylaxis), steps 2–6 are repeated
with 0.6 mol/L citric acid. A maximum of three
trials are administered.

• In instances where it would be clinically mean-
ingful to assess suppressed coughing, steps 1–7
are repeated with 1.2 mol/L citric acid. Patients
are instructed to “breathe normally through your
mouth. Try not to cough”.

5.3. Interpretating the result

• Pass: If the patient produces a C2 cough
response within 15 sec on two out of a maximum
of three trials, the clinician can assume integrity
of upper airway sensation, i.e., the patient is
likely to cough in the event of penetration or
aspiration during oral trials. This result should
be integrated into the patient’s entire clinical
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Fig. 1. Instrumentation used by the authors for citric acid CRT.

swallowing evaluation to inform management,
acknowledging that patients with intact airway
sensation are still at risk of aspiration and aspi-
ration pneumonia.

• Fail: If the patient does not produces a C2 cough
response on two out of a maximum of three tri-
als, the patient is likely to have blunted upper
airway sensation. The clinician can assume that
the patient may not respond to penetration or
aspiration during oral trials. As above, the find-
ings should be integrated into the patient’s entire
clinical swallowing evaluation to inform man-
agement.

• Strong versus weak coughing: Auditory per-
ceptual evaluation of the cough response to
CRT has been reported in previous studies
(Miles et al., 2013). However, numerous stud-
ies question its reliability and validity (Laciuga
et al., 2016; Miles & Huckabee, 2013; Miles,
McFarlane, et al., 2014; Wallace et al., 2021).
Clinician training can improve the reliability
of auditory perceptual cough evaluation (Miles,
Huckabee, et al., 2014). Aerodynamic measures
of coughing can provide more reliable and valid
information to determine patients’ risk of aspi-
ration and aspiration pneumonia (Bianchi et al.,
2012; Curtis & Troche, 2020; Plowman et al.,
2016; Smith Hammond et al., 2009).

• C2 or C5: Different opinions exist as to whether
a C2 or C5 cough response should be used as

the primary endpoint (Morice et al., 2007). It
is recommended that clinicians choose the end-
point that is published in their chosen protocol.
For patients with dysphagia, it’s likely that a
range of airway clearance mechanisms should
be recorded to reflect the continuum of airway
clearance mechanisms elicited in response to
airway invasion (Troche, Brandimore, Godoy,
et al., 2014).

6. Can CRT be repeated to monitor changes
in cough sensation?

Currently, there are no studies validating recov-
ery of airway sensation and cough response to CRT.
Previous research in healthy individuals demon-
strated that cough thresholds increase with repeated,
alternate-day testing likely related to habituation
to citric acid (Wallace, Guiu Hernandez, Ang, &
Macrae, 2019). However, further research is needed
to evaluate recovery of airway sensation and cough
response to CRT in patients with dysphagia.

7. What are the benefits of including CRT as
part of the clinical swallowing evaluation?

Numerous studies have shown that patients
with effective coughing are less likely to develop
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Fig. 2. The dysphagia in stroke protocol (Perry et al., 2019). NPO = Nil per os

aspiration pneumonia (Fujiwara et al., 2017; Heg-
land et al., 2014; Nakamori et al., 2020). Thus,
assessing cough effectiveness can guide dysphagia
management and clinical decision making. Effec-
tive coughing requires adequate cough sensation to
sense misdirection of material into the airway, and
adequate respiratory muscle strength to expel the
material. CRT provides insights into the integrity of
cough sensation. Cough strength can be objectively
assessed using aerodynamic measures of coughing
(Bianchi et al., 2012; Curtis & Troche, 2020; Min
et al., 2018; Plowman et al., 2016; Smith Hammond
et al., 2009). However, assessing cough strength or
sensation will not prevent aspiration pneumonia, but
rather, integration of that information into the wider
clinical picture for each patient may inform man-
agement. Implementation of a Dysphagia in Stroke

Protocol (Fig. 2) to guide acute stroke patient man-
agement reduced rates of aspiration pneumonia from
28% to 10% (Perry et al., 2019). In this case, patients
identified with impaired cough sensation (i.e., those
who failed CRT) were recommended no food or drink
by mouth (i.e., nil per os) and referred for VFSS to
identify swallowing pathophysiology and guide man-
agement. The Dysphagia in Stroke Protocol resulted
in substantial reductions in rates of aspiration pneu-
monia. However, it is acknowledged that in some
settings this approach may not be feasible due to dif-
ficulty accessing instrumental assessments. In such
cases, integrating the results of CRT, the clinical swal-
lowing evaluation and clinical intuition is essential in
guiding decision making. Whether CRT is appropri-
ate for use will also vary depending clinical setting
and patient population, among other factors.
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8. Conclusions

The addition of CRT into a comprehensive clinical
swallowing evaluation greatly adds to the manage-
ment of patients with dysphagia. It provides insight
into cough sensation and potential risk of silent aspi-
ration, which otherwise remain challenging to assess
at bedside. CRT must be interpreted in the context
of the patient’s entire clinical presentation. More
research is needed to develop, refine, and expand
our use of CRT in the management of patients with
dysphagia.
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