
 

 

Technical Note  

Inducing cough reflex by capsaicin spray stimulation in pa-
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Abstract: The cough assessment is fundamental in the weaning process as it gives information on 

the possibility to expel food and secretion from the airways. The majority of persons suffering from 

severe acquired brain injury (ABI) are not able to cough voluntarily due to severe motor deficits. In 

the present study, we evaluated the cough reflex in ABI patients using a new method based on a 

capsaicin spray stimulation test. 100 Healthy controls demographically matched with 50 ABI pa-

tients were included in this study. Clinical observations demonstrated robust cough response in 

both healthy controls and ABI patients, as well as the safety and tolerability of capsaicin spray stim-

ulation. ABI patients with dysphagia were characterized by slower and delayed cough responses. 

Further studies are needed to validate this feasible, less-invasive, and simple-to-comprehend tech-

nique in inducing cough reflex. According to this preliminary evidence, we believe that this test 

might be translated into a simple and effective treatment to improve cough strength training reflex-

ive cough modulation in ABI patients. 
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1. Introduction 

Cough reflex deficits can occur in those individuals who have experienced a neuro-

logical event that may alter the afferent, central, or efferent components of this reflex tem-

porarily (such as after general anesthesia) or permanently (such as after a stroke, cervical 

cord damage, Parkinson's disease, or amyotrophic lateral sclerosis) [1-3]. This can occur 

due to damage to the areas of the brain responsible for controlling the cough reflex, in-

cluding the medulla oblongata. In these cases, the patient may have difficulty initiating a 

cough and may be at risk for aspiration and pulmonary infections. Treatment options may 

include the use of assisted coughing techniques, such as the use of an incentive spirometer 

or vibration therapy, and/or the use of medications to help stimulate the cough reflex [4-

5].  

In clinical practice, to assess the integrity of the cough response to airway invasion 

and the possibility of silent aspiration, the cough reflex test can be employed as a screen-

ing tool [7]. It includes a nebulizer to inhale a cough-evoking aerosol at a particular con-

centration in order to elicit coughing. In addition to self-reported ratings of the perceived 

severity of airway irritation, clinicians can note the presence, absence, and quantity of 

coughs that are evoked. It offers information that would not otherwise be available on the 
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consistency of upper airway sensation. One factor raising patients' risk of silent aspiration 

is impaired upper airway feeling. A patient with impaired upper airway feeling may not 

aspirate if their swallowing biomechanics are not altered. Therefore, it is necessary to in-

terpret the cough reflex test results considering the full clinical swallowing evaluation. On 

instrumental examination, citric acid has first been proven to be a reliable compound for 

silent aspiration [7].  This test exposes the patient to a small amount of citric acid measur-

ing the response, including the time to onset of coughing and the number of coughs pro-

duced. Other commonly reported cough-evoking techniques are the nebulized 2.5% hy-

pertonic saline, epinephrine, or mannitol [8].  

The capsaicin inhalation test is another method used to evaluate the cough reflex in 

neurological patients [7-8]. This is currently the most widely utilized non-acid tussive sub-

stance in cough inhalation tests. Several guidelines, including those from the Chinese Tho-

racic Society (CTS), European Respiratory Society (ERS), and American College of Chest 

Physician (ACCP), recommend the use of capsaicin inhalation challenges [9-10]. Capsaicin 

is a flavorful compound with the chemical formula C18H27NO3 found in chili peppers, 

which can cause reflex coughing in humans. Since the 1980s, the test is performed by hav-

ing the patient inhale a small amount of capsaicin through a nebulizerè [11-12]. The pa-

tient's coughing response is then measured and recorded, including the time to onset of 

coughing and the number of coughs produced. The test can be used to evaluate the pa-

tient's ability to produce an effective cough and to detect any underlying problems with 

the cough reflex, with a documented excellent safety record in healthy volunteers as well 

as in patients with asthma, chronic obstructive pulmonary disease, pathologic cough, and 

other respiratory conditions [13-14]. This test has been applied either for diagnosis of 

cough reflex deficits or for therapeutic purposes in patients with neurogenic dysphagia 

[15], progressive supranuclear palsy [16], Parkinson’s disease [17], and in patients with 

hemorrhagic stroke [18]. 

The wide range of techniques described in the literature presents one of the biggest 

obstacles to integrating cough reflex text into clinical practice. In particular, in patients 

with acquired brain injury (ABI), such as stroke, traumatic or anoxic injury, there is no 

defined standard procedure (i.e. nebulizer flow rates, duration and concentration of sub-

stances exposure) to evaluate cough reflex. Therefore, in a clinical neurological setting, a 

feasible, less-invasive, less time-consuming/labor-consuming, and simple-to-comprehend 

technique is advantageous.  

For this reason, in this preliminary study, we sought to evaluate the effectiveness of 

a different kind of simple and timesaving cough reflex induction method based on a com-

mercial capsaicin spray stimulation applied directly on the tongue of patients with ABI.  

2. Methods 

2.1. Participants 

The study involved patients affected by ABI. Inpatients consecutively admitted to 

the Intensive Rehabilitation Unit (IRU) of the Institute S. Anna (Crotone, Italy) between 

January 2020 and December 2022 were screened for possible inclusion. From an initial 

cohort of 153 ABI patients, we enrolled only ABI patients who fulfilled the following in-

clusion criteria: (1) age ≥ 18 years; (2) first admission to the neurorehabilitation unit; 3) 

Level of Cognitive Functioning Scale (LCF) ≥ 4); and 4) ability to perform three trials of 

capsaicin stimulation. The exclusion criteria included: (1) history of asthma or other res-

piratory conditions; 2) patients with active respiratory infection; 3) hypersensitivity to low 

levels of capsaicin. Following inclusion and exclusion criteria, 103 ABI patients were ex-

cluded (Figure 1). 
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Figure 1. Flow diagram of participant recruitment and participation in the study. 

Healthy controls (HCs) were recruited from universities, community recreational 

centers and hospital personnel through local advertisements. Inclusion criteria were: 1) 

no evidence of neuro logical and psychiatric symptoms according to DSM-V criteria; (2) 

no use of antidepressant, anxiolytic or antipsychotic drugs and (3) absence of chronic 

medical conditions (i.e., history of asthma or other respiratory conditions) (4) no smokers. 

Following inclusion and exclusion criteria, 100 HCs ABI patients were enrolled.  

All patients and/or their caregivers gave written informed consent, and the study 

was approved by the Ethical Committee of the Central Area Regione Calabria of Catan-

zaro (CZ-Prot 24-2019), according to the Helsinki Declaration. 

2.2. Design and Procedure  

All the included normal controls and patients underwent preliminary baseline reflex 

and voluntary cough clinical evaluations. The Gugging Swallowing Screen (GUSS) scale 

was used at admission to determine the dysphagia severity [19] in ABI patients. After 

admission to the IRU, the enrolled patients were tested with our cough reflex test (called, 

Chili Pepper Test), as the first component of a standard bedside swallow examination. All 

patients were examined only after the decannulation. A spray oil that contains capsaicin 

was used for the test. During the stimulation, the subject's nose was pinched closed. Open-

mouthed, on the posterior third of the tongue, a spray of oil containing 1.7 g of 2% capsa-

icin equivalent dose was applied (Figure 2). We waited from 0 to 60 seconds after stimu-

lation to note the presence or absence and the duration of the cough response's latency. 

After the first administration (0,034 g), a second stimulation with a double concentration 

(0,068 g) was made only in the absence of a first response. If no reactivity was noticed too, 

a third and final dose with a tripled concentration (1,02 g) was then given. The expected 

result of a normal cough reflex test was an immediate series of coughs, which are primar-

ily expiratory "airway clearing" in character. If the subject had a normal cough reflex after 

the first administration, additional stimulations were not performed. Each single spray 

dose corresponds to the basic capsaicin concentration (1.8 ml/1.7 g) 
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The cough reflex test was performed by one clinically certified speech- language 

pathologist, with more than 10 years of experience rating swallows and cough reflexes in 

ABI patients (L.S.).  

 

Figure 2. Chili Pepper administration. A) Spray; B) administration in the case of patients with trou-

bles in opening his mouth. They can receive treatment while having his mouth held open by a tube. 

C)  traditional administration directly on the patient's tongue. 

2.3. Outcome Measures 

An additional ad-hoc questionnaire was included in the protocol to assess the inten-

sity of cough reflex after the three capsaicin administrations. The questionnaire was struc-

tured as a Likert scale and included 4 items: 0–3 multiple answers, scored from lowest to 

the highest intensity level of cough reflex (0 “absent” - no cough reflex; 1 “feeble” – cough 

reflex present but ineffective; 2 “wheezing” – Cough reflex present and bothersome; 3 “persis-

tent/irritating” – persistent cough reflex with duration > 5 seconds).  

2.4. Statistical Analysis 

Statistical analysis was performed using the Statistical Package for Social Science soft-

ware (SPSS, v20.0, Chicago, IL, USA) for Macintosh. Assumptions of normality were 

tested for all the continuous variables. Normality was tested using the Kolmogorov–

Smirnov test. X2, unpaired t-test and One-Way Anova were used to evaluate the differ-

ences in demographic and clinical factors between groups, and to evaluate significant 

changes detected during the cough reflex test. For all the tests, a p-value < 0.05 was statis-

tically significant.  

3. Results 

3.1. Clinical Data 

There was no difference between patients and controls concerning age (49.6 ± 13.7 

years HCs; 55.5 ± 18.1; t-test= 2-1; p-level =0.11), and gender distribution (male: 45% HCs; 

male: 65% ABI; X2= 3; p-level =0.08).  At admission, 24 ABI patients had dysphagia (58% 

characterized by a severe condition according to GUSS). For this reason, we decided to 

group patients according to this critical symptom.  

Table 1 showed the demographical characteristics of ABI patients with or without 

severe dysphagia.   

Table 1. Demographic and clinical characteristics of ABI patients at the admission. 

 ABI without dysphagia (n°26) ABI with dysphagia (n°24) p-value 

Age (years) 59.1 ± 18.3 51.6 ± 17.4 t= 1.46; n.s. 

Gender (% Male) 65% 63% X2= 0.8; n.s. 

Length of Stay in ICU (days)  24.2 ± 15.3 37.1 ± 17.7 t= 2.4 p< 0.02 
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Side of Lesion     

                                Left % 73% 29% 
X2= 38.7; p< 

0.001 

                               Right % 12% 42% 
X2= 23.7; p< 

0.001 

                               Bilateral % 15% 29% X2= 5.7; p< 0.01 

Etiology    

                           Vascular % 84% 54% 
X2= 21.1; p< 

0.001 

                           Traumatic % 8% 33% 
X2= 19.1; p< 

0.001 

                           Others % 8% 13% X2= 13.3; n.s. 

Route of Feeding (%)    

                   parenteral feeding 92% 33% 
X2= 74.2; p< 

0.001 

                   nasogastric tubes 8% 21% 
X2= 6.9; p< 

0.009 

                    PEG 0% 46% 
X2= 56.3; p< 

0.001 

% Tracheostomy (yes) 4% 96% 
X2 98.1.; p< 

0.001 

% Infratentorial Lesion (yes) 19% 19% n.s. 

Barthel Index at admission 13.2 ± 20.1 2.7 ± 9.4 
t= 2.89; p< 

0.006 

Barthel Index at discharge 56.3 ± 33.3 28.3± 35.1 t= 2.34; p< 0.02 

GUSS scale 17.7 ± 2.5 8.9 ± 4.2 
t= 8.98; p< 

0.001 

PEG: percutaneous endoscopic gastrostomy. ICU: Intensive Care Unit. 

3.2. Cough Reflex Test 

No adverse events or parasympathetic responses were detected in all controls and 

patients. Descriptive statistics for cough reflex response and parameters are included in 

Table 2.  

As concerns the presence of cough reflex, there was a significant difference among 

the groups. Indeed, 24% of HCs did not show any significant cough reflex after three ad-

ministrations of capsaicin spray, whereas in ABI groups the absence of a response was 

minimal but similar (ABI without dysphagia 8%; ABI with dysphagia 13%). In the remain-

ing individuals, 63% showed significant cough reflex after the first administration.  

ABI patients without dysphagia showed the most sensitive response to tongue stim-

ulation (77% with relevant cough reflex at 1° administration), with respect to controls 

group (63%) and ABI patients with dysphagia (50%). Both controls and ABI patients with-

out dysphagia showed the fastest response (11.8 s and 12.1 s, respectively) with respect to 

ABI patients with dysphagia (50%). Finally, the cough intensity was feeble and similar 

among the three groups.  

Table 2. Cough Reflex Response in healthy controls and ABI patients. 

 
Healthy Controls 

(n°100) 

ABI without dyspha-

gia (n°26) 

ABI with dysphagia 

(n°24) 
p-level 

% response at 1° Administration 63% 77% 50% X2= 15.7; p< 0.001 

% response at 2° Administration 10% 15% 21% X2= 5.6; n.s. 

% response at 3° Administration 3% 0% 16% X2= 23.3; p< 0.001 
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Absence of response 24% 8% 13% X2= 10.5; p= 0.005 

Cough Reflex Trigger time (s) 11.8 ± 14.2 12.1 ± 7.5 23.8 ± 20.1 F= 3.38; p= 0.043 

Cough Intensity 
1.3 ± 0.6  

1 [0-3] 

1.3 ± 0.6  

1 [0-3] 

1.5± 0.6  

1 [0-3] 
n.s. 

4. Discussion 

This study aimed to evaluate the effectiveness of a new kind of capsaicin stimulation 

test to evaluate the cough reflex in patients with ABI. Considering patients without dys-

phagia, capsaicin spray stimulation was able to induce a robust, fast and immediate cough 

response similar to those detected in healthy controls (all post-hoc t-test >0.05). Whereas 

a significantly slower and delayed response was detected in ABI patients with dysphagia 

with respect to controls (t-test= 0.003) and ABI without dysphagia (t-test= 0.02). According 

to the current pilot investigation, our capsaicin stimulation test consistently causes cough-

ing in healthy volunteers as well as in ABI cohorts with or without dysphagia. 

It is crucial to emphasize that distinct cough reflex reactions are caused by different 

nebulizers, speed, and tussigenic substances [13]. The approaches used for the cough re-

flex test have varied among researches, which may be the potential cause of the significant 

differences in the methods and prevent fair comparison [20]. Basically, the two most fre-

quently employed tussigenic substances reported in cough-evoking aerosols literature are 

capsaicin and citric acid. Citric acid, in contrast to capsaicin, has been shown to activate 

both chemoreceptors and mechanoreceptors [10]. Laryngeal coughing, instead, is re-

ported to be induced by citric acid [13]. The choice of aerosol should be carefully consid-

ered, as it has implications for the underlying neurophysiology of the induced cough. Cit-

ric acid preferentially stimulates neural pathways and rapidly adapts laryngeal receptors 

that play a role in coughing to aspiration [21]. Capsaicin preferentially stimulates slowly 

adapting sensory receptors that mediate coughing to prolonged airway irritation. With 

respect to previously reported cough-evoking aerosol methods we decided to use a com-

mercial spray solution in order to directly stimulate the oropharynx tract. Indeed, it is 

generally known that vagal afferents that innervate the larynx, trachea, and airways me-

diate the cough reflex. The glossopharyngeal nerve in the nasopharynx supplies sensory 

innervation to the pharynx, although the oropharynx and laryngopharynx get dual inner-

vation from the glossopharyngeal and vagus nerves. Therefore, it is conceivable that oro-

pharynx-related treatments may affect cough by affecting the local vagal afferent fibers. 

Furthermore, there is evidence that the cough reflex can also be mechanically elicited from 

the pharynx, even though mechanical stimulation of the oropharynx can cause adverse 

effects [22]. The larynx and esophagus' vagal afferent fibers are additional potential sites 

of action. Therefore, we believe that the effect of capsaicin spray on the oropharynx in our 

study suggests that the activation of pharyngeal sensory fibers plays a different role in 

contributing to cough reflex with respect to previously reported cough-evoking aerosols 

methods. 

Two important findings of our study needed to be highlighted. First, the Cough Re-

flex Trigger time is longer in patients with dysphagia, as well as the response to the first 

stimulation is reduced in patients with dysphagia than in ABI patients without dysphagia 

and healthy controls. This is because, as evidenced by the Barthel Index at admission, 

patients with dysphagia are more severe than those without (see table 1). This is an im-

portant observation that gives clinicians the opportunity to understand that the cough 

reflex in patients with dysphagia can be evoked over the 3 administrations and is of valid 

intensity but has a delayed trigger. This should advise therapists and phoniatrics of the 

risk of pre-swallowing falls with the risk of inhalation and the consequent probability of 

aspiration pneumonia. Next, during our experimental procedures no adverse events were 

detected. This is coherent with the current literature that described only a skin facial irri-

tation self-limited without the use of drugs [12,23-24]. Moreover, according to a previous 

study no alteration of the heart rate, respiratory rate, and oxygen saturation were ob-

served during capsaicin administration [25].  
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4.2. Limitations 

We acknowledge that the main issue of this study is the absence of an instrumental 

assessment, as well as the lack of intra/inter-rater evaluation of cough response. Indeed, 

using spirometry we might have measured the intensity and duration of cough reflex. 

Although our primary goal was to realize a proof-of-concept study to evaluate the effec-

tiveness of our test in inducing cough reflex response in HC and ABI patients, further RCT 

studies are needed for assessing the reliability of our method with respect to others [26-

27]. Moreover, a direct comparison between our cough test (spray stimulation on the 

tongue) with respect to another well-validated approach (nebulizer) is mandatory. How-

ever, it should be considered that the rationale behind the choice of using this kind of 

cough stimulation test is twofold: a) to prevent irritation of the nasal and oral mucous 

membranes using a natural compound, and b) to apply the selected amount of capsaicin 

with greater accuracy. Finally, it should be noted that in almost a quarter of healthy con-

trols, there is an absent cough response to the capsaicin test. Briefly, we hypothesize that 

first, the concentration of capsaicin to provoke cough in pathological populations is more 

than in healthy subjects [28]; and it is possible that in some healthy the concentration used 

was not sufficient. Second the absence of cough response after capsaicin stimulation in a 

quarter of HC could be dependent upon the fact that chili pepper is widely used in Italian 

culinary food. Thus, a diet based on capsaicin (permanent exposure to chili peppers) could 

reduce the perceptive threshold thus influencing the cough response test. 

5.0. Conclusions 

In this study, we provide preliminary evidence on the effectiveness of a new kind of 

a simple and timesaving cough reflex induction method using a capsaicin commercial 

spray stimulation. In a heterogeneous population of ABI patients with or without dyspha-

gia this proof-of-concept study demonstrates a robust and consistent elicitation of cough 

reflex after a single session of capsicin. These results are encouraging because they demon-

strate that individuals with ABI respond to this oil solution. This finding may lead to the 

development of a novel form of therapy since reflexive cough modulation may be an ef-

fective strategy for enhancing cough strength in the presence of blunted reflex. A possible 

hypothesis is that capsaicin should aid the clearance of the laryngopharynx and lower 

airways. In addition, a repeated trigger of the cough reflex might induce a central recovery 

of the cough reflex contributing to dysphagia rehabilitation as demonstrated in a recent 

case report in subjects affected by stroke [29] and in tracheostomized subjects affected by 

hemorrhagic stroke [30]. Another study conducted by Cui et al demonstrated an improve-

ment in the swallowing function by combining ice and capsaicin stimulation in subjects 

with dysphagia after stroke [31]. According to this preliminary but promising evidence, 

spray capsaicin can be used in clinical practice not only to diagnose cough reflex altera-

tions but also for rehabilitation purposes. This could eventually help in the complex man-

agement of patients with severe ABI. 
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