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Introduction

Cough is a physiological protective mechanism which assists 
in clearance of the airways and prevention of aspiration 
or inhalation of materials foreign to the lower respiratory 
tract (1). An acute cough is defined as one lasting less than 
3 weeks, while a chronic cough is one which lasts longer 
than 8 weeks (2). Chronic cough is a common presenting 
complaint in primary care with a very broad differential 
list. Although it is a symptom of an underlying disease 
process, chronic cough itself comes with its own morbidity; 
including urinary incontinence, anxiety, nausea, fatigue, 

social isolation and work absenteeism (3). The most 
common causes are post-nasal drip from allergic rhinitis or 
chronic sinusitis, cough variant asthma, gastroesophageal 
reflux disease with laryngopharyngeal reflux, smoking and 
angiotensin-converting enzyme (ACE) inhibitor medication 
use (2,4,5). Lung malignancy and obstructive sleep apnoea 
(OSA) are among other important diagnoses to consider 
and exclude (6).

There is a growing body of evidence and literature 
showing a neuropathic model for refractory chronic cough. 
Going by many names: sensory neuropathic cough, cough 
hypersensitivity syndrome, irritable larynx syndrome or 
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post viral vagal neuropathy; neurogenic cough is thought 
to be caused by neural injury from airway inflammatory  
processes (7). In this model, peripheral sensitisation of the 
cough reflex at the afferent pathway occurs, with increased 
cough receptor sensitivity to known cough stimulants 
(hypertussia), as well as a cough response to normally 
innocuous stimuli (allotussia). Laryngeal paraesthesia also 
occurs, where abnormal sensations in the throat causes an 
inappropriate urge to cough (5,7-12).

When a diagnosis of neurogenic cough is suspected, 
neurostabiliser medications may be trialled (10,13). 
Treatment with amitriptyline, gabapentin and pregabalin 
have all been shown to be beneficial in these cases (13-17).  
If neurogenic cough is confirmed, speech therapy with 
respiratory retraining and cough replacement behaviours 
by a speech-language pathologist is efficacious and should 
be implemented (18-20). Where these therapies are not 
successful in treating a neurogenic cough, previous case 
series have shown that injection of botulinum toxin A 
(Botox) to the thyroarytenoid muscles as a novel therapy to 
have good effect (21-23).

Botox is a neurotoxin produced by Clostridium botulinum 
and its mechanism of action in chronic cough is thought 
to be two-fold. Firstly, it weakens the adductor muscles by 
inhibition of presynaptic release of acetylcholine. Secondly, 
there is evidence for sensory effects, since Botox has been 
shown to suppress the release of substance P, calcitonin 
gene-related peptide and glutamate (24), all of which are 
important neurotransmitters in the cough reflex (1,23,25).

In our specialist laryngology clinic, patients referred 
with chronic cough are investigated and treated using the 
standardised ‘Adelaide Protocol’. In this case series study, 
we took recalcitrant cases of cough where the protocol 
failed to diagnose and treat the underlying aetiology and 
treated them using electromyography (EMG) guided Botox 
injection to the thyroarytenoid muscles.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/ajo-21-1).

Methods

This single centre, interventional case series was carried 
out between 2014 and 2019. The project was approved 
as a Quality Improvement Project by Southern Adelaide 
Clinical Human Research Ethics Committee (SAC HREC) 
and specific ethics review was not sought because the study 
met criteria for exemption from such review according 

to an institutional policy. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). Written informed consent was obtained by each of 
the participants, who were recruited through our specialist 
laryngology clinic (Adelaide and Hills ENT, South 
Australia, Australia), a tertiary referral clinic servicing a 
population of 1.7 million people. Referrals for investigation 
and management of chronic cough were accepted from 
specialists only, including otorhinolaryngology, head and 
neck surgeons, respiratory physicians, speech and language 
pathologists, gastroenterologists and allergy & clinical 
immunologists.

Recruitment to the study required a diagnosis of 
neurogenic cough, which we made using the Adelaide 
Protocol to systematically identify and treat causes of chronic 
cough as follows: a standardised pre-screening questionnaire 
was filled out by all those referred to our clinic, detailing 
the cough, outlining previous investigations and treatment, 
and identifying cough risk factors. All participants required 
a diagnostic chest X-ray and pulmonary function tests. If 
an ACE inhibitor was being used, this was discontinued 
and replaced with an alternative antihypertensive by their 
general practitioner or cardiologist. If the participant had a 
diagnosis of asthma, they were managed with appropriate 
medical therapy as prescribed by their general practitioner 
or respiratory physician. Where gastroesophageal or 
laryngopharyngeal reflux was diagnosed, a 6-week trial of 
high dose proton pump inhibitor, antacid prior to sleep, 
with dietary and lifestyle risk factor reduction implemented 
to reduce symptoms. If there was a complete response to 
this regimen, medications were tapered to the minimal 
effective dose. If there was a partial response, treatment 
was escalated by adding barrier agents or prokinetic 
medications. When a history consistent with allergic rhinitis 
was elicited, antihistamines and nasal corticosteroids were 
prescribed empirically. If there was an insufficient response, 
referral was made to an Immunologist with specific 
expertise in nasal allergy. Post-nasal drip from chronic 
rhinosinusitis was treated with standard medical therapy, or 
surgical intervention where indicated. If screening questions 
for OSA were positive, polysomnography was performed 
and appropriate treatment implemented if a diagnosis of 
OSA was made. Where there was no response to the above 
treatments, further diagnostic testing was considered, 
including CT sinuses and modified barium swallow 
depending on the participants symptoms.

At this point of the Adelaide Protocol, if the participants 
symptoms persisted, they were deemed to have recalcitrant 
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chronic cough/neurogenic cough. Cough therapy with 
our speech-language pathologists was implemented, which 
included education, cough suppression strategies, vocal 
hygiene training and psychoeducation counselling (26).  
Neurostabiliser medications were trialled, we used 
pregabalin (75 mg twice daily) or amitriptyline (up to 25 mg 
at night). If these interventions for neurogenic cough were 
not successful after a 6-week trial, or if the neurostabiliser 
medication was not tolerated, participants proceeded to 
Botox injection and were recruited to this study.

Exclusion criteria included any reported dysphagia, if this 
was the case, patients would undergo a swallow assessment 
prior to consideration of Botox administration. Participants 
who refused Botox injection were also excluded.

Prior to intervention, participants recruited to the study 
recorded the frequency and severity of their cough using the 
following validated questionnaires: cough Visual Analogue 
Scale (VAS) (27), a self-reported severity scale ranging 
from zero to ten; Leicester Cough Questionnaire (LCQ), 
a 19 question quality of life measure of chronic cough 
with scores ranging from 3 to 21, where a lower score 
indicates worse cough (28); and the Newcastle Laryngeal 
Hypersensitivity Questionnaire (NLHQ), a 14 question tool 
identifying laryngeal sensory disturbance and dysfunction, 
also scoring between 3 and 21 with lower scores indicative 
of poorer function (29).

The intervention implemented for those with recalcitrant 
chronic cough was as follows: a single laryngologist 
performed all the Botox injections. The approach was a 
percutaneous midline insertion of a monopolar Teflon 
coated hollow bore 27-gauge EMG needle attached to 
a tuberculin syringe, without local anaesthetic, through 
the cricothyroid membrane, with the needle then angled 
into the thyroarytenoid muscle bilaterally. On each side, 
the participant was asked to phonate to augment the 
EMG signal and ensure correct needle placement prior to 
injection. One to 2.0 units of Botox was injected to each 
thyroarytenoid muscle. An average 70 kg person would 
receive 2.0 units on each side, the dose adjusted to side 
effects and efficacy.

Participants were followed up 6 weeks after the 
initial laryngeal Botox injection, or sooner if there were 
complications. At the 6-week follow up appointment, 
participants filled out the same questionnaires as pre-
procedure (VAS, LCQ, NLHQ), and were screened for 
complications. Stroboscopic examination of the vocal cords 
was performed to assess for any subtle paresis not obvious 
on white light laryngoscopy. Pre- and post-procedure 

VAS, LCQ and NLHQ scores were compared to assess for 
change in the participants cough symptoms as a result of the 
Botox injection.

Trea tment  e f f i c acy  was  mon i to red  u s ing  the 
aforementioned questionnaires. Note was made as 
to whether symptoms recurred at the 3-month post 
intervention mark, when the therapeutic effect of Botox 
would have worn off. If symptoms recurred after Botox 
wore off, reinjection was offered.

Statistical analysis

Statistical analysis was performed with paired t-tests using 
GraphPad Prism software.

Results

A total of 268 patients with chronic cough were referred 
to our clinic over the 5-year period between 2014 to 
2019. After implementation of the Adelaide Protocol for 
investigation and treatment of chronic cough, 22 (8.2%) 
had neurogenic cough unresponsive to neurostabiliser 
medication and cough therapy. Two patients did not wish 
to proceed with Botox injection, so 20 of these (7.5%) were 
recruited for our study and consented for treatment with 
Botox injection to the thyroarytenoid muscles.

The age of the participants ranged from 28 to 87 years,  
wi th  a  median  age  o f  62 .5 .  There  was  a  female 
predominance of 17 out of the 20 participants (85%). 
Average duration of cough at the time of initial consultation 
was 24.5 months, ranging from 3 to 252 months. One of the 
20 participants was an active smoker (5%) and the average 
daily alcohol intake was 0.95 standard drinks per day 
(range, 0–6). Asthma was diagnosed and treated in 9 of the 
20 (45%) and the average reflux symptom index (30) score 
of the cohort was 12.5 (range, 1–24) prior to treatment. 
Occupation was varied, as outlined in Table 1.

Six weeks after laryngeal Botox injection, cough severity 
using the VAS improved from an average score of 7.1 (95% 
CI: 6.5 to 7.8) to 2.5 (95% CI: 2.0 to 3.0, P<0.001) (Figure 1).  
LCQ score improved from a mean of 10.8 (95% CI: 9.3 to 
12.2) to 14.9 (95% CI: 13.7 to 16.1, P<0.001) (Figure 2). 
All 20 participants reported improvements in cough using 
the VAS and LCQ (Table 2). The average NLHQ score 
improved from 9.1 (95% CI: 8.1 to 10.1) to 14.4 (95% CI: 
13.4 to 15.4, P<0.001), with 19 out of 20 (95%) reporting a 
positively higher score (Figure 3).

Treatment was deemed to be successful when cough 
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symptoms had resolved after the Botox wore off 3 months 
post injection. Treatment success was achieved in 14 out 
of 20 participants (70%) after a single treatment with 
Botox injection, 12 of these followed up to 12 months and 
2 participants followed up to 6 months with resolution of 
cough symptoms. One participant (5%) required a second 
injection to achieve treatment success, where symptoms 
recurred after the Botox wore off following the first 
treatment, but repeat injection provided sustained symptom 
resolution. Five participants (25%) underwent repeat Botox 
injection (more than four separate injections) without 
treatment success, where cough symptoms recurred after 
the Botox wore off each time.

Complications of the procedure included dysphonia 
and dysphagia. Dysphonia was reported in 3/20 (15%) of 

participants, 1 with a moderately weak voice and 2 with 
mild weakness. Minor dysphagia was common in the first 
2 weeks after Botox injection, seen in 5 participants (25%), 
and anecdotally correlated with improvement in cough.

Discussion

Our results demonstrate positive outcomes, with significant 
improvement of chronic cough symptoms after laryngeal 
Botox injection. The patient cohort selected for therapeutic 
Botox injection included those who failed to respond to the 
Adelaide Protocol of sequential assessment and multi-faceted 
treatment for chronic cough. As outlined in our results, 
only a minority of patients actually had recalcitrant cough 
after receiving care consistent with the protocol (8.2%). 

Table 1 Demographics and comorbidities of participants prior to Botox therapy

Participant 
number

Gender Age Occupation
Current 
smoker

Daily EtOH intake 
(standard drinks)

Duration of cough 
symptoms (months)

Asthma
Reflux 

symptom index

1 Male 62 Police officer Yes 1 6 Yes 12

2 Female 38 Teacher No 2 12 Yes 10

3 Female 49 Administration 
assistant

No 3 60 Yes 15

4 Male 70 Tour bus driver No 0 86 Yes 9

5 Female 72 Retired No 0 24 No 10

6 Female 32 Pharmacist No 0 36 No 16

7 Female 87 Retired No 0 72 Yes 24

8 Female 58 Administration 
assistant

No 1 120 No 12

9 Female 57 Teacher No 0 96 Yes 15

10 Female 69 Retired No 0 252 No 17

11 Female 69 Retired No 0 96 No 12

12 Female 61 Teacher No 2 24 Yes 16

13 Female 73 Retired No 5 3 No 9

14 Female 72 Retired No 0 7 No 1

15 Female 75 Retired No 0 11 No 10

16 Female 65 Retired No 1 18 No 8

17 Male 63 Teacher No 2 72 Yes 8

18 Female 55 Administration 
assistant

No 1 18 No 18

19 Female 33 Human resources No 1 25 No 12

20 Female 28 Executive assistant No 0 7 Yes 16
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Table 2 Individual participant questionnaire scores pre and 6 weeks post laryngeal Botox injection

Participant 
number

Cough scale pre 
Botox

Cough scale post 
Botox

LCQ pre Botox LCQ post Botox NLHQ pre Botox NLHQ post Botox

1 7 3 5.8 14.7 4.3 17.2

2 8 3 6.6 11.8 7.6 13.3

3 6 4 11.6 19.8 9.9 18.8

4 9 2 8.4 11.5 7.4 12.5

5 8 4 11.0 13.5 8.8 15.0

6 8 2 11.9 14.2 10.0 11.0

7 7 1 9.2 12.6 5.9 11.0

8 5 1 14.1 16.3 11.3 13.8

9 6 2 7.6 12.3 7.3 12.2

10 7 3 7.9 10.9 6.9 11.2

11 7 6 18.5 13.6 13.8 12.9

12 9 2 13.8 15.0 11.1 13.0

13 10 4 8.6 16.7 9.3 17.2

14 4 1 10.8 20.5 8.8 17.8

15 6 2 12.7 15.9 10.5 16.5

16 7 3 9.2 17.5 9.2 14.0

17 7 2 8.8 13.8 7.5 14.7

18 9 2 17.7 18.8 13.9 15.9

19 7 1 11.0 15.1 9.3 13.7

20 6 2 10.2 13.5 9.1 16.0

Mean 7.2 2.5 10.8 14.9 9.1 14.4

LCQ, Leicester Cough Questionnaire; NLHQ, Newcastle Laryngeal Hypersensitivity Questionnaire.

Figure 1 Mean cough VAS scores pre and 6 weeks post laryngeal 
Botox injection. *, P<0.001. VAS, Visual Analogue Scale.
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Figure 2 Mean LCQ scores pre and 6 weeks post laryngeal Botox 
injection. *, P<0.001. LCQ, Leicester Cough Questionnaire.
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For those who have ongoing cough despite the Adelaide 
Protocol, Botox is a promising therapeutic option to alleviate 
symptoms and therefore improve quality of life.

These results support the current published literature 
where Botox has been used successfully as a therapeutic 
option for chronic cough. Chu et al. (21) published a case 
series of 4 patients with chronic cough who underwent 
recurrent Botox injections until cough resolved, with 
duration of treatment lasting between 7 and 43 months. 
Sipp et al. (22) used laryngeal Botox for habitual cough in 
three children, with short-term resolution of symptoms 
in all patients. Sasieta et al. (23) demonstrated patient 
reported improvement in cough severity in half of the 22 
patients who underwent thyroarytenoid Botox injection for 
refractory chronic cough.

A notable observation we made of the patients who 
proceeded to Botox intervention, were the occupations of 
our patients. Of the patients who were not retired, their 
occupations were ones where voice use at work was essential 
(teacher, administration work, police officer, tour bus guide, 
executive assistant—see Table 1). Our hypothesis is that these 
patients are unable to break the cough-inflammation cycle 
involved in their chronic cough, due to work commitments 
which do not allow voice rest. Therefore, the requirement 
of their occupation to continuously use their voice may be a 
factor contributing to the persistent nature of their cough.

Speech therapy is a key factor in treatment of chronic 
cough, using respiratory retraining therapy and cough 
replacement behavioural modification (18-20). We believe 
concurrent input from Speech-Language Pathology in the 
treatment of chronic cough to be essential for successful 

treatment outcomes. Early implantation of speech therapy 
when neurogenic cough is suspected forms part of our 
Adelaide Protocol, with input continuing throughout 
treatment with laryngeal Botox.

We found the most common side effects of mild 
dysphonia and dysphagia to be consistent with previous 
studies (21-23). Dysphonia, which in our cohort was 
reported as a degree of “breathiness” in the voice, is likely 
to accompany treatment success. This is due to the desired 
treatment effect of weakening laryngeal adductor muscles 
which also results in decreased ability to achieve glottic 
apposition during phonation. Dysphagia has previously 
been postulated to be the result of Botox diffusion into 
the pharyngeal area (23). In our clinic we use pre-existing 
dysphagia as a relative contraindication to Botox treatment, 
where any underlying dysphagia must be investigated and 
treated prior to consideration of laryngeal Botox therapy. 
Given the predictable nature of the side effects, we counsel 
our patients that a mild degree of dysphagia and dysphonia 
is expected after treatment.

A strength of our study includes the structured approach 
of the Adelaide Protocol in patient selection for Botox therapy, 
as this is able to accurately identify those with neurogenic 
chronic cough. Other strengths include all injections being 
performed by a single laryngologist, to avoid user variability 
and reduce error, as well as using multiple validated patient 
outcome questionnaires to accurately report symptom 
severity, quality of life and laryngeal sensory function. 
A limitation of the study is the absence of any objective 
measure of cough severity, which is consistent with previous 
reported studies (21-23). In addition, the relatively short 
duration of follow-up means there is no long-term outcome 
data on long-term success and symptom recurrence rates.

Future directions for research include randomised 
control trials using laryngeal injections with Botox vs. 
placebo, as well as Botox alone vs. Botox plus concurrent 
therapy with neuromodulator medications. Studies with 
larger patient cohorts as well as a longer duration of follow 
up are needed to better characterise the efficacy and long-
term effects and relapse rates of laryngeal Botox therapy.

Conclusions

We have found the therapeutic use of laryngeal Botox 
injection to the thyroarytenoid muscles to be a successful 
option in recalcitrant cases of chronic cough, with 70% of 
our patients reporting resolution of cough symptoms.

Figure 3 Mean NLHQ scores pre and 6 weeks post laryngeal 
Botox injection. *, P<0.001. NLHQ, Newcastle Laryngeal 
Hypersensitivity Questionnaire.
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