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Abstract: 
Introduction: Bilateral vocal fold paralysis (BVFP) is a complicated life-

threatening clinical problem. Airway enlargement procedures for bilateral vocal 

fold immobility, such as cordotomy and arytenoidectomy, permanently impair 

voice and increase the risk of aspiration. An innovative strategy for restoring 

ventilation without affecting voice or swallowing is botulinum toxin injection into 

the thyroarytenoid muscle. 

Objective: To investigate the effectiveness of thyroarytenoid muscle chemical 

denervation with botulinum toxin injection in diminishing dyspnea in BVFP by 

changing the positioning of the paralyzed VFs. 

Patients and Methods: 12 patients suffering from bilateral vocal folds immobility 

were enrolled in the study. Botulinum toxin injection was performed into each 

vocal fold via a per-oral approach. Voice evaluation, laryngoscopic examination, 

and pulmonary function tests were carried out before and 15 days after the 

injection . 

Results: All patients reported improvement of their respiratory symptoms as well 

as improvement of the pulmonary function studies following the injection. Patients 

who received repeated injections demonstrated a longer duration of symptoms 

improvement. Voice handicap index scores were not significantly changed after 

botulinum toxin injection into each vocal fold. 

Conclusion: Botulinum toxin injection is a less invasive, short term treatment 

option improving ventilation in patients with BFVP with little or no effect on voice 

or swallowing. 

Keywords: Bilateral vocal fold immobility; Botulinum toxin; Thyroarytenoid 

muscles. 
 

 

Introduction  

 

Bilateral vocal fold immobility 

(BVFI) is a serious problem, leading to 

narrowing of the glottis and causing 

stridor. It may be due to neurological 

insult, ankylosis of the cricoarytenoid 

(CA) joint, or fibrosis of the posterior 

glottis. 1 

 Recurrent laryngeal nerve injury may 

be of central or peripheral origin; central 

causes such as hydrocephalus, 

amyotrophic lateral sclerosis (ALS), 
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upper motor neuron lesion, or closed-

head trauma, while, peripheral causes 

often include viral neuritis, tumor, 

thyroidectomy or spine surgery. 

Common muscle diseases such as 

myasthenia gravis and muscular 

dystrophy may affect the laryngeal 

muscles leading to vocal fold 

immobility.2  

BVFI with stridor should be managed 

by tracheostomy to improve the airway. 

Nevertheless, there are many options to 

statically improve the airway and avoid 

or reverse tracheostomy have been used. 

These interventions create a balance 

between preserving the voice and 

achieving an adequate airway. They 

include cordotomy, arytenoidectomy, 

partial arytenoidectomy or medial 

arytenoidectomy, suture lateralization of 

the vocal fold, and lateral type II 

thyroplasty.3  

Some patients will suffer difficulty in 

breathing later on after their initial 

injury. This could be due to aberrant 

reinnervation resulting in synkinesis of 

the laryngeal muscles. Simultaneous 

activation of both abductors and 

adductors may result in improper 

contraction. In recent years, botulinum 

toxin injection has been used in patients 

with laryngeal synkinesis.4   

Botulinum toxin A acts at the 

neuromuscular junction by inhibiting 

acetylcholine release, hence paralyzing 

the muscle. It was first used in the 

larynx for the treatment of spasmodic 

dysphonia, laryngeal dystonia, or 

neurologic laryngeal dysfunction in 

1986.5   Further clinical studies revealed 

the relief of airway compromise when 

Onabotulinum toxin A was injected 

into the adductors of the larynx, 

weakening the force of laryngeal 

closure. This would rebalance the 

laryngeal muscles and adjust the 

arytenoid muscle by using the 

unopposed pull of the abductors.6 

According to Woo and Mangaro, 

2004, who reported that in some patients 

with unilateral RLN injury, this 

reinnervation could be a cause of stridor 

and laryngospasm. In two patients, they 

reported relief of these symptoms by 

chemodenervation of the affected vocal 

fold with botulinum toxin.7  

 Human trials reporting the 

effectiveness of chemical denervation of 

the adductor muscles in cases of 

bilateral vocal fold paralysis are limited. 

This study was designed to focus on the 

benefit of botulinum toxin injection into 

the thyroarytenoid muscle as one of the 

temporary means of management of 

synkinetic larynx in such cases. 

 

Methods:Patients and  

 

Study design: Prospective human 

clinical trial 

Subjects: This study included 12 

patients suffering from bilateral vocal 

folds immobility, with 2 of them had a 

previously performed tracheostomy at 

out Ear Nose and Throat Department. 

Patients were nine females and three 

males with an age range of 32-68 years. 

All patients showed no signs of 

improvement in their vocal fold 

mobility after at least 6-months of 

follow-up.   

All patients underwent the following 

procedures: 

I. Elementary diagnostic procedures: 

Patient interview and history taking; 

includes personal history, patient 

complaint, analysis of symptoms, and 

impact of the complaint on the patient 

by asking the patient to fill in the 

Voice Handicap Index (VHI) 8 Arabic 

version, auditory perceptual 

assessment of patient’s voice using the 

modified GRBAS scale 9, general 

examinations, E.N.T. examination, 

type of breathing and head position, 

laryngeal examination; including 



   
DOI: 10.21608/EJNSO.2020.102122                                     EJNSO Vol.6 No.2; July 2020 

 

 

13 

 

external laryngeal examination and 

elementary visual impression and 

mirror laryngoscopy. 

II. Clinical diagnostic aids: We have 

performed augmentation and 

documentation of the glottis picture 

and glottis gap subjectively using 

either 90º rigid Tele-laryngo-

Pharyngoscope- Hopkins® or flexible 

Video Rhino-Laryngoscope, color 

systems PAL/NTSC both endoscopies 

were connected to TELE PACK X 

LED TP 100 and a camera system 

Xion CH 01-D for the rigid one. As 

well as voice recording during 

prolonged /ah/ sound. 

III. Respiratory evaluation: pulmonary 

function test was done using a 

spirometer (CosmedSrL, Quark PFTs 

ergo, P/N Co9035-12-99, made in 

Italy) to detect the peak inspiratory 

flow (PIF) rate. This measurement 

was taken through the mouth with the 

patient’s nose, and tracheostomy site 

(if any) occluded immediately before 

and at least 15 days after the 

procedure. Results were expressed in 

liter and liter/second and as a 

percentage of normal value for 

gender, age, and height (percent 

predicted) and will be interpreted 

according to the American Thoracic 

Society/European Respiratory 

Society guidelines.10 

IV. Procedure: Botulinum toxin A; the 

toxin is reconstituted with 2.5 ml 

saline with an initial dose of 2.5 IU 

into each vocal fold, and then the 

dose was increased to 5 IU injected 

bilaterally via a per-oral approach 

into the thyroarytenoid muscles. 

Injections were done primarily under 

general anesthesia in 10 patients 

using the traditional microscopic 

suspension laryngoscopy and 24-

gauge x0.394 ENT Needle-Double 

Bevel (12-000-00-ND1). Only two 

patients had their injection in the 

office setting using local anesthetic 

spray (Xylocaine 4%) to apply 

topical anesthesia of the oropharynx 

and then through the working 

channel of a flexible laryngoscope; 

the laryngoscope is used for dripping 

2% lidocaine onto the base of the 

tongue, epiglottis, and, while the 

patient is phonating, onto the vocal 

folds and then the toxin is deposited 

into the muscle via a curved injection 

needle and a 90º rigid laryngoscope 

connected to a video-camera for 

visualization and monitoring of the 

injection.  

Patients were followed up two weeks, 

one month, three months, and six 

months after the injections using the 

assessment mentioned above. 

 

Ethical considerations 

 Our study was approved by the 

ethical committee of our medical faculty 

under number 17300139.  

The aim of the study, as well as the 

investigation and surgical procedures, 

were explained to each patient before 

the procedure. Written consents were 

obtained from those who welcomed to 

participate in the study. Privacy and 

confidentiality of all data were assured.  

 

: Statistical analysis 
 

Data entry and data analysis were 

done using SPSS version 24 (Statistical 

Package of Social Science). Data were 

presented as number, percentage, mean, 

and standard deviation.  Chi-square and 

Fisher Exact tests were used to compare 

qualitative variables. An independent 

sample t-test was used to compare 

quantitative variables between groups. 

P-value considered statistically 

significant when P< 0.05. A Paired-T 

test was used to distinguish between 

variables in the same group. 
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Results: 
 

Twelve patients were enrolled in this 

study, nine females and three males with 

an age range of 32-68 years and a mean 

age of 45.83±11.67. Eleven patients 

(91.7%) had bilateral vocal folds 

immobility, and one patient (8.3%) had 

bilateral vocal folds motion impairment. 

Post-thyroidectomy recurrent laryngeal 

nerve injury was the etiology in ten 

patients (83.3%), idiopathic origin was 

found in one patient (8.3%), and one 

patient (8.3%) had bilateral vocal fold 

motion impairment due to Hashimoto̓ s 

thyroiditis. Ten patients (83.3%) were 

not tracheostomized, and only two 

(16.7%) had a tracheostomy due to 

stridor before the start of our procedure, 

Table 1. 

Table1: Demographic data of patients: 

 
Item Descriptive 

1- Age “yrs.” “mean ± SD” 

2- Sex: 

• Male 

• Female 

3- Etiology of paralysis: 

• Thyroidectomy 

• Hashimoto,s Thyroiditis 

• Idiopathic 

4- Diagnosis of the paralysis: 

• Bilateral VF paralysis 

• Bilateral VF paresis 

5- Tracheostomy status: 

• Yes 

• No 

45.83±11.67 

 

3 (25.0%) 

9 (75.0%) 

 

10 (83.3%) 

1 (8.3%) 

1 (8.3%) 

 

11(91.7%) 

1 (8.3%) 

 

2 (16.7%) 

10 (83.3%) 

 

Four of the patients had single 

botulinum toxin injection, and the 

remaining eight patients had multiple 

injections with a mean number of 

injections 2 ± 0.25. Figure (1) 

demonstrates the relation between the 

number of injections and the duration of 

symptomatic improvement. There was a 

significant relationship between the two 

parameters with r = 0.737 and p = 0.02; 

patients with repeated injections 

demonstrated a longer duration of 

improvement in their respiratory 

symptoms. The mean duration of 

symptomatic improvement was 3.42 ± 

0.26 months. The four patients who had 

only a single botulinum toxin injection 

had reported improvement in their 

breathing on the first follow up visit and 

didn’t show up for further appointments. 

A pulmonary function test was done 

for all patients before and 15 days after 

the injection. The peak inspiratory flow 

(PIF) measurements were the primary 

interest. Data showed that there was a 

significant increase in the PIF following 

botulinum toxin injection with p = 

0.000, figure (2). 
 

 

 
 
Figure 1: Relation between the number of 

injections and the duration of symptomatic 

improvement 

 

Also, their measurements 1 and 3 

months after the injection revealed the 

same increase with p = 0.000 and 0.01, 

respectively. However, PIF 

measurements six months after the 

injection didn’t show much increase yet, 

values were getting closer to the pre-

injections ones, figure (3).   Another 

measurement was the peak expiratory 

flow (PEF) which was also noted to be 

increased following the injection yet, 

not significantly. 
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Figure 2: Peak inspiratory flow (PIF) measurement 

before and 15 days after botulinum toxin injection 
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Figure 3: Peak inspiratory flow (PIF) 

measurement before and 1, 3 & 6 months after 

botulinum toxin injection. 

 

 

Two of the patients had tracheostomy 

before botulinum toxin treatment, and 

we were able to close their 

tracheostomies ten days after the 

injection. Only one patient of the non-

tracheostomized group required 

tracheostomy immediately after the 

injection, which was decannulated three 

days later. Figure 4 shows the widening 

of the glottis gap two weeks after 

injection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Laryngoscopic view of the vocal fold; (a) 

before botulinum toxin injection and (b) two weeks 

following the injection. Notice the slight increase of 

the glottis gap in (b). 

Patients were divided into three 

groups according to the duration of 

paralysis. 

Group 1: 6 months – 1 year. 

Group 2: 1 year – 2 years. 

Group 3: > 2 years. 

Group 1 included six patients (50%), 

and both groups 2 and 3; each included 

three patients (25%). Analysis of data 

showed that patients who had a longer 

duration of paralysis required repeated 

injections, as shown in figure 4. 

 

 
 Figure 5: Relation between duration since 

paralysis and the number of botulinum toxin 

injections. 
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Also, they needed a longer time to 

show manifestations of initial 

improvement in their breathing after 

injection, as shown in figure 6. 

Figure 6: Relation between duration since the 

paralysis and timing of initial symptomatic 

improvement after repeated injection. 

 

Voice evaluation was done before the 

start of the procedure, and 15 days later. 

Voice handicap index (VHI) scores were 

also calculated. Data showed that there 

were no significant changes in the VHI 

before and after the injection, as shown 

in figure 7. 

 
Figure 7: Relation between the Voice Handicap 

Index (VHI) before and after botulinum toxin 

injection. 

 

 

Discussion : 
 

Bilateral abductor paralysis is a 

common and often life-threatening 

clinical problem. There are many 

procedures for the widening of the 

glottic chink, such as cordotomy and 

arytenoidectomy, which permanently 

impair voice and increase the risk of 

aspiration. An innovative strategy for 

restoring ventilation without affecting 

voice or swallowing is botulinum toxin 

injection into each vocal fold. During 

the non-inspiratory phase, the vocal 

folds passively relax to the midline to 

allow for normal voicing and airway 

protection.11 

As the motor fibers in the recurrent 

laryngeal nerve (RLN) innervate both 

abductor and adductor muscles of the 

vocal fold, damage to the RLN will 

compromise both abduction and 

adduction functions. In most of these 

patients, random regeneration of neural 

fibers results in aberrant reinnervation 

of laryngeal muscles. In such a 

synkinetic larynx, contraction of both 

abductors and adductors produces 

ineffective, unsynchronized or even 

opposite movement of the vocal 

fold(s).12  

Three to nine months after RLN 

injury, cross reinnervation between the 

adductor and abductor groups develops. 

So, In RLN firing, both groups are 

activated resulting in more narrowing of 

the airway because the thyroarytenoid 

and lateral cricoarytenoid (LCA) 

complex, which is responsible for vocal 

cords adduction.13 

Daniel et al. 2014 tried to inject 

Botox into cricothyroid muscles through 

an external approach to oppose its 

action.14 On the contrary, in our study, 

we attempted to paralyze the 

thyroarytenoid muscles. The primary 

objective of this study was to improve 

ventilation in patients with bilateral 

abductor paralysis using chemical 

denervation of the thyroarytenoid 

muscles with botulinum toxin injection 

without sacrificing the voice or 

swallowing.  
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There are limited human trials 

investigated the therapeutic effect of 

botulinum toxin in these cases, and that 

is why this study was conducted to 

explore its potential benefit. 

Although laryngeal electromyography 

(EMG) can be helpful in the 

differentiation of vocal fold paralysis, 

vocal fold fixation, or arytenoids 

subluxation by showing abnormal EMG 

activation in VF paralysis. 15 We 

depended upon the arytenoids palpation 

during direct laryngoscopy to exclude 

arytenoid fixation.  

Almost all patients in our study 

demonstrated clinical improvement in 

their respiratory symptoms from 

botulinum toxin injection. This could be 

explained by the fact that chemical 

denervation of the thyroarytenoid 

muscles diminishes their passive tonus 

caused by aberrant reinnervation, 

allowing for the reinnervated abductors 

to produce an unopposed effect on vocal 

folds position. These data came in 

concordance with the results of a study 

by Ekbom et al., 2010 who reported 

improvement of 10 of their 11 patients 

following botulinum toxin injection into 

the thyroarytenoid/ lateral 

cricoarytenoid complex.6  

There were significant increases in 

the peak inspiratory flow (PIF) 

measurements recorded 15 days after the 

injection amongst all patients; p = 0.000 

which was reflected on the potential 

improvement of the respiratory 

symptoms reported by the patients and 

this might be explained by decreasing 

the tonus of the adductor muscles in 

response to the injection. With regular 

follow-up at 1 and 3 months after 

injection, there was a statistically 

significant increase in the peak 

inspiratory flow with p = 0.000 and 

0.01, respectively. Our results were 

initially close to that observed by 

Zealear et al., 2002 who used Botox 

injection in combination with laryngeal 

pacing to stimulate PCA electrically.11 

 However, our PIF measurements 6 

months after the injection showed a 

decline close to the pre-injections 

values. This is due to the temporary 

effect of botulinum toxin injection. 

Another measurement of the 

pulmonary function is the peak 

expiratory flow (PEF), which was noted 

to be also increased following the 

injection. This may be caused by 

decreased glottis constriction during 

expiration, allowing for increased 

airflow during voicing that might 

explain the return of voice or the non-

significant change in voice and VHI 

scores after injection.  

In the current study, patients with 

repeated injections exhibited a longer 

duration of improvement in their 

respiratory symptoms with a mean 

duration of 3.42 ±0.26 months. The 

initial dose of botulinum toxin was 2.5 

IU into each vocal fold then the dose 

was increased to 5 IU per each vocal 

fold. This increase in the dose was 

dependent on the duration of 

symptomatic improvement after each 

injection. This came to a disagreement 

with a study by Ekbom et al., 2010, 

who reported improvement of the 

respiratory symptoms in 10 of their 11 

patients with only 2.5 IU of botulinum 

toxin per vocal fold. This might be 

explained by the delayed 

commencement of botulinum toxin 

injection therapy in our cases as all of 

them received the injection six months 

after the onset of the disease.6 

Most of our patients (50%) presented 

with a duration of paralysis between 6 

months to 1 year with a mean duration 

of paralysis about 13.50 ±2.45 months. 

On the correlation between the duration 

of paralysis and the start of initial 

symptomatic improvement, data showed 

that patients with a longer duration of 

paralysis needed a longer time to 



   
DOI: 10.21608/EJNSO.2020.102122                                     EJNSO Vol.6 No.2; July 2020 

 

 

18 

 

demonstrate manifestations of initial 

improvement in their breathing after the 

injection. Perhaps due to a stronger 

degree of residual muscular activity in 

the reinnervated adductors that 

developed with time.  

Two of our patients had tracheostomy 

before the procedure, and we were able 

to close their tracheostomies ten days 

after the injection. Only one patient 

required tracheostomy immediately after 

the injection as she showed 

manifestations of airway obstruction 

upon recovery from anesthesia, and she 

was decannulated three days after the 

injection.  

Only 2 of our patients complained 

from mild dysphagia and breathy voice 

as complications of the injection yet, 

these complications were only 

encountered during the first week 

following injection and were entirely 

tolerated by the patients. 

Botulinum toxin injection into the 

vocal folds in patients with bilateral 

abductor paralysis showed significant 

improvement of the respiratory 

symptoms both subjectively through the 

widening of the glottis gap, as noticed 

by video laryngoscopic examinations 

and objectively as demonstrated by the 

pulmonary function tests with minimal 

or no effect on voice or swallowing. 

Perhaps one limitation of this study is 

that, maybe we should have done a 

combined injection and denervation of 

both cricothyroid and thyroarytenoid 

muscles, both are tensors of the vocal 

fold, and their injection may lead to a 

more increase in the airway diameter 

thus a more pronounced improvement of 

the respiratory symptoms.  

Further studies should be conducted 

to investigate the effectiveness of 

botulinum toxin injection on a larger 

sample of patients and to compare it 

with other methods of static 

enlargement of the airway. 

 

Conclusion: 
 

Chemical denervation of the 

thyroarytenoid muscle by botulinum 

toxin injection is a less invasive and a 

short-term treatment option available for 

improving airway obstruction in patients 

with BVFI with little or no effect on 

voice or swallowing. 
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