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Introduction: Recurrent laryngeal nerve palsy is a rare but important complication after endarterectomy (CEA). The impact on voice 
quality after this procedure is also important. The aim of the study was to assess voice quality and vocal cord function after CEA.
Material and Methods: 200 patients were enrolled in the study. Inclusion criteria were indications for CEA and patient consent to 
the procedure. Endoscopic examination of the larynx was performed before the procedure, immediately after the procedure, on the 
2nd day after the procedure, then 3 month and 6 months after the procedure. Voice was assessed by maximum phonation time (MPT), 
GRBAS scale, Voice Handicap Index (VHI) and the Voice-Related Quality of Life (V-RQOL) questionnaire.
Results: In the study group, the results on the GRBAS scale were significantly worse and the average MPT was shorter compared to 
the control group. In the V-RQOL assessment, patients rated their voice as fair or good, significantly more often noticed that they had 
difficulty speaking loudly and being heard, and that they felt short of air when speaking. In VHI-30, the total score was significantly 
higher in the study group compared to the control group. Voice disorders after the procedure were reported by 68 patients, while 
a disorder of the recurrent laryngeal nerve was observed immediately after the procedure in 32 patients. Most vocal cord disorders 
were transient. Ultimately, 3% of patients were diagnosed with vocal cord paralysis.
Conclusion: Cranial nerves paralysis, including the recurrent laryngeal nerve, are a common complication after CEA. Majority the 
paralysis is transient, but requires appropriate diagnostic and therapeutic procedures. Vocal cord evaluation is a non-invasive and 
widely available examination and should be performed pre- and postoperatively after all neck surgeries. The incidence of voice 
disorders after CEA significantly affects the quality of life of patients and requires voice rehabilitation and patient care with 
psychological support.
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Introduction
Carotid artery stenosis, depending on the severity and clinical symptoms of the patient, may be treated conservatively or 
surgically. In order to control the progression of the disease resulting from atherosclerosis, regular imaging tests are used 
to assess the stenosis and morphology of atherosclerotic plaques. Carotid artery stenosis may be asymptomatic or present 
with typical neurological symptoms such as sensory disability and movement disorders, vision or speech disorders.1,2 

Surgical treatment in the form of endarterectomy (removal of atherosclerotic plaque, CEA) or endovascular carotid artery 
stenting (CAS) can prevent the occurrence of severe complications in the central nervous system, severe disability or 
even death of the patient.1,2 However, surgical treatment always involves the risk of complications. The cardiovascular 
and neurological complications of CEA and CAS have been thoroughly investigated.3–6 Complications of CEA also 
include cranial nerve palsies.7–9 However, the assessment of vocal cord paralysis after CEA has not been thoroughly 
assessed, and there are few studies in the literature dealing with this topic.10–12 Paralysis (immobile cord) or paresis 
(hypomobile cord) of the vocal cords is caused by damage to the innervation of the recurrent or superior laryngeal nerves 
or the vagus nerve and is a serious complication of surgery of the neck and chest. The damage may be unilateral or 
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bilateral, depending on the type and extent of the surgery. Diagnosis and treatment of this condition is a challenge for an 
otolaryngologist. The aim of the study was to assess the voice quality and vocal cord function after CEA.

Materials and Method
200 patients (68 women and 132 men), aged 62 to 80 years (mean M = 70.9, SD = 9.1) and and 100 healthy volunteers in 
the control group (37 women and 63 men, aged 62 to 75 years (M=68.6, SD=6.8), were enrolled in the study. The study 
was conducted in the Department of Vascular Surgery and the Department of Otolaryngology of the University Clinical 
Hospital in Wrocław, Poland. The patients were enrolled in the study consecutively. The study was conducted in 2022– 
2023. Men constitute the majority of the study group (66%). All patients in the study group underwent CEA under local 
anesthesia. Inclusion criteria were indications for CEA and patient consent to the procedure. Patients who had previously 
undergone neck surgery (thyroidectomy, other neck operations that may affect the function of the recurrent laryngeal 
nerve) and patients with paralysis or paresis of the vocal cords before the procedure were excluded from the study. 
Patients working professionally with voice or with a medical history including voice problems were also excluded from 
the study.

Each patient underwent an ultrasound examination of the carotid arteries, a neurological examination and an 
endoscopic examination of the larynx. Voice was assessed by the GRBAS scale,13 maximum phonation time (MPT- 
the patient phonated the sound “a” in three attempts, the best result was taken into account), Voice Handicap Index (VHI- 
30 polish version)14 and the Voice-Related Quality of Life questionnaire (V-RQOL polish version).15 The GRBAS scale 
was used for the purpose of auditory voice assessment according to Hirano - where G means grade - the degree of 
hoarseness, R - roughness, B - breathiness, A - asthenic, S - strained. The intensity of the disorder was assessed on a scale 
of 0 to 3, where 0 means normal voice, 1 - slightly severe voice disorders, 2 - moderate voice disorders, 3 - severe voice 
disorders.

The VHI-30 Voice Handicap Index was used for voice self-assessment. The questionnaire consisted of 30 questions 
divided into 3 parts - I - self-assessment of the functional state, II - self-assessment of the emotional state, III - self- 
assessment of the physical condition. The patient answers the questions on a scale of 0 to 4. Where 0 means never, 1 - 
almost never, 2 - sometimes, 3 - almost always, 4 - always. An overall score between 0 and 30 indicates a minimal voice 
disability, 31–60 a moderate voice disability, and 61–120 a severe voice disability.

V-RQOL consisted of 10 statements in the first part and assessed voice quality in the second part. The patient 
evaluates the statements marking them as 1- none, not a problem, 2- a small amount, 3- a moderate problem, 4- a lot, 5- 
problem is “a bad as it can be” He evaluates the voice quality as excellent/very good/good/fair/poor. V-RQOL is rated as 
excellent at 10–15 points, very good at 16–20, good at 21–25, fair at 26–30, poor at over 30 points.

CEA was performed under local anesthesia by an experienced team of vascular surgeons.
Endoscopic examination of the larynx was performed before the procedure, immediately after the procedure, on the 

2nd day after the procedure, then 3 month and 6 months after the procedure.
During the endoscopic examination of the larynx with strobovideolaryngoscopy, the mobility of the vocal cords, the 

position of the vocal cords, the vibration of the vocal cords, and the width of the glottal fissure were examined. The voice 
was also assessed 2 days after the procedure and after 3 and 6 months. Statistical significance was assessed using the 
Student’s t-test. P>0.05 was considered a statistically significant difference.

The study was approved by the bioethical committee of Wroclaw Medical University, Poland. The study was 
conducted in accordance with the Declaration of Helsinki, and all participants were informed about the purpose of the 
study and gave their written consent.

Results
Analysis of the Study Group and the Control Group
The study group, similarly to the control group, was dominated by men (66% in the study group, 63% in the control 
group). The mean age of patients in both groups did not differ statistically significantly. In the study group, patients were 
statistically more likely to suffer from diabetes, hypertension and hypercholesterolemia. Carotid artery stenosis occurred 
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unilaterally in 72 (36%) patients from the study group, and in 128 (68%) - bilaterally. In the control group, the carotid 
arteries had normal flow during Doppler ultrasound examination. The basic statistics characterizing the groups are 
presented in Table 1.

In the next analysis, the study group and the control group were compared in endoscopic examination of the larynx 
and voice assessment.

Endoscopic examination of all patients from the study and control groups revealed normal vocal cord mobility.
In the GRBAS analysis, significantly worse results were obtained for the G, R and A parameters in the study group 

compared to the control group. In the study group, the average MPT phonation time was 7.2 seconds (range 4.5–10.2), 
compared to the control group - 10.8 (range 7.1–12.3), the difference was statistically significant p<00 0.5. In the VHI-30 
assessment, patients from the study group rated their voice worse, they obtained an average score of 31.8, compared to 
the control group of 5.52 - The difference was statistically significant. Particular differences concerned self-assessment of 
functional and physical status. In the V-RQOL assessment, patients assessed their voice as fair or good significantly more 
often than in the control group, noticed that they had difficulty speaking loudly and being heard, and that they felt short 
of air when speaking. The results are presented in Table 2.

Analysis of the results in the study group before and after CEA treatment.
The next analysis compared the results before and after the CEA procedure - on the 1st and 2nd day after the 

procedure, and 3 and 6 months after the procedure.
Immediately after the procedure, endoscopic examination revealed normal vocal cord mobility in 168 (84%), 11 

(5.5%) patients had unilateral vocal cord paresis on the site operated, and 21 (10.5%) had unilateral vocal cord paralysis 
on the site operated. In the group with laryngeal dysfunction, anti-inflammatory and anti-edematous treatment, as well as 
supporting nutrition and nervous system functions (dexamethasone, B vitamins, galantamine) were implemented. On 
the second day after the procedure, vocal cord paralysis was noted in only 14 (7%) patients; in the remaining patients, 
normal vocal cord mobility was achieved. Patients with vocal cord paralysis continued pharmacological treatment and 
phoniatric rehabilitation. After treatment, improvement was achieved after 3 months in 8 patients (57%), in the remaining 
6 patients (3% of the entire study group) the paralysis persisted, the phonation time was shortened, and the voice quality 
in the questionnaires was significantly worse compared to the group of patients with proper laryngeal function. After 6 
months, the statistics did not change - 6 patients had vocal cord paralysis, but the patients’ voice quality improved 
significantly thanks to rehabilitation.

In the analysis of the voice before and after the CEA procedure, it was noticed that the number of patients reporting 
symptoms of laryngeal dysfunction was much greater than the number of patients with vocal cord paralysis. After the 

Table 1 General Characteristics of Patients in the Study and Control Groups

Variable Study  
Group (S) N = 200

Control  
Group (C) N = 100

S vs C  
p-value

Gender: 0.196
Male, n (%) 132 (66.0%) 63 (63.0%)

Female, n (%) 68 (34.0%) 37 (37.0%)

Age (years): 0.749

M ± SD 70,9 ± 9.1 68.6 ± 6.8

0.001

Diabetes t.2 84 (42%) 2 (2.0%)

Hypertension 168 (84%) 58 (58.0%)
Hypercholesterolemia 184 (92%) 43 (43%)

Carotid stenosis:

Unilateral stenosis of the carotid artery 72 (36.0%) 0 (0.0%)

Bilateral carotid artery stenosis 128 (64.0%) 0 (0.0%)

Abbreviations: n, number; (%), percentile; M, mean; SD, standard deviation; p, test significance level.
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procedure, 68 patients (34%) reported hoarseness, of which 36 (18%) had no functional disorders. The MPT in the study 
group was also shorter, but this difference was not statistically significant for the entire study group. In the GRBAS 
analysis of the entire study group on the 2nd day after CEA, significantly worse results were obtained for all parameters, 
the differences were statistically significant. VHI-30 patients rated their voice worse - total score 41.1 compared to the 
pre-treatment score of 31.8, the difference was statistically significant, after 3 and 6 months the results were no longer 
significantly different. In the V-RQOL analysis, significantly worse results were obtained compared to the assessment 
before CEA. Before the procedure, 162 (81%) patients rated their voices as very good, 28 (14%) as good, and 10 (5%) as 

Table 2 Comparison of Vocal Cord Functions and Voice Assessment in the Control Group and in the Study Group Before the CEA, 
After CEA, 2 Days, 3 Months and 6 Months After CEA

Variable Control 
Group 
N=100

Study Group 
Before CEA 
N=200

Study Group 
after CEA, 
N=200

Study Group 2 
Days After CEA 
N=200

Study Group 3 
Months After 
CAE N=200

Study Group 6 
Months After 
CAE N=200

Endoscopic examination of the larynx:

Normal mobility and function of the vocal cords, n (%) 100 200 (100.0%) 168 (84%) 184 (92%) 194 (97%) 194 (97%)

Unilateral vocal cord paresis, n (%) 0 11 (5.5%) 0 0 0

Unilateral vocal cords paralysis, n (%) 0 21 (10,5%) 14 (7%) 6 (3%) 6 (3%)

MPT, s 10.8 7.2 – 6.3 6.9 7.5

GRBAS:

Grade (G)

G0, n (%) 93 (93%) 166 (83%) 125 (62.5%) 142 (71%) 158 (79%)

G1, n (%) 7 (7%) 34 (17%) 32 (16%) 58 (29%) 42 (21%)

G2, n (%) 0 0 38 (19%) 0 0

Roughness (R)

R0, n (%) 97 (97%) 192 (96%) 168 (84%) 183 (91.5%) 186 (93%)

R1, n (%) 2 (2%) 8 (4%) 32 (16%) 17 (8.5%) 14 (7%)

R2, n (%) 0 0 2 (1%) 0 0

Breathiness (B)

B0, n (%) 100 (100%) 200 (100%) 168 (84%) 200 (100%) 200 (100%)

B1, n (%) 0 0 10 (5%) 0 0

B2, n (%) 0 22 (11%)

Asthenia (A)

A0, n (%) 100 (100%) 180 (90%) 158 (79%) 179 (89.5%) 179 (89.5%)

A1, n (%) 0 20 (10%) 18 (9%) 21 (10.5%) 21 (10.5%)

A2, n (%) 0 0 24 0 0

Strain (S)

S0, n (%) 98 (98%) 197 190 (95%) 195 (95%) 195 (95%)

S1, n (%) 2 (2%) 3 (1.5%) 19 (9.5%) 5 (2.5%) 5 (2.5%)

VHI-30:

Functional, M 1.23 12.6 16.4 14.2 13.1

Emotional, M 0.97 3.4 6.4 4.2 3.6

Physical, M 3.32 15.8 18.3 16.1 14.3

VHI- Total, M 5.52 31.8 41.1 34.5 31.0

V-RQOL score

10–15 excellent, n (%) 100 (100%) 182 (91%) 141 (70.5%) 175 (87.5%) 178 (89%)

16–20 very good, n (%) 0 18 (9%) 35 (17.5%) 21 (10.5%) 22 (11%)

26–30 fair, n (%) 0 0 24 (12%) 4 (2%) 0

Quality of voice, V-RQOL:

Very good, n (%) 98 (98%) 162 (81%) 132 (66%) 151 (75.5%) 152 (76%)

Good, n (%) 2 (2%) 28 (14%) 48 (24%) 37 (18.5%) 36 (18%)

Fair, n (%) 0 10 (5%) 18 (9%) 12 (6%) 10 (5%)

Poor, n (%) 0 0 24 (12%) 0 0
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fair. After the procedure, 132 (66%) patients rated their voice as very good, 48 (24%) as good, 18 (9%) as fair, 24 (12%) 
as poor.

It can be concluded that after the procedure, patients whose laryngeal function did not deteriorate also noted 
deterioration of their voice, despite normal laryngeal function in endoscopic examination. These disorders may indicate 
a psychogenic cause, postoperative dysphonia.

Discussion
Atherosclerosis is a systemic disease that constitutes a very serious clinical problem. Stroke is the most common 
neurological disease that threatens the patient’s life. It is the third cause of death in Europe and the USA.1,16 The 
most common symptoms of carotid artery stenosis in patients are related to ischemia of the central nervous system and 
include visual disturbances, headaches and dizziness, balance disorders, tinnitus, short-term loss of consciousness, and 
progressive memory disorders.1,2,16 The diagnosis of cerebrovascular diseases caused by atherosclerosis of the carotid 
arteries is based on the subjective, physical and neurological examination. There are no studies in the literature assessing 
voice quality in patients with carotid arteries stenosis. However, the blood supply and nutrition of the nervous system and 
the larynx itself can also significantly affect the patient’s quality of life. In the discussed study, significantly worse voice 
quality was obtained with normal anatomical and functional structure of the larynx in patients with carotid artery stenosis 
before surgery, which may indicate a significant impact of atherosclerosis on the quality of voice, voice and phonation 
time or may indicate subjective psychogenic disorders. Clinically significant stenoses of the carotid arteries should be 
treated surgically.1,2,17 During surgical procedures performed under local anesthesia, the patient’s neurological condition 
is continuously monitored. Complications of surgical treatment of carotid artery stenosis appear in most cases within 24 
hours after the procedure. Neurological complications include transient cerebral ischemia, cerebral strokes, intracranial 
bleeding, rupture of an intracranial aneurysm, and damage to cranial nerves, primarily the hypoglossal, facial and vagus 
nerves and their branches.1,18 In most cases, cranial nerve palsy is temporary, but appropriate treatment and rehabilitation 
are often necessary.19 The risk of permanent damage is low.19 Complications such as vocal cord paralysis are rarely 
discussed. The recurrent laryngeal nerve, as a branch of the vagus nerve, may be damaged directly during the procedure 
by mechanical damage, traction, thermal damage, and its blood supply may also deteriorate as a result of swelling of the 
operated area immediately after the procedure. Similar causes are observed in thyroid surgery, where the function of the 
larynx and the risk of its damage have been thoroughly studied, neuromonitoring has become a common procedure to 
avoid complications.20–22 Symptoms of unilateral laryngeal nerve palsy include hoarseness, impaired cough reflex, or 
dysphagia. Many patients after thyroidectomy report voice disorders, despite the lack of changes in endoscopic 
examination and normal laryngeal function; this syndrome is assessed as subjective disorders after thyroidectomy.23,24 

In this study, similar symptoms were observed after CEA; patients more often reported deterioration of voice quality 
compared to the frequency of functional disorders during endoscopic examination. AbuRahm et al25 assessed the 
frequency of laryngeal nerve damage after repeated CEA, laryngeal nerve damage was confirmed in 7%, 88% of these 
damages were transient and lasted from 2 to 28 weeks. Ballot et al26 assessed the function of cranial nerves after CEA, 
the frequency of damage to the recurrent laryngeal nerves was estimated at 4%, the study did not assess the frequency of 
voice dysfunction symptoms in relation to confirmed vocal cord paralysis. Thermann et al 27 in their study assessed the 
occurrence of transient vocal cord paralysis after CEA, which is associated with the administration of local anesthetic in 
larger amounts, from 20 mL to 40 mL. The authors recommend assessing the vocal cords before planned CEA, because 
paralysis of one vocal cord during the procedure and the existing vocal cord palsy on the opposite side may cause sudden, 
severe laryngeal dyspnea, posing a risk to the patient’s life. In the literature, the risk of vagus nerve damage ranges from 
2 to 4%; in the present study, it ultimately affected 3% of patients.27 Transient paresis occurred in 16% of patients, and 
due to the poor quality of voice in this group, these symptoms were not significant for patients.

Paralysis of the laryngeal nerves is also observed after cervical spine surgery, other neck surgery, and thoracic 
surgery.28–30 When differentiating the causes of voice disorders, psychogenic hoarseness associated with emotions should 
be taken into account. Neri et al 31 estimated that among patients with hoarseness after thyroidectomy 55.3% did not 
present somatic symptoms, but only psychogenic ones. Voice dysfunctions reported by patients in relation to quality of 
life before surgery may also have a significant psychogenic component. In the present study, 18% of patients reported 
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dysphonia without any abnormalities during endoscopic examination of the larynx. The problem of voice disorders, 
laryngeal function and quality of life patients with dysphonia seems to be important in perioperative care after CEA. The 
voice and larynx as an organ of communication and a personal identifier, defines the patient’s well-being. Vocal cord 
paralysis is a serious complication of neck surgery, including CEA, and requires diagnosis and appropriate treatment that 
allows for improvement or complete remission of symptoms and return of normal laryngeal function.

Conclusions
Cranial nerves paralysis, including the recurrent laryngeal nerve, are a common complication after CEA. Majority the 
paralysis is transient, but requires appropriate diagnostic and therapeutic procedures.

Vocal cord evaluation is a non-invasive and widely available examination and should be performed pre- and 
postoperatively after all neck surgeries.

The incidence of voice disorders after CEA significantly affects the quality of life of patients and requires voice 
rehabilitation and patient care with psychological support.
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