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Abstract
Stenosis of arteries that supplies blood to the brain is one of the main causes of ischemic stroke which is the third most 
common cause of deaths in Europe. Atherosclerosis of carotid and vertebral arteries is responsible for 20% of the ischemic 
stroke cases. Stenosis may be either asymptomatic or manifested with typical neurological symptoms including motor and 
sensory disturbances as well as disturbances in vision and speech. However, discrete non-specific symptoms of ischemia, 
including headaches and vertigo, tinnitus and hearing loss, are also quite common. These symptoms may be indicative of a 
clinically significant stenosis of carotid and vertebral arteries, particularly within the internal carotid artery region, as well 
as of a risk of ischemic stroke. To date, research reports were unable to provide exact explanation of correlations between 
impaired hearing and the stenosis of carotid and vertebral arteries. Despite this, numerous articles list these symptoms as one 
of the first non-specific symptoms of this disorder. The ischemic mechanism within the inner ear region may lead to early 
symptoms of atherosclerosis of large vessels. However, no evidence of relationship and no explanation could be provided 
with this regard. The objective of the study was to assess the effect of carotid and vertebral artery stenosis on the function 
of the hearing and equilibrium organ on the basis of diagnostic audiological examinations including pure-tone threshold 
audiometry, impedance audiometry, otoacoustic emission tests and brainstem auditory evoked potential tests. The study 
was conducted in 63 patients (32 males, 31 females) aged 45–75 years, presenting with carotid and vertebral artery stenosis 
and treated at the Vascular Surgery Clinic of the University Clinical Hospital in Wrocław. Patients were stratified into two 
subgroups according to their age (45–60 years, 61–75 years). Patients were also divided into subgroups according to the 
stenotic arteries and to the symptomatic/asymptomatic status of the disorder. All patients were homogeneous in terms of 
the degree of artery stenosis. The control group consisted of 32 healthy persons (14 males, 18 females) aged 48–75 years. 
Patients qualified to the control group reported no history of middle or inner ear disorders, disturbed hearing, vertigo and 
balance disorders, as well as cardiovascular diseases; they also presented with unremarkable ultrasound scans of the arter-
ies. All patients were subjected to precise audiological examinations. Prior to being qualified for the study, patients were 
subjected to the assessment of arteries by means of Doppler ultrasonography. The hearing organ function was assessed by 
means of pure-tone threshold audiometry, impedance audiometry, otoacoustic emission tests and brainstem auditory evoked 
potential tests. Reduction of the flow through the carotid arteries causes problems in the organ of hearing; abnormalities 
are reported especially in tone threshold audiometry, examinations of the stapedius muscle reflexes and brainstem audi-
tory evoked potentials, which prove the presence of receptive cochlear–extracochlear hearing damage. Disturbances of the 
organ of hearing have similar severity in stenosis of the internal carotid artery and vertebral artery. Abnormalities found in 
audiologic examinations in patients with carotid artery stenosis are not always explicitly clinically expressed in patients with 
hearing loss; we should consider diagnostics for carotid artery stenosis.
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Introduction

Hearing disorders are a major interdisciplinary clinical 
problem, particularly in elderly patients. They affect about 
30% of people over 65 years of age and 50% of those over 
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80 years of age [1]. This disease has different causes, link-
ing the areas of knowledge from many medical specialties 
[1]. Otolaryngology and neurology are mainly engaged in 
the diagnosis and treatment of this disease. Diagnosis and 
treatment of patients with hearing impairments requires vast 
knowledge, experience and multidisciplinary diagnosis.

Carotid artery stenosis may be asymptomatic or have 
common neurological symptoms, such as motor and sen-
sory disorders as well as vision or speech disturbances [2]. 
However, we usually encounter very discrete, non-specific 
symptoms of ischemia such as headaches, dizziness, tinnitus 
and hearing loss [3]. They can indicate clinically significant 
carotid artery stenosis, especially in the area of the verte-
bral artery and internal carotid artery, as well as suggest the 
risk of ischemic stroke. An overall decrease in the cerebral 
blood flow can also cause these symptoms. Available scien-
tific reports do not precisely explain the correlation between 
hearing loss and carotid artery stenosis. Despite this, many 
authors mention these symptoms as one of the first and non-
specific [4–7]. Diagnosis of carotid artery stenosis is based 
mainly on the ultrasound Duplex Doppler technique [8, 9], 
which is used to assess the degree of stenosis and plaque 
morphology, as well as classic angiography, computed 
tomography angiography and magnetic resonance angiog-
raphy. Drug therapy or surgical treatment such as endar-
terectomy (the removal of plaque) or endovascular carotid 
stenting performed in an early period may prevent severe 
central nervous system complications, followed by severe 
disability or even death of the patient [10–12].

The literature provides many reports about significant 
abnormalities in audiologic and otoneurological exami-
nations in patients with the disturbed flow in the carotid 
arteries [11–14]. However, the exact pathophysiological 
mechanism of these phenomena has not been explained. 
The correlation between carotid artery atherosclerosis, 
which significantly reduces the blood flow to the brain, and 
the inner ear function remains unknown. Thorough under-
standing of the processes taking place in the inner ear and 
the nervous structures of the vestibular–cochlear organ in 
vascular disorders can make an important contribution to 
the diagnosis and treatment of patients with hearing loss. 
Early diagnosis of these symptoms, especially unilateral, 
may increase detection of oligosymptomatic carotid artery 
stenosis and ischemic changes in the brain.

Vascular disorders of the central nervous system can 
cause hearing loss when they involve the labyrinthine artery. 
The labyrinthine artery is a branch of the anterior inferior 
cerebellar artery, which extends from the vertebral or basi-
lar artery. Hearing loss occurs in 30–100% of patients with 
stenosis or occlusion of the labyrinthine artery [15]. Hearing 
disorders in the carotid vessel diseases are characterized by 
high volatility. They may manifest as progressive or sudden 
hearing loss or even sudden deafness. According to many 

authors, the failing function of the inner ear can appear as an 
isolated symptom a few days before stroke [15]. This hear-
ing loss is sensorineural, cochlear, less often extra-cochlear, 
or mixed cochlear–extracochlear. Occlusion of the anterior 
inferior cerebellar artery is characterized by a set of symp-
toms typical of the failing function of the inner ear. The 
symptoms of sudden hearing loss are an indication for neu-
rological diagnosis [5–7].

Study objective

Atherosclerosis of the carotid arteries plays an important 
role in the aetiology of stroke, which is the third cause of 
death in the world, and a major factor in permanent disabil-
ity in people over the age of 40 years. Ischemia of the brain 
affects the function of the inner ear, and thus directly hearing 
and balance. The disease is progressive and the symptoms 
worsen with the reduction of the blood flow through the 
carotid arteries.

Discrete hearing loss significantly affects the quality of 
life of the elderly, causing fear of contact with the environ-
ment and of the independent functioning. As this symptom 
may precede stroke, it is important to take thorough medical 
history, have knowledge about symptoms of the disease and 
implement otolaryngological–neurological diagnostics.

The aim of the study was to evaluate the effect of carotid 
artery stenosis on the function of hearing based on audio-
logic diagnosis, tone threshold audiometry, tympanometry 
and brainstem auditory evoked potentials.

Material

Control group

The control group comprised of 32 healthy patients (14 men, 
18 women) aged from 48 to 75 years (mean age M = 61, 
standard deviation SD ± 7 years). The subjects classified to 
this group did not give a history of middle ear diseases, hear-
ing disorders, dizziness or balance disturbances; the otolar-
yngological examination found no pathology; the otoscopic 
exam revealed normal tympanic membrane. The patients 
from this group have also had performed ultrasound of the 
carotid arteries, the result of which was normal. Medical 
history excluded cardiovascular diseases.

Study group

The study comprised of 63 patients (32 men, 31 women) 
aged from 45 to 75  years (mean age M = 62.6; stand-
ard deviation SD ± 7.4 years). These were patients with 
carotid artery stenosis, referred to the Clinic of Vascular 
Surgery of the University Hospital in Wrocław in the years 
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2014–2015. The subjects were divided into two age groups 
(45–60 years, 61–75 years). The individuals excluded from 
the study were those with a history of cranial trauma, men-
ingitis or neurological disorders (such as epilepsy, multiple 
sclerosis, Parkinson’s disease). The analysis did not take 
into account patients taking ototoxic drugs, subjects with 
a medical history eventful in terms of hearing and bal-
ance disorders, as well as those who have had any abnor-
malities of the organs under otolaryngological examina-
tion. During testing, none of the patients used drugs that 
affected the nervous system. The subjects were divided 
into subgroups depending on the type of narrowed artery 
and the presence of carotid artery stenosis symptoms. All 
patients constituted a homogeneous group in terms of the 
degree of carotid artery stenosis. The study group included 
patients with internal carotid artery stenosis in the range of 
70–90%, or the speed of peak systolic flow in the vertebral 
artery above 60 cm/s.

Method

First, detailed medical history was taken from the patients. 
The medical history included the underlying disease, chronic 
and past diseases, with particular emphasis on the pathol-
ogy of the middle and inner ear and the presence of possible 
complications of the underlying disease, as well as condi-
tions that may affect the sense of hearing. The risk factors of 
hearing damage were also assessed, i.e., exposure to noise 
at work or taking ototoxic medications. Each patient was 
consulted by a neurologist and ophthalmologist. Before 
inclusion of the patients in the study, the carotid arteries 
were evaluated using ultrasound Doppler. Each patient was 
subjected to an objective otolaryngological examination. 
Hearing was evaluated by tone threshold audiometry, tympa-
nometry and brainstem auditory evoked potentials (BAEP).

Results

Analysis of data from medical history and physical 
examination

Control group

The subjects qualified to the control group did not give a his-
tory of middle or internal ear diseases, hearing loss, tinnitus, 
vertigo or balance disorders. The otolaryngological exami-
nation found no abnormalities. The picture of the tympanic 
membrane was normal in otoscopic exams in all patients 
from the control group. Medical history also excluded car-
diovascular diseases.

Study group

48 (76.2%) patients from the study group gave the medical 
history of carotid artery stenosis symptoms. Among the ENT 
symptoms, unilateral hearing loss was reported by six (9.5%) 
patients, while bilateral hearing loss by nine subjects (14.3%).

In the group of patients with vertebral artery stenosis, 
unilateral hearing loss was noticed by three (13%) patients, 
while bilateral by one person (4.3%).

In the group of patients with internal carotid artery ste-
nosis, unilateral hearing loss was reported by three (7.5%) 
and bilateral by eight (20%) patients.

Analysis of the results of hearing examinations

In the control group, sensorineural hearing loss was found 
in 16 (50%) patients, whereas in the study group the same 
pathology occurred in 43 (68.3%) subjects.

Analysis of the results of tone threshold audiometry

In tone audiometry, the study group demonstrated the statis-
tically significant (p < 0.05) worse hearing level compared 
to the control group. In the left ear, the hearing threshold 
was higher in the study group at all frequencies; statistically 

Table 1  Analysis of the results of tone threshold audiometry

Bold values indicate statistically significant worse hearing level com-
pared to the control group in left ear

Tone threshold audi-
ometry, left ear

Test group Control group p
N = 63 N = 32

250 Hz
 M ± SD 18.9 ± 10.3 15.0 ± 5.7 0.056
 Me (Q1; Q3) 20 (10; 20) 13 (10; 20)

500 Hz
 M ± SD 20.5 ± 9.8 17.0 ± 5.8 0.066
 Me (Q1; Q3) 20 (15; 20) 18 (10; 20)

1000 Hz
 M ± SD 21.7 ± 10.1 18.6 ± 6.4 0.072
 Me (Q1; Q3) 20 (20; 20) 20 (15; 20)

2000 Hz
 M ± SD 26.4 ± 14.6 19.7 ± 6.8 0.013
 Me (Q1; Q3) 20 (20; 30) 20 (18; 20)

4000 Hz
 M ± SD 31.6 ± 17.3 23.0 ± 11.5 0.006
 Me (Q1; Q3) 30 (20; 40) 20 (15; 30)

6000 Hz
 M ± SD 36.3 ± 19.8 24.5 ± 12.2 0.003
 Me (Q1; Q3) 35 (20; 50) 20 (15; 35)

8000 Hz
 M ± SD 38.9 ± 21.4 28.1 ± 15.3 0.016
 Me (Q1; Q3) 40 (20; 60) 20 (18; 40)
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significant (p < 0.05) differences were reported for high fre-
quencies − 2000 Hz, 4000 Hz, 6000 Hz, 8000 Hz (Table 1).

In the right ear, for all tested frequencies (250  Hz, 
500 Hz, 1000 Hz, 2000 Hz, 4000 Hz, 6000 Hz and 8000 Hz), 
the study group had significantly (p < 0.05) worse hearing 
compared with the control group (Table 2).

The analysis of the quality of hearing in the left and right 
ear showed statistically significant (p < 0.05) differences in 
the study group compared with the control group. In the left 
ear, patients with carotid artery stenosis had significantly 
(p < 0.05) worse hearing in the high frequency bands above 
4000 Hz. In the right ear, on the other hand, the significantly 
(p < 0.05) lower level of hearing quality was demonstrated 
in all frequencies from 250 to 8000 Hz.

Analysis of the results of tympanometry 
with the examination of the stapedius muscle reflex

In all patients from the study and control group, tympanom-
etry curves were correct—type A. However, the study group 
statistically significantly (p < 0.05) more frequently demon-
strated the absence of stapedius muscle reflexes compared 
to the control group. The differences concerned test results 
both after ipsi- and contralateral stimulation. During ipsilat-
eral stimulation, in the left ear, the stapedius muscle reflex 
was statistically significantly (p < 0.05) less frequent in all 
tested frequencies. In the right ear, stapedius muscle reflexes 
were less often recorded (58.7% vs. 75%) for the frequency 
of 4000 Hz, but this difference was not statistically signifi-
cant. During contralateral stimulation, the examination of 
the stapedius muscle reflex in the study group significantly 
more rarely detected (p < 0.05) the presence of reflexes for 
the frequency of 2000 Hz and 4000 Hz in the right ear, but 
for all frequencies in both ears. In the study group, stape-
dius muscle reflexes were less often recorded compared with 
the control group, but they were not statistically significant. 
These data are illustrated in Tables 3 and 4.

Table 2  Analysis of the results of tone threshold audiometry

Bold values indicate statistically significant worse hearing level com-
pared to the control group in right ear

Tone threshold audi-
ometry, right ear

Test group Control group B vs. K
pN = 63 N = 32

250 Hz
 M ± SD 20.3 ± 11.4 12.5 ± 4.4 < 0.001
 Me (Q1; Q3) 20 (20; 20) 10 (10; 15)

500 Hz
 M ± SD 20.0 ± 6.3 14.4 ± 5.5 < 0.001
 Me (Q1; Q3) 20 (20; 20) 10 (10; 20)

1000 Hz
 M ± SD 21.4 ± 6.8 15.8 ± 5.4 < 0.001
 Me (Q1; Q3) 20 (20; 20) 18 (10; 20)

2000 Hz
 M ± SD 26.1 ± 12.1 18.0 ± 6.8 < 0.001
 Me (Q1; Q3) 20 (20; 30) 20 (10; 20)

4000 Hz
 M ± SD 31.7 ± 17.8 21.9 ± 8.5 0.006
 Me (Q1; Q3) 20 (20; 40) 20 (20; 30)

6000 Hz
 M ± SD 36.9 ± 19.5 26.1 ± 12.2 0.007
 Me (Q1; Q3) 30 (20; 50) 20 (20; 35)

8000 Hz
 M ± SD 40.3 ± 22.6 28.1 ± 12.3 0.017
 Me (Q1; Q3) 40 (20; 50) 30 (20; 40)

Table 3  Analysis of the results 
of impedance audiometry with 
the examination of the stapedius 
muscle reflex ipsilateral

Bold values indicate statistically significant absence of stapedius muscle reflex after ipsilateral stimulation 
in the study group

Stapedius reflex ipsilateral Total
N = 95

Test group
N = 63

Control group
N = 32

B vs. K
p

n % n % N %

500 Hz—left ear (L) 72 75.8 43 68.3 29 90.6 0.022
500 Hz—right ear (R) 71 74.7 47 74.6 24 75.0 0.835
L vs. R p = 0.861 p = 0.435 p = 0.103 ×
1000 Hz—L 70 73.7 40 63.5 30 93.8 0.001
1000 Hz—R 76 80.0 50 79.4 26 81.3 0.957
L vs. R p = 0.305 p = 0.050 p = 0.135 ×
2000 Hz—L 70 73.7 40 63.5 30 93.8 0.001
2000 Hz—R 67 70.5 45 71.4 22 68.8 0.974
L vs. R p = 0.624 p = 0.346 p = 0.013 ×
4000 Hz—L 64 67.4 37 58.7 27 84.4 0.012
4000 Hz—R 61 64.2 37 58.7 24 75.0 0.181
L vs. R p = 0.642 p = 1.000 p = 0.332 ×
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Analysis of the results of brainstem auditory evoked 
potentials

First, the results of BAEP were compared between the study 
and control group. Statistically significantly higher latency 
of the wave I, III, V and time intervals I–III, I–V, III–V 
were shown (p < 0.05) for the left and right ear in the group 

of patients with carotid artery stenosis as compared to the 
control group (Tables 5, 6). The statistically significant 
(p < 0.05) elongation of wave V was observed in the BAEP 
results on the right side in patients with internal carotid 
artery stenosis compared with the subjects with vertebral 
artery stenosis.

Table 4  Analysis of the results 
of impedance audiometry with 
the examination of the stapedius 
muscle reflex contralateral

Bold values indicate statistically significant absence of stapedius muscle reflex after contralateral stimula-
tion in the study group

Stapedius reflex 
contralateral

Razem
N = 95

Grupa badana
N = 63

Grupa kontrolna
N = 32

B vs. K
p

n % n % N %

500 Hz—L 71 74.7 44 69.8 27 84.4 0.142
500 Hz—R 69 72.6 43 68.3 26 81.3 0.272
L vs. R p = 0.743 p = 0.856 p = 0.743 ×
1000 Hz—L 71 74.7 44 69.8 27 84.4 0.142
1000 Hz—R 65 68.4 39 61.9 26 81.3 0.092
L vs. R p = 0.337 p = 0.352 p = 0.743 ×
2000 Hz—L 61 64.2 37 58.7 24 75.0 0.181
2000 Hz—R 62 65.3 36 57.1 26 81.3 0.035
L vs. R p = 0.874 p = 0.856 p = 0.544 ×
4000 Hz—L 47 49.5 29 46.0 18 56.3 0.469
4000 Hz—R 47 49.5 25 39.7 22 68.8 0.014
L vs. R p = 1.000 p = 0.476 p = 0.306 ×

Table 5  Analysis of the results of brainstem auditory evoked poten-
tials, left ear

Bold values indicate statistically significant higher latency of waves 
in BAEP in the study group in left ear

BAEP Test group Control group p
N = 63 N = 32

I [ms]
 M ± SD 1.92 ± 0.14 1.85 ± 0.05 < 0.001
 Me (Q1; Q3) 1.93 (1.87; 1.98) 1.86 (1.82; 1.88)

III [ms]
 M ± SD 4.35 ± 0.25 4.19 ± 0.10 < 0.001
 Me (Q1; Q3) 4.31 (4.20; 4.50) 4.18 (4.12; 4.25)

V [ms]
 M ± SD 5.90 ± 0.24 6.00 ± 0.10 0.023
 Me (Q1; Q3) 5.91 (5.72; 6.02) 5.99 (5.94; 6.04)

I–III
 M ± SD 2.44 ± 0.21 2.34 ± 0.09 0.0002
 Me (Q1; Q3) 2.43 (2.34; 2.52) 2.35 (2.27; 2.40)

I–V
 M ± SD 4.00 ± 0.21 4.14 ± 0.08 < 0.001
 Me (Q1; Q3) 4.01 (3.82; 4.13) 4.14 (4.09; 4.18)

III–V
 M ± SD 1.56 ± 0.19 1.80 ± 0.08 < 0.001
 Me (Q1; Q3) 1.54 (1.41; 1.73) 1.81 (1.76; 1.85)

Table 6  Analysis of the results of brainstem auditory evoked poten-
tials, right ear

Bold values indicate statistically significant higher latency of waves 
in BAEP in the study group in right ear

BAEP Test group Control group p
N = 63 N = 32

I [ms]
 M ± SD 1.91 ± 0.12 1.86 ± 0.06 0.003
 Me (Q1; Q3) 1.91 (1.85; 1.98) 1.86 (1.84; 1.89)

III [ms]
 M ± SD 4.36 ± 0.26 4.22 ± 0.16 0.003
 Me (Q1; Q3) 4.35 (4.18; 4.51) 4.20 (4.14; 4.25)

V [ms]
 M ± SD 5.92 ± 0.26 5.98 ± 0.09 0.023
 Me (Q1; Q3) 5.89 (5.72; 6.06) 5.96 (5.94; 6.00)

I–III
 M ± SD 2.45 ± 0.23 2.37 ± 0.17 0.008
 Me (Q1; Q3) 2.46 (2.34; 2.63) 2.32 (2.28; 2.40)

I–V
 M ± SD 3.96 ± 0.45 4.13 ± 0.09 < 0.001
 Me (Q1; Q3) 3.97 (3.80; 4.15) 4.12 (4.08; 4.16)

III–V
 M ± SD 1.56 ± 0.24 1.76 ± 0.16 < 0.001
 Me (Q1; Q3) 1.53 (1.40; 1.71) 1.79 (1.72; 1.84)
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Next, the analysis was conducted to compare the num-
ber of normal and abnormal results in the study group 
compared with the control group (Table 7). The patients 
with carotid artery stenosis more often demonstrated 
abnormal results, especially the latency of wave I was sig-
nificantly (p < 0.05) more frequently incorrect on the right 
and left sides compared to the results of patients from 
the control group. Abnormal parameters in the latency of 
wave V and time interval I–III more often appeared on 
the left side, while in time interval I–V on the right side, 
although the results showed no statistically significant 
differences.

Discussion

In elderly patients, diseases of the inner ear are very often 
overlooked in the diagnosis, both by patients and physi-
cians. In most cases, hearing loss is caused by harmless 
factors. Even though the patient experiences a reduction in 
the quality of life, there is no risk of complications leading 
to further deterioration of health or death.

The aging of the organ of Corti is the most common 
cause of hearing loss in the elderly [5, 7]. Hearing loss 
may be the only preceding symptom of stroke [4, 6], but 
the impact of flow disturbances in the carotid arteries on 
the inner ear has not yet been thoroughly investigated.

The technique of audiologic and otoneurological tests 
is also a challenge in elderly people, especially those with 
dementia. We also need to improve public awareness and 
introduce appropriate prophylaxis in this regard.

All subjects were subjected to audiologic examinations. 
Tone threshold audiometry, tympanometry with the assess-
ment of the stapedius muscle reflex, brainstem auditory 
evoked potentials are the best diagnostic tools for the evalu-
ation of hearing loss causes. Lin et al. [16] and Roth et al. 
[17] point out that tone threshold audiometry is particularly 
important as screening and should be implemented in the 
elderly. Its result ought to be a basis for a decision to refer 
the patient to further diagnostics, and not just hearing pros-
thesis. The evaluation of brainstem auditory evoked poten-
tials is a very important part of diagnostics allowing for the 
identification of the cause of extra-cochlear hearing loss or 
mixed damage to the cochlea. It also allows for the tracking 
of the auditory pathway and thus sensibly directs the atten-
tion to central nervous system disorders and their frequent 
ischemic background.

Comparative analysis of hearing in the control group 
found hearing loss in 50% of patients as compared to 68.3% 
of subjects from the study group.

In tone threshold audiometry, statistically significant 
(p < 0.05) worse hearing was remarkable in patients from 
the study group at high frequencies 2000–8000Hz in the 
left ear and at all tested frequencies from 250 to 8000 Hz 
in the right ear.

Many literature reports have noted that hearing loss is 
often accompanied by neurological disorders and cerebral 
ischemia [7]. Ravecca et al. [18] and Yin et al. [19] indicated 
in their publications that the symptom of sudden deafness by 
a few days preceded ischemic stroke.

After dividing the patients into subgroups based on the 
level of hearing quality (normal hearing, mild, moderate, 
severe hearing loss and hearing remnants), statistically sig-
nificant (p < 0.05) differences were reported in the left ear 
for the frequency above 4000 Hz and in the right ear for all 
tested frequencies. The patients with carotid arteries stenosis 

Table 7  Analysis of the results of brainstem auditory evoked poten-
tials, analysis of the number of normal and abnormal results in the 
study group compared with the control group

Test group
N = 63

Control group
N = 32

p

N % N %

Left ear I latency
 < 1.9 ms 27 42.9 27 84.4 < 0.001
 ≥ 1.9 ms 36 57.1 5 15.6

Left ear V latency
 < 6.2 ms 58 92.1 31 96.9 0.660
 ≥ 6.2 ms 5 7.9 1 3.1

Left ear I–III interpeak latency
 < 2.6 ms 52 82.5 31 96.9 0.055
 ≥ 2.6 ms 11 17.5 1 3.1

Left ear III–V Interpeak latency
 < 2.4 ms 63 100.0 32 100.0 1.000
 ≥ 2.4 ms 0 0.0 0 0.0

Left ear I–V interpeak latency
 < 4.6 ms 63 100.0 32 100.0 1.000
 ≥ 4.6 ms 0 0.0 0 0.0

Right ear I latency
 < 1.9 ms 29 46.0 27 84.4 < 0.001
 ≥ 1.9 ms 34 54.0 5 15.6

Right ear V latency
 < 6.2 ms 55 87.3 31 96.9 0.265
 ≥ 6.2 ms 8 12.7 1 3.1

Right ear I–III interpeak latency
 < 2.6 ms 46 73.0 29 90.6 0.062
 ≥ 2.6 ms 17 27.0 3 9.4

Right ear III–V interpeak latency
 < 2.4 ms 63 100.0 32 100.0 1.000
 ≥ 2.4 ms 0 0.0 0 0.0

Right ear I–V interpeak latency
 < 4.6 ms 61 96.8 32 100.0 0.548
 ≥ 4.6 ms 2 3.2 0 0.0
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were much more likely to have moderate or severe hear-
ing loss compared to the control group. Morl et al. [4] and 
Bohme [5] confirm the increased incidence of hearing loss 
in patients with carotid artery stenosis.

In tympanometry with the assessment of the stapedius 
muscle reflexes, all patients from the control and study group 
demonstrated normal movement of the tympanic mem-
brane—tympanometry curves type A, however, in the study 
group, the stapedius muscle reflexes were registered statisti-
cally significantly less often (p < 0.05). According to other 
authors, in patients with carotid artery stenosis, damage or 
impairment of nerve conduction may be the first prodromal 
symptom of stroke [7]. The function of the stapedial nerve 
(a branch of the facial nerve) is possible to evaluate in a sim-
ple and non-invasive test, which takes a few seconds. Tak-
ing into account study results and the fact that the available 
literature lacks discussion about stapedius muscle reflexes 
disturbances in patients with carotid artery stenosis further 
discussion on this subject is necessary.

Comparative analysis of the BAEP results showed the 
statistically significant (p < 0.05) elongation of wave I, III, 
V and time intervals I–III, I–V and III–V in patients with 
carotid artery stenosis compared to the subjects from the 
control group.

The patients with vertebral artery stenosis significantly 
(p < 0.05) more frequently demonstrated the elongation of 
wave V compared to patients with internal carotid artery 
stenosis.

The subjects from the study group with neurological 
symptoms also had prolonged latency of waves I, III, V and 
time intervals I–II and I–V.

The analysis of BAEP results in terms of the number of 
abnormal results revealed the elongation of wave I in about 
50% of patients with vertebral artery stenosis and in approxi-
mately 60% of those with internal carotid artery stenosis. 
On the other hand, less than 10% of patients with stenosis 
of the vertebral artery and internal carotid artery showed the 
elongation of wave V. In patients from the study group with 
neurological symptoms, the elongation of wave I latency 
was recorded in 72% for the left ear and in 60% for the right 
ear, while in patients with otolaryngological symptoms, 
this phenomenon occurred in approximately 60%. Inter-
estingly, among patients without neurological symptoms, 
more than 50% revealed the elongation of wave I latency, 
which proved the presence of a subclinical disorder. Similar 
observations concern asymptomatic patients without ENT 
symptoms, where 44.4% displayed the elongation of wave 
I latency. The BAEP results showed a significant delay in 
the auditory pathway conduction in patients with carotid 
artery stenosis compared to the control patients. Patients 
from the study group, also those asymptomatic, had abnor-
malities in response to auditory evoked potentials, indicat-
ing subclinical damage to the auditory pathway. This also 

proves BAEP to be an important element of clinical diagno-
sis in suspected hearing loss, and points to the need to refer 
patients to further diagnosis for flow disturbances in carotid 
arteries or other neurological disorders. In many reports 
[16–19], authors suggest that BAEP abnormalities oblige to 
perform further imaging diagnostics of the brain to rule out 
neurological diseases. However, I have never encountered 
a study that would emphasise the need for ultrasound diag-
nostics of the carotid artery flow in patients with abnormal 
BAEP results. This fact requires further observation, as well 
as directing the attention of ENTs to the problem of carotid 
artery stenosis in patients with hearing loss and the necessity 
to perform a detailed examination of the flow in the carotid 
arteries in these patients.

Conclusions

1. Reduction of the flow through the carotid arteries 
causes problems in the organ of hearing; abnormali-
ties are reported especially in tone threshold audiom-
etry, examinations of the stapedius muscle reflexes and 
BAEP, which proves the presence of sensorineural coch-
lear–extracochlear hearing damage.

2. Disturbances of the organ of hearing have similar sever-
ity in stenosis of the internal carotid artery and vertebral 
artery.

3. Abnormalities found in audiologic examinations in 
patients with carotid artery stenosis are not always 
explicitly clinically expressed.

4. In patients with hearing loss, we should consider diag-
nostics for carotid artery stenosis.

Funding This study was not funded.

Compliance with ethical standards 

Conflict of interest Author Karolina Dorobisz declares that she has no 
conflict of interest. Author Tadeusz Dorobisz declares that he has no 
conflict of interest. Author Dariusz Janczak declares that he has no 
conflict of interest. Author Tomasz Krecicki declares that he has no 
conflict of interest.

Ethical approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual 
participants included in the study.

OpenAccess This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


392 Acta Neurologica Belgica (2019) 119:385–392

1 3

credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Hannaford PC, Simpson JA, Bisset AF, i wsp (2005) The preva-
lence of ear, nose and throat problems in the community: results 
from a national cross-sectional postal survey in Scotland. Fam 
Pract 22:227–233

 2. Terzi S, Arslanoglu S, Demiray U, Eren E, Cancuri O (2015) 
Carotid Doppler ultrasound evaluation in patients with pulsatile 
tinnitus. Indian J Otolaryngol Head Neck Surg 67(1):43–47

 3. Seemungal BM (2007) Neuro-otological emergencies. Curr Opin 
Neurol 20(1):32–39

 4. Morl C, Morl H (1976) Otological symptoms due to disturbances 
of the major extracranial arteries. Laryngol Rhinol Otol (Stuttg) 
55(12):989–994

 5. Bohme G (1981) Speech audiometry in the diagnosis of cerebro-
vascular disorders. Laryngol Rhinol Otol (Stuttg) 60(3):125–129

 6. Snyder SO (1990) Unilateral sudden hearing loss as a result of 
anomalous carotid anatomy. J Vasc Surg 12:341–344

 7. Manetti CF, Zaca F, Bombardini T (1989) Clinical indications 
for performing Doppler ultrasonography of the extracranial 
carotid vessels. A series of 805 subjects. Minerva Cardioloangiol 
37(4):193–200

 8. Mees K, Gutmann R, Wollenberg B (1992) Does the otolar-
yngologist need Doppler sonography? Laryngorhinootologie 
71(2):91–94

 9. Gutmann R, Wollenberg B, Krampert B, Mees K (1993) Incidence 
of Doppler ultrasound detectable stenosis of cervical arteries in 
patients with cochlear-vestibular symptoms. Laryngorhinootolo-
gie 72(10):502–505

 10. Mozzaffarian D, Benjamin EJ, Go AS, i wsp, American 
Heart Association Statistics Committee and Stroke Statistics 

Subcommittee. Heart disease and stroke statistics 2015, a report 
from the American Heart Association. Circulation 2015; 
131(4):29–322

 11. Adams HP Jr, Bendixen BH, Kappelle LJ, i wsp (1993) Classifi-
cation of subtype of acute ischemic stroke. Definitions for use in 
multicenter clinical trial. TOAST. Trial of ORG 10172 in acute 
stroke treatment. Stroke 24(1):35–41

 12. Johnston SC, Sidnej S, Bernstein AL, Gress DR (2003) A com-
parison of risk factors for recurrent TIA and stroke in patients 
diagnosed with TIA. Neurology 60(2):280–285

 13. Halliday A, Mansfield A, Marro J, i wsp, MRC Asymptomatic 
Carotid Surgery Trial (ACST) Collaborative Group. Prevention of 
disabling and fatal strokes by successful carotid endarterectomy 
in patients without recent neurological symptoms: randomized 
controlled trial. Lancet 2004; 363 (9420):1491–1502

 14. Eckstein HH, Ringleb P, Allenerg JR, i wsp (2008) Results of 
the Stent-Protected Angioplasty versus Carotid Endarterec-
tomy (SPACE) study to treat symptomatic stenosis at 2 years: 
a multinational, prospective, randomized trial. Lancet Neurol 
7(10):893–902

 15. Mohammadian R, Sharifipour E, Mansourizadeh R, Sohrabi B, 
Nayebi AR, Haririan S, Farhoudi M, Charsouei S, Najmi S (2013) 
Angioplasty and stenting of symptomatic vertebral artery stenosis. 
Neuroradiol J 26:454–463

 16. Lin FR, Thorpe R, Gordon-Salant S, Ferruci L (2011) Hearing 
loss prevalence and risk factors among older adults in the United 
States. J Gerontol A Biol Sci Med Sci 66A:582–590

 17. Roth TN, Hanebuth D, Prabst R (2011) Prevalence of age-related 
hearing loss in Europe: a review. Eur Arch Otorhinolaryngol 
268:1101–1107

 18. Ravecca F, Berrettini S, Bruschini L, i wsp (1998) Progressive 
sensorineural hearing loss: metabolic, hormonal and vascular eti-
ology. Acta Otorhinolaryngol Ital 4:42–50

 19. Yi HA, Lee SR, Lee H, Ahn BH, Park BR, Whitman GT (2005) 
Sudden deafness as a sign of stroke with normal diffusion-
weighted brain MRI. Acta Otolaryngol 125:1119–1121


	The evaluation of the sense of hearing in patients with carotid artery stenosis within the extracranial segments
	Abstract
	Introduction
	Study objective

	Material
	Control group
	Study group
	Method

	Results
	Analysis of data from medical history and physical examination
	Control group
	Study group

	Analysis of the results of hearing examinations
	Analysis of the results of tone threshold audiometry
	Analysis of the results of tympanometry with the examination of the stapedius muscle reflex
	Analysis of the results of brainstem auditory evoked potentials

	Discussion
	Conclusions
	References


