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Abstract
Sudden sensorineural hearing loss is an emergency condition in 
otolaryngology. In most cases it manifests as a unilateral reduction 
in hearing. In addition to hearing loss in one ear, patients often 
have symptoms such as vertigo and/or tinnitus. The follow-up of 
patients with sudden sensorineural hearing loss should include 
not only testing of the hearing system but also diagnosis of the 
vestibular apparatus. VEMP is an objective method for assessment 
of the vestibular function through the reaction of the reflex muscle in 
response to high-intensity acoustic stimulation. 
Materials and methods: The subject of study are 12 patients with 
sudden hearing loss where 5 of the followed patients also complaining 
of vertigo and instability. After taking a history, the following are 
performed: examination of ENT organs, pure-tone audiometry, OAE, 
tympanometry with acoustic reflex, otoneurological examination, 
VEMP tests, CT (MRI). 
Results: Patients with severe sudden hearing loss have deviations 
in their VEMP tests. The hearing recovery percentage is lower with 
abnormal VEMP than in those with normal VEMP. 
Conclusion: Patients with deviations in VEMP tests can have 
vestibular disorders in addition to lesions in the organ of Corti, 
including stria vascularis and the tectorial membrane. There is an 
association between pathological VEMP and the level of hearing 
reduction. Abnormal VEMP can be used to predict subsequent 
incomplete hearing recovery. 
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Introduction:
Sudden Sensorineural Hearing Loss (SSHL) is a 
sound perception reduction of hearing over 30 dB 
or more on at least three consecutive frequencies 
with sudden onset over 3 days, even ≤12 hours 
(6, 7, 8, 9, 10). The etiology can be infections, 
neoplastic, traumatic, ototoxic, immunological, 
vascular, psychological (8, 9). Vascular causes lead 
to ischemia and necrosis of the spiral ganglium, 
degeneration of the organ of Corti. Viral infection 
in endolymphatic structures, including the cochlea 
or the spiral ganglion is another possible hypothe-
sis for the etiopathogenesis of this disease. In most 
cases, it is unilateral for people in their forties 
without prevalence of either sex. Its incidence in 
developed countries is estimated at 5-20 cases per 
100,000 people/ year. In addition to hearing loss 
in one ear, patients often have symptoms such as 
vertigo and/or tinnitus due to anatomic proximity 
of the two centers (4, 6). To improve follow-up of 
patients with sudden sensorineural hearing loss, 
attention should not be limited only to examining 
the cochlea but it is also necessary to include diag-
nostics and treatment of vestibular abnormalities 
(6).
VEMP is an additional non-invasive test which 
examines the function of otolith organs and the 
vestibulospinal and vestibulo-ocular pathways. 
cVEMP assesses mainly the saccule and the lower 
vestibular nerve, while oVEMP assesses the utricle 
and the upper vestibular nerve (1). VEMP is an 
objective method for assessment of the vestibular 
function through the reaction of the reflex muscle 
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in response to high-intensity acoustic stimulation. 
VEMP are registered in all individuals and patients 
with sensorineural hearing loss who have a normal 
vestibular apparatus.
The results from studies of patients diagnosed 
with sudden sensorineural hearing loss indicate 
that the most commonly damaged vestibular organ 
is the utricle and the upper vestibular pathway. 
Patients with deviations in an oVEMP test can 
have vestibular disorders in addition to lesions in 
the organ of Corti, including stria vascularis and 
the tectorial membrane (7). On one hand, Hong et 
al (2008) find more non-normal VEMP in patients 
with severe sudden sensorineural hearing loss than 
with milder hearing loss (3). Stamatiou et al. notes 
that the severity of the vestibular lesion in cases of 
sudden sensorineural hearing loss increases with 
age, a fact associated with degeneration of vestib-
ular structures, which is seen in older individuals 
(6). He assumes that more severe hearing loss and 
advanced age act as independent negative prognos-
tic factors for hearing recovery even with or with-
out damage to the labyrinth assessed using cVEMP. 
In cases of sudden sensorineural hearing loss for 
vascular reasons, the lesion is expected to be large 
and to include non only the cochlea but also the 
vestibular labyrinth damaging a larger number 
of sensorineural structures (8). Numerous studies 
describe a positive relationship between a normal 
VEMP and good prognosis for recovery of hearing 
in patients with sudden sensorineural hearing loss 
(8). The percentage of hearing recovery is lower in 
patients with abnormal VEMP than in those with 
normal VEMP.

Objective
Changes in VEMP tests registered in sudden senso-
rineural hearing loss.

Tasks
1. To analyze the changes in VEMP tests in case of 
sudden sensorineural hearing loss.
2. Significance of the study for the diagnostics and 
prediction of sudden sensorineural hearing loss

Materials and methods
The subject of study are 12 patients with sudden 
sensorineural hearing loss, where 5 of the followed 
patients also complain of vertigo and instability. 
After taking history, the following are performed: 

examination of ENT organs, pure-tone audiometry, 
OAE, tympanometry with acoustic reflex, otoneu-
rological examination, VEMP test, CT (MRI).

Results
After the examination of ENT organs, Tone Thresh-
old Audiometry is performed. Unilateral sound 
perception reduction is found in the hearing of 
all 12 patients and for 6 of them hearing loss is 
by more than 70 dB for frequencies from 500 to 
8000 Hz. The performed tympanometry indicated 
a tympanogram type A lacking an acoustic reflex. 
The conducted otoneurological examination of 5 
patients with vertigo found latent vestibular symp-
toms. No deviations are found in the remaining 
patients being followed. All patients underwent 
VEMP testing.
When examining the patients complaining of sud-
den sensorineural hearing loss in one ear and ver-
tigo, changes are registered in cVEMP and oVEMP 
tests. For 5 patients with sudden sensorineural 
hearing loss without vertigo, deviations are regis-
tered – 2 patients show deviations in cVEMP and 
oVEMP, 2 have atypical oVEMP wave in one ear 
and 1 has an atypical unilateral wave for cVEMP. 
Normal VEMP waves are registered for 2 people. 
Deviations in the оVEMP test are prevalent.
1 month following treatment, control Tone Thresh-
old Audiometry found: 2 patients had socially 
adequate hearing, 7 had improved with persistent 
reduced sound perception by the same ear and the 
hearing of 3 patients had not improved. No devi-
ation is found in the performed otoneurological 
examination.
Subsequently cVEMP and oVEMP tests are car-
ried out. In 6 of the patients with unilateral sound 
perception hearing reduction, typical VEMP waves 
are registered, while 4 of those examined do not 
complain of vertigo and have no deviations in their 
otoneurological tests from the first examination. 
While for 6 people with severe hearing loss, persis-
tent deviations in the VEMP tests are found.

Discussion
Changes are found when performing VEMP tests 
of the examined patients with sudden sensorineural 
hearing loss in one ear who have a vestibular disor-
der (1). Deviations in the оVEMP test are predom-
inant. Patients with severe sudden sensorineural 
hearing loss without vertigo are also found to have 
deviations. Inagaki et al. report that the vestibular 
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system is modified in case of sudden sensorineu-
ral hearing loss with and without vertigo (4, 7, 
8). According to Mohsen Rajati аt al. in patients 
with sudden sensorineural hearing loss without 
vestibular deviations, pathology is not limited to 
the cochlea and may also include the sacculus (9). 
Wu, CC and Young, YH do not find any changes in 
cVEMP of assessed patients with sudden sensori-
neural hearing loss (6). Fujimoto et al. (2015) find 
abnormal oVEMP in 43% of patients with sudden 
sensorineural hearing loss. In patients with SSHL, 
abnormal oVEMP can indicate greater dissemina-
tion of the lesion. The association between sudden 
sensorineural hearing loss and changes in VEMP 
tests is controversial in scientific literature (8).

There is an association between pathological 
VEMP and the level of hearing reduction. Accord-
ing to Hong et al., for patients with sudden hearing 
loss over 90dB without vestibular deviations, the 
percentage of registered abnormal VEMP waves 
is 47% and for patients with sudden hearing loss 
and vertigo it is 77% (4). With greater hearing loss, 
patients have abnormal results in VEMP tests. In 
other cases, there is no connection between chang-
es in VEMP and the degree of hearing loss (6).
When following-up the examined patients after 
1 month post treatment, improvement is seen in 
the results of the conducted VEMP tests. Normal 
VEMP waves are registered in patients without ves-
tibular symptoms who have improved results from 

Fig. 1 Fig. 2
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tone threshold audiometry. The study by Noriкo 
Nagai et al. does not find a significant association 
between abnormal oVEMP and the degree of hear-
ing loss during the first examination. The rate of 
hearing recovery is slower in patients with abnor-
mal oVEMP. This result suggests that oVEMP can 
be used to assess hearing improvement in SSHL 
(7). Hong et al has also established an association 
between the altered cVEMP and worse hearing 
prognosis of patients (6). Iwasaki et al. reports that 
the lack of cVEMP in 14 of 52 patients with SSHL 
(26, 9%) indicates worse hearing recovery (7). The 
assessment of the vestibular system can be useful 
in patients with sudden sensorineural hearing loss 
without vertigo.

Conclusions
1. Changes are registered in the VEMP tests of 
patients with severe sudden sensorineural hearing 

loss in one ear without vestibular deviations.
2. Abnormal VEMP can be used to predict subse-
quent incomplete hearing recovery.
Conclusion
For the diagnosis and treatment of sudden sensori-
neural hearing loss, not only testing of the hearing 
system but also an examination of the vestibular 
apparatus are significant, regardless of the presence 
or not of vestibular deviations. The VEMP test 
can be useful as an additional diagnostic method 
for patients with sudden sensorineural hearing 
loss. There is an association between pathological 
VEMP tests and the level of hearing reduction. The 
ability of VEMP tests to predict subsequent incom-
plete hearing recovery is being studied.
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