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ABSTRACT

Objective: To assess vestibular evoked myogenic potentials (VEMP), both cervical (c-VEMP) and ocular (o-VEMP), in patients diagnosed with
unilateral sudden hearing loss and presenting with vestibular symptoms and to determine whether these responses can serve as predictive
parameters for recovery.

Materials and Methods: Patients diagnosed with unilateral sudden sensorineural hearing loss (SSHL) and vertigo and healthy volunteers without
ear pathology were included. All participants underwent ear tests, including pure tone audiometry and c-VEMP and o-VEMP tests.

Results: When comparing the VEMP values of the patients who showed improved hearing with those who did not, it was observed that the
0-VEMP amplitude of non-improved patients was statistically lower (p=0.013). Moreover, in the non-improved group, the c-VEMP P1 latencies
were lower, and the amplitude asymmetry ratio (AAR) of c-VEMP was significantly higher than that in the control group, significantly (p=0.006
and p<0.001, respectively; Mann Whitney U test with Bonferroni Correction p<0.017).

Conclusion: In patients with SSHL and vertigo, VEMP testing is beneficial for detecting the vestibular component of the disease. There was no
asymmetry in VEMP responses between the affected and unaffected ear sides. Patients with SSHL who have vertigo have poor hearing loss
recovery rates in the case of low-amplitude o-VEMP responses.
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INTRODUCTION Histological examination of patients with SSHL revealed the
most common degeneration in the saccule (3). Numerous

Sensorineural hearing loss is a significant issue affecting many studies have demonstrated that patients with SSHL exhibit

individuals, with an estimated 300 million adults and 32 million
paediatric cases worldwide. Idiopathic sudden sensorineural
hearing loss (SSHL) refers to the rapid onset of hearing loss
within a span of three days, typically affecting one ear but
occasionally bilateral, with a minimum threshold shift of 30 dB
across three consecutive frequencies on pure-tone audiometry
(1, 2). The management of sudden hearing loss without a
discernible cause remains challenging in otolaryngology, as its
underlying histopathological basis is not well understood and
is still being explored through various studies.

vestibular manifestations even in the absence of overt
symptoms (3, 4). Approximately 30%—40% of patients with
SSHL simultaneously experience vertigo, and these patients
have a worse prognosis for hearing recovery than those without
vertigo (5, 6).

Vestibular evoked myogenic potential (VEMP) testing is a
method used to measure the electrophysiological reflex arc in
muscles through stimulation of peripheral vestibular organs
and muscles (7, 8). Generally, two reflex arcs, vestibulo-
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collic and vestibulo-occular reflex arcs, are used in testing.
The biphasic surface potential recorded from the ipsilateral
sternocleidomastoid muscle is called cervical VEMP (c-VEMP),
and it tests the function of the saccule, inferior vestibular
nerve, and inferior vestibular nucleus. VEMP recorded from
extraocular muscles is called ocular VEMP (o-VEMP), and it
tests the function of the utricle and superior vestibular nerve
(8-11).

In the existing literature, VEMPs have been used to investigate
the potential impact of idiopathic SSHL on the vestibular
system, whether or not it is accompanied by vertigo.
Researchers have observed that the saccule is affected more
than the semicircular canals in patients with vertigo and SSHL
(3). Despite extensive investigations into labyrinthine functions
using various neurophysiological tests, no consensus has been
reached.

This study aims 1) to assess both c-VEMP and o-VEMP responses
in patients diagnosed with unilateral sudden hearing loss and
presenting with vestibular symptoms and 2) to determine
whether these responses can serve as predictive parameters
for recovery. By evaluating these parameters, researchers can
gain insights into the involvement of the vestibular system in
SSHL and its potential implications for prognosis and treatment.

MATERIALS and METHODS

This retrospective clinical study was conducted at a tertiary
referral centre. Patients diagnosed with both SSHL and vertigo
and healthy volunteers without ear pathology were included.
The participants were between 18 and 75 years old and had
type A tympanogram. Patients who presented with external or
middle ear pathologies, central nervous system pathologies,
head trauma, other vestibular diseases, recurrent or bilateral
sudden deafness, or uncontrolled comorbid diseases
(hypertension or diabetes mellitus); those who did not receive
treatment for 2 weeks after sudden deafness; or individuals lost
to follow-up were excluded.

Sudden deafness was defined as a rapid drop in sensorineural
hearing loss of more than 30 dB for at least three consecutive
frequencies that occurred in less than three days and had no
discernible explanation. All patients were regularly monitored
at the clinic and underwent audiometry. Before treatment,
all patients underwent an otoscopic examination and a
battery of inner-ear tests, including tympanometry, pure tone
audiometry, c-VEMP, and o-VEMP tests. Upon admission, all
patients received systemic steroid treatment and hyperbaric
oxygen therapy for 20 sessions.

This study was approved by the Okmeydani Research and
Education Hospital and was designed according to the
Declaration of Helsinki. The study group patients gave
their informed consent for participation in the study (Date:
16.04.2019, No: 1258).

Audiometry

Pure-tone audiometry was conducted at 500, 1000, 2000, and
4000 Hz. According to the modified Siegel’s criteria proposed by
Cheng et al. the audiograms were categorised as grade 1 (<25
dB), grade 2 (2645 dB), grade 3 (46—75 dB), grade 4 (76-90
dB), and grade 5 (>90 dB) using the ICS_CHARTR EP 200 system
(Baastrup, Denmark) (12). The audiometric evaluations were
conducted in a soundproof AC 40 audiometry cabin calibrated
to ISO 9001 standards. Air and bone conduction were tested
at octave intervals from 250 to 8000 Hz and 500 to 4000 Hz.

According to Cheng et al’s modified Siegel criteria, post-
treatment hearing recovery was categorised as complete
recovery (final hearing level<25 dB), partial recovery
(hearing gain>15 dB and final hearing level 26—-45 dB), slight
improvement (hearing gain>15 dB and final hearing level 46-75
dB), no improvement (hearing gain<15 dB and final hearing
level 76—-90 dB), and non-serviceable ear (final hearing level>90
dB) (12).

VEMPs

Both c-VEMP and o-VEMP tests were performed on all
participants to evaluate their vestibular symptoms using the
ICS-CHARTER EP 200 evoked potential system (CN Otometrics
North America, Schaumburg, IL, USA. VEMP waves were
analysed to compare the patients with the control group based
on the latencies, amplitudes, and the amplitude asymmetry
ratio (AAR) of c-VEMP (P1, N1) and 0-VEMP (N1, P1). The AAR
was calculated as AAR =100 x (Ar - Al) / (Ar + Al), where Al
and Ar represent the left and right amplitudes, respectively.
According to the normal values of VEMP levels obtained from
healthy control subjects for 95 dB at our laboratory, a peak
limit of 34.2% for c-VEMP and 35% for o-VEMP was defined
for the AAR, and values exceeding these limits were considered
abnormal.

Acoustic stimulation for both o-VEMP and c-VEMP was
performed using an ICS Medical Insert Earphones (ER 3A/5A
Insert Earphone 300 ohms). The impedance difference between
the electrodes remained below 3 kOhm. An amplitude value of
0 was assigned to ears with no response.

c-VEMP

The reference electrode was placed over the sternum, and
the ground electrode was placed on the nasion close to the
hairline in the midline. The active electrodes were placed over
the sternocleidomastoid muscle and nasion. Rest periods were
provided to alleviate fatigue, if necessary. The parameters
recorded included 500-Hz tone bursts with a repetition rate
of 5.1 tone bursts per second, a minimum of 50 sweeps per
waveform, an intensity level of 95 dB HL (decibel hearing
level), rise-plateau fall times of 2.0-1.0-2.0 ms, and at least
two waveforms per condition. After the stimulus, the initial
negative-positive biphasic waveform included the peaks P1
(positive) and N1 (negative).
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o-VEMP

All participants were instructed not to contract their facial
muscles and to maintain a gaze at a predetermined point
approximately two metres away while keeping their heads in
a fixed position and looking upward at an angle of 30° 40°. The
reference electrode was positioned in the infraorbital position
at a distance of 3 cm, and the ground electrode was placed
on the forehead. The active electrodes were placed over the
infraorbital position on the face at distances of 1 and 3 cm. The
parameters recorded included 500-Hz tone bursts with rise-
plateau-fall times of 1.5-0-1.5 ms, a repetition rate of 5.1 tone
bursts per second, a minimum of 50 sweeps per waveform,
and an intensity level of 95 dB HL. After the stimulus, the first
biphasic waveform peaks were negative (N1) and positive (P1).

Statistical analysis

Descriptive statistical methods (mean, median, standard
deviation [SD], frequency, percentage, minimum, and maximum)
were used to evaluate the data. Pearson’s chi-square test was
used to compare the qualitative variables. The Shapiro-Wilk
test was used to analyse the quantitative variables’ normal
distributions. The Student’s t-test was used to compare
two independent groups whose quantitative variables were
normally distributed, while the Mann—Whitney U-test was
used to compare groups whose distributions were not normally

Table 1: Demographic data

distributed. The Wilcoxon test was used when distributions
varied from normal; a paired t-test was performed for dependent
groups. Accepted criteria for statistical significance were p<0.05.

RESULTS

Clinical manifestations comprised hearing loss and vertigo/
dizziness in all 40 patients. Our study was conducted with 64
cases, of which 37.5% (n=24) were healthy controls and 62.5%
(n=40) were patients. Among the cases, 54.7% (n=35) were
female and 45.3% (n=29) were male. The ages ranged from
18 to 74 years, with a mean age of 45.37+12.47 years. There
were no statistically significant differences in age and gender
distribution between the groups (p>0.05). In the patient group,
47.5% (n=19) had problems in their right ear, while 52.5%
(n=21) had problems in their left ear (Table 1). Additionally, no
differences were observed between the subgroups according
to the hearing level of the patients by age (Table 2).

According to pure tone audiometry, the mean hearing levels
were 69.7+27.9 dB in the patient group and 12.5+5.7 dB in
the control group. The patient group’s mean hearing level was
significantly high (p<0.001).

Before treatment, hearing loss in the patient group was as
follows: 17.5% (n=7) had grade 2, 27.5% (n=11) had grade 3,
30% (n=12) had grade 4, and 25% (n=10) had grade 5 hearing
loss (Table 2).

SSHL Patients
Control (n=24) p value
Right side (n=18) Left side (n=12) Total (n=40)
Male 7 19 10
Gender 0.553%*
(n) Female 11 21 14
Age EES
47.5+11.6 44.3+16.3 45.75+14.3 44.8+8.9 0.697
(mean4+SD)
“Pearson Chi-Square test, **Student t Test, SSHL: Sudden sensorineural hearing loss, SD: Standard deviation
Table 2: Hearing status of patients with SSHL
Characteristics of the SSHL group Age value
(n=40) (mean+SD ) P
Mild (n=7) 43.0+5.8
Moderate (n=11) 52.2+9.8
Pre-treatment hearing loss 0.798*
Severe (n=12) 42.6+14.2
Complete (n=10) 44.4+421.0
Class1 (n=7) 41.3+10.8
Post-treatment Modified Siegel Class2 (n=3) 44.3126.5 0397+
Classification Class3 (n=13) 45.8+12.7 )
Class4 (n=17) 47.8+15.3
Recovered (n=23) 44.2+13.7
Recovery status 0.438**
Not-recovered (n=17) 47.8+15.3

*One-Way ANOVA, **Student t Test, SSHL: Sudden sensorineural hearing loss, SD: Standard deviation
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Table 3: Comparison of VEMP parameters between the SSHL and control groups

SSHL patients
(n=40) Control *val
Recovered Non-recovered (n=48) pvalue
(n=23) (n=17)

c-VEMP P1 latency 12.12+7.49 11.99+6.72 16.14+1.32 0.009
(mean:SD) N1 latency 19.66+11.42 19.24+11.47 25.66+2.18 0.039
Amplitude 140.15+143.93 126.69+130.97 156.22+123.83 0.382

AAR 47.26436.66 60.19+33.90 24.99+20.04 0.721

0-VEMP P1 latency 12.99+6.19 9.70+8.37 15.47+1.15 0.782
(mean:SD) N1 latency 8.64+4.21 6.80+5.94 10.504+1.12 0.002
Amplitude 7.96+6.90 3.0743.95 7.7445.62 0.004

AAR 39.80+33.80 57.59+41.83 24.49+17.73 0.063

*Kruskal-Wallis test, VEMP: Vestibular evoked myogenic potential, SSHL: Sudden sensorineural hearing loss, AAR: Amplitude asymmetry ratio, SD: Standard

deviation

After treatment, the outcomes of the patients were as follows:
complete recovery with 7.7% (n=7), partial recovery with
7.5% (n=3), slight improvement with 32.5% (n=13), and no
improvement with 42.5% (n=17) of the cases. In total, 57.5%
of the cases showed improvement, whereas 42.5% showed no
improvement (Table 2).

In both the control and patient groups, there was no statistically
significant difference between the ear sides for either the
c-VEMP or o-VEMP parameter (p>0.05; Wilcoxon test). In
comparing VEMP responses between the SSHL and control
groups, the P1 and N1 latencies of c-VEMP were lower in the
SSHL group (p=0.009, p=0.039, respectively). Moreover, the
amplitude of 0-VEMP was lower in the SSHL group (p=0.002),
and both the AAR of c-VEMP and o-VEMP were higher in the
SSHL group (Table 3).

When comparing the VEMP values of the patients who
improved hearing with those who did not, it was found that the
0-VEMP amplitude of non-improved patients was statistically
lower (p=0.013). Moreover, in the non-improved group, the
c-VEMP P1 latencies were lower, and the AAR of c-VEMP was
significantly higher than that in the control group (p=0.006, and
p<0.001, respectively; Mann—Whitney U test with Bonferroni
correction p<0.017).

DISCUSSION

The results of VEMP testing on SSHL with vertigo. We observed
that both the c-VEMP and o-VEMP responses were abnormal in
patients with idiopathic SSHL, and a low amplitude of o-VEMP
may predict poor prognosis.

The present study evaluated hearing before and after treatment
according to Cheng et al.s modified Siegel criteria (12). Cheng
et al. reported that 51% of 110 patients with SSHL experienced
hearing improvement. In our study, 57.5% of 40 patients with
SSHL experienced hearing improvement after treatment.

VEMP results may vary according to age (13, 14). Khan et al.
compared the c-VEMP results among different age groups and
observed that the c-VEMP response rate was extremely high in
adolescents (13). Additionally, Jha et al. studied the differences
in VEMP results according to age. They concluded that c-VEMP
decreased only at 500 and 750 Hz, whereas o-VEMP changed at
all frequencies according to age (14). Age and sex did not differ
in our study between the two groups or across the patient
group subgroups, therefore that these factors had no bearing
on outcomes.

Accompanying the cochlear system, the vestibular system has
been shown to be affected in SSHL based on c-VEMP, o-VEMP,
or both c-VEMP and o-VEMP testing (15-18). However, some
studies also used caloric tests in addition to VEMP tests. Iwasaki
et al. studied SSHL with vertigo using VEMPs and caloric tests.
They observed that caloric tests provide information about the
function of the semicircular canals, whereas VEMPs provide
information about the saccule. Moreover, in SSHL, the saccule is
affected more than the semicircular canals; thus, VEMP testing
is more sensitive than caloric tests for detecting vestibular
function in SSHL (3). Liang et al. used both VEMP and caloric
tests to detect the recovery of patients with SSHL and claimed
that caloric tests were not predictive of the prognosis of SSHL
(19). Thus, our study focused on VEMP tests (both c-VEMP and
0-VEMP) to analyse SSHL patients.

Many studies on SSHL with or without vertigo using VEMP tests
have shown that VEMP tests are abnormal in SSHL, and the
saccule and utricle, as well as the cochlea, are included in the
pathophysiology of SSHL. Jiang et al. compared patients with
SSHL with and without vertigo using the VEMP test but did not
include a healthy control group. SSHL patients with vertigo had
severe hearing loss and higher abnormal VEMP results (20). Lim
et al. demonstrated that abnormal o-VEMP was significantly
more related to hearing loss in patients with SSHL and vertigo.
They concluded that this was because the arterial supply of
the saccule included more collateral arteries than the utricle,
thereby causing resistance to ischaemia (21). Yigider et al. also
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studied VEMP responses in patients with SSHL. Their study
group had no vestibular symptoms, and the healthy control
group was not included. They compared patients’ bilateral ears
and determined that c-VEMP responses differed between the
ears bilaterally, whereas o-VEMP responses were similar (22).

In this study, we used both c-VEMP and o-VEMP levels to
compare patients with SSHL with vertigo and a healthy
control group. We observed that both the VEMP and control
test results in patients with SSHL were abnormal. However,
the VEMP responses were similar bilaterally between the ear
sides. Kizkapan et al. also found no bilateral ear differences
using VEMP testing (23).

VEMP testing has been used in the literature to evaluate not
only the diagnosis but also the prognosis of SSHL (19, 23).
Kizkapan et al. studied the prognosis of SSHL using caloric and
VEMP tests and compared the caloric test results with the
degree of hearing loss before and after treatment. However,
they compared the VEMP results between the control and
case groups, not considering the degree of hearing loss.
They concluded that the VEMP responses were abnormal
before treatment but improved after SSHL treatment (23).
Similarly, Liang et al. evaluated the prognosis of SSHL using
the VEMP test. They compared patients according to hearing
improvement. They concluded that abnormal VEMP levels may
predict poor prognosis in patients with SSHL (19). The study
aim was to investigate VEMP results before treatment and
the predictive value of hearing recovery after treatment. We
observed that only low-amplitude o-VEMP was correlated with
a poor prognosis of SSHL. Patients with low-amplitude o-VEMP
showed less hearing recovery. Therefore, hearing loss may be
permanent and unresponsive to treatment if the utricle and
superior vestibular nerve are affected in patients with SSHL.

The small sample size in our study is a major limitation.
Although caloric testing was less vulnerable to detect vestibular
function in SSHL than VEMP testing, it might be included in
the differential diagnosis of vertigo. Moreover, to evaluate the
changes in vestibular function after SSHL treatment, VEMP
responses might be analysed in the patients’ follow-up periods.

CONCLUSION

VEMP testing is beneficial for detecting the vestibular
component of SSHL with vertigo. There was no asymmetry
in VEMP responses between the affected and unaffected ear
sides. Patients with SSHL and vertigo have poor recovery rates
of hearing loss in cases of low-amplitude o-VEMP responses.

Ethics Committee Approval: This study was approved by
the Ethics Committee of the University of Health Sciences,
Okmeydani Training and Research Hospital (Date: 16.04.2019,
No: 1258).

Informed Consent: The study group patients gave their
informed consent for participation in the study.

Peer Review: Externally peer-reviewed.

Author Contributions: Conception/Design of Study- A.B.Y.,
G.B., BT,; Data Acquisition- $.S.S., O.B.T,, H.S., M.E.A.A,; Data
Analysis/Interpretation- A.BY., G.B., B.T., 0.i.0.; Drafting
Manuscript- A.BY., 0.i.0., M.E.A.A., H.S.; Critical Revision
of Manuscript- G.B., B.T., 0.B.T,, S.S.S.; Final Approval and
Accountability- A.BY., G.B., BT, S.S.S., 0.BT, H.S., M.E.A.A.

Conflict of Interest: The authors have no conflict of interest
to declare.

Financial Disclosure: The authors declared that this study has
received no financial support.

REFERENCES

1. Stachler RJ, Chandrasekhar SS, Archer SM, Rosenfeld RM, Schwartz
SR, Barrs DM, et al. American Academy of Otolaryngology-Head
and Neck Surgery Clinical practice guideline: sudden hearing loss.
Otolaryngol Head Neck Surg 2012;146(3 Suppl):1-35.

2. Castro TM, Costa LA, Nemezio ME, Fonseca LJ. Bilateral sudden
deafness. Braz J Otorhinolaryngol 2011;77(5):678.

3. lwasaki S, Takai Y, Ozeki H, Ito K, Karino S, Murofushi T. Extent of
lesions in idiopathic sudden hearing loss with vertigo: study using
click and galvanic vestibular evoked myogenic potentials. Arch
Otolaryngol Head Neck Surg 2005;131(10):857-62.

4. Yoon TH, Paparella MM, Schachern PA, Alleva M. Histopathology
of sudden hearing loss. Laryngoscope 1990;100(7):707-15.

5. Shaia FT, Sheehy JL. Sudden sensori-neural hearing impairment: a
report of 1,220 cases. Laryngoscope 1976;86(3):389-98.

6. Nakashima T, Yanagita N. Outcome of sudden deafness with and
without vertigo. Laryngoscope 1993;103(10):1145-9.

7. Rosengren SM, Welgampola MS, Colebatch JG. Vestibular evoked
myogenic potentials: past, present and future. Clin Neurophysiol
2010;121(5):636-51.

8. Rosengren SM, Kingma H. New perspectives on vestibular evoked
myogenic potentials. Curr Opin Neurol 2013;26(1):74-80.

9. Murofushi T, Matsuzaki M, Mizuno M. Vestibular evoked myogenic
potentials in patients with acoustic neuromas. Arch Otolaryngol
Head Neck Surg 1998;124(5):509-12.

10. Murofushi T. Clinical application of vestibular evoked myogenic
potential (VEMP). Auris Nasus Larynx 2016;43(4):367-76.

11. Iwasaki S, McGarvie LA, Halmagyi GM, Burgess AM, Kim J,
Colebatch JG, et al. Head taps evoke a crossed vestibulo-ocular
reflex. Neurology 2007;68(15):1227-9.

12. Cheng YF, Chu YC, Tu TY, Shiao AS, Wu SL, Liao WH. Modified
Siegel’s criteria for sudden sensorineural hearing loss: Reporting
recovery outcomes with matched pretreatment hearing grades. J
Chin Med Assoc 2018;81(11):1008-12.

13. Khan FK, Balraj A, Lepcha A. Normative data for vestibular
evoked myogenic potential in different age groups among a
heterogeneous Indian population. Indian J Otolaryngol Head Neck
Surg 2014;66(2):149-54.

14. Jha RH, Piker EG, Romero D. Effects of Age and Middle Ear on the
Frequency Tuning of the cVEMP and oVEMP. J Am Acad Audiol
2022;33(5):259-69.




The Turkish Journal of Ear Nose and Throat

15.

16.

17.

18.

19.

Lee HS, Song JN, Park JM, Park KH, Kim HB, Seo JH. Association
between Vestibular Function and Hearing Outcome in
Idiopathic Sudden Sensorineural Hearing Loss. Korean J Audiol
2014;18(3):131-6.

Niu X, Zhang Y, Zhang Q, Xu X, Han P, Cheng Y, et al. The
relationship between hearing loss and vestibular dysfunction in
patients with sudden sensorineural hearing loss. Acta Otolaryngol
2016;136(3):225-31.

Pogson JM, Taylor RL, Young AS, McGarvie LA, Flanagan S, Halmagyi
GM, et al. Vertigo with sudden hearing loss: audio-vestibular
characteristics. J Neurol 2016 Oct;263(10):2086-96.

Argaet EC, Kwok BYC, Bradley J, Young AS, Nham B, Calic Z, et al.
Subjective visual horizontal correlates better with ocular than with
cervical vestibular evoked myogenic potentials. Clin Neurophysiol
2023;152:1-10.

Liang M, Wu H, Chen J, Zhang Q, Li S, Zheng G, et al. Vestibular
evoked myogenic potential may predict the hearing recovery in
patients with unilateral idiopathic sudden sensorineural hearing
loss. Front Neurol 2022;13:1017608.

20.

21.

22.

23.

Jiang Z, Zhang J, Wang Y, Huang X, Yao Q, Feng Y, et al. Contribution
of Audiogram Classification in Evaluating Vestibular Dysfunction
in Sudden Sensorineural Hearing Loss with Vertigo. Front Neurol
2021;12:667804.

Lim KH, Jeong YJ, Han MS, Rah YC, Cha J, Choi J. Comparisons
among vestibular examinations and symptoms of vertigo in
sudden sensorineural hearing loss patients. Am J Otolaryngol
2020;41(4):102503.

Yigider AP, Keskin M, Kufeciler L, Kocak HE. Topography of the
lesion in idiopathic sudden sensorineural hearing loss. Acta
Otolaryngol 2020;140(11):909-13.

Kizkapan DB, Karlidag T, Basar F, Kaygusuz |, Keles E, Akyigit A,
et al. Vestibular functions in patients with idiopathic sudden
sensorineural hearing loss and its relation to prognosis. Auris
Nasus Larynx 2022;49(3):374-82.



