
J Int Adv Otol 2021; 17(1): 58-63 • DOI: 10.5152/iao.2020.18012020

Original Article

58

Selective Asymmetry of Ocular Vestibular-Evoked 
Myogenic Potential in Patients with Acute Utricular 
Macula Loss

Corresponding Address: Leonardo Manzari E-mail: lmanzari1962@gmail.com 

Submitted: 09.26.2020 • Revision Received: 11.02.2020 • Accepted: 11.05.2020
Available online at www.advancedotology.org

Leonardo Manzari , Giacomo Koch , Marco Tramontano 
MSA ENT Academy Center – Cassino, Frosinone, Italy (LM)
Fondazione Santa Lucia IRCCS, Rome, Italy (GK, MT)
Department of Neuroscience and Rehabilitation, University of Ferrara, Ferrara, Italy (GK)

Cite this article as: Manzari L, Koch G, Tramontano M. Selective Asymmetry of Ocular Vestibular-Evoked Myogenic Potential in Patients with Acute 
Utricular Macula Loss. J Int Adv Otol 2021; 17(1): 58-63.

Content of this journal is licensed under a
Creative Commons Attribution-NonCommercial

4.0 International License. 

OBJECTIVES: We retrospectively evaluated a chart review of 3,525 patients evaluated for any acute disturbance. A total of 1,504 patients with 
acute vestibular syndrome (AVS) received an instrumental vestibular assessment within 72 h from the onset of the symptoms evaluated using si-
multaneously a combination of ocular vestibular-evoked myogenic potential (oVEMPs), cervical vestibular-evoked myogenic potential (cVEMPs), 
video head-impulse test (vHIT), and subjective visual vertical (SVV) were included in this study.

MATERIALS and METHODS: A total of 41 patients with AVS that showed a normal horizontal canal function tested with vHIT, a normal cVEMP 
function, unilaterally reduced or absent oVEMP n10, and an altered SVV were enrolled.

RESULTS: We found that although these patients referred acute vertigo and presented spontaneous nystagmus, they showed physiological values 
of vHIT and a normal saccular function, as shown by symmetrical cVEMPs.

CONCLUSION: Our findings support the hypothesis that a percentage of patients evaluated during an AVS using an instrumental vestibular as-
sessment could present selective utricular macula dysfunction.
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INTRODUCTION
An acute vertigo is a challenge for clinicians, who must differentiate a central from different peripheral problems in the acute clini-
cal setting. These conditions cause vertigo and nystagmus, but the assessment, treatment, therapeutic progression, and prognosis 
could be very different. The bedside oculomotor exam (Head-impulse—nystagmus—test-of-skew (H.I.N.T.S.)) could help in differ-
entiating peripheral from central causes of acute vestibular syndrome (AVS) in the emergency department; however, to establish 
the damage of vestibular organs and to determine their possible functional recovery, more exams are required.[1–3] Furthermore, 
it is crucial to have information at the time of the attack (<72 h from the onset of symptoms). Oculomotor findings and video 
head-impulse test[4,5] (vHIT) are commonly used in combination and are often complemented by neuroimaging [(magnetic res-
onance imaging (MRI)] to determine the classical signs and symptoms that depend on the vestibular function absence that can 
differentiate central from peripheral vestibular disorders. To date, every semicircular canal in both labyrinths can be evaluated 
using the video head-impulse technique[6–8] to test every otolithic sense organ by vestibular-evoked myogenic potentials (VEMPs).
[9–13] The ocular VEMP (oVEMP) tests mainly dynamic utricular function[9,10] and the cervical vestibular-evoked myogenic potential 
(cVEMP) tests mainly dynamic saccular function[10,11,14,15]; therefore, the combination of vHIT and VEMPs provides a complete picture 
of peripheral vestibular function.[16,17] Several studies[18,19] reported single cases of selective utricular loss in an acute patient diag-
nosed with oVEMPs or with subjective visual vertical (SVV), while the remaining sense organs showed normal function on specific 
tests. In these clinical cases, the authors reported patients with an AVS, rotatory vertigo accompanied by nausea and vomiting, and 
with spontaneous nystagmus, but who, on testing, had normal horizontal canal function, as shown by normal caloric and normal 
vHIT testing. On tests of dynamic otolith function, these patients had symmetric cVEMPs indicating symmetrical saccular function, 
but asymmetric oVEMPs and altered SVV. It was concluded that in these patients, the AVS was probably due to peripheral unilateral 
utricular function loss.
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This retrospective chart review study aims to confirm the possibility 
of diagnosing a selective utricular macula dysfunction in a large co-
hort of patients during an AVS.

MATERIALS AND METHODS

Study Design
This is a retrospective chart review study aimed to investigate the loss 
of the utricular macula function in patients with AVS in the first 72 h 
after the attack. All procedures contributing to this work comply with 
the ethical standards of the relevant national and institutional guide-
lines on human experimentation and with the Helsinki Declaration of 
1975. This study was carried out according to the Strengthening the 
Reporting of Observational Studies in Epidemiology guidelines. All 
participants provided written consent to publish the results obtained 
from their clinical examinations and instrumental tests.

Setting
Medical records of patients with AVS evaluated in the first 72 h and 
with at least one follow-up at the MSA ENT Academy Center Clinic, a 
tertiary vestibular referral center, were reviewed.

Participants
All medical records of patients who were admitted between Jan-
uary 1, 2015 and July 31, 2020 with an AVS—vertigo, postural un-
steadiness, nausea, vomiting, and having spontaneous nystagmus 
suppressed by vision, and so giving the appearance of a vestibular 
neuritis—were screened.

The inclusion criteria were: 1) unilaterally absent or markedly re-
duced oVEMP n10 potential in response to 500-Hz Fz bone-conduct-
ed vibration (BCV) stimulation recorded beneath the contralesional 
eye, indicating that there was reduced or absent utricular function 
in the affected ear; 2) normal bilateral semicircular canal function 
shown by normal Vestibular Ocular Reflex (VOR) gains on the vHIT 
tests for both directions of rotation, and/or the absence of systematic 
corrective saccades during the test; 3) cVEMPs on the ipsilesional side 
still present in response to 500-Hz Fz BCV stimulation, indicating that 

those saccular otolith afferents were functional in the inferior vestib-
ular nerves; 4) absence of auditory signs to exclude possible cases of 
labyrinthitis; 5) absence of other alterations of the outer, middle, and 
inner ear; 6) history of sudden vertigo and/or postural unsteadiness 
and/or subjective lateral shift; 7) absence in the collected medical 
history of closed cranial trauma; 8) absence of symptoms and signs 
of central nervous system dysfunctions; 9) normal or near-normal 
vestibular and auditory function in the unaffected ear; and 10) pres-
ence of H.I.N.T.S peripheral pattern. We excluded the medical records 
of patients who showed one of the following exclusion criteria: 1) 
other vestibular diagnosis (e.g., unilateral vestibular neuritits (UVN), 
Ménière disease, bilateral vestibular loss, vestibular migraine, benign 
paroxysmal positional vertigo, etc.), somatic or psychiatric disorders; 
2) presence of neurological diseases; and 3) presence of H.I.N.T.S cen-
tral pattern.

Demographic and clinical characteristics at baseline are reported in 
Table 1.

All patients with AVS were undergone a vestibular assessment that 
included horizontal and vertical semicircular canals with bedside 
head impulse test+vHIT, air-conducted sound, and BCV cervical and 
ocular VEMPs, and SVV. On the basis of tentative diagnosis of unilat-

• In the first 72 h from the onset of the symptoms it could be 
useful to study the vestibular function with different tech-
nologies.

• A Subjective Visual Vertical alteration and an Asymmetry 
Ratio of ocular vestibular-evoked myogenic potential in pa-
tients with acute vestibular syndrome can be a clinical sign 
of early stage of utricular loss.

• Patients who referred to acute vertigo and presented spon-
taneous nystagmus can have normal semicircular canals 
function.

• A percentage (2.7%) of patients evaluated during an acute 
vestibular syndrome using an instrumental vestibular as-
sessment could present a selective asymmetry of ocular 
vestibular-evoked myogenic potential and normal canals 
and saccular function.

MAIN POINTS

Participants Total

N 41

Age in years±SD 45.78±15.96

Gender (%)

   Female 28 (68.3)

   Male 13 (32.7)

Side affected (%)

   Left 9 (21.95)

   Right 32 (78.04)

   oVEMPs AR ±SD 63.69%±23.62

   cVEMPs AR ±SD 12.99%±9.46

vHIT horizontals (mean gain ±SD)

   Affected side 1.11±0.13

   Healthy side 1.14±0.15

vHIT superiors (mean gain ±SD)

   Affected side 0.87±0.04

   Healthy side 0.90±0.05

vHIT posteriors (mean gain ±SD)

   Affected side 0.86±0.04

   Healthy side 0.85±0.03

SVV range (26)>9.27±2.15

(number of patients, N)±SD (15)<–7.38±1.8

SD: standard deviation; oVEMPs: ocular vestibular-evoked myogenic potential; cVEMPs: 
cervical vestibular-evoked myogenic potential; AR: asymmetry ratio; vHIT: video 
head-impulse test; SVV: subjective visual vertical.

Table 1. Demographic and clinical characteristics
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eral utricular loss (UUL), all of these patients were referred to a tertia-
ry radiological center for MRI scans of the posterior cranial fossa us-
ing paramagnetic contrast enhancement to rule out other diseases.

On one occasion, a total of 20 normal healthy subjects (14 females 
and 6 males; mean age: 45.6±8.76 years) were tested. The remaining 
were patients’ partners. None of the healthy participants reported 
any (apart from standard refractive errors) auditory, vestibular, neu-
rological, or visual issues.

Statistical Analysis
The asymmetry ratio (AR) between the affected and healthy sides 
was calculated using a version of the standard Jongkees formula for 
asymmetry calculations in vestibular testing, for both oVEMP n10 and 
cVEMP p13-n23 amplitudes: AR=100´(larger VEMP – smaller VEMP)/
(larger VEMP + smaller VEMP). The AR was considered pathological 
with AR ≥40 for the oVEMPS and ≥30 for the cVEMPs. The average 
horizontal slow phase eye velocity VOR gain for each side was calcu-
lated at T0 and T1 as the sum of the VOR gains for each trial. Statis-
tical analysis was performed with IBM SPSS Statistics software (v23, 
IBM Corp., Armonk, NY, USA). The values are expressed as mean±SD 
or ±two-tailed 95% confidence intervals. The significance level was 
set at 0.05. Each subject was tested in all of the conditions (oVEMP, 
cVEMP, vHIT, and VVS) for all experiments. Pearson’s correlation coef-
ficient was calculated between SVV and oVEMP AR.

The Vestibular Assessment

Vestibular-Evoked Myogenic Potentials
The oVEMP n10 is a small (5-10 µV) negative (excitatory), crossed, 
VEMP of the stretched inferior oblique eye muscles [12,20] recorded by 
surface electromyography (EMG) electrodes on the skin beneath the 
eyes in response to stimulation by BCV delivered to the midline of 
the forehead at the hairline (Fz). Based on evidence of utriculo-ocular 
projections [21] and neural evidence of the preferential activation by 
500-Hz BCV of irregular otolithic afferent neurons,[22–27] oVEMP (n10) 
is mainly indexed to utricular activity for these stimuli.

The cVEMP to these stimuli is a positive (inhibitory) uncrossed po-
tential recorded by surface EMG electrodes over the tensed sterno-
cleidomastoid (SCM) muscle in response to stimulation by BCV deliv-
ered to the midline of the forehead at the hairline (Fz), and the initial 
positive component (p13-n123) of the cVEMP is held to index mainly 
saccular function.[10,12,13]

SVV Methods
The SVV test was performed in a sitting position with the head of 
the subject erect. For the determination of SVV, we used a 40-cm-
long 1-cm-wide dimly lit bar of light in a dark room at 1 m away 
from the subject, subtending a visual angle of 22.6°. The bar was 
displayed on a computer screen, and the movement was controlled 
by the subject using a joystick. The subject wore a mask, which oc-
cluded vision of screen edges, and was asked to set the bar to his 
true gravitational vertical. Setting of the upper tip of the bar to the 
subject’s left was scored negative. The angle in degrees was record-
ed with a resolution of 0.1°. A total of 6 measurements were made 
with the starting position of the bar alternating between ±45° from 
vertical. The determination of SVV was also carried out in 20 normal 

subjects who did not have a history of vertiginous episodes and/
or balance disorder past or present. In normal subjects, estimation 
of vertical is when they are able to indicate the vertical very accu-
rately.[28] In our clinic, we define the normal range of the SVV in the 
upright position (SVu) as –2° to +2°.

In the event of a sudden loss of unilateral vestibular function, the 
subject tilts the upper end of the bar toward the dysfunctional ear, 
shifting by several degrees with respect to the gravitational axis.[29] 
The error in perception could be due to an ipsilesional ocular torsion 
deviation, as an integral part of a postural static synkinesis known as 
ocular tilt reaction.[30]

Video Head-Impulse Test
The function of the semicircular canals was measured using vHIT 
(OtosuiteV®, GN Otometrics, Denmark) during Head Impulse. The 
gain value <0.68 identifies the affected side of UVN with 100% sensi-
tivity and 100% specificity.[6]

RESULTS
A total of 3,525 medical records of patients who referred vertigo were 
reviewed; 1,504 patients with AVS who received an instrumental as-
sessment within 72 h were included.

A total of 41 patients (2.7%) (28 females and 13 males, with the mean 
age of 45.78±15.96 years) met the inclusion criteria and were enrolled 
in this study. The averaged responses from patients and healthy par-
ticipants show the main features of the oVEMP and the cVEMP re-
sponses to 500-Hz Fz BCV and vHIT. In the healthy participants, the 
stimulus produced a small (about 5–10 μV) negative potential (n10) 
at a latency of about 10 ms and of approximately equal amplitude 
beneath both eyes. However, the enrolled patients had an asymmet-
ric oVEMP response to the same 500-Hz BCV stimulus, with the n10 
component being markedly reduced beneath the eye opposite the 
affected side (Figure 1), so that the AR exceeded the limits of normal 
(40%). The cVEMP of the patient’s response was symmetrical, as well 
as the vHIT responses of horizontal canals.

The mean AR of the oVEMPs for patients was 63.69%±23.62, with a 
two-tailed 95% confidence interval of 70.76–55.97%. The mean AR 
for UUL patients here, 63.69%±23.62 SD, n=41, is similar to the mean 
AR of the 133 patients with superior vestibular neuritis,[31] mean 
AR=66.9% ±19.7, and n=133.

The SVV at the same testing occasion as the VEMP testing was al-
tered in all tested patients; 26 patients showed values >9.27±2.15 
and 15 patients showed values <–7.38±1.8. The patients consistent-
ly showed deviations of the SVV toward the affected ear. The mean 
of the horizontal VOR gain was 1.11±0.13 in the affected side and 
1.14±0.13 in the healthy side; the superiors VOR gain was 0.87±0.04 
in the affected side and 0.90±0.05 in the healthy side; and the pos-
teriors VOR gain was 0.86±0.04 in the affected side and 0.85±0.03 
in the healthy side. The mean AR of the cVEMPs for patients was 
12.99%±9.46 (Figure 2).

The correlation between the signed oVEMP n10 AR and the SVV set-
ting was r=0.89, which is significant with p<0.001.
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Figure 1. a-d. Raw data for a patient with a right unilateral utricular loss (left) to 500-Hz Fz BCV. The top row (a and b) shows oVEMPs to bone-conducted vibra-
tion: the yellow rectangle shows the time of the n10 response, which is markedly reduced beneath the left eye of the patient (left column), indicating utricular 
macula hypofunction in the right ear. The patient’s left eye, corresponding to the right ear, shows a normal oVEMP response. The down row (c and d) shows the 
cVEMPs to 500-Hz Fz BCV: the blue rectangle shows the time of the p13 (p1) and n23 (n1) responses, marked with small vertical lines. These responses are normal 
in both the patient and the healthy subject (see Figure 2). The left side (for the viewer) of the figure shows results of vHIT testing of both left and right semicir-
cular canals: eye velocity (green traces) and head velocity (blue traces for the left side and red traces for the right side) versus time. The signs of head velocity for 
rightward impulses and of eye velocity for leftward impulses have been inverted for easier comparison. Both the patient and the healthy subject (see Figure 2) 
show normal responses for head impulses to both sides—eye velocity matched head velocity closely.

a

c

b

d

Figure 2. a-d. Raw data for a healthy participant (right) to 500-Hz Fz BCV. The top row (a and b) shows oVEMPs to bone-conducted vibration: the yellow rectan-
gle shows the time of the n10 response, which is symmetrical beneath the eyes of the subject indicating symmetrical utricular macula function. The patient’s 
eyes show a normal oVEMP response. The down row (c and d) shows the cVEMPs to 500-Hz Fz BCV: the blue rectangle shows the time of the p13 (p1) and n23 
(n1) responses, marked with small vertical lines. These responses are normal and symmetrical. The left side (for the viewer) of the figure shows results of vHIT 
testing of both left and right semicircular canals: eye velocity (red traces) and head velocity (black traces) versus time. The signs of head velocity for rightward 
impulses and of eye velocity for leftward impulses have been inverted for easier comparison. Healthy subjects show normal responses for head impulses to both 
sides—eye velocity matched head velocity closely.

a

c

b

d
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DISCUSSION
This study aimed to verify the presence of a selective loss of utricular 
function in patients with AVS using the oVEMPs. For this purpose, we 
used simultaneously in the first 72 h from the onset of the symptoms 
different technologies for the study of the vestibular function (vHIT, 
BCV oVEMPs, BCV cVEMPs, and SVV). We believe that this type of eval-
uation approach is of fundamental importance in diagnosing selec-
tive inner ear dysfunctions, especially in view of understanding the 
symptomatic evolution of the clinical conditions. Patients who re-
ferred to acute vertigo and presented spontaneous nystagmus gave 
every indication of having a UVN, but objective tests of horizontal 
semicircular canal function using vHIT showed that the horizontal ca-
nals have normal function. These patients had a unilaterally reduced 
or absent oVEMP n10, supporting the clinical hypothesis of an isolat-
ed utricular dysfunction. According to pioneering studies, our results 
confirm that within 72 h from the AVS could have normal canal dy-
namic function associated with a systematic deviation of the SVV. We 
also found a significant correlation between the SVV and the oVEMP 
n10 in the acute phase. Indeed, we reported that when both SVV and 
oVEMP tests are conducted on the same patients in the acute phase, 
they indicate similar results confirming the UUL. Obviously, in these 
patients, the saccular function was normal, as shown by symmetrical 
cVEMPs results.

The above analysis is based on the argument that otolithic projec-
tions to the oculomotor system are predominantly from the utricular 
macula, and projections to SCM muscles are predominantly from sac-
cular macula.[31] There are some sacculo-ocular projections, but they 
are weaker in comparison with the utriculo-ocular projections.[32,33]

Although most of these patients had spontaneous nystagmus with a 
clear horizontal component, there was no canal paresis in our sample. 
The neural mechanism that can explain the presence of spontaneous 
nystagmus could be the imbalance in average resting discharge rates 
of neurons in the two vestibular nuclei.[34–37]

From a clinical perspective, our results indicate that it should not be 
immediately concluded that when a patient has acute vertigo and 
spontaneous nystagmus, it is due to canal dysfunction. Indeed, they 
could have a transitory or permanent utricular loss.

To the best of our knowledge, this is the first study aimed to investi-
gate the presence of a selective utricular macula dysfunction on this 
large cohort of patients. We believe that our data could be useful in 
the clinical routine to recognize this clinical entity and to reduce the 
risk of misdiagnose.

This study presents some limitations that should be mentioned. First, 
this is a retrospective study, with the inherent potential bias, and 
second, we do not use ocular cycloposition assessment with optical 
coherence tomography; we evaluate the test of skew with crossover 
test.[3] Another limitation could be the lack of a follow-up indeed the 
evaluation of the “dynamic”/“transient” vestibular-otolith sensory 
function if performed later in time (i.e., over 6 months) could remain 
substantially unchanged or could improve. Furthermore, we have to 
consider the sensitivity and specificity of these tests and also the fre-
quency range tested in the vestibular system in the different stages 
of the disease. The evolution in the recovery of otolith function could 

affect the therapeutic destiny of these patients (i.e., rehabilitation of 
the otolithic function). Testing the static/sustained vestibular-otolith 
sensory function with SVV and the dynamic/transient vestibular-oto-
lith sensory function with oVEMPs[38] simultaneously at the time of 
the attack and during the follow-up in patients with AVS led to high-
light how the functions of the utricular macula are affected by the 
inflammatory process at very early stages of the disease.

CONCLUSION
Our findings showed that a percentage (2.7%) of patients evaluated 
during an AVS using an instrumental vestibular assessment could 
present a selective asymmetry of oVEMPs and normal canals and 
saccular function. Furthermore, our results support the hypothesis 
that combining vestibular instrumental assessment is a possible 
way to diagnose selective utricular macula dysfunction in patients 
with acute vertigo evaluated within 72 h from the onset of the 
symptoms.
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