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ABSTRACT

Objective: This study aimed to evaluate the differences in the mean retinal nerve fiber layer (RNFL) thick-
ness using optical coherence tomography (OCT) in patients with early stage central vertigo with or without
vertebrobasilar stenosis detected by Doppler ultrasound.

Materials and Methods: A total of 50 patients with ischemic vertigo and 50 healthy individuals were in-
cluded in the study. The distinction between central and peripheral vertigo was determined by physical and
neurological examinations and the Dix-Hallpike maneuver. For all patients, the mean RNFL thickness was
determined using OCT performed by 2 independent ophthalmologists.

Results: There were no significant differences between the groups in terms of age and sex distribution
(p>0.05). On average, in superior, inferior; and temporal quadrants, there was a statistically significant differ-
ence between the control and patient groups (p<0.001).

Conclusion: The retina may be affected in patients with ischemic vertigo because of atherosclerotic ischemic
lesions in the carotid and vertebral arteries. Neuroimaging methods and OCT were evaluated together to
develop a new diagnostic approach. With OCT, which is a non-invasive method, early and more objective
differential diagnosis will be possible.
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Introduction

Vertigo, an illusion of motion, is caused by asymmetry of the vestibular system as a result of
damage or dysfunction of the central vestibular structures in the inner ear maze, vestibular
nerve, or brain stem. The dominant symptom of vestibular dysfunction is vertigo [ 1]. Vertigo is a
symptom and not a diagnosis. Severe vertigo can result from both central and peripheral lesions.
Some patients with vertigo complain that they feel they are spinning, whereas others feel that
the environment is spinning.

Peripheral vestibular lesions affect the labyrinth of the inner ear or the vestibular portion of the
vestibulocochlear (VII) nerve. Unlike central vertigo, vertigo caused by peripheral lesions tends
to be intermittent, disrupts functionality, and the attacks are shorter in duration. Nystagmus,
which is the rhythmic oscillation of the eyes, is always present in peripheral vertigo and is usually
unidirectional and never vertical. Peripheral lesions are usually associated with inner ear symp-
toms, such as hearing loss and tinnitus or additional symptoms, such as vestibulocochlear (VIII)
nerve dysfunction [2].

Vertigo of the central nervous system origin is usually caused by lesions affecting the brain stem
vestibular nuclei or lesions that affect its connections. Rarely, central vertigo may occur as a symp-
tom of complex partial seizures or may be because of a cerebral cortical lesion. The etiology of
central vertigo frequently involves stroke, intracranial tumors, metabolic disorders, and paroxys-
mal or degenerative diseases. Approximately 20% of ischemic strokes include posterior circulation
strokes. The most common symptom in posterior circulation strokes is central vertigo [3].

Central vertigo can occur with or without nystagmus. If nystagmus is present, it may be verti-
cal, unidirectional, or multifaceted and may have different characteristics in the two eyes. Verti-
cal nystagmus is the oscillation of the eye in a vertical plane. Vertigo caused by central lesions
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may be accompanied by brain stem or cerebel-
lar symptoms, such as motor or sensory defi-
cits, hyperreflexia, extensor plantar response,
dysarthria, or extremity ataxia. Early diagnosis
and treatment of central vertigo is important as
otherwise it may have serious consequences [2].

Despite modern imaging techniques, misdiagno-
sis of stroke cases presenting to the emergency
department with vertigo is still high [4, 5]. Ap-
proximately 20% of ischemic events occur in the
posterior circulation (vertebrobasilar) area, and
vertigo is one of the most common symptoms
of vertebrobasilar diseases. The results of pos-
terior circulation strokes are more severe than
those of anterior circulation strokes. In the pres-
ence of isolated vertigo, neuroimaging should be
performed considering the underlying posterior
circulation infarction [6, 7].

The ophthalmic artery, which is the first major
branch of the internal carotid artery, is branched
at the level of the anterior clinoid process and
initially enters the intracranial pathway and then
enters the optic canal. The most important ocu-
lar branch of the ophthalmic artery is the central
retinal artery. Therefore, the retinal nerve fiber
layers (RNFLs) may also be affected in patients
with ischemic vertigo because of atherosclerotic
ischemic lesions in the carotid and vertebral ar-
teries.

Many anastomoses between the internal and
external carotid arteries occur at the level of the
ophthalmic artery. After the ophthalmic artery,
the posterior communicating artery branch
emerges from the internal carotid artery and
joins the posterior cerebral artery [8]. The arte-
rial supply of the inner ear is shown in Figure .

RNFL thickness is a sensitive indicator of the
optic nerve health and nerve damage. Optical
coherence tomography (OCT), a non-invasive
technique for cross-sectional tomography of the
retina and optic nerve, is used to measure RNFL
thickness. RNFL thickness measurement is valu-
able for the early detection of optic neuropa-
thies and for monitoring glaucoma progression.

* Currently, there is no effective method in neuro-
imaging in the diagnosis of central vertigo due to
labyrinth ischemia.

* In the OCT method, the differential diagnosis is
made by measuring the thickness of the retinal
nerve sheath.

» OCT, which is a noninvasive imaging method, is

useful in the differential diagnosis of central verti-
go of ischemic origin.

Using OCT, this study aimed to evaluate the
mean RNFL thickness differences between pa-
tients with early stage central vertigo, with or
without vertebrobasilar stenosis detected by
Doppler ultrasound.

Because the retina may also be affected in pa-
tients with ischemic vertigo caused by athero-
sclerotic ischemic lesions in the carotid and
vertebral arteries, early and more objective
differential diagnosis will be possible with OCT,
which is a non-invasive method. In this study,
we aimed to investigate the sequelae level and
prognosis of central vertigo and its correlation
with OCT findings, a non-invasive neuroimaging
method, and offer a new diagnostic approach
for ischemic vertigo.

Materials and Methods

Ethical Committee Approval

Approval for this study was obtained from the
ethics committee of Ataturk University Medi-
cal Faculty. All the participants were given de-
tailed information concerning the purpose and
procedures of the study in accordance with the
Declaration of Helsinki and provided informed
consent before their participation in this pro-
spective study.

Participants

A total of 50 patients with ischemic vertigo
and 50 healthy individuals were included in the
study. All patients attending the Ataturk Uni-
versity Medical Centre of Neurology between

March 2017 and July 2019 were included in this
study.

Study Design

In our study, the distinction between central
and peripheral vertigo was made by physical and
neurological examinations and the Dix-Hallpike
maneuver. Peripheral vertigos were excluded.
Laboratory tests and metabolic values, carotid
and vertebral artery Doppler results, and cranial
magnetic resonance imaging (MRI) and/or com-
puted tomography (CT) scans for differential di-
agnosis in patients with central vertigo were ex-
amined. Patients with central vertigo of ischemic
origin were identified and included in our study.
OCT findings of these patients were compared
with the degree of atherosclerotic stenosis in
the carotid and vertebral artery Doppler and
infarct areas on the cranial MRIs.

Laboratory Investigations

In the laboratory analysis, blood tests were per-
formed for differential diagnosis; vitamin Bl2
levels, thyroid function tests, liver enzymes for
the suspicion of Wilson's disease, ceruloplasmin
and copper levels, a-fetoprotein and immuno-
globulin levels for ataxia telangiectasia, and au-
to-antibody levels in case of suspected autoim-
mune disease were investigated. Cerebrospinal
fluid analysis was performed for the presence of
demyelinating diseases and infection.

Differential Diagnoses
Posterior fossa tumors and malformations, cer-
ebellar infarction and bleeding, degenerative dis-
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Figure |. Arterial supply of the inner ear. (From Schuknecht HF: Pathology of the Ear. Philadelphia,
Lea &amp; Febiger, 1993, p 64.) Copyright© 1993 Philadelphia, Lea &amp; Febiger
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eases, multiple sclerosis, and Meniere’s disease
were investigated using CT and MRI.

In the physical examination of vertigo, balance
and gait tests and cranial nerve examinations
were performed. The differential diagnosis of
central and peripheral vertigo was made accord-
ing to the Dix-Hallpike maneuver.

Ophthalmologic Examinations

All the patients underwent an ophthalmologic
examination, including best corrected visual acu-
ity (BCVA) (logarithm of the minimum angle of
resolution [logMARY]), slit-lamp biomicroscopy,
intraocular pressure (IOP), dilated funduscopy
with 90-D fundus lens, OCT, fundus photogra-
phy, and fundus fluorescein angiography. After
mydriasis induction with tropicamide eye drops,
the ophthalmologic examinations were per-
formed by the same retina specialists. Patients
with ophthalmologic or systemic diseases other
than ischemic vertigo were excluded from the
study.

OCT

Using the OCT device (RTVue SD-OCT; Op-
tovue, Inc, Fremont, CA, USA), macular thick-
ness mapping and peripapillary RNFL thickness
measurements were performed in all the eyes
by 2 independent ophthalmologists with D sta-
tus. The optic nerve head map protocol was
used in this study. This device has a light source
of 840-nm wavelength. Each eye was examined
after pupillary dilatation. The circumpapillary
RNFL thickness was measured in 4 quadrants
(temporal, nasal, superior, and lower) for all pa-
tients. Global RNFL thickness was obtained by
calculating the average of a total of 3,608 RNFL
thicknesses.

Statistical Analysis

Statistical analyses were performed using Win-
dows Statistical Package for the Social Sciences
(Version | 1.5; SPSS, Inc., Chicago, IL, USA). Sta-
tistical significance was calculated using the inde-
pendent samples Student t-test. All the results
were expressed as mean and standard deviation
(SD) (meanxSD); p<0.05 was considered as
statistically significant.

Results

Examination Outcomes

In the control group, 29 (58%) were women,
21 (42%) were men, and average age was
60.7+2.8 years. Of the patient group, 27 (54%)
were women, 23 (46%) were men; mean age
was 62.1£7.5 years. Both eyes were evaluated
in both the groups. BCVA of all patients was
O (10/10-Snellen) according to logMAR. IOP

was evaluated using an applanation tonometer.
IOP was 13.3+6.4 mmHg in the control group
and 15.243.8 mmHg in the patient group. In
the control group, the central corneal thickness
(CCT) was 543431 um, and it was 54695 in
the patient group. There was no statistically
significant difference in terms of the changes
of best corrected visual acuity, IOP, and CCT
between the control and the patient groups
(p>0.05).

Right Eye

In the patient group, the RNFL thickness val-
ues for the right eye were: average, 96.7+3.5
pm; superior quadrant, 96.76+12.33 um; infe-
rior quadrant, 103.02£33.44 um; nasal quad-
rant, 81.78474.45 um; and temporal quadrant,
67.78£3791 pum.

In the control group, the RNFL thickness val-
ues for the right eye were: average, 107.249.1
pm; superior quadrant, 122.34+1546 um; in-
ferior quadrant, 132.10+£79.40 pm; nasal quad-
rant, 85.64+25.09 um; and temporal quadrant,
85.82+52.14 um.

Left Eye

The RNFL thickness values of the left eye in
the patient group were: average, 958464
um; superior quadrant, 88.85+98.70 um; in-
ferior quadrant, 99.64£49.79 um; nasal quad-
rant, 80.00+85.16 um; and temporal quadrant,
69.98+32.33 um.

In the control group, the RNFL thickness values
for the left eye were: average, 108.1£3.6 um;
superior quadrant, 126.22+31.67 pm; inferior
quadrant, 124.03+34.42 um; nasal quadrant,
823442938 pum; and temporal quadrant,
81.03+£89.23 um.

When the RNFL thicknesses were compared
for average and the superior, inferior, and tem-
poral quadrants, a statistically significant differ-
ence between the control and patient groups
(p<0.001) was seen.

Discussion

In the pathophysiological classification of strokes,
ischemic strokes are divided into atherothrom-
botic, embolic, and hypoperfusional. Diabetes,
hypertension, hyperlipidemia, and vasculitis are
the important etiological risk factors in athero-
thrombotic strokes. In embolic strokes, atrial fi-
brillation, myocardial infarction, prosthetic heart
valve, and microemboli originating from carotid
plaques are the important etiological risk factors.
The most common cause of hypoperfusional
strokes for anterior circulation is severe carotid
stenosis and dilated cardiomyopathy. The cause

of hypoperfusional ischemia in the posterior cir-
culation is vertebrobasilar insufficiency [9].

Transient ischemic attacks are defined as neuro-
logical dysfunctions that resolve within | hour.
The most important of transient ischemic at-
tack for anterior circulation is amaurosis fugax.
[t includes emerging vision loss in | eye. It is the
occlusion of the central retinal artery with a mi-
croembolism and subsequent recovery without
retinal infarction.

Hypoperfusional ischemia of posterior circula-
tion is mostly because of vertebrobasilar insuffi-
ciency. Transient ischemic attacks in the posteri-
or circulation may be caused by microembolism
of the labyrinth artery, which may present with
transient vertigo as a symptom of the transient
ischemic attack [8].

Diagnosis of ischemic vertigo is increasingly
determined by neuroimaging methods, such as
diffusion-perfusion MRI. With imaging methods,
such as MR, it is not always possible to dem-
onstrate the occlusion of the central retinal and
labyrinth arteries with microemboli. When cra-
nial arterial collateral circulation is considered
for investigating the pathologies associated with
the posterior system and ischemia in the anteri-
or circulation, new techniques should be used. In
our study, we aimed to use the vertebrobasilar
Doppler method, which is the best indicator of
posterior circulation ischemic vertigo and OCT,
which is used in anterior circulation disorders
like central retinal artery, together.

With advances in modern neuroimaging, inferi-
or cerebellar and small infarcts in the brain stem
are increasingly being identified as a cause of iso-
lated vertigo. Furthermore, the most common
cause of transient isolated vertigo is vertebro-
basilar insufficiency.

Because the therapeutic diagnosis and prognosis
are different and cause morbidity and mortal-
ity, it is important to differentiate isolated ver-
tigos of vascular origin from benign diseases of
the inner ear. Early recognition of the vascular-
induced isolated vertigo may lead to a specific
treatment.

Because the perfusion of the inner ear results
from the vertebrobasilar system, vertebrobasi-
lar ischemic stroke causes inner ear labyrinth in-
farction and can present with vertigo and hear-
ing loss [10].

The internal auditory artery (IAA) is a branch
of anterior inferior cerebellar artery (AICA).
IAA is the artery of the cochlea and vestibular
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labyrinth, and occlusion of the IAA causes loss
of auditory and vestibular functions. Because
the IAAis an end artery with minimal collaterals
from the otic capsule, the labyrinth is particularly
vulnerable to ischemia. IAA infarction is usually
caused by thrombotic narrowing of the AICA or
basilar artery at the entrance of the AICA [I I].

Because observation of the inner ear is difficult
on routine MR, it is not possible to make a defi-
nite diagnosis of the labyrinthine infarction un-
less a pathological study is performed. The apical
region of the cochlea is particularly vulnerable
to vascular injuries; therefore, low-frequency
hearing loss is common in inner ear ischemia.
However, labyrinthine infarction is usually associ-
ated with the brain stem and cerebellum infarc-
tion fed by AICA. Labyrinthine infarction should
be considered in elderly patients with acute
unilateral hearing loss and dizziness, especially
when there is a history of stroke or known vas-
cular risk factors. Owing to the lack of available
labyrinthine infarction diagnostic tools and neu-
roimaging (including MRIs) [3], leads to delay in
definitive diagnosis. Clinical diagnosis considering
all the clinical evidence is essential.

RNFL thickness in ophthalmology is a sensi-
tive indicator of the optic nerve health and
nerve damage. OCT, a non-invasive technique
for cross-sectional tomography imaging of the
retina and optic nerve, is used to measure the
RNFL thickness.

In conclusion, the retina may be affected in
patients with ischemic vertigo caused by ath-
erosclerotic lesions in the carotid and vertebral
arteries. In our study, we evaluated the dif-
ferences in mean RNFL thickness using OCT
in patients with early stage vertigo with and

without vertebrobasilar Doppler stenosis. In
addition, neuroimaging methods and OCT were
evaluated together to develop a new diagnostic
approach. With OCT, which is a non-invasive
method, early and more objective differential
diagnosis will be possible.
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