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ABSTRACT

Objectives: Acute vestibular syndrome (AVS) is a disease and disorder usually manifest with a single episode
of sudden onset vestibular symptoms and signs, and may occur at any point along the vestibular pathway from
the peripheral labyrinth to the vestibular cortex. This study presents the characteristics of the involved cortical
area and clinical course in middle cerebral artery (MCA) territory infarction patients with central vestibular
disorder.

Methods: Files of patients diagnosed with acute ischemic stroke in the MCA territory were reviewed retro-
spectively between December 2020 and March 2022. All the patients were categorized into two groups (with
or without AVS) and analyzed for comorbidities as well as smoking and drinking habits, and their data per-
taining to the neurological examination, bedside neuro-otological examination, and laboratory and computer-
ized tomography angiography findings were collected.

Results: Seven hundred and sixty-eight patients with MCA territory infarction were included in the study. AVS
incidence was calculated to be 13.3%. There was no statistically significant difference in the distribution of
age and sex between patients with and without AVS. The involvement of the right side was significantly more
prevalent in AVS patients. Distribution of patients with right-sided infarction: 11 with posterior superior tem-
poral gyrus 17 with parieto-insular cortex, 16 with insular cortex and temporoparietal junction together, and
18 with more than one millimetric infarction in all three areas.

Conclusions: Patients with acute vestibular syndrome, may have infarctions in the anterior circulation and
most of them had no pathological neuro-otologic test findings.
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ability and mortality in all populations and ranks

second among the causes of death globally.
Treatment and rehabilitation costs and the disability it
causes in patients have significant impacts on society.
Symptoms of stroke depend on which brain region is
affected. That said, the symptoms can generally be cat-
egorized as cognitive, motor, sensory, and autonomic

Stroke is one of the most important causes of dis-

effects. Approximately 87% of all strokes are of is-
chemic character [1, 2]. Investigation of the epidemi-
ology of ischemic stroke subtypes revealed 30.2%
cardioembolism, 25.8% small artery occlusion, and
15.3% large artery atherosclerosis [3].

In acute stroke patients, vestibular syndrome and
vertigo are rare clinical characteristics. Vertigo is the
impairment of the static gravitational orientation and
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is described as a specific type of headache character-
ized by a sensation of spinning or tilting accompanied
by nausea/vomiting and imbalance. Dizziness, on the
other hand, denotes an impaired spatial orientation
without distorted self-motion. Together, they are the
third most common main symptom in general medical
clinics where they represent 3-5% of all visits, and
studies have reported the ratio of vertigo and dizziness
in all stroke patients to be from 2.7% to 3.2% [1, 4].
Anatomically, acute vestibular syndrome (AVS) may
occur in any point along the vestibular pathway from
the peripheral labyrinth to the vestibular cortex. While
isolated vertigo or dizziness supports posterior circu-
latory disorders, some studies have shown that anterior
circulation may also be affected [5].

The vestibular cortex in humans has yet to be pre-
cisely located. It is assumed that the vestibular cortex
is represented in the bilateral parieto-insular cortex
with the right hemisphere dominance [6]. The 2012
coordinate-based activation likelihood estimation
meta-analysis revealed vestibular activation in the bi-
lateral insula, retroinsular cortex, inferior parietal lobe,
superior temporal gyrus, caudal section of the anterior
cingulate gyrus, and precuneus [7]. Its clinical char-
acteristics in this specific localization are contrale-
sional lateropulsion and speech impediment without
nystagmus or any other brainstem symptoms [8].

AVS is relatively rare following middle cerebral
artery (MCA) infarctions. MCA supplies blood to the
cortical areas which are the core areas for the central
vestibular symptoms. This study presents the charac-
teristics of the involved cortical area and clinical
course as shown by diffusion-weighted imaging
(DWI) in MCA territory infarction patients with cen-
tral vestibular disorder.

METHODS

Patient Group

Files of the patients above 18 years of age admitted as
inpatients to the Stroke Unit, at Umraniye Training
and Research Hospital, Neurology Clinic between De-
cember 2020 and March 2022 with the diagnosis of
acute ischemic stroke were retrospectively reviewed.
Axial MR images from the medulla to the cortex taken
at admission with a slice thickness of 5 mm and fluid-

attenuated inversion recovery (FLAIR), DWI, and Ap-
parent diffusion coefficient (ADC) sequences were
scanned, and patients diagnosed with an acute cerebral
ischemic lesion in the MCA territory with the help of
DWI were categorized into two groups, i.e., with and
without vestibular symptoms. All the patients were an-
alyzed for comorbidities as well as smoking and drink-
ing habits, and their data about the neurological
examination, bedside neuro-otological examination,
and laboratory findings were collected.

Characteristics such as age, sex, and demograph-
ics were evaluated between the groups, as well as the
clinical characteristics and the involved cortical area
characteristics in the group with vestibular symptoms.
The computerized tomography angiography (CTA)
performed at admission covers the main branches and
the trunk of the anterior and posterior circulation in
the cervical and cranial segments of the cerebral cir-
culation beginning from the aortic arch, and also the
whole circle of Willis. Stenosis of the symptomatic
carotid artery or the vertebral basilar artery is defined
as the decrease in the diameter of the carotid or verte-
bral basilar artery by over 50% at a location thought
to be responsible for the patient’s acute infarction or
clinical symptoms.

Patients with previous vertigo and dizziness at-
tacks, patients with previous ischemic or hemorrhagic
stroke with concurrent infarctions in other artery wa-
tersheds, and patients with additional neurological dis-
orders that may lead to vestibular syndrome (vertebral
basilar artery stenosis, migrainous vertigo, advanced
cervical spondyloarthritis, multiple sclerosis, etc.)
were excluded from the study. Due to the retrospective
nature of this study, the requirement of informed con-
sent has been waived.

The Ethics Committee of the Umraniye Training
and Research Hospital approved the present study
with its letter of decision no. 112 and date: 28.03.2024.

Statistical Analysis

Data analyses were performed using the SPSS soft-
ware statistical package (version 20; SPSS Inc,
Chicago, IL, USA). The ¥ test was used for compar-
isons of qualitative data, the Mann-Whitney U test was
used for numerical data. P values <0.05 were considered
to indicate statistical significance. All numeric values
are presented as the means + standard deviation (SD).

The European Research Journal



Eur Res J. 2024

Kuloglu Pazarci et al

RESULTS

Of a total of 1,371 patients diagnosed with acute is-
chemic stroke, 768 patients with MCA territory infarc-
tion were included in the study. AVS incidence was
calculated to be 13.3% among the included patients.
There was no statistically significant difference in the
distribution of age (P=0.9) and sex (P=0.62) between
102 patients with AVS (66 males: 64.7%, mean age:
67.06+1.2 years) and 666 patients without AVS (414
males: 62.16%, mean age: 67.23+0.46).

Concerning comorbidities, hypertension (HT) was
found in all the patients with AVS, whereas the ratio
of the presence of HT alone was 18.92% in the non-
AVS group. While the presence of HT alone did not
create a statistical difference, it was seen statistically

more commonly in the AVS group when it coexisted
with other risk factors (P<0.001). It was further found
that the presence of diabetes mellitus (DM) both alone
and with other comorbidities was significantly higher
in the non-AV'S group (P=0.001). While smoking was
higher in the non-AVS group, drinking was signifi-
cantly higher in the AVS group (P=0.018).

62 patients (60.79%) in the AVS group and 308
patients (46.25%) in the non-AVS group had infarction
of the right side (P=0.006), which meant that the in-
volvement of the right side was significantly more
prevalent in AVS patients. While the primary sensory
cortex was the common area of involvement in only 7
out of 40 patients with infarction of the left side in the
AVS group, of 62 patients with infarction of the right
side, 11 had the posterior superior temporal gyrus and

Table 1. Demographical and clinical features of patients with and without AVS

Patients with AVS Patients without P value
(n=102) AVS
(n=666)
Age (years) 67.06+1.2 67.23+0.46 0.6
Gender, male/female, n (%) 66/36 (64.7/36.3) 414/252 (62.2/38.8) 0.9
Side of infarction
Left 40 358 0.006
Right 62 308
CT Angiography, n (%)
Normal 24 (23.53) 90 (13.5) 0.01
<50% stenosis 48 (47.06) 324 (48.65) 0.83
>50% stenosis 30 (29.41) 120 (18.05) 0.007
Advanced IC stenosis 0 132 (19.82) <0.001
Size of infarction (%)
Total 0 48 (7.21) <0.001
Division 2 (1.96) 204 (30.63) <0.001
Cortical branch 52 (50.98) 246 (36.94
Milimetric 48 (7.21) 168 (25.23)
Comorbidities, n (%)
Hypertension 102 (100) 534 (80.18) <0.001
Diabetes mellitus 42 (41.18) 390 (58.56) 0.001
Smoking 54 (52.94) 450 (67.57) 0.004
Alcohol using 24 (23.53) 96 (14.42) 0.018

Data are shown as meantstandard deviation or n (%). AVS=Acute vestibular syndrome, IC=Internal carotid artery,

CT=Computed tomography
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17 had the parieto-insular cortex involved separately,
whereas 16 had the insular cortex and the temporopari-
etal junction involved together, and the remaining 18
had multiple millimetric infarctions in all of these
three areas.

When the infarctions of the study patients were
categorized by size in the MCA territory as total, di-
vision, cortical branch, and millimetric infarctions, di-
vision, and total infarcts were significantly higher in
the non-AVS group (P<0.001), whereas there was no
such difference with other sizes.

The CT angiography images were categorized into
4 subgroups, i.e., normal, <50% ICA stenosis, >50%
ICA stenosis, and advanced intracranial stenosis. All
patients with advanced ICA stenosis were in the non-
AVS group, and no difference was found between the
two groups in terms of <50% stenosis. The statistically
significant differences were found in patients with nor-
mal CTA and >50% stenosis in the AVS and non-AVS
groups, and both subgroups were higher in the AVS
group. These findings are summarized in Table 1.

With or without an accompanying AVS, none of
the patients had any pathological neuro-otologic test
findings such as a positive head impulse test, nystag-
mus, or skew deviation.

DISCUSSION

While the somatosensory system regulates the propri-
oceptive information, the visual system provides in-
formation concerning the location of the body in
relation to the outer environment, and the vestibular
system supplies constant information about the move-
ments and positions of the head and the neck. When
the functions of this sensory trio are impaired, dizzi-
ness, nausea, sensation of imbalance, and sometimes
nystagmus, occur.

Receiving somatosensory, visual, and vestibular
inputs, the temporoparietal junction (TPJ) is defined
as a large area encompassing the posterior superior
temporal gyrus, angular gyrus, supramarginal gyrus,
and parietal operculum. There are three posterior cor-
tical areas processing vestibular signals: the parieto-
insular vestibular cortex (PIVC), a subunit of TPJ,
encodes the vestibular signals concerning the position
and the movements of the head; the ventral intrapari-

etal (VIP) area integrates spatial information from var-
ious sensory modalities encoding the area on the co-
ordinates originating from the peripheral sensory
system; and the medial superior temporal (MST) area
integrates the vestibular and visual signals required for
the sensation of self-motion [9].

Dizziness is one of the most common complaints
in the general population with a reported annual inci-
dence of 22.9%, and approximately 30% of dizziness
is non-organic [10]. According to the International
Classification of Vestibular Disorders, it is defined as
a sensation of disturbed or impaired spatial orientation
without a false or distorted sense of motion. The ICVD
defines vertigo as a sensation of self-motion (of
head/body) when no self-motion is occurring or the
sensation of distorted self-motion during an otherwise
normal head movement. Both definitions appear under
the title of symptoms and signs in the first layer of the
Classification. The syndrome subheading in the sec-
ond layer of the Classification discusses acute vestibu-
lar syndrome, and defines it as diseases and disorders
that usually manifest with a single episode of sudden
onset vestibular symptoms and signs (e.g. vestibular
neuritis or acute stroke) [11].

A retrospective study using the patient records of
5 years from a single site determined the frequency of
vertigo among cerebrovascular disorders to be 17%
[12]. Another study investigating the presence of stoke
in acute vestibular syndrome in 86 patients found that
27% of the patients with AVS also had strokes, and re-
ported that there were no differences in DM, HT,
CAD, AF, and hyperlipidemia between the peripher-
ally and centrally induced ones [13].

Vertigo and dizziness are common signs, espe-
cially in the ischemia of the carotid region in the tem-
poro-parietal area. A diffusion tensor tractography
study in patients with MCA territory infarction ob-
served a reduced tract volume in the core vestibular
pathway leading to the parieto-insular vestibular cor-
tex and showed that this reduction was associated with
central vestibular disorder. Clinicians should give
careful consideration to the investigation of anterior
circulation vascular disease in patients presenting with
vestibular symptoms [14, 15]. However, vestibular
syndrome may not always manifest in the involvement
of the cortical vestibular centers. It depends on the vi-
sual-vestibular interaction for the perception and ori-
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entation of motions. The result is affected by the situ-
ation of the hemisphere in which vestibular and visual
inputs are in agreement and which determines the
global perception of body orientation and motion [16].
Our interpretation of the lower incidence of AVS in
patients with larger areas of infarction in our study was
that AVS might have been overlooked due to serious
neurological signs and symptoms caused by the in-
volvement of a large area, which might have also led
to patients’ failure to describe it. We believe that the
fact that the infarction area was large in patients with
advanced stenosis in the intracranial ICA and its
branches similarly led us to find this subgroup signif-
icantly higher in the non-AVS group.

Studies show a correlation between DM, poor
glycemic control in particular, and severe stroke and
a large infarct volume [17]. While the subgroup analy-
ses conducted in our study revealed that the presence
of DM among the patients’ risk factors did not have a
statistically significant effect on the infarction size
(P=0.075), it was found that patients with DM had
mathematically larger infarction areas and more severe
stroke characteristics. This may help explain our find-
ing DM is higher in the non-AVS group. HT is a com-
mon risk factor for both cardioembolism and small
artery occlusion, as well as large artery atherosclerosis,
and previous studies have shown its correlation with
the severity of stroke [18]. It is difficult to explain why
our study found it in 80% of the non-AVS group pa-
tients while it was present alone or together with other
risk factors in the AVS group; furthermore, it could not
be associated with the anatomical localization of in-
volvement. We think that this finding of our study
should be verified by similar studies.

AVS induced by posterior circulation infarctions
manifests with clinical signs relating to the involve-
ment of the brainstem and cerebellum such as vertigo
which lasts longer, may prevent mobilization, and is
accompanied by nausea, vomiting, nystagmus, skew
deviation, dysmetria, and ataxia [19]. However, we
found only vertigo and dizziness accompanying the
anterior circulation infarctions in the AVS patients we
observed; these signs lasted up to 5 days in very few
patients as we usually saw them resolve within the first
24 hours. Again, very few patients had accompanying
nausea and vomiting severe enough to administer
symptomatic treatment. We did not find posterior cir-
culation or peripheral system vestibular abnormalities

in any patients.

Lesions responsible for vestibular symptoms are
usually located in the right hemisphere [20]. A study
found that 42.6% of the patients presenting with DWI-
positive acute and episodic vestibular syndrome had
acute infarcts in the anterior circulation and that the
most common area of involvement was the insular
cortex with 22.1% [1]. Our study, as well, found the
insular cortex to be the most commonly involved area,
which was affected together with the parieto-temporal
area in 17 patients. It has been found that AVS is the
fifth most common symptom in the patients followed
up for insular cortex infarcts and it is seen in approx-
imately 50% of the patients suffering from the in-
volvement of the right hemisphere. This ratio is 20%
for the left hemisphere, and in support of this finding,
our study showed that the involvement of the right
hemisphere was significantly higher [21].

Limitations

Having been designed as a retrospective cross-sec-
tional study limited to a single site, the study excluded
patient files with incomplete data. It was not deemed
necessary to perform cranial imaging in the patients
again, and it was thought that some patients may have
had accompanying posterior system infarctions or
transient ischemic attacks.

CONCLUSION

In conclusion, it should be noted that in patients with
acute vestibular syndrome, infarctions may develop in
the anterior circulation, as well, and mostly no patho-
logical neuro-otologic test findings will be obtained.
Even though our study found comorbidities to be
higher in the AVS group, extensive prospective studies
are needed to show the relationship between the risk
factors and AVS more clearly.
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