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Abstract

Introduction: Vertigo is an incapacitating illness with a panorama of causes, ranging from benign to potentially life-threatening.
The etiopathogenesis can remain elusive owing to the extensive differentials, which are usually tackled by a combination of
clinical assessment and neuroimaging.

Objective: This study aims to investigate the role of magnetic resonance imaging (MRI) in the evaluation of causes of vertigo.

Settings and Design: This is a cross-sectional study of 100 patients conducted at the Department of Radiodiagnosis and
Imaging, MGM Medical College and Associated Hospitals, Indore. MRI of 100 cases of vertigo were collected over 1 year and
evaluated for a possible diagnosis. Variables were expressed as percentages, and statistical analysis was performed using
SPSS v 24.0.

Results: MRI findings suggesting a probable cause of vertigo were seen in 79% of patients. These were broadly classified
as central, peripheral, cervical, and others. Cervical spine abnormalities were the most common finding, seen in 35.44%
cases, and categorized as cervical causes of vertigo. Pathologies involving the middle and inner ear comprised the peripheral
causes and were the next most common abnormalities detected, accounting for 27.85% cases. Brainstem and cerebellar
pathologies were bracketed as central causes of vertigo and accounted for 24.05% cases. Besides these, some MRI findings
suggesting other plausible etiologies were grouped and accounted for 12.65% cases. There was a significant correlation
between older age and an increase in central causes of vertigo. No gender variation was noted in vertigo patients in the
present study.

Conclusion: This study indicates that MRI has a good diagnostic yield and can assess a multitude of pathological conditions
in patients with vertigo. It can provide a probable cause of vertigo in most patients and accurately diagnose potentially life-
threatening conditions needing immediate interventions such as strokes and intra-parenchymal bleeds.
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INTRODUCTION may use an umbrella of terms to describe dizziness such

as lightheadedness, vertigo, unsteadiness, disequilibrium,
Dizziness is a common complaint in medicine, with about ~ and so on. It is an alarming symptom for the patient and
2.2% of patients consulting their physician per year for exasperating for physicians, as symptoms can be challenging

dizziness.! It is the ninth most common clinical symptom, O categorize owing to its subjective nature and a broad

_ : : I
third most common symptom among patients between — Spectrum of differentials.

the ages of 65 and 75 years, and the most common . L. . .
g years, Unlike other forms of dizziness, vertigo is characterized

by the illusionary sensation of spinning, tilting, or

translational motion. Vertigo is broadly classified based

symptom among patients older than 75 years.” Patients

on etiology as central and peripheral vertigo. Central

Month of Submission : 09-2020 vertigo involves lesions of the brainstem and cerebellum

Month of Peer Review : 09-2020 such as vertebrobasilar ischemia or cerebellar stroke.

Month of Acceptance : 10-2020 These are relatively less common in presentation but

) Month of Publishing : 11-2020 can be life-threatening — for example, posterior fossa
www.iss-sn.com bleed. Peripheral vertigo involves the vestibulocochlear

Corresponding Author: Dr. Bhagyashree Rathore, 148-149 Khatiwala Tank, Indore, Madhya Pradesh, India.

Qnernational Journal of Scientific Study | November 2020 | Vol 8 | Issue 8) 58




Rathore and Goyal: Significance of Magnetic Resonance Imaging of the Brain in Analyzing the Causes of Vertigo

apparatus and is far more common and more severe than
its central counterpart. Owing to their different natures,
differentiating the central and peripheral causes is decisive
to management.!

Diagnosis of vertigo can be challenging and often needs
a thorough clinical assessment followed by neuroimaging.
Computed tomography (CT) and magnetic resonance
imaging (MRI) are two primary neuroimaging modalities
used for the evaluation of vertigo. Both have their merits
and demerits.

The purpose of this study was to assess the role of
MRI in the evaluation of vertigo, specifically its utility in
diagnosing the etiology of vertigo, such as central and
peripheral causes.

MATERIALS AND METHODS

This was a hospital-based cross-sectional study done at
the Department of Radiodiagnosis and Imaging, Mahatma
Gandhi Memorial Medical College and Associated
Hospitals, Indore, from July 2019 to July 2020. One
hundred patients who underwent MRI for evaluation of
vertigo were included in the study.

MRI brain was done as per vertigo protocol, and images
were stored in a compact disc. Inclusion criteria were
patients of age group 15—85 years with a chief complaint of
vertigo. Patients with major complaints other than vertigo
were excluded from the study.

MR studies were done by GE Signa Pioneer 3.0 T MR
system with a dedicated head coil. The detailed MRI
vertigo protocol included the following sequences: Axial
T2, FLAIR, pre and post-contrast T1, DWI, 3D SWI,
coronal T2, sagittal T1, 3D FIESTA in the posterior fossa,
3D TOF circle of Willis, and T2 sagittal cervical spine
screening. Two observers independently analyzed MRIs
to determine the cause of vertigo, and the results were
grouped under four major categories according to their
etiology, namely central, peripheral, cervicogenic, and
others. Central causes included lesions of the brainstem
and cerebellum; otogenic causes were grouped in the
petipheral category. Cervicogenic causes were evaluated
after excluding central and peripheral causes. All other
causes not falling into either category were grouped
separately as “others.”

Data was analyzed using SPSS v 24.0. Variables were
expressed as percentages, and Fishetr’s exact test was
used to evaluate the association. Two-tailed P < 0.05 was
considered statistically significant for all the tests.

RESULTS

Composition of the study group

e  One hundred cases of vertigo were included in
our study, of which 48 (48%) were females and
52 (52%) were males

e Ages of patients in the study ranged from 13 to
83 years. The average age of our study group was
44.75 Years |Graph 1].

MRI abnormalities suggesting probable causes of

vertigo were seen in 79 patients (79%).

e Causes of vertigo were broadly grouped into
four categories — central, peripheral, cervicogenic,
and others. Cervicogenic causes were the most
common, accounting for 35.44 % of cases,
followed by peripheral causes, which constituted
27.85% of cases. Central causes were seen in
24.05 % of cases, and other causes constituted
the remaining 12.65 % cases [Graph 2].

Impact of age on causes of vertigo

e  There was a significant correlation between central
causes of vertigo and increasing age (P < 0.001),
with central causes of vertigo being the most
common cause in patients of age >60 years
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Graph 1: Age composition of the study population. The study
population was homogeneously distributed in the range of
20-85 years. Patients <20 years constituted the least percent of
the study group
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Graph 2: Causes of vertigo in the present study. Cervicogenic
causes were the most common causes of vertigo, followed by
peripheral causes in our study
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e Cervicogenic vertigo was rarely seen in patients of
age <20 years, suggesting a possible association
between cervical spondylosis and cervicogenic
vertigo. [Graph 3].

Central Causes of Vertigo

e Acute infarcts involving the brainstem or cerebellum
were the most common causes of central vertigo,
accounting for 42.10% of all cases

e Neoplasms were the second most common cause
constituting 27.78% cases. Brainstem glioma, acoustic
schwannoma, CP angle meningioma, and CP angle
epidermoid cyst were causes observed in this study

e DPosterior fossa bleeds, a potentially life-threatening
cause, were seen in 10.52 % cases

e Infective and inflammatory causes such as tuberculomas
and neurocysticercosis accounted for 10.52% cases

e The primary cause of demyelination was multiple
sclerosis, which was observed in 5.27% of cases

e A rare cause of central vertigo observed in this study
was Lhermitte—Duclos disease, seen in 5.27% cases

[Graph 4].

Peripheral Causes of Vertigo

e The most common cause of peripheral vertigo
observed in our study was ectatic vascular loops
entering IAC, especially AICA, causing neurovascular
conflict, accounting for 54.54% cases

e Otogenic infection/inflammation, which included
vestibular neuritis, otitis media, and mastoiditis,
accounted for 40.91% cases

e Endolymphatic hydrops was observed in 1 patient,
constituting 4.54 % of peripheral vertigo causes
[Graph 5]

e Grade I conflict of AICA in IAC was the most
common form seen, accounting for 66.67% cases
followed by Grade II, which comprised 25% cases.
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Graph 3: Impact of age on causes of vertigo. Cervicogenic
causes were not observed in the age group of < 20 years.
Central causes were the most common causes observed in the
age group of 60 years and above

Grade III was the least common form, seen only in
8.34% cases [Graph 0].

Cervicogenic Vertigo

e Cervical spine pathologies were the most common
MRI findings observed in our study, accounting for
35% cases. These comprised cervical spondylosis
(64.28%), block vertebrae (17.85%), cervical spasm
(10.71%), and craniovertebral junction (CV]) anomalies
(7.14%) |Graph 7].

Other Causes

e Besides these three major causes of vertigo, some
other MRI findings suggesting a probable cause were
observed in 12.65 % cases, most common of these
were vertebrobasilar artery anomalies seen in 6 patients
(60%) [Graph 8]

e  Unilateral hypoplastic vertebral artery was the most
common vertebrobasilar circulation anomaly observed
in the present study, accounting for 66.67% of cases
[Graph 9]
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Graph 4: Magnetic resonance imaging (MRI) finding indicating
central causes of vertigo. Acute infarcts were the most
common MRI finding indicating central cause of vertigo
observed in the present study, followed by neoplasms
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Graph 5: Magnetic resonance imaging (MRI) findings denoting
peripheral causes of vertigo. Aberrant vascular loop of AICA
was the most common finding among MRI findings denoting
peripheral causes of vertigo, followed by otogenic infection/

inflammation
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Graph 6: Grades of AICA neurovascular conflict in IAC in
the present study. Grade | neurovascular conflict was most
common followed by Grade Il and Grade lll, respectively
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Graph 8: Magnetic resonance imaging findings in otherwise
unclassified vertigo depicting a probable cause

e DPotentially life-threatening causes of vertigo requiring
immediate intervention were found in 10 % cases in
the present study. These included acute brainstem and
cerebellar infarcts (80%0) and posterior fossa bleeds (20%0)

e Rare causes of vertigo in our study included Chiari
Malformation, Lhermitte—Duclos disease, CP angle
AVM, and cerebral venous sinus thrombosis.

DISCUSSION

Vertigo is a commonly encountered medical condition with
an extensive spectrum of causes, ranging from essentially
benign to potentially life-threatening. Owing to its plethora
of etiologies, few of which are still not fully understood,
it can often be a challenging diagnosis.

The prevalence of vertigo is estimated to be 1.8% in young
adults, which increases to 30% in the elderly. Although
initially purported to be more common in females, recent
studies indicate a more gender-neutral distribution of
vertigo.! Our study group comprised 52% males and 48%
females, suggesting no significant gender variance.

Evaluation of vertigo usually entails thorough clinical
assessment followed by laboratory tests and neuroimaging

M Cervical Spondylosis
M Block vertebra
1 Loss of cervical lordosis

(without degenerative changes)

B CVJ anomaly

Graph 7: Magnetic resonance imaging (MRI) findings indicating
cervical causes of vertigo. Cervical spondylosis was the most
common MRI finding depicting cervical causes of vertigo

M Unilateral hypoplastic vertebral
artery

M Unilateral hypoplastic vertebral
artery with absent PCOM

i Bilateral fetal PCA with
hypoplastic bilateral vertebral
arteries

Graph 9: Vertebrobasilar circulation anomalies observed in the
present study

to reach onto a possible cause. Two significant neuroimaging
modalities used in the evaluation of vertigo are CT and
MRI. Head CT has the advantage of being immediately and
widely available and may be used to rule out specific life-
threatening causes such as posterior fossa bleed and acute
cerebellar stroke. High-resolution computed tomography
of the temporal bone is another modality which has the
advantage of allowing detailed evaluation of bony labyrinth
and can effectively diagnose specific middle ear and inner
ear pathologies such as labyrinthitis ossificans, semi-circular
canal dehiscence, and fractures in post-traumatic vertigo.>*

Although CT provides a quick diagnosis, it is not very
sensitive and has a low diagnostic yield in vertigo.” CT
is also known to have low sensitivity for both posterior
fossa pathology and for ischemic strokes (26% compared
with 83% of MRI), which are a common cause of central
vertigo and potentially life-threatening,

With the advent of 3D CISS, the old dictum stating the use
of CT for peripheral and MRI for imaging of central causes
of vertigo also fails. The superior sensitivity of MRI and
its lack of non-ionizing radiation make it a better modality
for evaluating vertigo."""ACR appropriateness ctiteria also
support this wherein CT scan for vertigo is rated 5 on a
scale of 1-9, indicating it “may be appropriate,” while MRI
is rated 7, or “usually appropriate.”!'!
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Many studies have been performed on the diagnostic
yield of MRI, which reinforce that diagnostic yield can be
attributed to appropriate patient selection and appropriate
clinical referral. Lawhn-Heath e a/. concluded in their
study on the role of neuroimaging in evaluating vertigo
in the emergency department that MRI plays a key role
in evaluating vertigo with appropriate case selection.F)
In their study on diagnostic yield and impact of MRI for
acute ischemic stroke in patients presenting with vertigo,
Kabra ¢t al. concluded that the presence of predictors of
acute ischemic stroke aid in patient selection for MRI, to
increase diagnostic yield.'"" Likewise, in their study on the
diagnostic value of MRI in acute vertigo of undetermined
origin, Huang ¢f a/. concluded that the diagnostic yield of
cranial MRI is low for vertigo of undetermined origin.!"”

In the present study, MRI showed some abnormalities
suggesting a possible cause for vertigo in 79% cases. This can
be attributed to proper patient selection and referral criteria.
ACR appropriateness criteria are routinely used to assess
patients needing further imaging based upon onset, duration,
petsistence, aggravating factors, and clinical testing,!'"

In our study, the MRI findings were grouped under four
major categories according to their etiology, namely central,
peripheral, cervicogenic, and others.

Central Vertigo

Epidemiological studies indicate that central causes are
responsible for nearly one-fourth of cases of vertigo. In our
study, central causes were implicated in 27.85% of cases,
which agrees with the general population prevalence.!"’
Central vertigo customarily has milder symptoms than
peripheral vertigo and is not usually associated with
hearing loss and tinnitus. Furthermore, ataxia is frequently
present in central vertigo and rarely seen in peripheral
vertigo. Although central vertigo has a milder presentation,
pathology masquerading behind it usually has a more
unfavorable prognosis than petipheral vertigo.!"

The majority (42.1%) of central vertigo cases in the present
study were due to acute infarcts involving the brainstem
and cerebellum [Figure 1]. In their study on the differential
diagnosis of stroke in an emergency department, Vanni
¢t al. concluded that the most common causes of central
vertigo were ischemic strokes, which is in keeping with
the results of our study."” Acute strokes presenting with
vertigo are often diagnostic pitfalls and may be missed,
especially cerebellar strokes, which do not present with
motor deficits."! MRI being the most sensitive imaging
modality to diagnose acute strokes plays an integral part
in their management. In their study on diagnostic yield
and impact of MRI for acute ischemic stroke in patients
presenting with vertigo, Kabra ¢f a/. reported the diagnostic

impact of MRI on management to be 21%.1"

Neoplastic lesions were the second most common cause
of central vertigo in our study, accounting for 27.78%
cases. The neoplasms noticed in our study were brainstem
glioma, cerebellopontine angle masses such as acoustic
schwannoma, epidermoid, and meningioma [Figure 2].
This is similar to the results of the study by Karatas on
epidemiology, differentials, and common causes of central
vertigo in which they listed acute infarcts and neoplasms
as predominant causes."’l

Vertigo also happens to be one of the most common
clinical presentations in CP angle tumors. In their study on
cerebellopontine angle tumors, Jawad ef al. reported that
the most common presentation of CP angle tumors was
vertigo, followed by tinnitus.'”? Cacho-Diaz ¢# al. performed
a study on vertigo in patients with cancer. They concluded
that vertigo accompanied by headache and ataxia in a cancer
patient should prompt evaluation for cerebral metastasis.!"l

Posterior fossa bleeds involving the cerebellum were also
among the causes of central vertigo observed in our study
[Figure 3]. Although vertigo may be associated with posterior
fossa bleed, it is not the most common symptom. Posterior
fossa arteriovenous malformation near the cerebellopontine
angle was a rare cause of central vertigo observed in the
present study [Figure 4]. Argaet ¢f /. have described one such
similar case of cetebellar AVM, causing vertigo in their study."”

Tuberculomas and neurocysticercosis involving posterior
fossa have been known to cause vertigo.”! Rarely vertigo can
be one of the eatliest features of MS.*! In our study, infective
and inflammatory lesions, which included tuberculoma,
neurocysticercosis, and multiple sclerosis, accounted for
15.79% causes of central vertigo [Figures 5 and 6.

One case of Lhermitte—Duclos disease was among the rare
causes of central vertigo in our study® [Figure 7].

Figure 1: Diffusion-weighted magnetic resonance imaging
images with corresponding ADC map showing a large posterior
circulation infarct involving cerebellum and parieto-occipital
cortex
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Figure 2: Axial T2, sagittal and axial T1 fat saturated pre and
post contrast MR images showing a large T1 & T2 hypointense,
heterogeneously enhancing lesion involving and expanding the

brainstem. MRS shows choline peak, which is suggestive of

brainstem glioma

A significant correlation was found between central causes
of vertigo and increasing age in the present study, with
central causes of vertigo being the most common cause in
patients of age >60 years. These findings are similar to the
results of the study by Shahrami ez a/. on the epidemiology
of vertigo, indicating an increased prevalence of central
causes in patients aged 60 years and more.*!

Peripheral Vertigo

Peripheral causes of vertigo were observed in 27.85 %
cases. Although peripheral vertigo is very common, the
lower incidence in our study may be because the most
common cause of peripheral vertigo, which is benign
positional paroxysmal vertigo, has no radiological
abnormality. Furthermore, in our research, cervicogenic
causes were grouped separately from peripheral causes,
further lowering the number of cases.***!

The most common peripheral cause of vertigo in our study
was the aberrant vascular loop of AICA in IAC, which
constituted 54.54% cases, followed by otogenic infection
and inflammation, which accounted for 40.91 % cases
[Figure 8]. Endolymphatic hydrops was the least common
cause in our study, with only 4.54% cases. These findings are
comparable to study on neuroimaging in vertigo by Katta
in which they concluded cerebrovascular conflicts were
one of the most common causes of peripheral vertigo.*’!

Figure 3: Axial FLAIR, T1, SWI and diffusion weighted MR
images showing a large hyperintense lesion in the left
cerebellar hemisphere with blooming on SWI and areas of
restricted diffusion on DWI images, which is suggestive of
subacute cerebellar hemorrhage

Figure 4: Axial T2 and SWI images showing an abnormal
tangle of vessels in the right cerebellopontine angle cistern
and inferior cerebellar peduncle — suggestive of arteriovenous
malformation

The cerebellopontine angle contains AICA and VII and
VIII cranial nerves in close proximity. AICA has a spectrum
of normal variants, including variation in number, course,
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\

Figure 5: Post-contrast fat-saturated T1-weighted magnetic
resonance images showing multiple intra- axial as well as extra-
axial peripherally enhancing lesions involving brainstem, left
temporal region, ambient cistern, and cerebellopontine angle in
known case of central nervous system tuberculosis

R
Figure 6: Axial T2 and FLAIR sections of brain and sagittal T2
section of cervicodorsal spine showing multiple variable-sized
T2/FLAIR hyperintensities in a patient of multiple sclerosis

and aberrant looping. AICA can compress VIII cranial
nerve at CP angle or inside IAC.®**I The grading of this
neurovascular conflict is customarily done by Chavda
classification. The Chavda classification grades the AICA
vascular loops as follows: Grade I —when an AICA vascular
loop borders the internal auditory meatus but does not
enter the internal auditory canal, Grade II — when the
loop insinuates itself into the internal auditory meatus but
occupies 50% or less of the canal, or Grade III —when the
loop occupies more than 50% of the canal.”*3

Grade 1 was the most common grade of AICA loop
observed in the present study, accounting for 66.67

Figure 7: Axial T1 and T2 WI images of brain showing T1
hypointense and T2 hyperintense lesion in the right cerebellar
hemisphere with widened cerebellar folia in disarray giving
“tigroid appearance” — suggestive of Lhermitte—Duclos disease

Figure 8: Axial 3D CISS and 2D TOF image showing an
aberrant vascular loop of AICA traversing nearly 50 % length of
IAC - suggestive of Grade Il AICA neurovascular conflict

% cases, followed by Grade 1I, which comprised 25%
cases. Grade III was the least common type accounting
for 8.34% cases. These results are similar to findings of
studies by Reka ¢z a/. and Kim ¢7 a/. on the relationship
between AICA variation and neurological symptoms,
wherein, individually, they reported Grade I AICA loop
as the most common variant followed by Grade II and
I11, respectively.>*

Cervical Vertigo

Cervical vertigo is another perplexing entity. There are
inconclusive data on its etiopathogenesis, but it is general
agreement that its vertigo associated with various neck
pathologies and provoked by a particular neck posture,
no matter what the orientation of the head is to gravity.
It is a poorly understood and controversial entity. Some
studies advocate the inclusion of cervicogenic vertigo into
peripheral vertigo, but some studies indicate otherwise, as
the etiology is unclear.?>"

A few of the proposed etiopathogenesis mechanisms
include abnormal sensory information from damaged
joint receptors of cervical vertebrae, diseased cervical
intervertebral discs, and tense neck muscle spindles, which
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Figure 9: Sagittal T2-weighted magnetic resonance imaging

image showing a smooth well-corticated ossicle superior to

hypoplastic dens, suggestive of Os odontoideum. Visualized

cervical and thoracic vertebrae are flattened craniocaudally
indicating platyspondyly

Figure 10: Magnetic resonance angiogram showing hypoplastic
bilateral vertebral arteries with bilateral fetal posterior cerebral
arteries

Figure 11: Magnetic resonance angiogram image showing
hypoplastic right vertebral artery with absent bilateral posterior
communicating arteries

are misinterpreted in the vestibular system; this mismatch
resulting in vertigo.P**)

In keeping with these theories, the most common cause
of cervical vertigo observed in our study was cervical
spondylosis, which accounted for 64.28% cases, followed
by block vertebrae, which were seen in 17.85% cases. The
straightening of cervical spine, probably due to muscle
spasm, was the third most common cause comprising
10.71% of cases. CV] anomalies were the least common
causes, accounting for 7.14% cases [Figure 9].

These findings are consistent with the study by Hain in
which cervical spondylosis is implicated as one of the
common causes.*! Cervical causes were the most common
radiological finding in our study, accounting for % cases.
This is also similar to the results of a study by Rai e /.
in which they reported cervical spondylosis as the most
common finding in MRI of vertigo patients.™!

Other Causes

Besides these three important classes, various other
minor causes can be implicated in causing vertigo. Some
of the critical MRI findings in these were vertebrobasilar
anomalies, which were seen in 60 % of cases of other
causes of vertigo.

It has been hypothesized that variations in vertebrobasilar
circulation can cause transient brainstem or cerebellar
ischemia and result in vertigo, much like transient ischemic
attacks. Paksoy ¢fa/. concluded in their study that a significant
association existed between vertigo and anomalies in the
vertebrobasilar system. In keeping with this, variations in
vertebrobasilar circulation were included in other causes of
vertigo.*! In our study, 60% of unclassified vertigo cases
had vertebrobasilar system anomalies, most common of
them being unilateral hypoplastic vertebral artery (66.67%).
One patient had hypoplastic bilateral vertebral arteries
and bilateral fetal posterior cerebral artery bilateral fetal
posterior cerebral arteries [Figures 10 and 11].

In their research titled frequency of sinusitis in brain
MRI in vertigo, Golshiri e al. described that sinusitis
was present in 17% vertigo cases. In their study on
vestibular characteristics of patients with chronic sinusitis,
Brody-Camp et al. concluded that the pathophysiological
relationship between sinusitis and vertigo is unclear and
warrants further studies. In our study, in vertigo with
undetermined cause, 20% of patients had sinusitis.[*>*’

In cases of the undetermined cause of vertigo, few other
MRI findings were Arnold Chiari type I, cerebral venous
sinus thrombosis, and tortuous bilateral optic nerve
sheaths. 40!
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CONCLUSION

Vertigo is a complex incapacitating illness with an umbrella
of differentials tackled by a combination of clinical
examination and neuroimaging, MRI plays a key role in
the evaluation of vertigo as it can diagnose a spectrum
of underlying pathologies and give a clue regarding
the probable cause in most of the cases. It is especially
important in assessing cerebellar and brainstem strokes,
which can be easily overlooked in a head CT. All these
collaborate to make MRI an essential tool in guiding the
management of vertigo patients.
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