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Acute audiovestibular loss is characterized by abrupt onset of prolonged (lasting days) vertigo and
hearing loss. Acute ischemic stroke in the distribution of the anterior inferior cerebellar artery (AICA)
is known to be the leading cause of acute audiovestibular loss. So far, eight subgroups of AICA terri-
tory infarction have been identified according to the patterns of audiovestibular dysfunctions, among
which the most common pattern is the combined loss of auditory and vestibular functions. Unlike in-
ner ear dysfunction of a viral cause , which can commonly present as an isolated vestibular (i.e., ves-
tibular neuritis) or cochlear loss (i.e., sudden deafness), labyrinthine dysfunction of a vascular cause
rarely results in isolated loss of vestibular or auditory function. As audiovestibular loss may precede
the central symptoms or signs of an ischemic stroke in the posterior circulation, early diagnosis and
proper management of audiovestiubular loss may provide a window to prevent the progression of
infarction to larger areas of the posterior circulation. A clinician should consider the possibility that
acute audiovestibular loss may herald impending AICA territory infarction, especially when patients
have basilar artery occlusive disease close to the origin of the AICA on brain MRA. This review aims
to highlight the recent advances in understanding audiovestibular loss of a vascular cause and to ad-
dress its clinical significance.
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Introduction

Acute audiovestibular loss is one of the most common neu-
rotological dysfunctions in patients presenting with acute verti-
go. It is characterized by acute onset of prolonged (lasting days)
vertigo and hearing loss. The required signs for diagnosing au-
diovestibular loss are canal paresis (CP) to caloric stimulation
and sensorineural hearing loss on pure tone audiogram. Many
neurological or neurotological conditions including viral inflam-
mations, vascular insults, trauma, hereditary or genetic causes,
bacterial meningitis, connective tissue disorders, or metabolic
derangements should be considered in the differential diagnosis
of audiovestibular loss. Among the vascular causes, ischemic

stroke in the territory of the anterior inferior cerebellar artery
(AICA) is known to be the leading cause of acute audiovestibular
loss.” It is usually associated with other neurological symptoms
or signs, but can rarely occur in isolation (i.e., labyrinthine infarc-
tion). The aim of this review is to highlight the recent advances
in understanding audiovestibular loss of a vascular cause and to
address its clinical significance.

Vascular territory and mechanism of
audiovestibular loss of a vascular cause

The internal auditory artery (IAA), the sole artery for supplying
the inner ear, usually originates from the AICA, which is always a
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branch of the basilar artery.>* In 80% of people, the I1AA is a
branch of the AICA and sometimes derived directly from the
basilar artery? In 2-3% of the cases, the IAA is a branch of the
posterior inferior cerebellar artery (PICA), which can explain the
acute audiovestibular loss associated with cerebellar infarction
in the PICA territory.>* Because territorial strokes of the AICA
have commonly been associated with basilar artery branch oc-
clusive disease,>® audiovestibular loss is commonly caused by the
thrombotic narrowing of the AICA, or the basilar artery at the
orifice of the AICA. Rarely, small emboli originating from the dis-
section in the vertebral artery lodge in the IAA causing inner ear
infarction.®

Lesion site of stroke in audiovestibular
loss

In theory, injury to any structures conveying the ascending
vestibular and auditory pathways including the inner ear, eighth
nerve, and vestibular and cochlear nuclei in the brainstem can
cause audiovestibular loss with acute vertigo and hearing loss. In
audiovestibular loss due to stroke, however, the lesions are most-
ly found in the inner ear, which is always supplied by the I1AA.'?
Because the inner ear requires a high-energy metabolism and
the IAA is an end artery with little collateral from the otic cap-
sule, the inner ear is particularly vulnerable to ischemia.®' By
contrast, the eighth nerve in the auditory canal, the cerebello-
pontine angle, and the root entry zone is known to have a rich
network of anastomosing vessels from the dural mater, petrous
bone, AICA, PICA, and vertebral arteries.”*'® A patient'® with iso-
lated audiovestibular loss showed a small infarction restricted to
the root entry zone of the eighth nerve in the brainstem, sug-
gesting that the root entry zone of the eighth nerve can be con-
sidered as a candidate site responsible for isolated audiovestibu-
lar loss. Isolated vestibular nucleus infarction has been recently
identified as a cause of isolated vertigo,"”'® but isolated audio-
vestibular loss due to a focal infarction restricted to the vestibu-
lar and cochlear nuclei in the brainstem has not yet been identi-
fied in the literature. Indeed, the cochlear nuclei receive a rich
blood supply from multiple sources, including branches of the
AICA and PICA?

Frequency of stroke in audiovestibular
loss

As mentioned above, many neurological or neurotological dis-
eases including AICA territory ischemic stroke can cause audio-
vestibular loss. Unfortunately, the frequency of audiovestibular
loss associated with stroke among a consecutive series of the pa-
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tients with audiovestibular loss of various causes has not yet
been identified in the literature. Instead, in a previous study,' fo-
cused on the patients with acute hearing loss, 1.2% (4/333) of
the patients had acute hearing loss associated with posterior cir-
culation ischemic stroke involving the cerebellum or brainstem.
Among four patients with acute hearing loss due to stroke, two
patients were identified as having audiovestibular loss due to ac-
companied CP to caloric stimulation on the side of hearing loss.
Thus, 0.6% (2/333) of the patients with acute hearing loss had
audiovestibular loss associated with posterior circulation ischemic
stroke."” Further studies are required to assess the prevalence of
stroke related events in patients with audiovestibular loss.

Pattern of audiovestibular loss due to
ischemic injury to the inner ear in AICA
territory infarction

Up to now, eight subgroups of AICA territory infarction have
been identified according to the patterns of audiovestibular dys-
functions.®*?' Among them, the most common pattern of au-
diovestibular dysfunction is combined loss of auditory and ves-
tibular functions that was observed in approximately 60% (49 of
82) of the patients from the largest series of AICA infarction.”
Therefore, audiovestibular loss is now considered an important
sign for the diagnosis of AICA territory infarction.'®'® The next
common pattern of audiovestibular dysfunction is the absence of
auditory or vestibular dysfunction, which was observed in ap-
proximately 32% (26/82) of patients from the aforementioned
series.” In this condition, vertigo results from dysfunction of the
central vestibular structures including the cerebellum and/or
brainstem. Isolated auditory loss (i.e., acute hearing loss on pure
tone audiogram without CP to caloric stimulation), isolated supe-
rior vestibular loss (i.e., CP to caloric stimulation without impaired
cervical vestibular evoked myogenic potential response or hearing
loss), or isolated inferior vestibular loss (abnormal cervical vestib-
ular evoked myogenic potential response without CP or hearing
loss) are less commonly found."®# Rarely, isolated audiovestibu-
lar loss is a sole manifestation of AICA territory infarction, in
which a tiny acute infarct seen on brain MRIs is asymptomatic.?2

Audiovestibular loss in non-AICA
territory posterior circulation ischemic
stroke

As mentioned earlier, in most cases, the labyrinthine artery
originates from the AICA, but in a few cases it can originate from
the PICA or directly from the basilar artery.® A PICA origin of the
labyrinthine artery is found in 3 out of 100 temporal bone dis-
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sections.” A previous study showed that in a series of 685 con-
secutive cases of posterior circulation ischemic stroke diagnosed
with brain MRIs, 5 patients (0.7%) were identified as having au-
diovestibular loss from PICA territory cerebellar infarction.* Au-
diovestibular loss due to non-AICA territory posterior circulation
infarction is commonly associated with cerebellar infarction in
the territory of the PICA. Considering that the known variations
of the anatomy of the IAA, and results of audiological evalua-
tions, audiovestibular loss due to non-AICA territory posterior
circulation infarct probably results from damage to the peripher-
al auditory system within the inner ear.*
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There have been several case reports,
audiovestibular disturbance with hearing loss and vertigo may
precede the central symptoms or signs due to posterior circula-
tion ischemic stroke (mainly in the distribution of the AICA). In
the first study to investigate consecutive patients entered into a
prospective acute registry, approximately 31% (5/16) of the pa-

tients had an acute audiovestibular disturbance such as hearing
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MRI and audiovestibular findings in a patient with recurrent
vertigo and fluctuating hearing loss with tinnitus - prodromal signs of
AICA territory infarction. (A) Normal axial diffusion-weighted brain
MRI 1 day after the onset of recurrent vertigo and fluctuating right-
sided hearing loss with tinnitus. (B) An initial pure tone audiogram
performed reveals moderate degree of hearing loss with 24% speech
discrimination in the right ear. Hearing levels in decibels (dB) (American
National Standards Institute, 1989) are plotted against stimulus fre-
quency on a logarithmic scale. (C) Video-oculographic recordings of bi-
thermal caloric tests performed showed right canal paresis (65%).
Three days later, patient complained of exacerbation of vertigo and
hearing loss on the right ear. On examination, there was bidirectional
gaze-evoked nystagmus and dysmetria on the right limb. (D) Follow-up
axial diffusion-weighted MRI demonstrated hyperintense foci involving
the right anterior cerebellum including the flocculus. (E) Follow-up
pure tone audiogram shows aggravated profound hearing loss on the
right ear. AICA, anterior inferior cerebellar artery; Vmax, maximal ve-
locity of slow phase of nystagmus.
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Frequency and characteristics of acute audiovestibular disturbance before AICA territory infarction

Lee and Cho™® Kim et al.?® Lee et al.”

Number of studied patients 16 54 82
Pattern of AICA territory infarction

Isolated AICA 12 36 55

AICA plus 4 18 27
Percentage of acute audiovestibular disturbance before VBIS 31% (5/16) 8% (4/54) 16% (13/82)
Identification of normal MRI at the stage of isolated audiovestibular disturbance None Complete Incomplete
Identification of CP at the stage of isolated audiovestibular disturbance None Complete Incomplete
Identification of SNHL on PTA at the stage of isolated audiovestibular disturbance None Complete Incomplete
Pattern of audiovestibular disturbance before VBIS

Vertigo/hearing loss/tinnitus 3 3 3

Vertigo/tinnitus 1 0 1

Vertigo/Hearing 1 1 9
Interval from audiovestibular disturbance to VBIS 10 days 4 days 30 days
Kinetics of audiovestibular disturbance

Plus other symptoms 0 0 0

Isolated 5 4 13

CP, canal paresis; AICA, anterior inferior cerebellar artery; SNHL, sensorineural hearing loss; PTA, pure tone audiogram; VBIS, vertebrobasilar ischemic stroke.

loss, vertigo and/or tinnitus as a prodrome of AICA territory in-
farction 1 to 10 days before the onset of other brainstem or cer-
ebellar symptoms.’ In another study, follow-up MRIs of patients
who first presented with isolated audiovestibular loss found that
8% (4/43) of the patients with documented AICA territory in-
farction had normal brain MRIs on initial presentation.?® This
study was the first to document the audiovestibular loss using
caloric test and pure tone audiogram at the time of isolated ver-
tigo and hearing loss. In a more recent study,'® approximately
16% (13/82) of the patients with AICA territory infarction on
brain MRIs had an episode(s) of transient vertigo, hearing loss
and/or tinnitus within a month before the infarction. All of these
data suggested that 8-31% of patients with AICA territory in-
farction have acute audiovestibular disturbance before the onset
of other central symptoms or signs from more widespread in-
farction. Figure 1 illustrates the MRIs and audiovestibular find-
ings in a patient with acute audiovestibular loss as a prodromal
sign of AICA territory infarction. The diffusion-weighted MRI was
normal at the time of acute isolated audiovestibular loss. The
frequency and pattern of audiovestibular disturbance before
AICA territory infarction are summarized in Table 1.

What factor(s) suggests impending
stroke at the stage of isolated
audiovestibular disturbance?

If audiovestibular disturbance with vertigo, hearing loss, and/
or tinnitus occurs before the potentially more disabling symp-
toms and signs suggesting widespread posterior circulation isch-
emic stroke, its recognition may provide a window of opportunity
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for intervention in the hope of limiting long-term disability.?' Al-
though there are as yet no systematic data on which factor sug-
gests impending posterior circulation ischemic stroke or which
intervention might be beneficial at the stage of isolated audio-
vestibular loss, patients with prodromal audiovestibular distur-
bance were more likely to have focal or diffuse stenosis of the
basilar artery close to the origin of the AICA than patients with-
out audiovestibular disturbance.”®'® This finding suggests that
AICA infarction should be considered in patients with vascular
risk factors and acute audiovestibular loss, especially when brain
MRA showed stenosis of the basilar artery close to the origin of
the AICA, even when MRIs does not demonstrate acute infarc-
tion in the brain.'®"*?"¥ Qverall, because acute audiovestibular
disturbance can be the harbinger of more widespread posterior
circulation ischemic stroke, early recognition of the implications
for proper investigation and treatment appears to have taken on

a new urgency.?'?8%2

Can a vascular cause serve a common
mechanism of isolated vertigo (i.e.,
vestibular neuritis) or isolated hearing
loss (i.e., sudden deafness)?

In a case of isolated vertigo in elderly patients with risk factors
for stroke, the superior vestibular labyrinth is a possible candida-
tesite for isolated vertigo because anterior vestibular artery
(AVA), the sole artery for supplying the superior vestibular laby-
rinth is small and has little collateral circulation.”'? A previous
report” also supported this assumption because approximately
50% of patients with isolated episodic vertigo of a vascular
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cause (i.e., vertebrobasilar insufficiency) had unilateral CP, which
is commonly ascribed to damage to the inner ear (i.e., superior
vestibular labyrinth). However, a recent study reported a contra-
dictive finding in that only four (4/82, 5%) patients showed iso-
lated vestibular labyrinthine involvement at the time of AICA in-
farction.” Thus, although isolated AVA infarction may serve a
mechanism of isolated vascular vertigo, the incidence would be
low. Indeed, ischemic injury to the inner ear rarely results in iso-
lated loss of vestibular or cochlear function, whereas the viral
inflammatory injury commonly presents an isolated vestibular
(i.e., vestibular neuritis) or cochlear loss (i.e., sudden deafness).”®?'
Clinicians should be aware of the possibility of a vascular cause
when combined audiovestibular loss occurs in elderly patients

presenting with prolonged vertigo.'®”'

How can we differentiate acute
labyrinthine infarction from acute viral
labyrinthitis?

At present, the differentiation of acute labyrinthine infarction
from acute labyrinthitis mostly depends on careful history and
detailed examination.™® History is the key cornerstone in dif-
ferentiating these two conditions. For example, for a young pa-
tient who had a history of viral infection such as, upper respira-
tory infection, before the onset of audiovestibular loss, a viral
cause is the most likely considered. By contrast, the presence of
vascular risk factors in elderly patients may suggest a vascular
cause. Neurological examination may also help to differentiate
these two conditions. When audiovestibular loss has occurred as
a component of a larger neurological syndrome with brainstem
or cerebellar signs, audiovestibular loss of a vascular cause (i.e.,
labyrinthine infarction) is highly suggested.

To assess for a vascular cause in patients with transient verti-
go, a recent study® suggested that the use of ABCD? score,® a
clinical prediction tool to assess the risk of stroke after a tran-
sient ischemic attack, may predict cerebrovascular attacks in pa-
tients with transient vertigo. However, the diagnostic utility of
the ABCD? score as a clinical tool for differentiating the causes
of acute onset of isolated prolonged (not transient) vertigo and
hearing loss has not been investigated. We need a further re-
search to assess the clinical usefulness of the ABCD* score for
differentiating a vascular cause from a viral cause in patients
with audiovestibular loss. Overall, without pathological confir-
mation, it is impossible to precisely determine the cause of acute
audiovestibular loss. Thus, clinicians should pay careful attention
to the clinical signs and symptoms to differentiate audiovestibu-
lar loss of a vascular cause from acute labyrinthitis.”**' We need
a further research to determine the clinical predictors of isch-

-
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emic versus viral cause of audiovestibular loss and to develop

confirmatory tests.?””"
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