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Superior divisional vestibular paresis in anterior inferior cerebellar artery infarction
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A 74-year-old woman with sudden vertigo and dysarthria showed spontaneous nystagmus beating
rightward, upward and clockwise. She also exhibited dysfunction of the left utricle and superior and
horizontal canals, which was documented by head impulse and heave tests, measurements of ocular torsion
and subjective visual vertical tilt, bithermal caloric tests, and rotation axis analysis of the spontaneous
nystagmus. In contrast, functions of the left posterior canal, saccule, and cochlea were remained intact, as
evidenced by normal head impulse test, audiometry and vestibular evoked myogenic potential. MRI revealed
an acute infarction in the left lateral pons of anterior inferior cerebellar artery (AICA) territory. Our patient
with AICA infarction showed isolated damage to the superior vestibular labyrinth or its afferents with
preservation of the inferior vestibular labyrinth and auditory function. Our patient provides further evidence
that isolated damage to the superior vestibular labyrinth or its afferents may be a mechanism of isolated
vascular vertigo.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The mechanisms of isolated vertigo remain to be elucidated in
ischemia of the vertebrobasilar artery territory. Since the inner ear is
supplied by the internal auditory artery (IAA) which is usually a
branch of the anterior inferior cerebellar artery (AICA), vertigo is a
common symptom of AICA infarction [1]. However, AICA infarction
mostly manifests with vertigo and hearing loss in addition to other
brainstem or cerebellar signs [2].

The vestibular labyrinth may be divided into two compartments,
the superior and inferior, according to innervation and vascular supply
[1]. The superior vestibular labyrinth, including the anterior (ASC) and
horizontal (HSC) semicircular canals and the utricle, is supplied by the
anterior vestibular artery (AVA) [1]. In contrast, the posterior
vestibular artery (PVA), which is a branch of the vestibulocochlear
artery, usually irrigates the saccule and the posterior semicircular
canal (PSC) [1]. Since PVA has a close relationship with the cochlear
supply and has more abundant intraosseous collaterals than AVA [1],
isolated AVA infarction has been postulated as a mechanism of
isolated vascular vertigo [3]. We report a patient with AICA infarction
who suffered from damage to the superior vestibular labyrinth or its
afferents with preservation of the inferior vestibular labyrinth and
auditory function.

2. Materials and methods

2.1. Case report

A 74-year-old woman with hypertension and hypercholesterole-
mia for 15 years developed sudden vertigo and vomiting on
awakening. She also noticed mild dysarthria, but denied associated
tinnitus or hearing loss. Six days after symptom onset, examination
showedmixed horizontal–vertical–torsional nystagmus beating right-
ward, upward and clockwise (from the patient's perspective), which
increased on rightward gaze and decreased on leftward gaze.
Horizontal head shaking and vibratory stimuli on either mastoid
augmented the spontaneous nystagmus. Head impulse test revealed
corrective catch-up saccades during stimulation of the left HSC and
ASC [4]. Head heave was also positive leftward [5]. Horizontal and
vertical saccades were normal. Rightward smooth pursuit was
interrupted by the nystagmus. She showed mild dysarthria and ataxia
of the lower extremities. She fell to the left on attempted standing.
Other findings of neurological and neurotological examinations were
normal.

2.2. Oculography

Three dimensional recording of the spontaneous nystagmus was
performed using video-oculography (SMI, Teltow, Germany), and the
eye positions were computed in head-fixed coordinates (X, Y, Z) [6].
Leftward, downward, and clockwise directions from the patient's view
were positive for horizontal (Z), vertical (Y), and torsional (X) eye
rotations.
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To determine rotation axis of the spontaneous nystagmus, the
slow-phase eye velocity of the nystagmus was calculated from three-
dimensional analysis of eye positions [7]. Then, the rotation axis of
each nystagmus was analyzed off-line and plotted in three dimension
using MATLAB software. The axes orthogonal to the average human
semicircular canal planes were defined as the semicircular canal axes
[8]. Since the nystagmus was from the inhibition of the semicircular
canals, the rotation axis of the nystagmus was inverted.

2.3. Vestibular-evoked myogenic potential (VEMP)

To record VEMP, the SCM muscle was activated by actively turning
the head contralaterally in the supine position [9]. The patient had to
hold this position precisely to achieve a constant tonic activation of
the SCM during the whole recording period. Electromyographic
activities of the SCM were recorded using surface electrodes from
the upper half of the SCM muscle with a ground electrode on the
forehead and a reference electrode over the upper sternum. The
resulting impedance of the recording electrodes was maintained
below 3 kΩ by cleaning the skinwith a peeling gel. VEMPwas detected
using a Nicolet VikingSelect unit (Nicolet Biomedical, WI, USA). A
short alternating tone burst (95 dB nHL, 108 dB SPL; 500 Hz;
ramp=2 ms; plateau=3 ms) was given at 2.1 Hz monaurally. The
analysis time for each stimulus was 50 ms and responses for up to 200
stimuli were averaged for each test. The signal was filtered at a
bandpass of 30–1500 Hz, and the mean values of at least two trials
were obtained from each ear for all participants.

The absolute VEMP amplitude was then normalized against mean
tonic activation of SCM during the recording. The electromyographic
activities of SCM were also recorded using another surface electrode
with a lowpass filter at 50 Hz and were digitized at 1 KHz using an AD
converter (National Instruments Corp, Austin, TX, USA). The peak to
peak amplitudes (mV) were analyzed using Labview program
(National Instruments Corp, Austin, TX, USA) and mean tonic
activation during the recording was calculated.

To compare the normalized p13-n23 amplitude of VEMP responses
on the affected side with that on the intact side, the interaural dif-
ference ratio of the normalized amplitude (IADamp, %) was calculated
using [(Au−Aa) /(Aa+Au) 100], where Au is the normalized p13-
n23 amplitude on the unaffected side and Aa is the amplitude on the
affected side.

Normative data were obtained from 52 healthy volunteers (23
women) with ages ranging from 22 to 76 years (mean±SD=36.7±
12.4, median=32). In healthy volunteers, the difference in the
normalized amplitudes between the ears was divided by the sum of
the amplitudes from both ears and this was then multiplied by 100 to
obtain IADamp (%). Regarding p13 and n23 latencies, absolute values
and interaural differences were obtained to determine delayed
responses.

2.4. Other neurotological tests

Detailed methods of measuring ocular torsion and rotation of the
subjective visual vertical have been described previously [10]. The
patient also underwent standardized audiometry, brainstem auditory
evoked potentials (BAEP), bithermal caloric tests and brain MRI
[10,11].

3. Results

Recording of the spontaneous nystagmus six days after the
symptom onset documented nystagmus beating rightward, upward
and clockwise (from the patient's perspective, Fig. 1A). The rotation
axes of the spontaneous nystagmus clustered between the rotation
axes of the left horizontal and anterior semicircular canals, which
indicate dysfunction of those canals (Fig. 1B).

She also showed counterclockwise ocular torsion (Fig. 2A) and
rotation of the subjective visual vertical (SVV, −7.5° with both eyes).
Pure tone audiometry showed symmetric high-tone sloping, consis-
tent with presbycusis, with normal speech discrimination (Fig. 2B).
Bithermal caloric tests documented 60% left caloric paresis (Fig. 2C).
VEMP and brainstem auditory evoked potentials were normal
(Fig. 2D).

MRI revealed an acute infarction in the left lateral pons of AICA
territory (Fig. 3A) and MR angiography disclosed a stenosis in the
vertebrobasilar junction and atherosclerotic changes in the basilar
artery. Another stenosis was noted in the proximal portion of the left
middle cerebral artery (Fig. 3B).

4. Discussion

Our patient with AICA infarction showed impaired function of the
superior vestibular labyrinth or it afferents without damages to the
inferior vestibular labyrinth or auditory system. Involvement of the
superior vestibular labyrinth is evidenced by abnormal head impulse
tests during stimulation of ASC and HSC, caloric paresis (HSC),
abnormal head heave test (utricle), and ipsiversive ocular torsion and
SVV tilt (utricle). In contrast, sparing of the inferior vestibular
labyrinth is inferred from the normal VEMP (saccule) and normal
head impulse test during stimulation of PSC [4,9]. Furthermore, results
of 3-dimensional recording and vector analysis of the spontaneous
nystagmus were consistent with dysfunction of left ASC and HSC.

AICA infarctionmay result in either peripheral or central vestibular
damage [2]. The intrapontine vestibular nerve may have been
damaged by the lesion in our patient. Previous primate studies also
showed the greatest degree of canal paresis in lesions involving the
vestibular nerve up to the level of the root entry zone [12]. However,

Fig. 1. A. Recording of the spontaneous nystagmus six days after the symptom onset
shows nystagmus beating rightward, upward and clockwise (from the patient's
perspective). B. Rotation axes of the spontaneous nystagmus cluster between the
rotation axes of the left horizontal and anterior semicircular canals, which indicates
dysfunction of those canals. The rotation axis of the nystagmus is inverted since the
nystagmus was from the inhibition of the semicircular canals.
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