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OTOLOGY

Cerebral plasticity in acute vestibular deWcit
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Abstract The aim of this study was to analyze the eVect
of acute vestibular deWcit on the cerebral cortex and its cor-
relation with clinical signs and symptoms. Eight right-
handed patients aVected by vestibular neuritis, a purely
peripheral vestibular lesion, underwent two brain single
photon emission computed tomography (SPECT) in
1 month. The Wrst SPECT analysis revealed reduced blood
Xow in the temporal frontal area of the right hemisphere in
seven of eight patients, independent of the right/left loca-
tion of the lesion. The alteration was present always in the
right, non-dominant hemisphere and was reversible in some
patients 1 month after the onset, together with attenuation
of signs and symptoms. It may be hypothesized that the
transient reduction of cortical blood Xow and subsequently
of cortical activity in the non-dominant hemisphere, also
the expression of cerebral plasticity, may serve as a defense
mechanism aimed to attenuate the vertigo symptom.
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Introduction

For many years, research has concentrated on the labyrinth,
brainstem and cerebellum to elucidate vestibular function.
However, spatial orientation and perception of movement
require processing of vestibular information at the cortical
level and comparatively little is known about the cortical
representation of the vestibular system.

Animal experiments have shown that there is no primary
vestibular cortex that receives projections exclusively from
vestibular aVerents [1]. Instead, several multimodal sensory
areas have been identiWed that integrate vestibular, visual
and somato-sensory signals. In humans, these areas have
been partly conWrmed by intraoperative cortical stimulation
[2], clinical studies in patients with acute cortical lesions
[3] and functional imaging including blood Xow measure-
ments with single photon emission computed tomography
(SPECT) [4, 5], functional magnetic resonance imaging
(fMRI) [6–8] and positron emission tomography (PET)
[9–11]. These latter studies aimed to identify a map of
cortical areas activated during vestibular stimulation via
caloric or galvanic stimuli.

A subsequent study analyzed the eVect of a peripheral
vestibular lesion on cerebral cortex processing of vestibular
stimuli reporting metabolic changes in vestibular cortex
during acute vestibular neuritis using a Xuorodeoxyglucose
positron emission tomography (FDG-PET) [12]. This study
examined right-handed patients aVected by right-sided
vestibular neuritis.

The aim of the present study is to analyze the cortical
representation of vestibular neuritis in right-handed
subjects, including both right-sided and left-sided lesions.
In particular, variations of cerebral blood Xow have been
measured by SPECT and correlated to clinical aspects of
vestibular dysfunction.
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We selected patients aVected by vestibular neuritis, a
disease that we have already studied and described in previ-
ous papers [13]. Vestibular neuritis is also known as acute
unilateral vestibular paralysis [14] and is the second most
common cause of vertigo [15]. Although this disorder was
Wrst described at the beginning of the twentieth century
[16], its pathogenesis is unknown [14, 17]. It tends to occur
most frequently in 40–50-year olds, aVects both sexes and
all ethnic groups and is often associated with recent or con-
current upper respiratory infections [18]. Characteristic
signs and symptoms of vestibular neuritis include: a sudden
onset of severe rotational vertigo, sometimes remittent,
which can be prolonged and associated with spontaneous
nystagmus; a markedly reduced or totally absent caloric
response in the aVected ear; nausea; postural instability and
no other neurologic or cochlear symptoms and Wndings
[14, 18]. Since vestibular neuritis is a purely peripheral
lesion of the vestibular system, it constitutes an ideal
“experimental model” of a partial vestibular de-aVerenta-
tion, useful for observing the eVect of vestibular de-aVeren-
tation on the cerebral cortex.

Materials and methods

Nine right-handed patients (male/female: 0.8; mean age:
51.6 § 13.84) aVected by vestibular neuritis constituted the
study group. Every patient underwent a complete physical
examination and blood analysis; an otoneurological evalua-
tion including a thorough anamnesis, tonal liminar audiom-
etry, assessment of spontaneous and evoked nystagmus by
electronystagmographic recordings; a neurologic examina-
tion and a brain MRI.

All patients presented tonal liminar audiometry consis-
tent with age and all clinical signs and symptoms associated
with vestibular neuritis, such as sudden onset rotational
vertigo persistent for hours, neurovegetative symptoms and
the presence of spontaneous, persistent, horizontal nystag-
mus (II–III degree). Two patients had a vestibular neuritis
on the right side and seven on the left side. All patients
were observed within 48 h from the onset of symptoms.
Brain MRI showed an absence of signiWcant pathological
signs in eight patients and a demyelinating disease in one
patient, who was then excluded from the study.

The laterality quotient for right-handedness according to
the 10-item inventory of the Edinburgh test was +100 in
seven of the eight patients and +80 in the last patient [19].

Subjects underwent a brain technetium-99 m SPECT within
72 h of the onset of symptoms and again after 1 month in sub-
jects who had any abnormalities at the Wrst SPECT exam.

Technetium-99 m ethyl cysteinate dimer (ECD) was pre-
pared according to the instructions on the commercial vial
(Neurolite, Bristol- Myers Squibb, MA, USA).

Brain SPECT was performed about 45 min after intrave-
nous administration of 740 MBq of 99mTc-ECD, with the
patient in a quiet, dark room. Dedicated physical restraints
were used to immobilize the patient’s head during data col-
lection. SPECT images were acquired in a 128 £ 128
matrix, using low energy, high resolution (LEHR) parallel-
hole collimators. The energy window was set at 140
kev § 10%. Multiple views over 360°, with 30 s acquisi-
tion times per projection and an angular step of 3° were
obtained. Images were reconstructed using a Butterworth
Wltered back projection (cut oV: 0.5 and order: 10). Trans-
verse, sagittal, coronal slices were generated. Transaxial
slices were oriented parallel to the canto-meatal line.

Images were visually evaluated by a well-experienced
nuclear physician, masked to the results of any prior inves-
tigations. Normal SPECT Wndings consisted of homoge-
neous and symmetric tracer distribution in the gray matter
of the cortex and basal ganglia. Abnormal SPECT Wndings
were considered to be areas of hypoperfusion or asymmetry
evident in at least two consecutive slices.

An otoneurological examination was repeated 1 month
from the onset of symptoms with a complete re-evaluation
of signs and symptoms. All subjects gave their informed
consent to participate in the study, after the procedure and
radiation risks had been explained.

Results

The Wrst SPECT exam revealed reduced blood Xow in the
temporal frontal area of the right hemisphere in seven
patients, independent of the side of the lesion (two patients
were aVected by right vestibular neuritis and Wve patients
by left vestibular neuritis; Fig. 1). No alteration of cerebral
blood Xow was observed in one patient aVected by left ves-
tibular neuritis.

The second SPECT exam, performed after 1 month in
the seven patients with reduced cerebral blood Xow
revealed normal blood Xow in three patients and an
improved blood Xow in the other four patients (Table 1).

Thus, the alteration was always present in the right
hemisphere and was reversible in some patients 1 month
after onset. Clinical signs and symptoms at 1 month were
characterized by the absence of rotational vertigo and
absence/reduction of spontaneous nystagmus, but the pres-
ence of postural imbalance in all patients, regardless of
changes in blood Xow at that time.

Discussion

The vestibular, visual and somatosensory systems jointly
perceive the spatial orientation of the human body and
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coordinate the processes that play a role in bringing about
this orientation. It is generally accepted that this function
can be ascribed to a complex network of cortical and sub-
cortical regions that continuously process aVerent impulses,
with one or another element of the network possibly pre-
dominating [20].

A number of animal experiments have been performed
to identify elements of the network. As a result, areas with
vestibular aVerentation have been found in the parietal and
temporal regions of primates [1, 2].

Parts of the network responsible for spatial orientation
have been identiWed in patients with lesions of one cerebral

hemisphere who suVer from contralateral spatial neglect
syndrome [21]. Elements have been located in the inferior
parietal lobe, the area of temporal parietal junction, the lat-
eral region of the premotor cortex and certain subcortical
regions such as the thalamus and basal ganglia [3, 21, 22].

The most widely used examination techniques in which
stimulation is applied involve optokinetic, galvanic and
caloric vestibular stimulation and the neck vibration test.
Warm water caloric irrigation and cold gas caloric irriga-
tion of the external auditory canal or galvanic vestibular
nerve stimulation at the mastoid level cause bilateral activa-
tion of the temporoparietal cortex, especially the posterior
insula and retroinsular region, which are the human homo-
logs of the parietoinsular vestibular cortex (PIVC) in mon-
keys.

A human PET study during warm water caloric irriga-
tion in right- and left-handed volunteers showed that two
factors aVect this bilateral cortical activation pattern of
vestibular areas: the handedness of the subjects and the
side of the stimulation. There is vestibular dominance in
the non-dominant hemisphere and stronger activation
occurs in the hemisphere ipsilateral to the stimulated ear
[23]. A subsequent human PET study on right-handed
patients aVected by right-sided vestibular neuritis showed
an activation of the primary vestibular cortex (parieto-insu-
lar vestibular cortex- PIVC) on the left side, contralateral to
the aVected side, and a deactivation of the supposed
“secondary” multisensory vestibular cortex areas on the
right side, ipsilateral to the aVected ear [12]. The activa-
tion of “primary” vestibular cortex might be considered

Fig. 1 99mTcECD Brain SPECT shows mild reduction of tracer
uptake in the right fronto-temporal lobe (arrow)

Table 1 Population proWle

Patients Lesion 
side

Brain MRI SPECT (24–72 h) SPECT (1 month follow-up)

1 Right Negative Reduced blood Xow in the frontal 
temporal lobe on the right side

Negative

2 Right Negative Reduced blood Xow in the frontal 
temporal lobe on the right side

Attenuation of the reduced blood 
Xow in the frontal temporal 
lobe on the right side

3 Left Negative Reduced blood Xow in the 
frontal temporal lobe on the right side

Attenuation of the reduced blood 
Xow in the frontal temporal 
lobe on the right side

4 Left Negative Reduced blood Xow in the frontal 
temporal lobe on the right side

Negative

5 Left Negative Reduced blood Xow in the frontal 
temporal lobe on the right side

Attenuation of the reduced blood 
Xow in the frontal temporal 
lobe on the right side

6 Left Negative Reduced blood Xow in the frontal temporal 
lobe on the right side

Attenuation of the reduced 
blood Xow in the frontal 
temporal lobe on the right side

7 Left Negative Reduced blood Xow in the frontal 
temporal lobe on the right side

Negative

8 Left Negative Negative

9 Left Demyelinating disease
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the cortical correlate of the lesional tonic imbalance,
whereas deactivation of the “secondary” multisensory
vestibular cortex areas might reXect a cortical mechanism
that suppresses the distressing consequences of erroneous
perceptions of motion. However, this study analyzed only
the right-sided lesions in right-handed patients and, refer-
ring to the reported results, the deactivation of secondary
vestibular cortex on the right side might be considered as
an ipsilateral deactivation as well as a deactivation of the
non-dominant hemisphere.

The present study aimed to detect the cortical representa-
tion of vestibular neuritis in right-handed subjects, includ-
ing both right-sided and left-sided lesions. Our results are
not very accurate regarding identiWcation and deWnition of
distinct cerebral cortical areas involved in vestibular stimu-
lation, because of the poor anatomical deWnition of the
imaging technique used. Nevertheless, this information has
been widely described in previous studies and we were
interested in the hemispheric dominance of vestibular infor-
mation processing.

Our results did show that all patients presented a reduced
cerebral blood Xow in distinct cortical areas situated in the
right hemisphere, despite the side of the lesion. These
data suggest that a strong vestibular stimulus, such as
partial de-aVerentation in case of vestibular neuritis, has its
strongest eVect in the non-dominant hemisphere. In fact, all
the selected patients were right-handed and presented blood
Xow alteration in the right hemisphere.

Furthermore, this alteration of cerebral blood Xow was
completely reversible in three of seven patients and
improved in four of seven patients about 1 month from the
onset of symptoms, after symptoms and signs of vestibular
de-aVerentation had subsided. This suggests that the
reduced blood Xow was likely a result of the lesion stimu-
lating the vestibular system.

Our results seem to conWrm an asymmetric cortical acti-
vation pattern induced by unilateral peripheral vestibular
loss as reported by Bense et al. [12]. In addition, we think
that it would be interesting to demonstrate the cerebral acti-
vation pattern during acute vestibular deWcit also with a
more accurate technique other than SPECT. In fact, a deac-
tivation of the right hemisphere in both right-sided and left-
sided peripheral lesions, likely due to the dominance of
vestibular function in the non-dominant hemisphere, might
be considered as a defense mechanism aimed to attenuate
the symptom vertigo.

This fact is conWrmed by the clinical progress of the dis-
ease. After an early phase, characterized by intense vertigi-
nous symptoms, the patients’ symptoms decreased, despite
the presence of spontaneous nystagmus, which is known to
be a direct expression of the deaVerentation. Although our
data need conWrmation with more accurate imaging tech-
niques, it seems that the dominance of vestibular cortical

function in the non-dominant hemisphere is more critical
than the side of lesion and/or stimulation.
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