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Introduction
The term “dizziness” has been applied to vertigo, 

lightheadedness, presyncope, anxiety, and general malaise [1-
4]. Dizziness is an unpleasant distortion of static gravitational 
orientation, or an erroneous perception of motion of either 
the sufferer or environment. It is not a disease entity but 
rather the outcome of many pathological or physiological 
processes. Although the number of patients whose dizziness 
symptoms are unequivocally attributable to stroke is low, 
considering the large number of stroke patients who report 
dizziness symptoms, their actual number may be higher 
[5,6]. In fact, the percentage of the patients who experienced 
dizziness after cerebral ischemia is beyond to around 40% 
(38/94) in our department. There has not been demonstrated 
the objective examinations for the dizziness which bother 
many patients yet. We have investigated the relationship 
between dizziness and cerebral blood ϐlow (CBF) especially 
in the patients of cerebral ischemia. In this article whether the 
reciprocal inhibitory visual-vestibular interaction relate to 
control the dizziness in stroke patients was discussed through 
our results.

Relationship between dizziness and visual-vestibular 
cortices

The parieto-insular vestibular cortex (PIVC) is located in 

a region from which vestibular sensations were induced by 
electrical stimulation with a depth electrode placed in the 
Sylvian ϐissure, medial to the primary acoustic cortex [7]. 
In view of the strong interconnections between the PIVC 
and other vestibular cortex areas (mainly 3aV and 2) and 
the vestibular brainstem nuclei, it has been proposed as 
the core region in the vestibular cortical system [8-10]. 
The reciprocal inhibitory visual-vestibular interaction 
(Figure 1A) is a multisensory mechanism for self-motion 
perception. It facilitates relating the dominant perception of 
self-motion to the actual input from one of the two sensory 
modalities, thereby avoiding perceptual ambiguity. When the 
perception of self-motion is dominated by the vestibular input 
(acceleration), the visual cortex (VISC) is inhibited by the 
PIVC (Figure 1B). An observation can thus be interpreted as 
the vestibular-visual pendant for self-motion perception. In a 
positron emission tomography study using caloric vestibular 
irrigation, activation of the PIVC resulted in a signiϐicant, 
bilateral decrease in the regional cerebral blood ϐlow (CBF) in 
the occipital VISC that includes Brodmann areas 17, 18, and 19 
[11]. Doppler sonography detected a reduction in the posterior 
cerebral artery blood ϐlow velocity during caloric vestibular 
stimulation [12]. This suggests that deactivation of the VISC 
beneϐits the organism during vestibular stimulation since 
it suppresses visual motion inputs and thereby protects the 
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Figure 1: A: Schematic caricature demonstrated the relationship between PIVC and VISC concerned with dizziness in the patients with stroke. PIVC (Parieto Insular 
Vestibular Cortex), VISC (Visual Cortex). 
B: Sections analyzed on CT images. Slice 1 and 2 are axial imaged that include the basal ganglia and temporo-parietal cortex respectively. ROIs were selected on each 
image. Slice 1: The level of the analyzed slice passed through the basal ganglia and included the midsectin of the anterior horns of the lateral ventricles, the caudate 
putamen, thalamus, and pineal body posteriorly. Three pairs of cortices corresponding to the frontal cortex ([1] and [2]), the temporal cortex ([3] and [4]), and the occipital 
cortex ([5] and [6]) = VISC were assessed. Slice 2: [7] and [8] represent the temporo-parietal cortex including the parieto-insular vestibular cortex (PIVC).
C: Comparison of the cerebral blood fl ow between the patients with dizziness and without dizziness at rest. Blank bar: cerebral blood fl ow in the
Patients without dizziness. Gray bar: cerebral blood fl ow in the patients with dizziness. Signifi cant diff erence between without dizziness and with
Dizziness (*p < 0.05, **p < 0.01) appeared in [4],[5],[6], and [7],[8].
D: Comparison of the cerebral blood fl ow between the patients with dizziness and without dizziness after acetazolamide loading. Blank bar: cerebral blood fl ow in the patients 
without dizziness. Gray bar: cerebral blood fl ow in the patients with dizziness. Signifi cant diff erence between without dizziness and with dizziness (*p < 0.05, **p < 0.01)
appeared in [5] and [6].
E: Comparison of the cerebral blood fl ow between the patients with pre-treatment and post-treatment of Ibudilast at rest. Blank bar: cerebral blood fl ow in the patients with 
pre-treatment of Ibudilast. Gray bar: cerebral blood fl ow in the patients with post-treatment of Ibudilast. Signifi cant diff erence between without dizziness and with dizziness 
(*p < 0.05) appeared only in [6].
F: Comparison of the cerebral blood fl ow between the patients with pre-treatment and post-treatment of Ibudilast after acetazolamide loading. Blank bar: cerebral blood 
fl ow in the patients with pre-treatment of Ibudilast. Gray bar: cerebral blood fl ow in the patients with post-treatment of Ibudilast. Signifi cant diff erence between without 
dizziness and with dizziness (*p < 0.05) appeared in [5],[6],[7],and [8].
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vestibular system from conϐlicting visual motion inputs. When 
the perception of self-motion is dominated by visual inputs 
(e.g. during constant-speed car motion), the PIVC is inhibited; 
this suppresses misleading vestibular inputs resulting from 
involuntary head oscillations during transportation. These 
inputs are suppressed by deactivation of the vestibular system 
[13]. Ombergen, et al. [14] reported an increase in VISC- and a 
decrease in PIVC connectivity upon visual stimulation.

Evidence for a decreased CBF in the vestibular-visual 
cortices in post-stroke patients

By using the standard xenon-enhanced CT CBF system, we 
have carried out CBF measurements in multiple brain regions 
of post-stroke patients. As we documented elsewhere [15-17],
the ischemic lesions in our study population were located 
in infra- and supratentorial areas and not only in the VISC 
and PIVC, indicating that ischemia in other brain areas may 
elicit dizziness. From 2 to 6 months after the start of ibudilast 
therapy, all eleven [16] and nine [17] patients resolved their 
dizziness respectively.

We ϐirst compared the CBF in patients with and without 
dizziness (C). We found that in patients with dizziness, a 
signiϐicant decrease in the CBF was found in both the VISC 
and PIVC [15], bar graphs of [5],[6],[7] and [8] in ϐigure C 
implicating both in the elicitation of dizziness. After loading of 
ACZ, a potent dilator of the cerebral vasculature, the CBF was 
decreased signiϐicantly only in the VISC, bar graphs of [5] and 
[6] in ϐigure D, suggesting that vasoreactivity in the area of the 
VISC had not recovered while it was recovered in the PIVC even 
in patients with dizziness. Based on this observation we posit 
that inhibition from the PIVC to the VISC might be dominant 
in the visual-vestibular interaction in patients with dizziness. 
Deactivation of the VISC during PIVC stimulation suppresses 
the VISC [18-20]. Therefore, the observed decrease in the 
CBF in the VISC may be attributable to the selective inhibition 
of remote excitatory pathways from the PIVC to the VISC, 
leading to a decrease in the neuronal ϐiring rate in the VISC to 
below the at-rest level. We think that due to its unrecovered 
vasoreactivity after ACZ loading, the VISC may be implicated 
in the elicitation of dizziness.

We next examined the therapeutic effects of ibudilast, 
which is reportedly known to increase the CBF by facilitating 
the vasomotor reactivity of cerebral vasculature [16,17], in 
patients with dizziness. In patients treated with ibudilast, the 
amelioration of dizziness was accompanied by a signiϐicant 
increase in the CBF in only the VISC, bar graph [6] in ϐigure 
E. To conϐirm the presence of an inhibitory effect from the 
PIVC to the VISC, we recorded the CBF after ACZ loading. We 
found that post-loading, the CBF was signiϐicantly increased 
in both the VISC and PIVC of patients treated with ibudilast, 
bar graphs of [5],[6],[7] and [8] in ϐigure F. Therefore, in 
patients with dizziness, ibudilast administration restored the 
vasoreactivity of the VISC and PIVC and helped to ameliorate 
their dizziness. We thus suggest that the reciprocal inhibitory 

visual-vestibular interaction may be implicated in the 
manifestation of dizziness in post-stroke patients.

Concluding remarks
 The actual number of patients who suffered dizziness due 

to stroke is high unexpectedly. Dizziness after stroke has been 
considered as a result of vertebro-basilar insufϐiciency due to 
low perfusion of the brainstem and cerebellar hemisphere in 
generally. The pathophysiology of the relationship between 
stroke and dizziness has not been clariϐied yet, especially in 
concerned with the cerebral cortical origin. We found that in 
stroke patients with dizziness, a signiϐicant decrease in the 
CBF was found in both PIVC and VISC compared with patients 
without dizziness. From this evidence, both cortices of PIVC 
and VISC where closely related to control of the dizziness as 
described in many previous studies make us reconϐirm that 
these cortices have major role also in the patients of stroke 
with dizziness. After loading of ACZ, vasomotor-reactivity in 
the areas of the VISC had not recovered while it was recovered 
in the PIVC even in the patients with dizziness. From these 
evidences, the reciprocal inhibition from the PIVC to the 
VISC might be dominant in the visual vestibular interaction 
in the stroke patients with dizziness. In patients treated with 
ibdilast, the amelioration of dizziness was accompanied by a 
signiϐicant increase in the CBF in only the VISC. Furthermore, 
we found that post-loading of ACZ in patients treated with 
ibdilast, the CBF was signiϐicantly increased in both the 
VISC and PIVC where ameliorated the vasomotor reactivity. 
These ϐindings showed the dizziness after stroke is able to 
be reversible through ameliorate the functionally disrupted 
loop between visual-vestibular cortices where low perfusion 
of VISC and PIVC. The temporally cortical dysfunction causing 
dizziness after stroke can be recovered using some medicine 
such as ibdilast. To prove the post-stroke dizziness, the 
functional brain imaging such as PET, SPECT and XeCT might 
be useful by measuring the cortical low perfusion of the brain.
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