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Cortical vestibular function and its anatomy

Sun-Young Oh, MD., PhD.

Department of Neurology, Chonbuk National University College of Medicine

Processing of vestibular information at cortical and subcortical levels makes a major contribution to eye, head, and body orientation
in space, spatial memory orientation and navigation as well as motion perception which are also summed up as “higher” vestibular
functions. Multisensory convergence and sensorimotor integration are important aspects for mediating higher vestibular cognitive
functions. Neuroimaging studies in humans using galvanic or caloric vestibular stimulation revealed widely distributed cortical activa-
tions in a bilateral network located in the insula and retroinsular region, superior temporal gyrus, inferior parietal lobule, somato-
sensory cortex, cingulate gyrus, frontal cortex, and hippocampus, which subserve higher vestibular cognitive functions. Here we dis-
cuss a new concept of disorders of higher vestibular function which involve cognition and more than one sensory modality including
room tilt illusion, spatial hemineglect, and bilateral vestibulopathy all of which present with deficits of orientation and spatial

memory.
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Figure 1. (A) Localization of significant clusters identified by the meta-analysis for CVS, GVS, and sounds revealed activations in the Sylvian
fissure." (B) Significant overlap between regions showing convergent activation following caloric and non-caloric stimulation was found only
in a single region on the right posterior parietal operculum.?
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Cortex

«Cortical vertigo

*Pusher syndrome
*Room tilt illusion
*Spatial hemineglect
+Spatial memory defic
*Vestibular epilepsy

Thalamus

*Thalamic astasia
*Pusher syndrome

Brainstem

+Lateropulsion
*Ocular tilt reaction
«Parox. ataxia/dysarthria
*Pseudo-neuritis
*Room tilt illusion
+Skew-torsion
*Vestibular migraine

Cerebellum
Downbeat nystagmus
*Episodic ataxia type
*Ocular tilt reaction
+Posit. vertigo/nystag.
*Pseudo-neuritis

*Upbeat nystagmus

Figure 2. A collection of clinical syndromes may be called central
vestibular disorders or disorders of higher vestibular function.’

Figure 3. A schematic representation of room-tilt illusion. The
head as a cube with the cortical matching of the vestibular and
the visual 3-D coordinate maps.*
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Spatial neglect vs. Con

Figure 4. Investigating the anatomical correlate of spatial neglect.
(Upper panel) Qverlay lesion plots of 15 patients with spatial ne-
glect from the study of Karnath et al..” The study employed a tech-
nique where the location of the lesion was drawn directly on the
patient’s own MRI scan using statistical parametric mapping nor-
malization and cost-function masking for subsequent trans-
formation into stereotaxic space. The number of overlapping le-
sions is illustrated by different colours coding increasing frequen-
cies from violet (n = 1) to red (n = max. number). (Lower panel)
Voxel-wise statistical analysis from the study of Karnath et al.”
comparing 78 neglect patients with 62 patients without spatial
neglect. Results consistently revealed that the right superior tem-
poral cortex and insula are anatomical structures typically lesioned
in patients with spatial neglect.
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Table 1. Evidence of multisensory integration in three vestibulo-thalamo-cortical structures.

Structures Evidence of multisensory integration

Vestibular nuclei
eye movements signals.'*

Thalamus

Neuron in the vestibular nuclei respond to vestibular, visual (optokinetic stimulation),'? tactile, proprioceptive’ and

Vestibular thalamic neurons respond to visual, tactile, and proprioceptive stimuli."

VPL, VPM, and VPI respond to proprioceptive signals from joints and muscles' and code for passive movements of
the neck, shoulders, legs, and vertebral column.

Cerebral cortex
retroinsular and somatosensory cortex.

Vestibulo-visuo-somatosensory convergence has been reported in the PIVC, at the junction of the insula with the
16

Visual-vestibular convergence has also been reported in the extrastriate visual area MST, a major region for

self-motion perception based on optic flows. "’

Vestibular—somatosensory convergence has been reported in the intraparietal sulcus and primary somatosensory
cortex in monkeys (areas 2v and 3av in the hand /arm and neck /trunk representations) and in the secondary

somatosensory cortex in humans.'®
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