Functional and Structural Connectivity of the Vestibular System
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The vestibular system is based on bilaterally ascending and descending pathways and has three major functional groups including:
(1) reflexive control of gaze, head, and body in three spatial planes at the brainstem and cerebellar level; (2) perception of self-mo-
tion and control of voluntary movement and balance at the cortical and subcortical level; and (3) higher vestibular cognitive func-
tions of spatial memory and navigation. The bilateral structure of the vestibular systems is the core concept for its sensory, sensor-
imotor, and cognitive functions and most importantly for the clinician, its disorders. In this review, the structural and functional con-
nectivity of the vestibular systems with respect to their bilateral organization in the order in which the sensory input ascends from

the brainstem to the thalamus to the cortex will be discussed.
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Figure 1. Normal activation-deactivation pattern during unilateral vestibular stimulation in healthy volunteers (activations in yellow-red, deacti-

vations in blue).2

(A) Left: a monkey brain with the neurophysiologically determined multisensory vestibular areas 6, 3aV, 2v, 7a, b, PIVC and VTS. Right: the
locations of the activated areas during galvanic stimulation of the vestibular nerve (fMRI) are similar in humans. (B) During caloric irrigation
of the right ear in healthy right-handers, activations (H. 15O-PET) occur in temporo-parieto-insular areas of both hemispheres, but there is a
dominance of the non-dominant right hemisphere. Deactivations are located in areas of the visual cortex bilaterally.
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Figure 2. Group results of rCGM of patients with vestibular neuritis
of the right ear (eyes closed, without stimulation) compared to the
control condition 3 months later.?

A significant increase (red) of rCGM is seen in the contralateral left
vestibular cortex, left superior temporal gyrus, hippocampus, tha-
lamus bilaterally, and in the anterior cingulate gyrus. Simultaneous
rCGM decreases (blue) are located in the visual and somato-
sensory cortex bilaterally.

Chehel A eS| 20174 K36} FA ka2 - 242 -

il

2 07t Aol 9 7k Sgolh,
H27HA) A V5 IS B AT s
obH) Ao 0 2R Abdel T AH ofe] v A=
ool B2 % Wi JY A=} 1 WA E] el
A B84 sk oF AVIE Fa% HEE
() 715 B 24 14 AR DARTp

’

(it) 2 olA frefl | A F= PIVC T FHo=E <
AE=7)?
(i) 2 he] 2 The AHAET YTk
(iv) 1015} APge] ofi= 2917} Bdslo] Yt
(v) A2 TSt A&7 ok oltell ¢ x|st
=71
of thgk Ao Al 724 7152 AAel el
= g H Bkl A AHDTI, diffusion tensor imaging) 3} 7|
3 A7 1EE HEMRDS H§EE A& vfR o= V)3t
et

T2A 7154 AA AZA (Structural and func-
tional vestibular connectivity)

# ol DTIF} MRS o] 83 14 1824 AT’ 14
2733} A 1] (parieto-insular vestibular cortex, PIVC)
Role] 754 9 T2 Aol AL R F ¥
2ol A £ Qw2 AuATre] 75 T
Qo] AEGon 4490z nE Ashs 7o Wi
o] AR =7t I, olF Al TS wAt
shA] ¢Fal FF o= Fstal, vhE Fle Hu e T
olx makete] xPgtt, FSARE TS =
A’ (posterolateral or paramedian thalamus)g /-3
= APES AXRA] g1 A Y 3}—‘?—(infenor insula)t}
PIVC ¢&og BRI wAARE BT o= AP
Agato] w2 A4u Az o

errm
L

Fll‘ l‘n

o}

of

l

(posterolateral thalamus)<
Frk(Fig. 3)."

QEEN 9% i Rbe] PIVCE
nium< 53] A2 o] gJrHtranscallosally), on] &z =
A3l rtolo] Az dd 2o, FFo g sk I3z
of 52| of F7HAQ] H3E wAb& w3l whebA Al )
of k= (1) g o] dellA (2) A 2deie] L )

antero-caudal sple-

271



wWojlA (3) T4 oA wabstAl fok, W] HA a2
Fz u o] A u] F 9] Alo]of|A] spleniumE B8] WA=
A Fth(transcallosal connection), ©|23F AL o|d &

=293l 0l o] A7 42)8F 2 S22} S (uracer study), 1]

==
I EARPERE o2 gk QIZke] MRI W A7 A3

ek glolt)> 0 5 mefole} Pgolol F2 53
g 327} Aol AYAET AFAEH A HEE)
(Medial longitudinal fasciculus, MLF), A8 Tlo|g] A=

(ascending Deiter’s tract, nx} @ Wx}FEA] 938, crossed
g , ,

L
. T

il

ventral tegmental tract (CVIT) & brachium conjunctivum
22 Aolw vl 7o) AFARIE SRS s v
N 535 (supranuclear integration centers) 2 AEE-S
HoJoh wst, Hol] T=0 2 = ipsilateral vestibu-
lo-thalamic tract (IVIT)7} H¥HZow FHZ F3=
(subjective visual vertical, SVV)2] 7] &S Hol& 45
2 w5 HA(anteromedial pontomesencephalic in-
farctions) TSI 71EHUL)." o] ARt T3] £2%
(SVV) 21 A]el T3 medial lemniscuse] QHERE o] 9]%]
st} DTT G723 ollx = 552 paramedian Y H2E

ipsilateral

A

Figure 3. The vestibular pathways within the brainstem.*
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Five separate and distinct vestibular pathways were identified: three run ipsilaterally (i) and two cross (c) at either the pontine or the mesen-
cephalic level. A, B. Ipsilateral pathways (direct without relay stations within the thalamus = pink, indirect with paramedian and posterolateral
relay stations within the thalamus = yellow), C, D. Contralateral pathways (with pontine crossing = blue, with mesencephalic crossing =
green), and E, F. adjacent pathways of the PIVC in the antero-caudal splenium of the corpus callosum (E in red) or vestibular nuclei (F in pur-

ple).
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Figure 4. Significant clusters identified by the meta-analysis for
CVS, GVS, and sounds.'® The main regions activated by CVS, GVS,
or auditory stimuli were located in the Sylvian fissure, insula, retro-
insular cortex, fronto-parietal operculum, superior temporal gyrus,
and cingulate cortex (corrected for false discovery rate, p<0.05).
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