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Perceived Vertical and Lateropulsion: Clinical Syndromes,
Localization, and Prognosis

Thomas Brandt, MD, FRCP, and Marianne Dieterich, MD

We present a clinical classification of central vestibular syndromes according to
the three major planes of action of the vestibulo-ocular reflex: yaw, roll, and pitch.
The plane-specific syndromes are determined by ocular motor, postural, and percep-
tual signs. Yaw plane signs are horizontal nystagmus, past pointing, rotational and lat-
eral body falls, deviation of perceived straight-ahead to the left or right. Roll plane
signs are torsional nystagmus, skew deviation, ocular torsion, tilts of head, body, and
perceived verrical in a clockwise or counterclockwise direction. Pitch plane signs are
upbeat/downheat nystagmus, forward/backward tilts and falls, deviarions of the per-
ceived horizon. The thus defined vestibular syndromes allow a precise topographic
analysis of brainstem lesions according to their level and side. Special emphasis is
placed on the vestibular roll plane syndromes of ocular tilt reaction, lateropulsion in
Wallenberg’s syndrome, thalamic and cortical astasia and their association with roll
plane tilt of perceived vertical. Recovery is based on a functionally significant central
compensation of a vestibular tone imbalance, the mechanism of which is largely un-
known. Physical therapy may facilitate this central compensation, but this has not

yet been proven in prospective studies. Key Words: Visual vertical

Lateropulsion—

Vestibulo-ocular reflex—Central vestibular syndromes.

Vestibular pathways run from the eighth nerve and
the vestibular nuclei through ascending fibers, such as the
ipsilateral or contralateral medial longitudinal fasciculus
(MLF), the brachium conjunctivum, or the ventral
tegmental tract to the ocularmotor nuclei, the supranu-
clear integration centers in the rostral midbrain, and the
vestibular thalamic subnuclei. From there they reach sev-
eral cortex areas through the thalamic projection. An-
other relevant ascending projection reaches the cortex
from vestibular nuclei via vestibular cerebellum struc-
tures, in particular the fastigial nucleus.

In the majority of cases central vestibular vertigo
syndromes are caused by dysfunction or a deficit of sen-
sory input induced by a lesion (1,2). In a few cases they
are due to pathological excitation of various structures,
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extending from the peripheral vestibular organ to the
vestibular cortex. As opposed to peripheral vestibular dis-
orders, which are always characterized by a combination
of perceptual, ocular motor, and postural signs and symp-
toms, central vestibular disorders may manifest as “a com-
plete syndrome” (as in a peripheral lesion) or wich only
single components. The ocular motor aspect, for exam-
ple, predominates in the syndromes of upbeat or down-
beat nystagmus. Lateral falls may occur without vertigo
in vestibular thalamic lesions (thalamic astasia) or as lat-
eropulsion in Wallenberg’s syndrome.

Clinical Classification of Central
Vestibular Disorders

The “elementary” neuronal network of the vestibu-
lar system is the di- or trisynaptic vestibulo-ocular reflex
(VOR). There is evidence for a useful clinical classifica-

NEUROREHABILITATION AND NEURAL REPAIR, VOL. 14 NO. [, 2000 1

Downloaded from nnr.sagepub.com at LMU Muenchen on May 16, 2013


http://nnr.sagepub.com/

T. BRANDT AND M. DIETERICH

tion of central vestibular syndromes according to the
three major planes of action of the VOR (Figure 1): yaw,
roll, and pitch (1,3).

The plane-specific vestibular syndromes are deter-
mined by ocular motor, postural, and perceptual signs
(Figure 2):

e Yaw plane signs are horizontal nystagmus, past
pointing; rotational and lateral body falls, deviation
of perceived straight-ahead to the left or right.

¢ Roll plane signs are torsional nystagmus, skew de-
viation, ocular torsion, tilts of head, body, and per-
ceived vertical in a clockwise or counterclockwise
direction.

e Pitch plane signs are upbeat/downbeat nystagmus,
forward/backward tilts and falls, deviations of the
perceived horizon.

Clinical examination with Frenzel's glasses (magni-
fying glasses with +16 diopters have light inside to pre-
vent visual fixation, which could suppress spontaneous
nystagmus) allows the clinician to better observe spon-
taneous eye movements. Upbeat and downbeat nystag-
mus, however, can be best seen with visual fixation with-
out Frenzel’s glasses. The alternating monocular cover
test reveals horizontal or vertical misalignmence of the vi-

YAW

Figure 1. Schematic representation of the three major planes
of action of the vestibulo-ocular reflex. Horizontal rotation
about the vertical z axis = yaw; vertical rotation about the bin-
aural y axis = pitch; vertical rotation about the x axis (“line of
sight”) = roll. .

sual axes, such as skew deviation. Determination of ec-
ular torsion (measured as the angle formed by a straight
line through the papilla and fovea and a horizontal line)
requires fundus photographs or a laser scanning ophthal-
moscope. Measurements of perceived vertical require spe-
cial devices that do not give visual cues of true vertical.
Head tiles, body lateropulsion, and the direction of
vestibular falls can be observed at the hedside.

The thus defined VOR syndromes allow for a precise
topographic diagnosis of brainstem lesions as to their
level and side (Figure 3).

e A tone imbalance in yaw indicates lesions of the
unilateral medulla including the root entry zone of
the eighth nerve and/or the vestibular nuclei.

¢ A tone imbalance in roll indicates unilateral lesions
(ipsiversive at pontomedullary level, contraversive
at pontomesencephalic level).

e A tone imbalance in pitch indicates bilateral (para-
median) lesions or bilateral dysfunction of the floc-
culus.

Some vestibular disorders are characterized by a si-
multaneously peripheral and central vestibular involve-
ment. Examples are large acoustic neurinomas, infarc-
tions of the anterior inferior cerebellar artery, head
trauma, and syndromes induced by alcohol intoxication.
Others may affect the vestibular nerve root in the brain-
stem (lacunar infarction or focal demyelination in mul-
tiple sclerosis (MS) mimicking a peripheral disorder).

Cortical vestibular syndromes include vestibular
seizures and lesional dysfunction with tilt of the perceived
vertical, lateropulsion, and rarely rotational vertigo.
There is no primary vestibular cortex, but the parietoin-
sular vestibular cortex {4) seems to act as a kind of main
integration center. Dysfunction of this multisensory and
sensorimotor cortex for spatial orientation and self-mo-
tion perception may be involved in spatial hemineglect
and rare paroxysmal room-tilt illusions.

Most central vertigo syndromes have a specific locus
but not a specific etiology. The etiology may, for exam-
ple, be vascular, autoimmunologic (e.g., in MS), inflam-
matory, tumorous, toxic, or traumatic.

Vestibular Disorders in
(Frontal) Roll Plane

The “graviceptive” input from the otoliths converges
with that from the vertical semicircular canals at the level
of the vestibular nuclei (5) and the ocular motor nuclei
{6,7) to subserve static and dynamic vestibular function
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torsional nystagmus
skew deviation
ocular torsion ( skew torsion )

head and bady ( roll ) tilt
and falls ( ipsi or contra )

tilt of perceived vertical
(ipsi or contra )

vertical nystagmus ( up / down )
up / down ocular deviation

fore - aft body sway and falls

upbeat : downward deviation
of subjective straight ahead

downbeat : upward deviation
of subjective straight ahead

horizontal nystagmus
horizontal ocular deviation
caloric hyporesponsiveness
( ipsitateral )

horizontal body ratation,
lateral falls ( ipsiversive )
past - painting

horizontal deviation of
subjective straight ahead

Figure 2. Topographic diagnosis of vestibular syndromes in roll, pitch, and yaw planes: schematic presentation of the distinct areas
within the brainstem and vestibulo-cerebellum (frontal and sagitral views) in which a lesion induces a vestibulo-ocular tone imbal-
ance in roll, pitch, or yaw plane. Typical ocular motor signs are torsional, vertical (up/downbeat), or horizontal nystagmus. A tone
imbalance in roll indicates unilateral “graviceptive” pathway lesions from the medial or superior vestibular nuclei (inducing ipsiversive
signs), crassing midline to the contralateral MLF and the rostral integration center for vertical and torsional eye movements, the
INC (inducing conrtraversive signs). A tone imbalance in pitch indicates paramedian bilateral brainstem lesions at pontomesen-
cephalic or pontomedullary level, the brachium conjunctivum, or the flocculi. It is striking that pontomedullary lesions may induce
either upbeat or downbeat nystagmus or transitions between the two, whereas binocular flocculus lesions result only in downbeat
nystagmus and a pontomesencephalic lesion only in upbeat nystagmus. A rone imbalance in yaw indicates.a unilateral pontomedullary
lesion involving the medial and superior vestibular nucleus. This area overlaps with roll and pitch function syndromes in more
than one plane (riMLF = rostral interstitial nucleus of the medial longitudinal fasciculus, INC = interstitial nucleus of Cajal, Il =
oculomotor nucleus, IV = trochlear nucleus, VI = abducens nucleus, VIII = vestibular nucleus). '

NEUROREHABILITATION AND NEURAL REPAIR, VOL. 14, NO. 1, 2000 3

Downloaded from nnr.sagepub.com at LMU Muenchen on May 16, 2013


http://nnr.sagepub.com/

T. BRANDT AND M. DIETERICH

B4 aw
up y‘ h Mesencephalon
down pite
roll

Pons

Flocculus

Medulla

Figare 3. Vestibular syndromes in roll, pitch, and yaw planes:
critical areas are schematically represented based on our cut-
rent knowledge of vestibular and ocular motor structures and
pathways, a lesion of which causes a vestibular tone imbalance
in one of the three major planes of action. The mere clinical
sign of a vertical, torsional, or horizontal nystagmus—if central-
vestibular—allows a topographic diagnosis of the lesion, al-
though the particular vestibular structures involved are still
under discussion. Whereas a vestibular rone imbalance in the
roll plane indicates unilateral brainstem lesions (a crossing in
the pons), vertical nystagmus indicates bilateral lesions. Two
separate causative loci are known for upbeat nystagmus:
medullary or pontomesencephalic. Downbeat nystagmus indi-
cates a bilateral paramedian lesion of the commissural fibers be-
tween the vestibular nuclei or a bilareral flocculus lesion. Hor-
izontal nystagmus indicates unilateral pontomedullary lesions
involving the vestibular nuclei. The differentiation of vestibu-
lar ocular motor signs according to the three major planes of ac-
tion of the VOR and their mapping to distinct and separate
areas in the brainstem are helpful for topographic diagnosis and
for avoiding incorrect assignment of clinical signs to brainstem
lesions identified with imaging techniques (INC = interstitial
nucleus of Cajal, MLF = medial longirudinal fasciculus, VN
= vestibular nucleus).

in pitch {(up and down in the sagittal plane) and roll (lat-
eral tilt in the frontal plane). In the “normal” position
in the roll plane, the subjective visual vertical (SVV) is
aligned with the gravitational vertical, and the axes of
the eyes and the head are horizontal and directed straight
ahead.

Signs and symptoms of a vestibular dysfunction in
the toll plane can be derived from the deviations from
norimal function. A lesion-induced vestibular tone im-
balance should result in a syndrome consisting of a per-
ceptual tilt (SVV), vertical misalignment of the visual
axes (diplopia), ocular torsion, or a complete ocular tilt
reaction (OTR), i.e., the triad of roll head tilt, skew de-

viation, and ocular torsion.

There is convincing evidence that all following signs
and symptoms reflect vestibular dysfunction in the
(frontal) roll plane:

e ocular tilt reaction (OTR)

e skew deviarion (skew-torsion sign)

s spontaneous torsional nystagmus

e tonic ocular torsion {monocular or binocular), if not
caused by infranuclear ocular motor disorders

o tilt of perceived visual vertical (SVV) (with binoc-
ular viewing)

e Dbody lateropulsion

QOcular motor or postural tilts as well as misadjust-
ments of subjective vertical point in the same direction,
either clockwise or councerclockwise. The direction of all
tilts is reversed if pathological excitation of unilateral
“graviceptive” pathways is the cause of vestibular tone
imbalance in roll rather than a lesional input deficit. The
combination of static (nystagmus) and dynamic (ocular
deviation) signs is not surprising if one considers the
functional cooperation of otoliths and vertical semicir-
cular canals due to their neuronal convergence within
“graviceptive” pathways. The above-listed signs and
symptoms may be found in combination or as single com-
ponents at all brainstem levels. A systemaric study of 111
patients with acute unilateral brainstem infarctions re-
vealed that pathological tilts of SVV (94%) and ocular
torsion (83%) are the most sensitive signs (8). Skew de-
viation was found in one-third and a complete OTR in
one-fifth of these patients.

Current clinical data support the following prelimi-
nary topographic diagnostic rules based on vestibular
signs and symptoms in roll (1) (Figures 3 and 4):

1. The fundamental pattern of eye-head tilt in roll—ei-
ther complete OTR or skew torsion without head
tile—indicates a unilateral peripheral deficit of otolith
and vertical canal input {which converge in the
vestibular nuclei) or a unilateral lesion of “gravicep-
tive” brainstem pathways from the vestibular nuclei
{crossing midline at lower pontine level) to the inter-
stitial nucleus of Cajal (INC) in the rostral midbrain.

2. Tilts of SVV, resulting from peripheral or central
vestibular lesions from the labyrinth to the vestibu-
lar cortex, are the most sensitive sign of a vestibular
tone imbalance in roll.

3. All tilt effects—perceptual, ocular motor, and pos-
tural—are ipsiversive (ipsilateral eye lowermost) and
due to unilateral peripheral or pontomedullary paretic
lesions below the crossing of the graviceptive path-
ways. They indicate involvement of the labyrinth,
vestibular nerve, or medial and/or superior vestibular
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Figure 4. Vestibular syndromes in roll plane: “Graviceptive”
pathways from otoliths and vertical semicircilar canals con-
verge and mediate vestibular function in roll plane. The pro-
jections from the otoliths and the vertical semicircular canals
to the ocular motor nuclei (trachlear nucleus 1V, oculomotor
nucleus I1I, abducens nucleus V1), the supranuclear centers of
the INC, and the rostral interstitial nucleus of the MLF (+iMLF)
are shown. They subserve VOR in three planes. The VOR is
part of a more complex yestibular reaction which also involves
vestibulo-spinal connections via the medial and lateral
vestibulo-spinal tracts for head and body posture control. Fur-
thermore, connections to the assumed vestibular cortex (areas
2v and 3a and the parieto-insular vestibular cortex, PIVC) via
the vestibular nuclei of the thalamus (Vim, Vce) are depicted.
“Graviceptive” vestibular pathways. for the roll plane cross ar
the pontine level. OTR {skew torsion, head tilt, and tilt of per-
‘ceived vertical, SVV) is depicted schematically on the right in
relation to the level of the lesion: ipsiversive OTR with pe-
ripheral and pontomedullary lesions; contraversive OTR with
pontomesencephalic lesions. In vestibular thalamic lesions, the
tilts of SVV may be contraversive or ipsiversive; in vestibular
cortex lesions they are preferably contraversive. OTR is not
induced by supratentorial lesions above the level of INC. Dot-
ted versus solid arrows around the eyes indicate direction and
disconjugacy of skew deviarion and ocular torsion.

nuclei; the latter are mainly supplied by the vertebral
artery.

4. All tile effects in unilareral pontomesencephalic
brainstem lesions are contraversive {contralateral eye
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Figure 5. Spontaneous course of ocular torsion (cyclorotation,
CR) skew deviation (vertical divergence, VD), and SVV tilt,
in degrees, in a patient with a left paramedian midbrain infarc-
tion presenting with a complete OTR to the right. OTR con-
sisted of contraversive head tilt of 20°, skew deviation of 10°, left
eye over right eye, and ocular torsion of 10°-20°, Both directions
along the y-axis are “rightward” and show disconjugate SVV and
CR. Allsigns in the roll plane—CR, VD, and SVV tilts—show
gradual recovery within 6 weeks.

lowermost) and indicate involvement of the medial
longitudinal fasciculus (MLF} (paramedian arteries
arising from basilar artery) or INC and tiMLF (para-
median superior mesencephalic arteries arising from
the basilar artery.

. OTR with unilateral (ponto)medullary lesions
(vestibular nuclei) indicates the “ascendling” (reflex-
ive) type of a tone imbalance of the VOR in roll.

6. OTR due to rostral midbrain lesions (INC) reflects
the “descending” type of tone imbalance involving
the neural integration center for eye-head coordina-
tion in roll. The functional concept is that there are
two distinct and separate brainstem structures con-
trolling eye-head coordination in roll and pitch planes
by virtue of separate pathways: the bilateral caudal
VOR and the bilateral rostral integration center.,

7. Skew deviation is always combined with ocular tor-
sion, i.e., skew-torsion sign. It manifests without head
tile if ascending pontomesencephalic “graviceptive”

w
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Figure 6. Time course of
change in deviation of sub-
jective visual veitical (SVV)
after acute unilateral infarc-
tion of the lateral medulla
oblongata in 8 patients with
Wallenberg’s syndrome. Fried-
man nonparametric analysis
of variance shows a significant
difference between SVV val-
ues for different time intervals
(p < 0.001}, and examination
of the individual differences
(Wilcoxon and Wilcox test)
shows a significant decrease in
SVV from time I to time 111,
time I to time IV, and time II
to time 1V. Gradual recovery
is mast pronounced in the first
30 days.
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pathways are affected rostral to the downward
branching of the vestibulospinal tract.

. Unilateral lesions of ascending (sensory) vestibular

pathways rostral to the INC typically manifest with
deviations of perceived vertical without concurrent
eye-head tilt.

. OTR in unilateral paramedian thalamic infarctions

(paramedian thalamic arteries from basilar artery) in-
dicates simultaneous ischemia of the paramedian ros-
tral midbrain including the INC.

Unilateral lesions of the posterolateral thalamus can
cause thalamic astasia and moderate ipsiversive or
contraversive SVV tilts, thereby indicating involve-
ment of the vestibular thalamic subnuclei (thalamo-
geniculate arteries).

Unilateral lesions of the parieto-insular vestibular
cortex (PIVC) cause moderate, mostly contraversive
SVV tilts (temporal branches of the middle cerebral
artery or deep perforators) and “cortical lateropul-
sion.”

An SVV tilt found with monocular but not with
binocular viewing is typical for a trochlear or oculo-
motor palsy rather than a supranuclear “graviceptive”
brainstem lesion (9).

NEUROREHABILITATION AND NEURAL REPAIR, VOL. 14, NO.

Tile effects caused by paroxysmal activation of “grav-
iceptive” pathways point in the opposite direction of those
caused by lesional inhibition, such as unilateral infarction
(10-13). Thus all clinical signs of vestibular dysfunction
in roll can be helpful when determining not only the level
but also the side of the brainstem lesion. If the level of
damage is known from the clinical syndrome, the vestibu-
lar syndrome indicates the more severely affected side.
Conversely, if the side of damage is clear from the clini-
cal syndrome, the direction of OTR, skew deviation, and
SVV tilt indicates the level on the brainstem.

Etiology

The two most common causes of tonic OTR are brain-
stem ischemia {especially Wallenberg’s syndrome and uni-
lateral paramedian thalamic plus rostral mesencephalic in-
farctions) and brainstem tumots. We have also seen cases
with unilateral thalamic hemorrhages, lower brainstem
hemorrhages (cavernous angioma, lymphomas), after se-
vere brainstem concussion, in multiple sclerosis, or asso-
ciated with actacks of basilar migraine.

1, 2000
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The paroxysmal OTR described in a patient with MS
(12) may be a variant of the paroxysmal attacks assumed
to arise from ephaptic spreading between adjacent de-
myelinated axons. We have observed repeated paroxys-
mal attacks (vestibular excitation rather than inhibition)
of contraversive OTR with ipsiversive torsional nystag-
mus in the acute stage of Wallenberg’s syndrome. The
typical direction of torsional nystagmus is contraversive
in the dorsolateral medullary syndrome.

Natural Course and Management

The natural course and management of OTR depend
on the etiology. Deviations of eyes and perceived verti-
cal are usually transient because of the unilateral lesion
and the central compensation via the unaffected side; in
cases of hemorrhage or infarction recovery occurs within
a few days to weeks. However, it can be permanent in
asymmetric bilateral lesions, as we observed in a patient
with severe brainstem concussion. Here the possibility of
central compensation by the pathways of the less affected
brainstem side is reduced. Following unilateral brainstem
infarctions, all features of OTR—postural, ocular motor,
and perceptual—disappear naturally and gradually within
4.5 weeks to months (repeated measurements made in
seven patients over a period of up to 1-3 years; (14) (Fig-
ures 5 and 6). Repeated measurements of skew deviation,
ocular torsion (OT), and tilts of perceived vertical (SVV)
made during a single day showed consistent tilts. Some
patients, however, maintained a residual OT of a few de-
grees without a corresponding tilt of SVV for up to 2 years.

Recovery is based on a functionally significant cen-
tral compensation of a vestibular tone imbalance induced
by a unilateral central lesion. The mechanisms underly-
ing central compensation of central lesions may be sim-
ilar to those of central compensation of peripheral
. vestibular lesions. Recovery from vestibular lesions is nei-
ther a simple nor a single process; multiple processes are
involved.

Analysis of the mechanisms of recovery requires a
careful comparison of normalization between parallel
phenomena at the behavioral level, on the one hand, and
the neuronal level, on the other. Incongruencies in the
time course and the magnitude of the changes in behav-
ior and neuronal activity clearly indicate that multiple
processes of compensation occur in distributed neuronal
networks at different locations and at different times
(15-17).

Physical therapy may facilitate this central com-
pensation, but this has not yet been proven in a prospec-
tive study. Vestibular sedatives can be administered in ex-
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Figure 7. Deviations of the subjective visual vertical (SVV, tilt
in degrees) in 36 patients with infarctions of the lateral medulla
oblongata. Adjustments.of the SVV (first measurements in the
acute stage) are depicted i relation to the severity of body lat-
eropulsion {abscissa). The dots represent single measurements
{in some patients there were repeated measurements during the
course of the disease); means and standard deviations are also
depicted. The more pronounced the lateropulsion, the greater
the deviations of SVV. SVV and lateropulsion are both ip-
siversive to the side of the lesion.

ceptional cases of pronounced nausea. These drugs should
not be given after nausea disappears, because they pro-
long the time required to achieve compensation of the
vestibular tone imbalance.

Lateropulsion in Wallenberg’s Syndrome

Lateropulsion of the bady is a well-known transient
feature of dorsolateral medullary infarction. These patients
have irresistible, ipsiversive falls but generally no subjec-
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Figure 8. Overlap areas of 9 posterolateral infarcrions which caused either ipsiversive (n = 6, left) or contraversive (n = 3, mid-
dle) tilts of SVV. As can be seen by comparison with the transverse section of the middle thalamic level (A; 9.7 mm above the AC-
PC line} and the lower thalamic level (B; 0.9 mm above the AC-PC line) the overlap area involves the thalamic nuclei Vee, D,
Vei, Vim, Voe, (Do), independent of the direction (i = ipsiversive; ¢ = contaversive) of induced tilt of the internal representation
of gravity. {(Vce= nucleus ventrocaudalis externus; Dc= nucleus dorsocaudalis; Vci= nucleus ventrocaudalis internus;Voe= nu-

cleus ventrocaudalis externus; Do= nucleus dorso-oralis).

tive vertigo. Different brainstem lesions from midbrain to
medulla cause deviations of the subjective vertical (8,18).
Transient ocular-tilt reaction and ipsiversive deviations of
the subjective vertical, which indicate a pathological shift
in the internal representation of the gravitational vector,
are typically found in Wallenberg's syndrome (Figure 6)
(19,20). We hypothesized that the subjective vertigo is
missing in these patients (despite a striking tendency to
fall sideways), because individual multisensory postural reg-
ulation is adjusted to the deviated vertical (Figure 7). Lat-
eropulsion then represents postural compensation of an
apparent hody tilt contraversive to the lesioned side. De-
spite the resulting postural imbalance and the conflicting
true vertical, the body is continuously adjusted toward
what the central nervous system erréneously computes as

vertical (19). This could explain why patierits fall with-
out vertigo or warning signals from the multisensory spa-
tial orientation system. Lateropulsion in dorsolateral
medullary lesions (Figure 6) exhibits spontaneous recov-
ery within days to weeks. This process might be facilitated
by physical therapy. Lateropulsion without hemiparesis also
occurs in cortical lesions.

Thalamic and Cortical Astasia
Associated with SVV Tilts

An association of SVV tilts with falls is also typical
for posterolateral (vestibular subnuclei) thalamic lesions.

8 NEUROREHABILITATION AND NEURAL REPAIR, VOL. 14, NO. !, 2000
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Thalamic astasia (21) is a condition in which patients
without paresis or sensory or cerebellar deficits are un-
able to maintain an unsupported, upright posture. Postural
imbalance with a transient tendency to fall has been re-
ported following therapeutic thalamotomy and thalamic
hemorrhage (22). According to our experience in some
30 patients with thalamic infarctions, the posterolateral
type may cause contraversive or ipsiversive postural in-
stability with SVV tilts (Figure 8), whereas the parame-
dian type (if it extends into the rostral midbrain) always

PERCEIVED VERTICAL AND LATEROPULSION

Figure 9. Typical lesioned area in a paramedian thal-
amic infarction with contraversive OTR that is caused
by the simultaneous involvement of the rostral mid-
brain. Infarcted areas were raken from MRI scans and
projected onto the appropriate transverse thalamic and
midbrain sections of the stereotaxic atlas (9.7 mm and
0.9 mm above the anterior commissure-posterior com-
missure line; Van Buren and Borke, 1972) (top and
middle) and the midbrain atlas {Olszewski and Baxter,
191982; plate XXXVIII). Complete contraversive
OTR is due to the lesion of the rostral midbrain
tegmentum including the region of the INC (iC) (bot-
tom). Abbreviations: Apr = nucleus anterior princi-
palis; Cepc = nucleus centralis parvocellularis; Cma
= anterior commissure; Cmp = posterior commissure;
Cos == superior colliculus; Cun = nucleus cunciformis;
Dc = nucleus dorsocaudalis; Do = nucleus dorso-
oralis; Edy = nucleus endymalis; EW = Edinger-West-
phal nucleus; F = fornix; Fa = nucleus fascicularis;
Gmpe = medial geniculate body, pars parvocellularis;
Hl = nucleus habenularis lateralis; Hm = nucleus
habenularis medialis; iC = interstitial nucleus of Cajal
[INC]; Iep = nucleus intracapsularis; Hlpr = nucleus
oculomotorius principalis; iLa = nucleus intralamel-
laris; Lem = medial lemniscus; Li = nucleus limitans;
Lpo = nucleus lateropolaris; M = nucleus medialis;
NIII = oculomotor nerve; Pf = nucleus parafascicu-
laris; Pl = lateral pallidum; Pm = medial pallidum; Pt
= nucleus parataenialis; Pul = lateral pulvinar; Pum
= medial pulvinar; Puo = oral pulvinar; Put = puta-
men; Pv = nucleus paraventricularis hypo-thalami; R
= reticular nuclei; Ru pc = red nucleus, pars parvo-
cellularis; SC = superior colliculus; Smth = stria
medullaris thalami; SN cm = substantia nigra, pars
compacta; TM = tract of Meynert; Trc = central
tegmental tract; Yee = nucleus vencrocaudalis exter-
nus; Vei = nucleus ventrocaudalis internus; Vepe =
nucleus ventro-caudalis parvocellularis; Vim = nucleus
ventro-oralis intermedius; Voe = nucleus ventro-oralis
externus; Voi = nucleus ventro-oralis internus.

causes contraversive falls (Fig. 9). Astasia and gait failure
with damage of the pontomesencephalic (locomotor) re-
gion was described by Masdey and coworkers (23). Al-
though not discussed, it could also be explained in part by
a vestibular tone imbalance in roll, especially since skew
deviation was described as a feature of the syndrome.

Of 31 patients with cortical infarctions of the mid-
dle cerebral artery territory, 21 showed significant, mostly
contraversive, pathological SVV tilts (24). The overlap-
ping area of these infarctions centered on the posterior
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Figure 10. Collective presentation of infarcted areas taken from MRI scans and projected onto the appropriate transverse sections
of the atlas of Duvernoy (1991) in 7 patients with clearly demarcated infarctions of the middle cerebral artery territory which
caused significant coritraversive tilts of perceived vertical. Overlapping areas of infarctions (7 of 7 in black) in three sections (0 mm
AC-PC line; +8 mun above; +16 mm above) are centered at the posterior part of the insula, involving the long insular gyrus with
the adjacent short insular gyrus, the transverse temporal gyrus, and the superior temporal gyrus.

insula, which is probably homologous to the parietoin-
sular vestibular cortex (Fig. 10). SVV tilts caused by
vestibular cortex lesions may also be associated with (a
compensatory) bady lateropulsion. This explains the cor-
tical phenomenon “pusher,” which physical cherapists
readily recognize.

Cortical Spatial Disorientation

An inappropriate vestibular input due to peripheral
or central dysfunction in patients can cause paroxysmal
“room-tilt illusions.” Tilts of SVV and room tilt illusions
are obviously vestibular signs that indicate misperception
of verticality. They both involve “graviceptive™ pathways
that extend from the otoliths and che semicircular canals
through the vestibular nuclei and the thalamus to the
parietoinsular vestibular cortex. The question arises as to
whether both phenomena are the same, since their net
tilt angles differ only in size. They are not, however, be-
cause of a few other typical differences (25):

1. SVV tilts are usually stable (chronic) signs and re-
covery occurs gradually; within days to weeks; room
tile illusions are paroxysmal or transient phenomena.

2. SVV tilts manifest as a continuum of angle of tilt up
te a maximum of about 30°%; room tilt illusions occur
in 90° steps as a lateral, fore-aft tilt or upside-down
vision.

3. SVV tilts are usually not associated with the percep-
tion of room tilt.

In brief, room tilt illusions are, in our opinion, transient
mismatches of the visual and vestibular 3-D map coor-
dinates that occur in 90° or 180° steps as the erroneous
result of the attempted match of the spatial planes (25).
Furthermore, a plane- and direction-specifie tilt of static
spatial orientation .occurs in disorders of the vestibulo-
ocular reflex, such as downbeat and upbeat nystagmus.
Adjustments of subjective straight ahead exhibit an up-
ward shift in downbeat nystagmus and a downward shift
in upbeat nystagmus (26). Here the tilt of perceived
straight-ahead is elicited by the asymmetric vestibular
tone in the pitch plane in the brainstem which reaches
the cortex by ascending projections. Vestibular syn-
dromes caused only by cortical lesions have not yet been
well defined:

Static cortical spatial disorientation may occur as
paroxysmal room-tilt illusion in parietal or frontal lobe
lesions, contralateral spatial hemineglect in inferior pari-
etal or frontal lobe lesions, vertical neglect below the hor-
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Table 1. Central vestibular syndromes

Site

Syndrome

Mechanism/Etiology

Vestibular cortex (multisensory)

Thalamus

Mesodiencephalic brainstem

Mesencephalic brainstem

s

Ponto-medullary brainstem

Medulla

Vestibular cerebellum

Vestibular epilepsy
Volvular epilepsy
Non-epileptic cortical vertigo

Spatial hemineglect {contraversive)

Transient room-tilt illusions

Tilt of perceived vertical with body
lateropulsion (mostly contraversive)

Thalamic astasia

Tilt of perceived vertical (ipsiversive
or contraversive) with body lateropulsion

Ocular tilt reaction (conrtraversive;
ipsiversive if paroxysmal)

Torsional nystagmus (ipsiversive
or contraversive)

Skew tarsion {contraversive)

Upbeat nystagmus

Tilt of perceived vertical
lateropulsion, ocular tilt reaction’

Pseudo “vestibular neuritis”

Downbeat nystagmus

Transient room-tilt illusion

Paroxysmal room-tilt illusion in MS
Paroxysmal dysarthria/ataxia in MS
Paroxysmal vertigo evoked by lateral gaze

Upbeat nystagmus

Downbeat nystagmus

Positional downbeat nystagmus
Familial episodic ataxia (EA1 with

myokymia and EAZ with vertigo)

Encephalitis with predominant vertigo

Epidemic vertigo

Vestibular seizures are auras (simple or complex
partial multisensory seizures)

Sensorimotor “vestibular" rotatory seizures with
walking in small circles

Rare rotatory vertigo in acute lesions of the
parieto-insular vestibular cortex

Multisensory horizontal deviation of spatial at-
tention with (right) parietal or frontal cortex
lesions

Paroxysmal or transient mismacch of visual- and
vestibular 3-D spatial coordinate maps in
vestibular brainstem, parietal, or frontal cortex
lesions

Vestibular tone imbalance in roll with acute
lesions of the parieto-insular vestibular cortex

Dotsolateral vestibular thalamic lesions

Vestibular tone imbalance in roll

Vestibular tone imbalance in roll
(integrator-OTR with INC lesions)

Ipsiversive in INC lesions
Contraversive in riMLF lesions

Vestibular tone imbalance in roll with MLF lesions

Vestibular tone imbalance in pitch in bilateral
brachium conjunctivum lesions

Vestibular tone imbalance in roll with medial
and/or superior vestibular nuclei lesions

Lacunar infarction or MS plaque at the root
entry zone of the eighth nerve

Vestibular tone imbalance in pitch

Acute severe vestibular tone imbalance in roll
or pitch

Transversally spreading ephaptic axonal activity
Transversally spreading ephaptic axonal activation
Vestibular nuclei lesion?

Vestibular tone imbalance in pitch? (nucleus
prepositus hypoglossi)

Vestibular tone imbalance in pitch caused by
bilateral flocculus lesions (disinhibition)

Disinhibited otolith-canal interaction in nodul-
lus lesions?

EAl=autosomally dominant inherited
potassium channelopathy

EA2=autosomally dominant inherited calcium
channelopathy

Viral infection of cerebellum

Viral infection of cerebellum
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izontal meridian in bilateral parieto-occipital lesions, and
roll of perceived vertical {mostly contraversive) and body
lateropulsion in unilateral PIVC lesions. Dynamic corti-
cal spatial disorientation with apparent motion or rota-
tional vertigo may occur in vestibular epilepsy with tem-
poroparietal foci and rarely as a transient vertigo in acute
lesions of the vestibular cortex.

Conclusion

In this short review we have presented evidence
showing that most central vestibular syndromes can be
attributed to a particular spatial plane of the VOR and
specific locus of vestibular structures in the brainstem,
cerebellum, thalamus, or the cortex. Table 1 summarizes
our current knowledge of central vestibular syndromes,
their localizing value for topographic diagnosis, and their
different mechanisms and etiologies.
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