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Vestibulo-ocular reflex abnormality in
Vogt-Koyanagi-Harada syndrome

Hidehiro Oku, Satoshi Ishikawa

Abstract
The eye movements of 15 patients with Vogt-
Koyanagi-Harada (VKH) syndrome were

analysed. Transient dizziness occurred in 60%
of the patients. Eight patients (53%) exhibited
horizontal jerk nystagmus that was completely
inhibited by visual fixation. Eight cases (53%)
exhibited the elevation of vestibulo-ocular
reflex (VOR) gain in darkness. Six of the
patients with nystagmus had defective smooth
pursuit movements with reduced gain on the
side ipsilateral to the nystagmus. Saccadic and
optokinetic eye movements were intact, and
visual vestibular interaction was also normal.
Impaired eye movements in VKH syndrome
may be caused by asymmetry of the vestibular
function secondary to the labyrinthine inflam-
mation.
(BrJ Ophthalmol 1994; 78: 912-916)
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Vogt-Koyanagi-Harada (VKH) syndrome is a

bilateral progressive panuveitis with exudative
retinal detachment that is associated with
vitiligo, alopecia, and poliosis.'- An immune
response involving melanocytes is considered to
be a major cause of this syndrome.4 Because of
the embryogenetic, morphological, and func-
tional similarity between the uveal membrane
and the leptomeninges,' the central nervous

system (CNS) may be involved in VKH syn-
drome, generating pleocytosis with an increase
of protein in the cerebrospinal fluid (CSF).45
Neurological symptoms such as headache,
nausea, dysacousia, and dizziness are common
complaints ofpatients with VKH syndrome, and
the findings may include optic neuritis,4 hemi-
plegia,5 and tonic pupil.6 Therefore, this syn-
drome has been referred to as a uveomeningitis
or uveoencephalitis.5 Despite extensive clinical
studies, there has been no detailed quantitative
investigation of ocular movements in VKH
syndrome and the precise lesion responsible for
dizziness is not known. It seems possible that
analysis of eye movements, including VOR may
detect CNS lesions in patients with VKH syn-
drome. Thus, in the present study, we analysed
the eye movements of 15 patients with VKH
syndrome.

Subjects and methods

PATIENTS
We studied 15 patients with VKH syndrome
treated at the Department of Neuro-Ophthal-
mology of Kitasato University Hospital. The
patients included six males and nine females
aged from 17 to 58 years, with a mean of 35 9

years. Inclusion criteria were (1) bilateral uveitis,
(2) focal subretinal leakage from the choroid, and
(3) evidence ofCSF inflammation.

AUDIOMETRY
Auditory function was examined using pure tone
audiometry. Measurements were performed at
500 Hz and 1, 2, 4, and 8 kHz, because the most
important range of hearing for speech is between
300 Hz and 3 kHz, while testing higher fre-
quencies can be useful to detect early impair-
ment.

RECORDING OF EYE MOVEMENTS
Horizontal and vertical eye movements were
recorded using direct current electro-oculo-
graphy (DC-EOG). The recordings were simul-
taneously made with a thermal array polygraph
and a rectilinear pen system, stored on FM tape,
and analysed on line by a digital computer.7
There was no previous history of strabismus,
ophthalmoplegia, or otological disorders in any
of the patients before the diagnosis of VKH
syndrome. In addition, all patients were
examined specifically by an otologist to exclude
previous middle or inner ear damage. Despite
their impaired vision, all patients were able to
maintain fixation on a 5 mm diameter red diode
target at a distance of 200 cm. If spontaneous
nystagmus was noted, arithmetical calculation
was added. Systemic administration of cortico-
steroids was not begun before the oculomotor
examination.

VESTIBULO-OCULAR REFLEX
The vestibulo-ocular reflex (VOR) was stimu-
lated by sinusoidal whole body rotation around
the vertical axis using an electrically driven
rotating chair (Nagashima Co SRA 2, Tokyo).
Patients were seated in the chair with the head
inclined 30 degrees below the horizontal and
held by a chin rest as well as occipital supports
with a head band. The head position was moni-
tored by a potentiometer coupled to the base of
the chair. The chair rotated sinusoidally through
an arc of 60 degrees at peak velocities of 30, 60,
and 90 degrees per second, equally frequencies
of 0-16, 0-32, and 0 47 Hz, respectively. The
VOR gain values were computed as the ratio of
the peak smooth eye movement velocity to the
peak head velocity. Measurements were taken
under three different sets of conditions in the
following order: (1) in darkness, (2) during
fixation on a stationary red diode target with a
diameter of 5 mm positioned 200 cm from the
patient (dot on wall), and (3) during fixation on

912

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.78.12.912 on 1 D

ecem
ber 1994. D

ow
nloaded from

 

http://bjo.bmj.com/


Vestibulo-ocularreflex abnonnality in Vogt-Koyanagi-Harada syndrome

Table 1 Clinicalfeatures and analysis ofeye movements ofthe patients

Spontaneous nystagmus
(degreesls)

Audiomety VOR gain (0-47 Hz) Smooth
Visual acuity 8 kHz (dB) slow pursuit Optokinetic

CSF cell Vestibular phase In Visual gain eye
Case Age Sex Right Left counts symptoms Right Left Direction velocity darkness fixation (0 5 Hz) movements

Group A
1 17 M 20/67 20/50 216 + 304 50 yes R 8-1 high R DP N low R DP
2 25 M 20/40 20/67 639 + 15 20 yesR 5 7 high RDP N N RDP
3 26 F 20/40 20/67 364 + 25 35 yesR 5.1 normal(N) N N N
4 34 M 20/50 20/40 613 + 304 35 yes L 7-2 high L DP N low L DP
5 37 F 20/30 20/22 247 + 10 35 4 yes R 6-9 high high low R DP
6 38 F 20/67 20/67 176 + 25 40 yes R 8-2 high R DP N low R DP
7 33 M 20/100 20/100 251 + 704 80 yes R 8-9 high R DP N low R DP
8 58 F 20/20 20/20 148 + 40 20 yesL 5 2 high LDP N low L DP
Mean 33 5 20/53 332(180) 6-9(1 5)
(SD) (12.1)

Group B
9 21 M 20/200 20/100 251 + 25 30 none high N N N
10 44 M 20/67 20/67 188 - 25 20 none N N N N
11 42 F 20/40 20/67 622 - 304 30 none N N N N
12 38 F 20/50 20/40 128 - 25 35 none N N N N
13 32 F 20/100 20/67 316 - 20 15 none N N N N
14 44 F 20/40 20/33 118 - 10 20 none N N N N
15 50 F 20/100 20/100 116 - 10 15 none N N N N
Mean 38-7 20/77 248 (181)
(SD) (9-6)

Right or left indicates the fast phases of spontaneous nystagmus, the VOR, optokinetic nystagmus, and eye tracking in smooth pursuit.

the same red diode attached to the chair 50cm in
front of the patient and moving with the head
(visual fixation).
For each patient, the VOR gain was measured

at each frequency under the three sets of condi-
tions given above. Individual mean gain values

(A) Spontaneous nystagmus

Eye position < 20t

left

Velocity P-'
1 s

(B) VOR in darkness

Eye position

Velocity Wrf < +100

Head position ] 600

Visual fixation 1 s

Eye position ]400

Velocity X +100

-100

Head position 3600

(C) Smooth pursuit movement 1 s

Eye position 400]4

Velocity

Target 400

is

Figure I Typical recording ofeye movements (case 6). The right eye recording is shown.
In each recording, an upward deflection indicates movement to the right and vice versa.

(A) Spontaneous nystagmus to the right with Frenzel's glasses. (B) Horizontal vestibulo-ocular
reflex (VOR) induced by sinusoidal rotation of0-47 Hz. Hyperactivity was observed in
darkness. The induced nystagmus was almost completely suppressed by visualfixation.
(C) Horizontal smooth pursuit movements. The target velocity was 40 degrees/second. Gain to

the right was reduced to 0-86.

were determined from the optimum data
obtained from a series of more than 30 sinusoids.
A modified version of the visual suppression

test8 for caloric nystagmus was used to quantify
the visual suppression ratio of the VOR (calcu-
lated as the slow phase velocity (SPV) of the
'VOR in darkness' minus the SPV of 'visual
fixation', divided by the SPV of the 'VOR in
darkness'). This ratio was then multiplied by 100
to give the percentage visual suppression. The
frequency of rotation was 0 47 Hz.

CALORIC TEST
In order to examine vestibular function on each
side independently, we performed the caloric
test using 5 ml of cold water at 5°C, and
measured the duration and the maximum slow
phase velocity of the induced nystagmus.

SMOOTH PURSUIT EYE MOVEMENTS
Horizontal smooth ocular pursuit movements
with an amplitude of 40 degrees were measured.
The target moved at a constant velocity of 24-2
and then 40 degrees per second, equivalent to 0 3
and 0 5 Hz, respectively. The patient was
required to follow the target as accurately as
possible. Ten trajectories were selected and
averaged for each patient when the gain was
calculated.

SACCADIC EYE MOVEMENT
The 15 patients underwent a quantitative study
of saccadic ocular movements with an amplitude
of 20 degrees. The velocity and latency of each
saccade were determined. Presentation of the
fixation target was done at random intervals and
10 saccadic movements were averaged for each
patient to determine the mean velocity.

OPTOKINETIC EYE MOVEMENT
Patients were seated at the centre of a horizont-
ally rotating drum with a diameter of 150 cm and
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VOR in darkness 7 July

Eye position h] 400
Iight
Fleft +0

Velocity s
. A l -100

Head position 1600

5 September 1 s

Eye position W -'-JK ]40

Velocity

Head position 1600

14 October 1 s

Eye position J 400

i+100
Velocity J _ ] /s

-100

Head position ] 600

1 s

Figure 2 Transient
deterioration ofthe vestibulo-
ocular reflex (VOR) in case
3. Rotation was sinusoidal
at 0 47 Hz in each recording.
The induced nystagmus was
small on 5 September, but
returned to its previous level
by 14 October.

a vertical height of 200 cm. The drum was
painted with 3 cm vertical black stripes spaced at
27 7 degree intervals on a white background, and
it was rotated in the clockwise and anticlockwise
directions to produce optokinetic stimulation of
the entire visual field. The velocity of rotation
was increased with uniform acceleration from 0
to 180 degrees per second over 45 seconds, and
then returned to 0 degrees 45 seconds later.
Induced nystagmus and its differentials were
recorded in each direction (optokinetic pattern
test9). In addition, the number of cycles of
nystagmus and the slow phase velocity were
measured and compared in each direction.
Normal data on the various eye movements

were obtained from 20 age matched healthy
subjects (mean age 32 5 years). Gain values more
than 2 SD away from the normal mean values
were considered to be abnormal.

ment was recognised in two patients (cases 1
and 5).

SPONTANEOUS NYSTAGMUS
The patients could be divided into two groups,
(a) with spontaneous nystagmus, and (b) without
nystagmus. A representative recording of eye
movements from case 6 is shown in Figure 1.
Spontaneous nystagmus was of the horizontal
jerk type (Fig 1A). The quick phase was to the
right in six patients, and to the left in two.
Nystagmus was more obvious in the dark and
under Frenzel's glasses. It was enhanced by
arithmetic calculation and was inhibited by fixa-
tion. The mean amplitude was 7-3 degrees and
the frequency was 0 99 Hz.

VESTIBULO-OCULAR REFLEX
The VOR in darkness was hyperactive (Fig 1B).
Gain elevation was seen in eight patients (53%)
(Table 1). Any right or left sided disparity in gain
of more than 010 was considered to indicate a
directional preponderance and was noted in six
patients. The direction of the nystagmus and
side dominance of VOR gain were well corre-
lated (cases 1, 2, 4, 6, 7, and 8) (Table 1).
While fixating on a stationary target (dot on

wall), the normal subjects and patients showed a
VOR gain near unity throughout the velocity
range. During attempted fixation on a moving
target (visual fixation), VOR gain was effectively
suppressed in all cases (Fig iB). The visual
suppression rate for the patients was 78-7%,
while that for the normal subjects was 77T5%.
(Case 5 showed elevated VOR gain with visual
fixation. However, her visual suppression rate
was 78% and considered to be normal.)

Case 1 showed marked VOR directional pre-
ponderance to the right in darkness. Caloric
stimulation revealed left canal paresis. Case 3
had normal vestibular function during VOR
assessment (Fig 2, 7 July) and caloric stimulation
at the initial examination. However, after a
severe recurrence, the VOR in darkness was
transiently reduced (Fig 2, 5 September). Canal
paresis was not seen in the other patients.

Results

CLINICAL FEATURES
The clinical features and the eye movement data
are summarised in Table 1. The visual acuity was
reduced to less than 20/20 in all patients except
case 8. All of the patients showed lymphocytic
(range 87-100%) pleocytosis > I00x 106/1 in the
CSF. The CSF protein concentration was also
slightly increased and the average level was 62 5
mg/dl (range 40-87 mg/dl).
Nine patients (cases 1 to 9) (60%) complained

of dizziness and vertigo, which improved on
closing the eyes, an indication of its vestibular
origin. These vestibular symptoms occurred 5-7
days after the onset of visual impairment.
Hearing was impaired at high frequencies and

was below 30 dB at 8 kHz in 10 patients (67%),
indicated by arrows in Table 1. Auditory recruit-

SMOOTH PURSUIT EYE MOVEMENTS
Six patients with nystagmus showed defective
smooth pursuit movements with reduced gain at
the target velocity of 0 5 Hz (Table 1). Gain was
reduced upon tracking in the same direction as
the nystagmus (Fig IC).

SACCADIC EYE MOVEMENT
The mean velocities were both normal for hori-
zontal saccadic eye movements to 20 degrees in
the temporal and nasal directions from the
midline. None of the patients exhibited abnor-
mal saccadic trajectories. The saccadic latency
time was within 250 ms in all patients and this
was considered to be within normal limits.

OPTOKINETIC EYE MOVEMENTS
Optokinetic nystagmus was well induced in all
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Table 2 Gain ofvestibulo-ocular reflex and smooth pursuit movements

Group A patients (n=8)
Group B patients Normal subjects

Ipsilateral Contralateral (n=7) (n=20)

Gain of vestibulo-ocular reflex (mean (SD))
In darkness

0-16 Hz 0-88 (0 25)* 0-78 (0-18)* 0 70 (0-18) 0 64 (0-12)
0-32 Hz 0 90 (022)* 0-88 (0-18)* 0-75 (0-16) 0 65 (0-10)
0-47 Hz 1-14 (020)* 0 94 (0-19)* 0 73 (0-09) 0 73 (0 09)

Visual fixation
0-47 Hz 0-21 (0 05) 0-19 (0 06) 0-17 (0 04) 0-17 (0 05)

Suppression (%) 81-2 (4 9) 80-2 (4 7) 76-4 (4 6) 77 5 (5 4)
Gain of smooth pursuit movements (mean (SD))

0 3 Hz 0-88 (0 07)* 1-02 (0 05) 0-98 (0 04) 1-01 (0 03)
0 5 Hz 0-86 (0-10)* 0 94 (0 04) 0 95 (0 05) 0 99 (0 04)

*p<005 (Mann-Whitney test).
Ipsilateral or contralateral means the direction of the fast phase of the VOR, the direction of eye
tracking was the same or opposite to that of spontaneous nystagmus.

patients and there was no reduction in the
number of cycles of induced nystagmus when
compared with the normal subjects. Seven
patients exhibited directional preponderance,
with a disparity in the maximum slow phase
velocity of more than 10 degrees/second, and it
was in the same direction as detected by the VOR
in darkness.

CLINICAL COURSE
Vestibular symptoms and meningism was
resolved rapidly with steroid treatment (120-150
mg of prednisolone as an initial dose) within a
week. However, spontaneous nystagmus in the
dark persisted for 2-3 weeks. The steroid dose
gradually decreased over a 2 month period, and
after treatment all of the patients had a visual
acuity over 20/20 except case 3. Asymmetric
vestibular function disappeared, while the VOR
and smooth pursuit gain also returned to normal.

CLINICAL CORRELATIONS
The patients with spontaneous nystagmus
(group A) and those without nystagmus (group
B) had quite different clinical features. Vestibu-
lar symptoms and high frequency deafness at
8 kHz were prominent in group A. TheVOR and
smooth pursuit gain of the patients is compared
with that of the normal controls in Table 2 using
the Mann-Whitney test. Ipsilateral VOR gain in
darkness was higher than contralateral gain, but
both parameters were elevated (p<005). In
addition, ipsilateral smooth pursuit gain was
reduced (p<005). In contrast, visual suppres-
sion of the VOR was not impaired. There were
no significant differences between group B
patients and the normal subjects. However,
VOR gain in darkness for the 15 patients as a
whole was still elevated (p<0 05, 0-32-0-47 Hz).

Discussion
This study showed that some patients with VKH
syndrome suffer from vestibular symptoms and
exhibit oculomotor abnormalities. Abnormali-
ties were seen in slow eye movements, while
saccadic and quick movements were less
affected. The spontaneous nystagmus had
characteristics typical of peripheral vestibular
nystagmus.'° Directional preponderance of the
VOR in darkness reflected an imbalance of tonic
neural activity between the vestibular nuclei'0

and the slow phase drift was towards the side
with lower VOR gain. High frequency deafness
was also found in these patients and auditory
recruitment was noted. These results suggest
that both the cochlear and vestibular nerves were
simultaneously involved, with the origin of the
hearing impairment being inner ear pathology. A
T cell mediated immune reaction to melanocytes
is a major cause of VKH syndrome." Melano-
cytes are present in the cochlea, the semicircular
canals, and the otolith organs.4' 2 Thus, an
immune response directed against melanocytes
may well elicit labyrinthine inflammation involv-
ing both the cochlear and vestibular nerves.

Defective smooth pursuit movements with a
reduced gain strongly suggest central nervous
system involvement, such as lesion of the brain-
stem,'3 14 cerebellum,'5-'7 and cortex.'8-20 A brain-
stem lesion is less likely, because it should
produce lower VOR gain, impaired optokinetic
nystagmus and impaired saccades.2" The
cerebellum is involved in visual modulation of
the VOR,22 23 and patients with cerebellar
disease'5 624 as well as monkeys with floccular
lesions2526 have impaired visual suppression of
vestibular nystagmus. Impaired visual suppres-
sion is also very useful for making a diagnosis of
multiple sclerosis. 16 Patients with cerebral hemi-
decortication show abnormal visual vestibular
interactions."' 9 However, the visual vestibular
interactions were normal in our patients with
VKH syndrome, and the saccadic latency time
and trajectory were not affected. These results
indicate that the cerebellum and cerebrum were
functionally normal despite the occurrence of
leptomeningitis. An acute labyrinthine lesion
could cause a transient reduction of smooth
pursuit gain in the direction of the spontaneous
nystagmus.'4 Accordingly, dysfunction of the
integrator circuit for slow eye movements was
probably due to impaired afferent input from the
labyrinth rather than to a lesion of cerebellum or
cerebrum.
The abnormality in VKH syndrome is

peculiar because patients have elevated VOR
gain despite the presence of a peripheral vesti-
bular lesion, and the mechanism involved in this
gain elevation continues to be difficult to define.
It was not simply due to the superposition of
spontaneous nystagmus onto VOR gain, because
ipsilateral VOR gain was still elevated when the
slow phase velocity of spontaneous nystagmus
was subtracted from VOR (p<0 05, 0-32-
0-47 Hz), and contralateral VOR gain was also
elevated (p<005). We can suggest two potential
causes. The first is a central mechanism related
to visual impairment.27 However, there was no
significant difference in visual acuity between
groups A and B. The second is excitation of the
labyrinth, as is seen in the acute phase of
Meniere's disease.2' Electrocochleography has
shown similarities between Meniere's disease
and VKH syndrome.29 Inflammation of the
labyrinth may elevate the endolymphatic pres-
sure or may alter the flow of endolymph soon
after the onset ofVKH syndrome. An increase in
flow towards the ampulla without impairment of
the function of the sensory hair cells may contri-
bute to the elevation of VOR gain. The severity
of the change may differ between the two sides
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and this asymmetry could lead to spontaneous
nystagmus. Paresis of canal function may appear
in an advanced stage of the disease and could
account for the transient VOR deterioration in
case 3. We think that the more likely explanation
is the second.
The differential diagnosis of uveitis is often

clinically difficult. Serous retinal detachment
with focal subretinal leakage from the choroid
is the most important finding in the diagnosis
of VKH syndrome. However, patients with
posterior scleritis and disseminated multifocal
pigment epitheliopathy often exhibit a very

similar appearance. Cerebrospinal fluid pleo-
cytosis is also not specific to VKH syndrome
since it may also be present in patients with
sarcoidosis, Behcet's disease, uveal effusion, and
other conditions. However, vestibulo-ocular
abnormalities - that is, elevated VOR gain,
appear to be common in VKH syndrome, and
53% of our patients exhibited spontaneous
nystagmus. These findings may thus be very

useful in confirming a diagnosis of VKH
syndrome.
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