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Optokinetic response in patients with
vestibular areflexia
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Abstract. Optokinetic nystagmus (OKN) responses (stimuli 40◦/s and 60◦/s) were evaluated in 121 patients with vestibular
areflexia (VA) and were compared with a control group of 99 control subjects matched by age. The mean response levels were
significantly higher in the VA group than in the control group: 1.7◦/s at 40◦/s stimulation, and 4.4◦/s at 60◦/s. The VA group
showed a significantly wider scattering and greater variances and, as a group, they exhibited higher OKN gains than the control
subjects. We suggest that the higher gain of OKN responses in VA patients can be attributed to an increased efficiency in signal
processing by the cortical optokinetic system. This enhancement may be similar to the enhancement which, in healthy subjects,
is produced by “optokinetic training”.

Keywords: Cortical optokinetic nystagmus, optokinetic training, vestibulo-ocular reflex

1. Introduction

In primates, after total loss of the peripheral laby-
rinthine function, optokinetic after-nystagmus is com-
pletely abolished [3,7,12,20,31,35,38,39] and, accord-
ing to several reports, the level of the optokinetic nys-
tagmus (OKN) response is decreased [3,6,38,39]. In
a previous report on 27 patients with vestibular are-
flexia (VA) however, we described that the OKN gain
(in humans) was significantly higher [18]. At 60◦/s
stimulation, the OKN gain increased significantly with
patients’ age, which is a finding that we did not under-
stand. We stipulated the fact that the patients showed
a bimodal age distribution, which might have caused
some disadvantage in the statistical analyses. After
having written this report, we established a control
group with a suitable age distribution (n = 99, see be-
low) andwe examinedmanymoreVApatients,partly in
the context of ongoing research projects that focused on
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hereditary vestibulo-cochlear hearing impairment [31–
34], see for review [16] and cochlear implantation [14].
Having recruited a large group of VA patients (n =
121) of various ages, we decided to restudy the issue of
whether the OKN gain is lower in VA patients, as com-
pared to subjects with a normal vestibulo-ocular reflex
(VOR), and whether the relation with age is relevant.

2. Methods

2.1. Patients

Our study population consisted of 121 patients with
vestibular areflexia (VA) due to a diversity of causes
(Table 1) and 99 control subjects. The diagnosis of
vestibular areflexiawas based on a lack of nystagmic re-
sponses to velocity steps of 90–250◦/s (in the dark, with
the eyes open); the chair was stopped at a deceleration
of 500◦/s2. In the group of VA patients, 15 had (close
to) normal bilateral hearing and had the following diag-
noses: 3 congenital vestibular areflexia, 1 meningitis, 1
viral infection, 1 bilateral vestibular neuronitis, 3 oto-
toxicity (2 gentamycin, 1 streptomycin), 1 unspecified
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Table 1
Aetiology in 121 patients with vestibular areflexia

Hereditary
Autosomal dominant late-onset progressive vestibulo-cochlear dysfunction [31,33,34] 9
Autosomal recessive congenital vestibular areflexia [32] 3
Autosomal recessive hearing impairment [14,15] 2
Otosclerosis [14] 1
Stapes gusher syndrome 1
Klippel-Feil syndrome 1
Beckwith-Wiedemann syndrome (with wide vestibular aqueduct) 1
Unspecified 7
Total 25
Acquired
Kernicterus 1
Meningitis [14,15,17] 25
Encephalitis (echovirus) 1
Congenital cytomegalovirus infection [13] 1
Viral infection, unspecified 3
Bilateral vestibular neuronitis 2
Paratyphoid fever [17] 1
Whooping cough 1
Otogenic infection 6
Ototoxicity (gentamycin, streptomycin) 6
Trauma to base of skull [14] 6
Cogan’s syndrome 5
Polyneuropathy 2
Bilateral Ménière’s disease 2
Bilateral vestibular schwannoma 1
Neurological disorder, unspecified 1
Early childhood hearing impairment or deafness of unknown cause 12
Unknown cause 20
Total 96

neurological disorder and 5 unknown. Patients with a
history of possible neurological complaints, or patients
who had signs or symptoms of central nervous system
involvement, were examined by a trained neurologist
(WV). A number of 42 VA patients had bilateral com-
plete deafness. All the other VA patients had a moder-
ate to severe hearing impairment, either unilaterally or
bilaterally, and/orwere completely deaf in one ear. On-
ly patients with a probable underlying central nervous
system disorder, especially involving the brainstem or
cerebellum, as well as the visual system, were exclud-
ed. None of the elected patients had a history of visual
impairment. The control subjects were regular otorhi-
nolaryngological patients who had no abnormalities of
the visual, oculomotor and vestibular systems, nor of
the central nervous system. Patients in the VA and con-
trol groups did not use any medication that might have
interferedwith the evaluation of vestibular and/orOKN
responses.

2.2. Methods

2.2.1. Eye movement recording and calibration
For recording eye movements, d.c. electronystag-

mography (ENG) was applied, using a paper strip chart

recorder. Eye movement was calibrated before and af-
ter each test by having the patient or subject look at a
light dot which appeared in alternation at 10◦ on either
side of the primary position.

2.2.2. OKN test
OKN responses were elicited with moving shadow

stripes (7.5◦ width and separation), projected onto a
hemicylindrical screen in front of the patient, which
covered 90 × 50◦ (width x height) of the visual field.
The patient was seated in a rotatory chair with the
head supported by a headrest and with the interocu-
lar axis intersecting the long axis of the cylindrical
screen, on which the projection drumwas centeredwith
the light bulb inside. The vertical axis of rotation of
the stimulus was at about 125 cm distance from the
cylindrical screen (Tönnies AG, Freiburg, Germany).
Velocity-step stimulation was applied for at least 30
sec in each direction. The stimulus direction was re-
peatedly changed, especially if the patient’s response
showed a tendency to decline. There were no signs of
gradual build-up of any of the responses. Only clear,
steady responses were evaluated. Calibration and stim-
ulation were performed without corrective glasses (as
in spectacles), even if the patient normally wore such
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Fig. 1. OKN response velocity at 40◦/s (A) and 60◦/s (B) stimulation versus age (years) and the corresponding cumulative frequency distributions
(C). The mean response velocity for the two nystagmus directions is plotted for the control subjects (open symbols) and for the VA patients (filled
symbols). The continuous lines pertain to the VA patients and the dashed lines to the control subjects. Note wider scattering of the response
levels and the clear bias towards higher values (gain � 1) in the group of VA patients. Slope was shallow and the correlation coefficient was
significant only in the control group at 60◦/s.

glasses [5]; it should be noted that blurring of OKN
stimuli does not appreciably influence OKN gain [26].
The stimulus velocities used were 40 and 60◦/s. The
patients/subjects were instructed to look at the screen
and not to try to follow specific stripes. For each stim-
ulus direction, the mean SPV of 3 nystagmus beats was
derived from (a part of) the constant-velocity response
that showed optimal performance, most often at the
point where the SPV had stabilized; this judgment was
made “by eye”. The OKN response velocity was taken
as the bidirectional mean SPV.

2.2.3. Statistical analysis
Differences in the relative frequency of any fea-

ture were tested in a 2 × 2 contingency table, us-
ing a chi-squared test with Yates’ correction. The
Kolmogorov-Smirnov test was used to see whether any
of the frequency distributions involved deviated signif-
icantly from a normal (Gaussian) distribution. Outly-

ing values were detected by using Chauvenet’s criteri-
on [10]. Student’s t test was used for comparing any rel-
evant two categories, using the Welch-corrected variant
in case the variances differed significantly (Bartlett’s
test, P < 0.05). Linear regression analysis was per-
formed on the response-by-age data. Moreover, using
the F test options of the Prism program, GraphPad, San
Diego, it was tested whether the slopes between any rel-
evant regression lines were significantly different (P <
0.05). If this was not the case, an F test was then per-
formed in order to find out whether the intercepts were
significantly different.

3. Results

The OKN response data for 40 and 60◦/s stimula-
tion and regression lines of SPV against age for both
stimulus velocities are shown in Fig. 1. The mean
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Table 2
Regression analysis for mean SPV on age. Test result relates to the F test mentioned
in section 2.2.3. Bold values indicate significant findings

VA 40◦/s Control 40◦/s VA 60◦/s Control 60◦/s

n 119 98 117 99
Slope (◦/s/y)
Mean −0.015 −0.0055 −0.020 −0.153
SD 0.022 0.020 0.035 0.042
Y-intercept (◦/s)
Mean 38.95 36.81 55.63 56.77
SD 1.02 0.87 1.57 1.84
r −0.061 −0.028 −0.052 −0.346
Sy.x (◦/s) 4.30 2.77 6.58 5.87
Test result slopes ns intercepts S slopes S intercepts na
Mean (◦/s) 38.33 36.59 54.82 50.46
SD 4.28 2.76 6.56 6.23
SEM 0.39 0.28 0.61 0.63
Difference between
means (◦/s) 1.74 4.36
SD 0.48 0.87
95% CI 0.8 to 2.7 2.7 to 6.1

CI, confidence interval; na, not applicable (not calculated because slopes/lines are
significantly different); ns, not significant; r, correlation coefficient; S, significant;
SD, standard deviation; SEM, standard error of mean; Sy.x, residual SD for the
regression of Y on X.

response velocity for the two nystagmus directions is
plotted against age for the control subjects (open sym-
bols) as well as for the VA patients (filled symbols).
The relevant statistics are presented in Table 2. All
four velocity distributions (Fig. 1C) passed the normal-
ity test and could be considered as Gaussian in first
approximation, i.e. after removal of 1 outlying value
from the control group at 40◦/s (63 years/46.5◦/s) and
3 outlying values from the VA group, all originating
from poor responses. We were only able to reliably
measure a few SPV values in these subjects: 19.5◦/s
for a 32-year-old patient at 40◦/s stimulation, 20◦/s for
a 63-year-old patient, and 34◦/s for a 65-year-old pa-
tient, both at 60◦/s stimulation. One of these outliers
related to the only VA patient who might be designated
as a “poor responder”; in his case, VA was presumably
caused by otosclerosis and he showed OKN response
levels which at both stimulus velocities were < the
mean -2SD of the control group. His response at 40◦/s
(mean 27.5◦/s) started with some nystagmus beats with
an SPV of 36◦/s, but declined thereafter.

The negative slopes (response level declining with
advancing age) were all very shallow. None of the cor-
relation coefficients was significant (i.e. slope signif-
icantly non-zero), except that for the control subjects
at 60◦/s. There was a significant difference in slope
between the VA group and the control group at 60◦/s
stimulation (Fig. 1B, Table 2) which was related to in-
creasing age (Fig. 1B). The mean response levels dif-
fered significantly between the VA group (higher val-

ues, see Fig. 1A,B) and the control group by approx-
imately 1.7◦/s at 40◦/s and 4.4◦/s at 60◦/s stimulation
(Table 2 and Fig. 1C). Although at both stimulus levels
the Y intercepts appeared to differ significantly (sepa-
rate t tests), the differences were small (Table 2). We
were not able to detect any significant differences in
response level between the categories of VA patients
with normal hearing and those with complete deafness.

The data of theVApatients showed awider scattering
than those of the control subjects (Fig. 1A,B), which
was also reflected in significant differences between the
residual SDs (Sy.x in Table 2, test results not shown).
There were significantly more cases with gain � 1 in
the VA group than in the control group. In the control
group, at 40◦/s stimulation, only 11% of the responses
(11 out of 99) showed such a high gain, while in the
VA group 38% of the responses (46 out of 120) did.
At 60◦/s stimulation, 3% (3 out of 99) and 28% (33
out of 119) of the cases respectively, had such a high
gain. There was no remarkable relationship between
excessively high OKN gain and any specific aetiology.
In the patient categories of bilateral normal hearing
(n = 15) and bilateral deafness (n = 42), 27–29% had
a gain of � 1.

The present observations clearly contradict the find-
ings of prior studies (see Introduction) that the OKN
response level is consistently lower in VA subjects.
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4. Discussion

4.1. Age and response level in normal subjects

A significant negative correlation between the OKN
response level and age was found at 60◦/s in the con-
trol subjects, as others did before [1,25,29,37]. Paige
measured the gain of sinusoidal smooth pursuit (SP,
at 50◦/s maximum velocity, 0.25 Hz) and OKN (full-
field projection at 50◦/s maximum velocity and 0.025–
0.25 Hz with the instruction to attend the stripes) in 3
age classes [25]. The mean gain for these fast (cor-
tical) responses was about 0.83, 0.75 and 0.64 in the
young, middle-aged and elderly groups, respectively
(age was not specified), for both stimulus modalities.
He suggested similarities between the dynamics of the
SP and OKN responses, which in our opinion might be
caused by the instruction for the OKN test (instruction
to follow the stripes).

4.2. Age and response level in our VA patients

At both stimulus velocities, our VA patients did not
show a significant decrease in response level with in-
creasing age. The difference in response level between
the VA group and the control group was small but sig-
nificant; the VA group showed higher response levels at
both velocities. The difference was more pronounced
at an older age and with higher stimulus velocity. We
are curious about why VA patients do not show the de-
crease in OKN response level with advancing age that
has been documented in healthy subjects. We can only
speculate that, in order to maintain stability, they de-
pendmore heavily on the quality of their OKN response
than healthy subjects and that they cannot really “af-
ford” such a decrease in response (whatever its cause
in controls) which, regarding their (special) condition,
may jeopardize their stability.

An association between VA and diminished OKN
responses, which was previously suggested by others
(see Introduction), was not confirmed by our study.
Yet, one should realize that we excluded some poor
responders. This was however only done if we had the
impression that the patient, who was not suspected to
have any central abnormality,did not performoptimally
in theOKN test. It is perfectly clear that patients having
VA next to specific central lesions may respond poorly
to OKN stimulation, as will be discussed in section 4.4.

4.3. OKN gain > 1?

The finding of OKN responses with an apparent gain
� 1 is puzzling. It occurred both in subjects with and
without VA, but significantly more often in the latter
category. A trivial but plausible explanation of such
findings can be based on the inherent, substantial vari-
ability in gain, which is even greater in the VA group,
combined with a shift in mean gain towards higher val-
ues in this group. We cannot exclude the possibility that
greater instability in the SPV of the OKN responses of
VA patients, as compared with the controls, accounts
for the greater variability as demonstrated by the wider
scattering in Fig. 1. The higher response level in the
VA group is discussed below.

Sources of instrumental errors include the measure-
ments, calibration amplitude and slope tangent read-
ings as well as a relatively rapid change in corneoretinal
potential in between the (preceding and following) cal-
ibrations. One might suppose that the exact gain was
� 1 but that the accumulation of the above-mentioned
type of errors resulted in the appearance of values with
gain > 1.

Systematic instrumental errors may have been asso-
ciated with the geometry of stimulation. We have pre-
viously stipulated the fact that the vertical axis of rota-
tion of the stimulus was at about 125 cm distance from
the cylindrical screen and that the eyes are about 12 cm
closer to the screen than the vertical axis of rotation of
the skull [18]. This implies that the real stimulus veloc-
ities may have been higher than the intended stimulus
velocities of 40 and 60◦/s.

From Cannon et al.’s report, it can be derived that
a hyperope’s VOR which adapts to the use of plus 4
diopter (4D) lenses during head movement will show
an increase in the gain of compensatory eye movements
of about 10% [5]. However, as was recommended by
these authors, we did not allow the patients or con-
trols to use their glasses during calibration and OKN
stimulation.

4.4. OKN response level in human studies on VA

This study shows that the OKN gain can be main-
tained or even increased in the absence of labyrinthine
function; other studies have reported a decrease [3,38,
39]. We do not suppose that our stimulus conditions
differed substantially from those employed by Zee et
al. or Bles et al. [3,39], while Zasorin et al. [38], who
used a velocity of 30◦/s with the instruction to “stare”,
obtained results similar to Zee et al. [39]. We previ-
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ously suggested [17] that in VA patients the observed
enhancement of the cervico-ocular reflex (COR) de-
pends on the presence of an intact OKN/SP system
and that this would explain why Leopold et al. [23]
failed to find any substantial COR enhancement in their
patients, most of whom combined VA with defective
OKN/SP responses due to central nervous system dis-
orders. Similar findings of a lack of COR enhancement
have been reported by Bronstein et al. in patients (with
multisystem atrophy) who had similar combined dys-
functions [4]. Waterston et al. studied compensatory
eyemovements (CEM) during head-free and head-fixed
pursuit in similar patients and in patients with only VA.
They found no difference in CEM between head-free
and head-fixed conditions in patients with only VA, but
in the patients with additional failure of OKN/SP due
to involvement of cerebellar pathways, CEM could not
be elicited [36]. Bronstein et al. stated that the patients
with combined failure might have had such widespread
neural damage that it was impossible to reliably indi-
cate the site of the lesion responsible for the lack of
gain enhancement [4].

4.5. Speculations about OKN response level in human
studies on VA

In the past, interesting speculations have been made
about decreased OKN responses in VA. On account of
the present findings we will now speculate on increased
OKN responses.

4.5.1. Speculations about decreased OKN response
level in human studies on VA

It has been suggested that reduced OKN respons-
es are consequential to a lack of activity of primary
afferent vestibular neurons after the loss of peripher-
al vestibular function. This speculation, as was pre-
viously elaborated on by others [38,39], is based on
the notion that the secondary (central) vestibular neu-
rons form part of the “velocity storage mechanism”,
which was originally conceived by Cohen et al. [6] and
Raphan et al. [28] to explain their findings in the mon-
key. The velocity storage mechanism is supposed to
be shared by the VOR and the subcortical optokinetic
system see for review [2,8,19,27].

4.5.2. Speculations about increased OKN response
level in human studies on VA

Human subjects without vestibular function undergo
more intense optokinetic stimulation during their daily

life activities than healthy subjects. Leigh et al. found
evidence that, in a condition of whole body rotation
with simultaneous visual fixation of a stationary tar-
get, the SP system is only recruited in VA patients, but
not – or to a much lesser extent – in healthy subjects,
whose VOR is activated [22]. Although compensatory
processes utilizing compensatory eye movements pro-
duced by “central (pre)programming” [9,11,21] or the
cervico-ocular reflex (COR) [17] maybe involved, the
reduction of retinal slip during head movement in the
absence of labyrinthine function will generally be less
effective than with the normal VOR [21,30]. It can
be speculated that an increase in retinal slip, which in
VA patients is due to the absence of the VOR, favours
the development of more efficient signal processing by
an alternative pathway, if such a pathway is available,
and if it has the capacity to improve its performance.
In primates, the cortical optokinetic system seems to
be a good candidate for developing such a pathway.
The finding by Miyoshi and Pfaltz [24] that OKN train-
ing (in normal subjects) leads to an increase in OKN
gain, see for review [8] suggests cortical involvement,
although there may be cerebellar influences as well.
In the natural condition of active head movements, it
seems possible that (other?) central systems can also
make use of an “efference copy” to improve overall
performance.
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