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Abstract
Background—Reports on the impact of a
loss in the central field of vision on opto-
kinetic nystagmus (OKN) are varied. A
study was therefore undertaken to reas-
sess the role of the central retina in the
generation of OKN in a large group of
patients with age related macular degen-
eration.
Methods—Four groups of 20 patients were
examined: a control group without
scotoma and three groups with absolute
central scotomas measuring 1°–10°, 11°–
20°, and 21°–30°. OKN was elicited with
black and white stripes moving nasally to
temporally or temporally to nasally on a
screen subtending 54° × 41° at four veloci-
ties (15, 30, 45, and 60°/s). OKN gain was
measured using infrared oculography.
Results—There was no significant diVer-
ence in OKN gain between the control
group and those with scotomas of 1°–10°
and 11°–20°. A significant diVerence in
OKN gain was found between the group
with scotomas of 21°–30° and all other
groups at stimulus velocities of 30, 45, and
60°/s (p<0.05). OKN gain significantly
diminished with increasing stimulus ve-
locity (p<0.05). No statistically significant
diVerence was found in OKN gain between
stimuli moving temporally to nasally and
nasally to temporally.
Conclusion—Abnormalities of OKN gain
were noted only in patients with large
scotomas. An intact macula is therefore
not necessary for the generation of OKN.
(Br J Ophthalmol 2001;85:169–172)

The optokinetic nystagmus (OKN) combines
with the vestibulo-ocular reflex and the smooth
pursuit system in the task of retinal image sta-
bilisation.1 The pattern of OKN consists of a
slow component in the direction of the target
movement and a fast component in the
opposite direction.2 The eVectiveness of OKN
in reducing retinal image slip may be indicated
by the ratio of slow phase eye velocity to stimu-
lus velocity which is termed the gain. The
impact of a loss of the central visual field on
OKN is controversially discussed in the litera-
ture. In subjects with artificially produced cen-
tral scotomas both a decrease3–5 and an
increase6 in OKN gain have been described. In
patients with central scotomas in age related
macular degeneration a slight insignificant
diminution of OKN gain2 7 and an increase in
OKN gain8 9 have been reported. Because of
these discrepancies, this study was designed to
reassess the role of the central retina in the

generation of OKN by investigating a large
group of patients classified according to the
size of their central scotoma in age related
macular degeneration.

Patients and methods
PATIENTS

Each patient had a complete ophthalmological
examination including simultaneous fluores-
cein and indocyanin green angiography. The
size of the absolute scotoma was measured
with the mark Ie4 (1/4 mm2 and 318 cd/m2) of
the Goldmann perimetry using a standard
background luminance (10 cd/m2). Only one
eye per patient was tested. Four diVerent
groups of 20 patients were investigated: a con-
trol group with macular degeneration but
without scotoma (age range 57–86 years; mean
71.4 years; mean distance visual acuity 20/30),
a group with central scotomas of 1°–10° (age
range 57–87 years; mean 74.9 years; mean dis-
tance visual acuity 20/60; duration of visual
symptoms: range 1–18 months; mean 5.5
months), a group with central scotomas of
11°–20° (age range 65–94 years; mean 77.4
years; mean distance visual acuity 20/300;
duration of visual symptoms: range 5–24
months; mean 12.2 months), and a group with
central scotomas of 21°–30° (age range 62–91
years; mean 73.8 years; mean distance visual
acuity 20/600; duration of visual symptoms:
12–34 months; mean 22.8 months). There was
a highly significant correlation between the
duration of visual symptoms and the size of
scotoma in the whole group of patients (p<4 ×
10–14). The patients in the control group had
angiographically early age related macular
degeneration with either drusen or pigment
epitheliopathy, and those in the three groups
with scotomas showed advanced age related
macular degeneration with subfoveolar choroi-
dal neovascularisation. They had no history of
strabismus or amblyopia. Patients with glau-
coma or diabetic retinopathy were excluded
from the study.

The study was approved by the ethics
commission of the Kantonsspital St Gallen.
Informed consent was obtained from all
patients after explanation of the nature of the
investigation.

METHODS

OKN stimulation and eye movement record-
ings and analysis were performed with vision
monitor equipment (Metrovision, Perenchies,
France). Visual stimuli were generated on a
colour monitor measuring 51 cm diagonally
placed 40 cm away from the eyes with a frame
rate of 120 Hz. The screen covered a visual
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field of 54° horizontally and 41° vertically.
OKN was elicited with alternating white verti-
cal stripes of luminance 70 cd/m2 and black
vertical stripes of luminance <1 cd/m2. Each
stripe covered 2° of visual angle (equivalent to
a visual acuity of 20/2400). The stripes moved
at a constant velocity of 15, 30, 45, or 60°/s,
either nasally to temporally or temporally to
nasally, for 40 seconds in random order. One
eye of each patient was investigated monocu-
larly at all four stimulus velocities and both
directions with a time interval of 2 minutes
between the trials. Patients were instructed not
to follow individual stripes across the visual
field but to attempt to fixate stripes as they
passed in front of them.

Eye movements were recorded by measuring
the position of the corneal reflex with respect
to the centre of the pupil. The investigation was

independent of head movements. A near infra-
red illumination of the eye (880 nm) was used
to produce the corneal reflex and the pupil
image. The system operated with a sampling
rate of 60 Hz and achieved a resolution of 10
arc minutes. Eye movement analysis included
the detection of OKN slow and fast phases
such as the determination of the average veloc-
ity for the slow phases. Five seconds after
stimulus onset the mean velocity of consecu-
tive slow phases was measured for each stimu-
lus velocity and stimulus direction during a
period of 10 seconds. This analysis was carried
out without knowledge of the clinical data of
the patients. The OKN gain, defined as the
ratio of slow phase velocity to stimulus velocity,
was measured and the results were analysed by
analysis of variance using the Student-
Newman-Keuls test. A diVerence in OKN gain
was considered significant at a p value of
<0.05.

Results
Mean OKN gains for stimulation from tempo-
ral to nasal are shown in Figure 1 and from
nasal to temporal in Figure 2. The diVerence in
OKN gain between the control group, the
group with central scotomas of 1°–10°, and the
group with central scotomas of 11°–20° was
not significant. The diVerence in OKN gain
was significantly lower in the group with
central scotomas of 21°–30° compared with all
other groups at stimulus velocities of 30, 45,
and 60°/s (p<0.05); there was no significant
diVerence between the groups at a stimulus
velocity of 15°/s. In each group the OKN gain
significantly diminished for each increase in
stimulus velocity (p<0.05). No diVerence was
found in OKN gain between movement of the
stimulus temporally to nasally or nasally to
temporally in any group.

Discussion
Our study has shown, in a large group of 60
patients with central scotomas caused by age
related macular degeneration of 1°–30° com-
pared with a control group of 20 patients with-
out scotomas, that an intact central retina is
not essential to generate OKN.

A statistically significant reduction in OKN
gain was found only for central scotomas of
more than 20° at stimulus velocities of 30, 45,
and 60°/s. These results must be interpreted by
considering the role played by the area of the
visual field used to generate OKN. Dichgans et
al10 found that OKN gain did not decrease sig-
nificantly if the vertical angular size of the
visual field used for stimulation was reduced to
2°, but that OKN gain was significantly
reduced when the horizontal angular size, as in
the stimulation field used in our investigations,
was below 60°. Furthermore, they showed that
the correlation between OKN gain and angular
size was most marked at increasing velocity. It
is therefore possible that, if we had used a
larger stimulation field, no reductions in OKN
gain would have been observed, even for scoto-
mas of more than 20°.

Our findings confirm the non-significant
lowering of OKN gain for central scotomas

Figure 1 Mean (SD) OKN gain during stimulation from temporal to nasal with stripes
moving at 15, 30, 45, and 60°/s measured from eyes without scotomas or with scotomas of
1°–10°, 11°–20°, and 21°–30°.
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Figure 2 Mean (SD) OKN gain during stimulation from nasal to temporal with stripes
moving at 15, 30, 45, and 60°/s measured from eyes without scotomas or with scotomas of
1°–10°, 11°–20°, and 21°–30°.
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reported by most authors. A slightly reduced
OKN gain was reported by Yee et al2 in six
patients with central scotomas of 5°–15°, by
Abadi and Pantazidou7 in six patients with
central scotomas of 1°–12°, and by van Die and
Collewijn13 in three patients with central scoto-
mas of 5°–10°. These results diVer from
studies using artificial central scotomas which
reported a large reduction in OKN gain even
for small scotomas.3–5 11–13 However, in experi-
ments with retinal stabilised scotomas the
OKN can introduce a source of error as the
scotoma itself is seen to move and can become
a stimulus for further movement or can be used
to stare at while the moving stripes are
neglected.11 In studies with artificial scotomas
the edge eVect of the mask used to create the
central field loss is also likely to have
contributed to the suppression of the OKN.
When stationary edges were eliminated Mu-
rasugi et al14 found no significant reduction in
OKN gain during occlusion at low stimulus
velocities. Similarly, the OKN gain for scoto-
mas of more than 20° was not significantly
reduced at a slow stimulus velocity of 15°/s in
our study. This is also in agreement with
Howard and Ohmi15 using occlusion of the
central retina.

Another diVerence between central scoto-
mas in age related macular degeneration and
artificial central scotomas may be caused by
the diVerence in duration of the scotoma in the
two groups. It is possible that subjects with a
longstanding scotoma have established com-
pensatory mechanisms such as diVerent fixa-
tion patterns or filling in and therefore have
better OKN responses than subjects with an
acute artificial scotoma. The duration of the
visual symptoms correlates strongly with the
size of the scotomas in our study. As these two
parameters are interdependent and OKN gain
is related to the size of the scotoma, it is there-
fore not possible to conclude from our data
whether the duration of visual symptoms influ-
ences the OKN gain independently of the size
of the scotoma.

In normal subjects OKN gain decreases with
increasing stimulus velocity9 10 16 17 and with
ageing.18–20 We found a statistically significant
diminution in OKN gain at each increase in
velocity in our control group and in the three
groups with scotomas. Our findings in the con-
trol group related to the age of the patients
were also consistent with the results reported
in the literature.

In the first few weeks after birth infants show
a strong monocular OKN asymmetry.21 22 The
response to temporal to nasal stimulation is
present while the response to nasal to temporal
stimulation is weak or absent at birth. Simulta-
neously with the development of binocular
vision, this OKN asymmetry disappears. In
patients with abnormal development of bin-
ocularity such as strabismus or amblyopia,
OKN asymmetries persist later in life.23 This
supports the view that an intact and function-
ally normal fovea during early infancy is neces-
sary to develop a symmetrical monocular
OKN.24–27 Our results confirm that scotomas

acquired later in life do not modify the
developed symmetry.

Interestingly, OKN stimulation covering 54°
horizontally and 41° vertically of the visual
field was suYcient to obtain results similar to
those obtained by Yee et al2 and Abadi and
Pantazidou7 who used full field OKN stimula-
tion. This confirms the findings of Howard and
Ohmi15 that high gain OKN may be elicited
from narrow moving displays and that the tra-
ditional type of large optokinetic drum which
rotates around a subject is not the only method
of investigating OKN accurately.

In conclusion, we have shown that scotomas
smaller than 20° do not significantly alter
OKN gain and have confirmed in a larger
group of patients the results reported by Yee et
al2 and Abadi and Pantazidou.7 We have also
confirmed previous reports of Howard and
Ohmi15 that higher stimulus velocities of OKN
are more susceptible to being altered with cen-
tral scotoma.
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Cover illustration: Double vision in an aerial dynamo

The vigilant white fronted bee eater (Merops bullock-
oides) shown on the cover has chosen a perch with an
unobstructed view of the surroundings. From there,
she is able to scan the near horizon for a meal. Here,
the elegant high stakes drama between predator and
prey begins with the location of an insect, erratically
flying, often against a variably shaded background.
While she can find insects crawling on tree branches or
leaves, she seems to prefer and is exquisitely prepared
for an aerial ballet. The chase begins with uniocular
tracking and the bee eater uses her more nasal fovea
until the range is close and thus requires stereopsis. She
then turns her head slightly and the image swings via
the infula to the temporal foveae in both eyes allowing
for acute depth perception in the three dimensional
environment. As the distance closes, the bee eater may
choose her favourite strategy to avoid the bee’s stinger.
The bird has learned to capture, kill, and devour truly
dangerous, and even venomous, insects such as wasps
without getting stung, by approaching the insect on the
perpendicular taking the wasp across the abdomen,
often from below. She will return to a favourite perch,
settle on it, and then smack the wasp, head first, against
an adjacent branch, thus dispatching it. Then she
scrapes the stinger from the rear of the insect and swal-
lows the insect.

These magnificent predators are wing feeders and have
one of the most difficult hunting tasks in the animal king-
dom. Evolution has given her the engineering equipment
necessary to manage such a task. Some bee eaters have
been documented to see flying insects at 100 metres
while on the wing! But this remarkable acuity is only a
small part of the story. The dual foveae allow for these
birds to establish uniocular fixation and, when ready, to
slip the image along the infula (see BJO August 2000
cover description (2000;84:821) for discussion) to the
temporal fovea allowing for coordination with the
contralateral eye, and creating stereopsis with that
contralateral fovea. But the elegance and speed of this
capture is much more thrilling to watch than this descrip-
tion, for much more must go into it. The retinal process-
ing must be more rapid than our own (many such species
have three times the concentration of amacrine cells in
their retina to allow for such processing). The cerebellar
coordination must similarly be rapid and precise, for the
muscular requirements need be as precise as those of
a retinal surgeon attempting subretinal membrane

removal. The photograph on the left of the cover
illustrates the alert bird on her perch, poised and scan-
ning for insect flight. The right side of the cover
illustrates the posterior segment of such a bifoveate
bird. The pecten can be seen clearly as a dark structure
in the lower half of the photograph, and each of two
foveal pits can been seen on a horizontal line above the
pecten. The pit on the left is the more nasal “uniocular”
fovea. The foveal pit on the right is the more temporal
fovea and accomplishes stereopsis with the contralateral
temporal fovea. The infula is not illustrated in this pho-
tograph, but is present in the bee eaters.

The natural history of this brightly decorated bird is
as sociologically interesting as is its visual mechanisms.
This bird is a cooperatively breeding species and is the
subject of ongoing investigation by ornithologist, Steven
Emlen. During the breeding season these birds live in
colonies of 200 or more and aggregate in clans of related
birds. The clans will break up into monogamous pairs,
with one or more male helpers. This assistant male will
help construct the nest, help with nest defence, and with
the provision of food for the brooding female. These
males are related and usually from the previous year’s
brood. Despite being sexually mature these birds do not
breed as helpers. Surprisingly, this is an evolutionary
strategy which will assist these birds individually and
cooperatively. That it helps the monogamous pair goes
without saying, especially with predator protection and
acquisition of food, but this strategy also helps the non-
breeding “helper”. Often, nesting sites in the soil banks
of local rivers are at a premium and construction of
these nests is a learned behaviour. The helper will have
a better chance of inheriting the territory or belonging
to a clan that will together invade a new territory. Emlen
has observed that these bee eaters live in a harsh
environment and this cooperative breeding improves
survivability, since breeding as a pair without help
involves a high cost and a low probability of success.
The presence of a helper ensures an average of one
additional oVspring for every two nesting attempts—a
very high benefit ratio for having a helper.

The white fronted bee eater is a very well adapted
social species that has one of the most acute visual sys-
tems on earth. She is probably not troubled by her
“double vision.”—IVAN R SCHWAB, MD, UC Davis
Department of Ophthalmology, 4860 Y Street, Suite 2400,
Sacramento, CA 95817, USA (irschwab@ucdavis.edu).
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