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Pupillary constriction to darkness
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SUMMARY Patients with congenital achromatopsia and congenital stationary night blindness have
been known to show a transient pupillary constriction to darkness. We examined 50 normal
subjects and 108 patients with retinal and optic nerve dysfunction to see if any had an initial
pupillary constriction to darkness. We used a new infrared television apparatus. Four patients with
congenital stationary night blindness, four with achromatopsia, two with bilateral optic neuritis,
and one with dominant optic atrophy showed the phenomenon. In the patients who showed this
unusual pupillary response to darkness it was the first observable event every time the lights were
turned off. The constriction could usually be seen with a handlight, and it was similar in latency to
the normal pupillary dilatation to darkness. Pupillary constriction to darkness is a clinically
valuable sign that can be used in the detection of congenital retinal disease in children with poor
vision.

Children with congenital stationary night blindness
and congenital achromatopsia have been found to
have unusual pupillary reactions. When the lights are
turned out their pupils briefly constrict before they
dilate in the customary way.' 2 Patients with con-
genital achromatopsia have defective receptor
elements and have photophobia, decreased visual
acuity, nystagmus, and an abnormal photopic electro-
retinogram.? On the other hand congenital stationary
night blindness represents a miswiring of retinal
signals, in which the pigment kinetics are normal.4
Patients with this condition are night blind and have a
reduced scotopic electroretinogram with raised dark
adaptation.5h Although differing in their retinal
abnormalities congenital stationary night blindness
and congenital achromatopsia are somehow linked,
since they both show a transient pupillary constric-
tion to darkness. Is this pupillary phenomenon
limited to congenital stationary night blindness and
congenital achromatopsia? Can it be used to aid in
the separation of congenital retinal disease from
optic nerve disease in patients with poor vision? To
assess the incidence and utility of this phenomenon as
a diagnostic sign we compared a group of patients
with retinal and macular degenerations, both
hereditary and involutional, with patients seen in a
neuro-ophthalmic outpatient clinic. All recordings

Corrcspondencc to C S O'Bricn Library, Dcpartmcnt of Ophthal-
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were made with a new infrared television technique.
An animal model of congenital stationary night
blindness' was also studied.

Subjects and methods

All patients were selected from the Neuro-ophthal-
mology, Ophthalmic Genetics, and Retina Clinics of
the University of Iowa. In addition, patients with
congenital stationary night blindness and congenital
achromatopsia were recalled for assessment. Patients
with other hereditary retinal diseases, including
retinitis pigmentosa and Stargardt's disease, and
patients with senile macular degeneration also had
their pupillary reactions assessed by infrared pupil-
lometry. Patients with demyelinating, compressive,
traumatic, endocrine, and toxic optic neuropathies
were similarly evaluated. The pupils of 50 normal
volunteers were examined by the same technique.
A positive result was defined as a visible pupillary

constriction in darkness that was consistently present
each time the lights were turned out. This was,
of course, much easier to see with the television
apparatus, which provided magnified images of the
pupils that did not disappear in the dark. The
responses were recorded for later analysis.

Patients with darkness constriction of the pupil
were also tested by the Farnsworth-Munsell 100 hue
test, the Lanthony colour test, and for dark adapta-
tion. Photopic, scotopic, and flicker electroretino-
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Fig. Infrared television

apparatus. Two cameras B sensitive
to infrared light are directed at the
eyes. A third camera C is used to
provide an indication ofroom
illumination. Two sourcesofA
infrared light A are usedfor
illumination.

grams were done, with a Burian-Allen electrode with
bipolar leads. A reference electrode was placed on
the forehead. After 15 minutes of dark adaptation
single flashes of intensity 1 and 16 were presented via
a Ganzfeld stimulus from a Grass photostimulator
(PS-2). Under photopic conditions, with a back-
ground light of 34-26 cd/M2, flashes of intensity 1 and
4 were presented. Flashes at intensity 16 with a
frequency of 30 Hz were then used. The frequency
band was DC to 1 kHz. Individual tracings were
displayed on the average (model 604C, University of
Iowa) and the amplitudes and latencies were deter-
mined by means of cursors with a numbered
display.

All measurements of pupillary diameter were
made directly from the video monitor screen with the
use of calipers. Frame by frame analysis was made for
the three seconds before the lights were turned out,
and the measurements of the pupil size in darkness
were continued until the pupil diameter no longer
increased. Two sample measurements were made for
each patient and then averaged to derive the curve
of the pupillary response to darkness. The mean
duration and amplitude were determined from all the
recorded curves for the patients in each group.
The frame rate for recording was 30 frames/second.
Therefore latency determination necessarily varied
by ± 33 ms. The corneal diameter was estimated for
each patient to determine an approximate propor-
tional pupil size. We used fluorescent room lighting.
When the lights were turned off, there was an abrupt
drop in illumination. Accommodation was controlled
by the patient fixing his gaze on a target and by
our monitoring both eyes on the screen for any

convergence movement.

The apparatus for infrared pupillometry consisted
of three cameras (two RCA models 2012/M and one
model 2012) (Fig. 1).Each eye had its own camera
with a 135 mm low light television lens with a 20 mm
extension tube and a Kodak 25 red filter (Figs. 2 A,
B). These two cameras had Ultricon (RCA) pickup
tubes, which are highly sensitive in the infrared light
range. The third camera had a standard Vidicon tube
behind a 16 mm lens without filters. It was used as an
indicator of the surrounding illumination. Two light
sources (Burton Medical lights), each with Kodak
filter 87C, provided the infrared light. A Panasonic
9-inch (23-cm) black and white television monitor
(model WV5360) displayed the output of all three
cameras on the screen simultaneously. This was done
with two video splitters (RCA V270SP). Fig. 2 is a
photograph of the images taken directly off the
screen. All images were recorded on a Sony 3/4-inch

Table 1 Pupillary response to darkness in 108 patients

Diagnosis Number ofpatients

Normnal Darkness
dilatationi cotnstrictiot

Compressive optic neuropathy 8 ()
Congenital achromatopsia 2 4
Congenital stationary night blindncss 5 4
Dominant optic atrophy 7 1
Graves's optic ncuropathy 4 t)
Leber's optic ncuropathy 3 t)
Optic neuritis 21 2
Papilloedcma 4 t)
Retinitis pigmcntosa II 0
Scnilc macular dcgcncration 26 ()
Stargardt's discasc 3 t)
Traumatic optic neuropathy 3 t)
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Fig. 2A The upperphotograph of
the television screen was taken in
room light. Part ofthe patient'sface
is visible at the top ofthe screen. A
magnified view ofeach pupil is
displayed in the lower halfofthe
screen by dividing and redividing
the screen with video splitters.

(19-mm) cassette recorder/player (model V05600).
All the cameras were adjustable, and the entire
system was mounted on a mobile trolley.
The Pearl mutant mouse phenotype has been des-

cribed as a possible model for human congenital
stationary night blindness.7 The hypopigmented
mutant Pearl mouse has defective dark adaptation
but no associated photoreceptor degeneration. Each
mouse was tested for pupillary constriction to dark-
ness with an infrared sensitive television camera

attached to a slit-lamp.

Results

In all, 158 patients were examined for a pupillary
constriction to darkness. None of the 50 normal
volunteers (ages 5-70) showed the phenomenon.
Table 1 lists 108 patients with optic nerve or retinal
dysfunction. Eleven patients showed pupillary con-

striction to darkness-eight with hereditary retinal
disease and three with optic nerve disease.
Normal pupillary response. Fig. 3 shows the

customary dilatation to darkness in three normal

Fig. 2B When the room lights are
out B the patient'sface is no longer
visible, but the images ofthe pupils
remain.
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3.0 4.0 5.0

patients. The latency of this dilatation is in the
250-300 ms range, and the dilatation begins to
level off aftex three seconds. There is no initial
constriction.

Congenital stationary night blindness patients.
Table 2 summarises the data of the patients with
congenital stationary night blindness. Four patients
showed pupillary constriction to darkness (patients
1-4). Their ages ranged from 10 to 26 years. Five
patients aged from 6 to 30 years with congenital
stationary night blindness did not show darkness
constriction (patients 5-7, 17, 18). Both groups had
reduced visual acuity and were night-blind and
myopic to a comparable degree. There was no dif-
ference in their levels of dark adaptation, and their
electroretinograms were of either the Schubert-
Bornschein or the Riggs type.56 In those patients with
congenital stationary night blindness whose pupils
constricted the constriction was the first observable
event after the lights were turned off (Fig. 4). The
average amplitude of pupillary constriction in this
group was 1 0 mm, and the mean latency to onset of
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Fig. 3 Pupillary responses in three normal subjects. The
lights were turned out at the zero point on the time scale. No
initial constriction can be seen.
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Fig. 4 Pupillary constriction to darkness infourpatients
with congenital stationary night blindness showing darkne~
constriction ofthe pupil.
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Fig. 5 Fourpatients with congenital achromatopsia
showing an initial constriction to darknessfollowed by
normal dilatation.

constriction was 280 ms. The duration of the constric-
tion in response to darkness (the time from the initial
constriction to return to the predarkness pupil dia-
meter) averaged 3-3 s. One patient's eyes (No 1)
remained constricted for seven seconds. The latency
of a normal subject's pupillary dilatation to darkness
under these same conditions is similar to the latency
of the pupillary constriction shown by patients with,
congenital stationary night blindness (250-300 ms).
Five patients with congenital stationary night blind-
ness (Nos 5-7, 17, 18) showed completely normal
dilatation of the pupil to darkness. Pupillary
responses to light and to near targets were normal in
all nine patients.

Congenital achromatopsia patients. Table 3 sum-
marises the patients with congenital achromatopsia.
There were four patients aged 10 to 32 years who
showed a darkness constriction of the pupil (patients
8-11). There was an initial constriction after the onset'
of darkness with a mean latency of 285 ms (Fig. 5).
The average amplitude of constriction was 0-9 mm,
and the mean duration was 3*0 s. Only one patient
(no. 10) had a very short duration of constriction of

ILight
6.0

5.5

5.0
Pupillary
Diameter 4.5
(mm)

4.0

3.5

15

#14

#'- 16

_~~~~~~~~~~~~~~. . #1

-U)-., -I -.
_ ~/

\ / - Optic Neuritis
- - Dominant Optic Atrophy

I

0 1.0 2.0 3.0 4.0 5.0 6.0
Time (s)

Fig. 6 Twopatients with optic neuritis (solid lines) and one
with dominant optic atrophy (broken lines) showing
pupillary constriction to darkness.
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Table 4 Patients with optic neuritisldominant optic atrophy*

Patient Age Diagnosis Snellen acuity Visualfields Colour vision
(yr)

OD OS

14 27 Optic neuritis OU, multiple sclerosis Hand motion 20/15 Central scotoma OD Reduced

15 30 Optic neuritis OU, multiple sclerosis 20/60 20/400 Central scotoma OU Reduced
16 15 Dominant optic atrophyl 20/25 20/125 Normal Reduced, no

tritan axis

*Only those patients who showed pupillary constriction to darkness.
tVisual evoked potential.
tPositive family history; normal computed tomography studies.

less than one second. The pupillary constriction in
this patient was small and best seen with the infrared,
television apparatus. Two patients (Nos 12, 13) with
the less severe form of achromatopsia, incomplete
achromatopsia,3 did not constrict their pupils prior to
dilatation and showed pupillary responses that were
indistinguishable from normals.

Patients with optic nerve disease. Two patients with
bilateral optic neuritis and one patient with dominant
optic atrophy were found to show pupillary constric-
tion to darkness (Table 4, Fig. 6). The mean latency
of the response was 280 ms. The average amplitude of
constriction was 07mm and mean duration 1-4 s. All
three patients had normal electroretinograms and
dark adaptation thresholds. The amplitude and the
duration of constriction were less in the patients with
optic nerve disease than in the patients with retinal
disease. Twenty-one other patients with optic
neuritis and seven other patients with dominant optic
atrophy were also evaluated with our infrared
apparatus, but showed no constriction to darkness.
When patients with optic neuritis who showed con-
striction and those who did not were compared, there
was no difference in visual acuity, visual fields, colour
vision, or visual evoked potential.

Pearl mutant mice.7 Six Pearl mice were examined
with infrared pupillometry. Their pupils promptly
dilated to darkness. There was no initial pupillary
constriction.

Discussion

Characteristics of the phenomenon. In the patients
who showed the phenomenon the pupillary constric-
tion was very much as described by Barricks etal. and
Flynn et al.' 2 It occurred every time the lights were
turned out, yet the pupillary reactions of these
patients were otherwise normal. The latency of the
abnormal transient constriction (time from lights out
to the beginning of the constriction) was similar to the
latency ofthe normal pupillary dilatation in darkness.

Prevalence of the phenomenon in patients with

retinal disease. The darkness constriction of the pupil
was not found in every patient with retinal disease.
Five patients, of the nine with congenital stationary
night blindness who were examined, did not show the
phenomenon. These five could not be separated on
the basis of their visual function tests from the four
patients who did show a pupillary constriction to
darkness.
Only two patients with incomplete achromatopsia

were examined, and their pupillary responses to
darkness were normal. This raises the possibility
that only those patients with complete congenital
achromatopsia show the abnormal pupillary re-
sponse. Patients with retinitis pigmentosa did not
show the phenomenon.
Age of the patients with retinal disease. We found

that the pupillary constriction to darkness was not
confined to the very young. Eight ofour patients with
retinal dysfunction showed the phenomenon. Four of
these were older than 20 and two were over 30.
Furthermore three patients with congenital station-
ary night blindness who did not show pupillary con-
striction were less than 10 years old.

Clinical value of the observation. In most of our
patients with retinal disease we were able to see the
pupillary constriction by shining a handlight on the
face from below and switching the room lights on and
off, while the patient fixed his vision on a distant
object. In a young child with nystagmus and poor
vision, colour vision cannot be tested, and the clinical
sign of pupillary constriction to darkness suggests the
diagnosis of hereditary retinal disease and demands
the appropriate electrophysiological tests.28 Three
patients with bilateral optic nerve disease also
showed small initial constrictions to darkness of short
duration that were difficult to see without the infra-
red television equipment. So if the darkness constric-
tion is clinically visible, retinal disease should still be
suspected.
Mechanism of the phenomenon. Flynn et al. 2 tried

to account for the phenomenon in patients with con-
genital achromatopsia and congenital stationary
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Fundus appearance VEPt Photopic ERG Flicker ERG Scotopic ERG Pupillary
constriction to
darkness

Disc pallor OD Absent OD Normal Normal Normal Present
Delayed OS

Disc pallor OU Delayed OU Normal Normal Normal Present
Temporal disc pallor Not done Normal Normal Normal Present
OU

night blindness by proposing a transient delay in the
rod bleaching signal that would allow the small cone
bleaching signal briefly to constrict the pupils as the
lights were turned off. Yet Alpem et al.9 found that
the rod bleaching signal appeared to be normal in
congenital stationary night blindness, but the per-
ception of real light quanta from rods was defective-
hence the night blindness. It is difficult to explain a
delay in what seems to be an otherwise normal rod
bleaching signal. This mechanisms does not explain
the phenomenon in optic nerve disease nor does it
explain the phenomenon in achromatopsia, ~a condi-
tion in which the cones are defective and rod function
appears to be normal.
The phenomenon of pupillary constriction to dark-

ness remains unexplained. Our observation of the
phenomenon in an occasional patient with bilateral
optic nerve disease only deepens the mystery. The
animal model ofcongenital stationary night blindness
that we examined failed to show the phenomenon, so
an experimental model of pupillary constriction to
darkness has not yet been found.

Supported in part by a grant from the E. A. Baker Foundation for
the Prevention of Blindness (Dr Price); and grant RR5a, Clinfo data
management and analysis system, from Clinical Research Centers
Branch, National Institutes of Health.
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