




Pupillary constriction to darkness

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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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
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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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