An electrophysiological
follow-up study on
acquired unilateral
nyctalopia

Abstract

Purpose To describe the clinical picture and
electrophysiological findings in acquired
unilateral nyctalopia.

Methods A patient who had acquired
unilateral visual loss with normal fundus was
followed for a period of 2.5 years with basic
ophthalmological examinations including
standard electroretinogram and photopic on
and off responses.

Results A 46-year-old woman suffered from
acquired unilateral nyctalopia. She
complained of photopsia and blurred vision in
her left eye. The initial examination of the left
eye showed 1+ cells in the anterior chamber
and a granular appearance in the fovea. After
1 month of treatment she still complained of
photopsia in her left eye. Ophthalmoscopy
and fluorescein angiography revealed no
abnormality in either eye. A bright flash
electroretinogram (ERG) in the left eye was a
negative shape. Photopic ERG elicited by a
150 ms stimulus showed a depressed b-wave
and enhanced a- and d-waves in the left eye.
Conclusions This ERG waveform suggested
that the transmission between photoreceptor
and on-bipolar cell might be affected by
idiopathic retinal disease.

Key words d-wave, Nyctalopia, Off-response,
On-bipolar cell, On-response, Photopic
electroretinogram

A negative electroretinogram (ERG) in the dark-
adapted condition is a configuration in which
the a-wave is normal and the b-wave is lower
than the baseline, that is, the b/a ratio is less
than 1.0. This characteristic form is found in
hereditary retinal dystrophy,’™ retinal
circulatory disturbances,®® and autoimmune
retinopathies.’® In these retinal diseases
negative ERG waveforms are caused by inner
retinal dysfunction, especially in the bipolar
cells 1112

In this report, we describe a patient with
acquired unilateral retinopathy who had a
negative ERG waveform for 3 years.
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Patient and methods

A 46-year-old woman had photopsia in her left
eye in May 1994 and a month later visited an
ophthalmologist. On examination, cells were
found in the left anterior chamber, and she was
treated with steroid for uveitis. In spite of the
treatment, her left visual acuity decreased to 0.1
(0.4 X 1.25 D) and her pupillary light reflex was
sluggish. She was referred to us in July 1995.
Our ocular examination showed a few cells
in the left anterior chamber, clear media, and no
fundus abnormalities ophthalmoscopically or
by fluorescein angiography. Visual acuity was
0.5 (1.0 X-1.15 D) in the right eye and 0.2
(0.9 X-2.5D) in the left. A relative afferent
pupillary defect was found in the left eye. The
patient continued to report difficulty with
xanthopsia in the left eye. Humphrey perimetry
of the left eye showed extensive, dense scotoma
particularly in the nasal field, which showed
absolute scotomas from 20° outwards (Fig. 1).
The critical flicker fusion frequency was normal
in each eye. Dark-adapted threshold was tested
at 15° of the upper retina using a Goldmann-
Weekers adaptometer. The rod thresholds in the
left eye were slightly higher than in the right
eye, but they were within normal range. Colour
vision tested with Ishihara plates, the
Farnsworth-Munsell Panel D-15 test and
desaturated Panel D-15 was normal bilaterally.
Error scores on the Farnsworth-Munsell 100-
hue test were 60 in the right eye and 78 in the
left eye, which were within normal range.
Pattern visual evoked cortical potentials
(VECPs) were recorded with a silver-cup
electrode placed at Oz. Checkerboard pattern
stimuli were controlled on a black-and-white
TV monitor. The mean luminance of the stimuli
was 38 cd/m?, and the contrast was 80%. Check
size and pattern field subtended 30 and 60 min
and 7.5 deg 15 min X 11 deg from a viewing
distance of 170 cm. The pattern reversed three
times per second for transient VECP and 12
times per second for steady-state VECP. The
preamplifier bandpass was 1-300 Hz, and 100
responses were averaged. The patient fixed on
the centre of the pattern monocularly with full
refractive correction.
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Fig. 1. Humphrey static perimetry (program 30-2). Top: first examination (18 October 1994). Bottom: 2.5 years after the first examination

(3 March 1997).

Electroretinography

The full-field ERGs were recorded with Burian-Allen
bipolar contact lens electrodes and an indifferent
electrode on the earlobe. Pupils were dilated with 0.5%
tropicamide and 0.5% phenylephrine hydrochloride.
Full-field (ganzfeld) stimuli system (Model 2503B, LKC
system, USA) were used for both test flashes and
adapting background. The 125 cd/m? background was
used and the white flash intensity was 4.6 cd/m? for
recording brief flash photopic ERG. For recording the rod
response, stimulus intensity was attenuated by Wratten
neutral density filters. The extended duration stimulus
(150 ms) for photopic ERG was provided by a 3300 K
tungsten-halogen lamp and mechanical shutter (Copal,
Japan) and delivered in the ganzfeld bowl. The intensity
was able to be set by neutral density filters in 0.5
logarithmic scale steps.

The maximal ERG response was elicited by a 20 ]
xenon lamp delivered in the ganzfeld bowl. ERG
responses were amplified with band pass 0.5-1000 Hz,
and averaged on a computer and stored. The maximal
ERG response and rod response were recorded after 30
min of dark adaptation.

Results

The first electrophysiological examination was
performed on 15 July 1994. The maximal ERG response
was normal in the right eye and negatively shaped
(normal a-wave and reduction of b-wave amplitude) in
the left eye (Fig. 2). The b-wave amplitude of the right
eye was normal in the scotopic ERG, while no b-wave
was recorded in the left eye. The photopic ERG showed
normal amplitude in both eyes with brief flash stimuli.
The photopic ERG elicited by the 150 ms stimulus
showed a depressed b-wave and enhanced a- and

200 uV

50ms

Fig. 2. The maximal electroretinogram (ERG) responses elicited by 20
] xenon flash stimuli. The ERG waveform of the left eye was of the
negative type (15 July 1994).
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Fig. 3. Photopic ERGs (15 July 1994). Top: the ERG waveforms elicited by xenon brief flash stimuli in the left eye were similar to those in the right

eye. Bottom: the ERG waveforms elicited by a 150 ms stimulus.

d-waves in the left eye (Fig. 3, Table 1). Pattern VECP
with left eye stimulation showed a slight delay of the
P100 component in a transient response. In a steady-state
response the amplitude was reduced in the left eye to
one-third of that in the right eye (Fig. 4).

The patient had showed normal visual acuity, while
she had complained of xanthopsia and a little nyctalopia
in her left eye since the onset of photopsia. Humphrey
static perimetry on 3 March 1997 showed no
abnormalities within the central 30° in either eye (Fig. 1).
On the other hand, the photopic ERG elicited by a 150 ms
stimulus on 8 April 1996 showed a similar waveform in
the left eye to that on 15 July 1994 (Fig. 5). On 8 March
1996 the amplitude was normal in a steady-state
response and the implicit time of the P100 component in
a transient response became normal (Fig. 6).

Table 1. Electroretinographic amplitude of the patient

Discussion

We report a patient with a negative-type ERG which was
not associated with congenital stationary night blindness
(CSNB), X-linked congenital retinoschisis, central retinal
artery occlusion, cone dystrophy or melanoma-
associated retinopathy. Except for CSNB and melanoma-
associated retinopathy, the other diseases can easily be
diagnosed ophthalmoscopically. Usually ocular findings
with CSNB,® cone dystrophys’g’l?’ and melanoma-
associated retinopathy'®'* are found bilaterally.

In our patient, the negative waveform of the ERG was
found only in the left eye, and ophthalmoscopically there
were no abnormalities in either eye. This patient had no
evidence of a systemic malignant disease during 3 years
of follow-up.

a-wave amplitude (V)

b-wave amplitude (uV) d-wave amplitude (V)

Bright flash ERG
Right eye 261
Left eye 328
Photopic ERG (xenon flash)
Right eye 8
Left eye 9.3
Photopic ERG (150 ms duration)
Right eye 125
Left eye 417

359 ND
164 ND
37.3 ND
36 ND
35 26.7
0 66.7

ND, not detected.
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Fig. 4. Pattern visual evoked cortical potential (VECP): first examination (15 July 1994).

To our knowledge, this unilateral acquired negative-
type ERG with normal fundus appearance may be a very
rare condition. Previously, Ayaki et al.'® reported a
patient with unilateral night blindness and a normal
fundus. In that case the b-wave reduction and night
blindness spontaneously improved within a year. Kelsey
and Arden'® described two patients with unilateral loss
of dark adaptation and reduced ERG b-wave amplitudes.
Only one patient could be re-examined, and that patient
showed a recovery of the ocular condition within 4
months. Fishman et al.,'” however, reported a case that
showed no recovery in the rod thresholds or in the
abnormal ERG waveform during a 7 month follow-up.

Recent findings'®? in retinal neurons have revealed
that there are two major classes of cone bipolar cells and
only one class of rod bipolar cell. Under photopic
conditions, photoreceptors hyperpolarise in response to

oD

light, then on- and off-bipolar cells postsynaptic to the
cones depolarise and hyperpolarise, respectively. The
synapses of all bipolar cells appear to be glutaminergic. It
is known that inner retinal activity, especially the
on-bipolar cells, is reflected predominantly in the b-wave
of the ERGs.'"® Karwoski et al.'" revealed that the b- and
d-waves are generated primarily and directly by bipolar
cells in the frog retina using the technique of current-
source density analysis. Blocking on bipolar cell activity
in monkeys®* produces markedly reduced maximal
b-waves and a lesser reduction in photopic b-waves, very
similar to that in our patient. Psychophysical
examination in primates showed® that 2-amino-4-
phosphonobutyric acid (APB) produces a substantial loss
in rod sensitivity but a comparatively small change in
cone sensitivity. Psychophysical examinations in our
patient revealed a slight abnormality in rod threshold but
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Fig. 5. Photopic ERGs elicited by a 150 ms stimulus, 2.5 years after the first visit (3 March 1997).



oD

transient stimuli

steady-state stimuli

0S

IS;&V

100ms

Fig. 6. Pattern VECP: 1.5 years after the first examination (8 March 1996).

no colour vision abnormality and no visual field
sensitivity loss as seen with the Humphrey analyser
(program 30-2).

With regard to the ERG waveform, our patient had
suffered from on-bipolar dysfunction, but her
psychophysical problem was diminished now. The
signal processes in human light perception appear to be
very complicated, and on- and off-channels complement
each other after the signal travels through the bipolar
cells in dark and light conditions.

Unfortunately, the cause of unilateral acquired
negative ERG waveform is uncertain. The
ophthalmological findings in our patient were related to
macular oedema and anterior uveitis. Those ocular
changes, however, disappeared within a month. But the
xanthopsia and negative ERG waveform continued for 3
years. It may have been that the inflammatory changes in
the retina caused depolarising bipolar cell dysfunction.
We speculate that an inflammatory and perhaps an
immune reaction against self-antigens or viral antigens
may have been part of these ocular manifestations.?
Recently, several clinical reports of multiple evanescent
white-dot syndrome (MEWDS) and acute zonal occult
outer retinopathy (AZOOR) have been described in the
literature.”’ >’ These diseases occurred in young and
middle-aged, mostly female, patients and were
characterised by unilateral idiopathic retinal and
choroidal diseases with an abnormality in the ERGs.
Gass®™®* has hypothesised that these diseases represent
parts of the spectrum of one disease, or are at least
somehow linked. We think that our patient’s condition
could be distinguished from other idiopathic retinal
diseases by ocular manifestations, especially the ERG.
Precise ERG examination and general clinical and
laboratory tests may help to diagnose this retinal disease
whose aetiology is unknown.

The authors thank Maxine A. Gere for editing the manuscript.
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