404

Freie Universitit Berlin,
Klinikum Steglitz,
Augenklinik und
Poliklinik, Berlin,
Germany

U Keilner

M H Foerster
Correspondence iv.

Dr Ulrich Kellner, FU Berlin,
Klinikum Stegiitz,
Augenklinik und Poliklinik,
Hindenburgdamm 30, D/W
1000 Berlin 45, Germany
Accepted for publication

13 November 1992

Figure 1
Electroretinogrgphic
recordings from a normai
person and cases 1-3
(progressive cone
dystrophies). In the upper
rows the responses to
increasing stimulus
intensities when dark
adapted (DA ) are shown.
In the middle the responses at
light adaptation (LA ) and
below the 30 Hz flicker
response. The lines below the
recordings indicate stimulus
duration and numbers in
front of the recordings
stimulus intensities. Vertical
calibration mark indicates
100 wV. Horizontal
calibration mark indicates
20 ms for single-flash
recordings and 50 ms for
flicker stimulation.
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Cone dystrophies with negative photopic

electroretinogram
Ulrich Kellner, Michael H Foerster

Abstract

A scotopic electroretinogram with an a-wave
amplitude larger than the b-wave amplitude
traditionally is termed ‘negative’. Six male
patients with negative photopic electroretino-
grams were examined; three of them suffered
from progressive cone dystrophy, in which
negative electroretinograms are unusual.
Another patient without symptoms was the
brother of a patient with cone dystrophy.
These patients are compared with others who
characteristically have negative electroretino-
grams - one patient with incomplete congenitai
stationary night blindness and another with X
linked congenitai retinoschisis. Differential
diagnosis between these unusuai cases of cone
dystrophies and X linked retinoschisis or con-
genital stationary night blindness was possible
with funduscopy, adaptometry, and evaiuation
of progression, but not with the electroretino-
gram. Inner retinal defects may occur in cone
dystrophies as indicated by the negative
electroretinogram. The waveform variations
between our patients may be due to different
inner retinal defects. The findings in two
brothers indicate that cone dystrophy and
inner retinal defects may be inherited separ-
ately.

(Br ¥ Ophthaimol 1993; 77: 404-4(v3;

Cone dystrophies are a group of diseases involv-
ing the function of retinal cones In various
ways.'* Several ditierent primary defects within
the retina seem to exist: degenerations can be
separated according to the retinai area and cone
types affected. Different invoivement ot central
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and peripheral cones has been described.**
Recently selective cone dystrophies affecting
only one or two cone types have been separated
from generalised cone dystrophies.”™” In
inherited retinal degenerations, however, the
location of the primary retinal defect has always
been attributed to the photoreceptor-retinal pig-
ment epithelium complex.’

Occasionally electroretinographic  findings
were described, that indicated a dysfunction of
inner retinal layers in cone dystrophies,*" vet,
these findings were ignored. In those cases the b-
wave was severely reduced compared with a
normal or moderatelv reduced a-wave, resulting
in a ‘negative’ photopic electroretinogram.”
Similar electroretinograms were seen in incom-
plete congenitai stationary night blindness,'”*
and X linked congenital retinoschisis. ' '

We analysed retrospectively the records of
three patients who suffered from cone dystro-
phies, had a negative photopic electroretine-
gram, and in whom X linked retinoschisis an<
congenital stationary night biindness could be
exciuded. The patients are compared with
patients with incomplete congenital stationary
night blindness and X linked retinoschisis.

Electrophysiological methods
The electro-oculographic technique was as des-
cribed by Rhode et a/." The normal range of the
light peak/baseline ratio was 187 (SD 36)% (2
SD}; therefore the lower limit of the normai
range was 151%.

The electroretinographic recording method
has been described in detail.”* The recording
protocol includes all stimuli specified by the
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Cone dystrophies with negative photopic electroretinogram

standard for clinical electroretinography.”
Stimulus duration was 10 ms. Six different light
intensities (1-6) increasing in steps of one loga-
rithmic unit from the b-wave threshold of the
normal eye were used for the dark adapted
recordings. The maximum light intensity was
7-8 cd-s/m?. The light adapted recordings were
performed under white li ;ht adaptation to a
background of 4-5 c¢d'm™“ and with the light
stimuli 4-6. The 30 Hz flicker stimulus had the
light intensity 5. White light from a xenon light
source served as stimulus in all examinations.
The light source was filtered for infrared with
Schott filter KG2IR. A normal electroretino-
gram is shown in Figure 1. The normal ranges
consist of the mean value (+2 SD) from 40
volunteers.

Clinical findings

The clinical and electrophysiological findings of
our patients are summarised in Table 1. The
general and medical history was unremarkable in
all patients. Acquired retinal degenerations
owing to drug toxicity or infectious diseases like
chorioretinitis or uveitis could be excluded.

CASE 1 (PROGRESSIVE CONE DYSTROPHY)

The 61-year-old patient suffered from progres-
sive visual loss for more than 10 years. His visual
acuity was 0-4 in both eyes. Pigment irregulari-
ties were seen in the macular area; the peripheral
retina was normal. Visual field testing revealed
paracentral scotomas in both eyes. He was
unable to identify the Ishihara plates and the
Panel D15 desaturé test. Testing with the Nagel
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anomaloscope revealed a deuteranomalous loss
with a broad range of matches for the right (20—
73/13) and left eye (30-67/13). The light rise of
the electro-oculogram was reduced.

CASE 2 (PROGRESSIVE CONE-ROD DYSTROPHY)

The patient was first examined because of a
corneal injury on the left eye at the age of 35
years. He had no visual problems at that time.
Visual acuity was 1-0 on the right eye and 0-6 on
the left owing to a corneal epithelial erosion. The
funduscopic appearance was described as
normal. Eight years later the patient was seen
with a 5 year history of progressive visual loss.
His visual acuity was reduced to 0-3 in both eyes.
The intraocular pressure was normal as it was at
the first examination. Fundus examination
revealed paleness of the optic disc and a narrow-
ing of the vessels. The visual fields showed a
slight concentric narrowing in both eyes. Colour
vision was severely disturbed. Ishihara plates
could not be read. Panel D15 and Farnsworth-
Munsell 100 hue tests showed several errors
without a typical axis. With the Nagel anomalo-
scope he found matches in accordance with
achromatopsia. Dark adaptation, tested with the
Goldmann-Weekers adaptometer, was reduced
by 1-5 logarithmic units. The light rise of the
electro-oculogram was reduced. The progressive
visual loss excludes the diagnosis of congenital
stationary night blindness in this patient.

CASE 3 (PROGRESSIVE CONE DYSTROPHY)
A short overview of the clinical findings and the
results of colour electroretinography of this

Table ] Chinical and electrophysiological findings in patients with negative photopic electroretinogram

ERG

No Age Sex Prog Eye VA Refra Fund  Colour VF DA EOG d-bla I-bla 30Hz Dx

1 61 ++ R 0-4 +3-0 P1 deut cent 144 bord red 40 cd
L 0-4 +3-25 14

2 43 m +++ R 0-3 —-1-25 PC achr conc  3-0 131 red PIII 0 crd
L 0-3 —1-25 128

3 40 m + R 0-4 +1-25 PI achr cent n 125 red PII 60 cd
L 0-3 +1-25 128

4 44 m - R 1-0 +0 n n n n 135 red red 90 ?
L 004 +7-5 133

S 33 m - R 0-4 =25 n deut n 29 150 red red 20 csnb
L 0-4 —3-25 146

6 29 m - R 0-4 +2-0 R dist n 183 red red 65 xlr
L 02 +3-0 185

Gl 35 m ++ R 0-1 —4-0 BE achr cent n n red cd
L 0-1 -3-75

G2 28 m ++ R 03 -1-5 n dist para n n red cd
L 0-25 —15

G3 25 f + R 0-5 -0-5 BE achr para red n red od
L 025 —-0'5

G4 28 m ++ R 0-25 -2-75 BE achr para red n red cod
L 0-1 —3-5

G5 22 f R 07 *0 BE dist para n n red cd
L 07 *0

Y 44 f — R 0-8 PC dist peri  n n red red ?
L 0-8

W1 35 m R 07 BE dist n n red red cd
L 0-7

w2 18 m R 0-2 BE dist n n red red cd
L 0-06

w3 38 m R 0-02 PC dist red n red  red cd
L 0-02

Visual acuity at the last follow-up examination, refraction, and the light rise of the electro-oculogram is given for both eyes separately. All
other values were given once for a patient if there was no dlfference between both eyes. Empty fields indicate missing dates. Normal
range: electro-oculography: 187 (SD 36)% (lower limit, 151%); 30 Hz flicker response: 136 (SD 52) pV (lower limit 84 uV).

G1-5=patients of Grey et al*; Y =patient of Young et al’; W1-3=patients of Wakabayashi'®

. Prog=progression; VA=visual acuity;

Refra=refraction; Fund= funduscopnc findings; VF =visual fields; DA =dark adaptation; EOG= electro-oculogram; ERG=
electroretinogram; 30 Hz=30 Hz flicker amplitude; Dx= dlagn081s d=dark; |=light adapted; m=male; f=female; PI1=pigment
irregularities; PC=pigment clumping; n=normal; R=retinoschisis; BE= bull’s eye; deut=deuteranopia; achr= achromalopsia; dist=
disturbed without specific axis; conc=concentric narrowing; cent=central scotoma; para=paracentral scotoma; peri=peripheral
scotoma; bord=borderline; red=reduced; PIII=PIII component; cd=cone dystrophy; crd=cone rod dystrophy; csnb=congenital
stationary night blindness (incomplete type); xlr=X linked retinoschisis; ?=no clinical signs but altered electroretinogram.
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Figure 2
Electroretinographic
recordings from a normal
person and case 4 (family
member), case 5 (congenital
stationary might blindness,
and case 6 (X linked
retinoschisis). For detailed
explanation see Figure 1.

patient have been described previously as cone
dystrophy with missing b-waves at light adapta-
tion.” He has been observed for 22 years, begin-
ning at the age of 18 years. He had complained of
reduced visual acuity since childhood. The
visual acuity was 0-5 in the right eye and 0-4 in
the left at the first examination and Q-4 in the
right and 0-3 in the left at the last follow up. Mild
pigment irregularities in the macular area
remained unchanged. Central scotomas were
found in both eyes. Colour vision testing
revealed a protanomaly at the first examination.
At the age of 40 achromatopsia was found on the
Nagel anomaloscope and the Farnsworth-
Munsell 100 hue test. The dark adaptation had a
normal final threshold. The electro-oculogram
showed a reduced light rise. Although the visual
acuity was relatively stable, the progressive
colour vision deficiency indicates a slow progres-
sive cone dystrophy in this patient.

CASE 4 (FAMILY MEMBER ;

The brother of case 3 was examined at the age of
44 years. His visual acuity was 1-0 in the right eve
and 0-04 in the lett owing to anisometropia of
+7-5 dioptres. The funduscopic appearance was
normal as were the visual fields. colour vision,
and dark adaptation. The light rise of the electro-
oculogram was reduced.

CASE 5 {INCOMPLETE CONGENITAL STATIONARY
NIGHT BLINDNESS)

The 33-year-oid patient had a reduced visual
acuity and difficulties with seeing at night with-
out progression since childhood. He had a visual
acuity of 0-4 in both eyes. The tunduscopic
appearance and the visual fields were normal.
Deuteranopia was revealed by the Nagel
anomaloscope. Dark adaptation measured with
the Goldmann-Weekers adaptometer showed 2
reduced final threshold at 1-6 logarithmic units.
The light rise of the electro-oculogram was
reduced.

CASE 6 (X LINKED RETINOSCHISIS}
This 29-year-old man suffering from X linked
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congenital retinoschisis is a representative
example from a recently described series.' His
two brothers were also affected. His visual acuity
was 0-4 on the right and 0-2 on the left eve. Both
eyes showed a macular retinoschisis with normal
periphery. The visual fields were normal. Colour
vision was disturbed with misreading of four
Ishihara plates and an extensive range of matches
from 34/13 to 48/13 at the Nagel anomaloscope.
The light rise of the electro-oculogram was
normal in both eyes.

Electroretinographic findings

In Figures 1 and 2 the electroretinographic
recordings are shown and in Figures 3-6 the
amplitude-intensity functions of all patients are
given. An overview of the electrophysiological
findings including the 30 Hz flicker amplitudes is
listed in Table 1 for comparison with the patients
described in the literature.

CASE 1

In case 1 the a-wave amplitudes were borderline
at lower stimulus intensities and subnormal a:
the higher stimulus intensities when dark
adapted. The b-wave amplitudes were reduced
at all stimulus intensities and therefore the b/a
ratios were borderline. When light adapted, the
a-wave amplitudes were normal, but the b-wave
amplitudes and b/a ratios were severely reduced.
The 30 Hz flicker amplitude was reduced. The a-
wave latencies were normal, the b-wave implicit
times were delaved at dark adaptation.

CASE 2

In case 2 the electroretinogram showed border
line a-wave amplitudes at lower stimuius
intensities and subnormal amplitudes at higher
intensities at dark and light adaptation. When
dark adapted, small b-waves were found at
higher stimulus intensities and accordingly the
b/a ratios were severelv reduced. The implicit
times of these b-waves were 30-34 ms in both
eyes without difference between the stimulus
intensities 5 and 6. These implicit times were
about 8 ms shorter than the implicit time of the
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Figure3 Dark adapted a-
wave amplitudes in patients
with negative photopic
electroretinograms. Three
patients with progressive
cone dystrophy and a family
member: case I (1), case 2
(M), case 3(QO), and the
brother of case 3 (case 4, @).
One patient with incomplete
congenital stationary night
blindness (case 5, N\), and
one patient with X linked
congenital retinoschists (case
6, A ). The normal range
indicated by two lines is the
mean value (+2 SD). The
stimulus intensity is indicated
on the horizontal axis.
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b-wave in normals, which is 42 (SD 1-8) ms at
stimulus intensity 5, and 39 (SD 1-4) ms at
stimulus intensity 6. At light adaptation a-waves
and no measurable b-waves were present. The
responses, therefore, looked like an isolated
PIIl-component, which corresponds to the
photoreceptor response.” There was no response

_to 30 Hz flicker stimulation.

CASE 3

In case 3 the a-wave amplitudes were normal
when dark adapted and borderline when light
adapted. The b-wave amplitudes were border-
line at lower stimulus intensities and reduced at
stimulus intensities 4-6 when dark adapted. The
b/a ratios were reduced at all stimulus intensities
when dark adapted. At light adaptation no b-
waves were measurable. The latencies and
implicit times of a- and b-waves, when present,
were normal. The 30 Hz flicker response was
reduced. The electroretinogram was unchanged
within the last 3 years of follow up. Tested with
colour stimuli in the electroretinogram and
psychophysically, this patient had a severe red
cone dysfunction and only a moderate green cone
dysfunction.’

CASE 4

In case 4 the a-wave amplitudes were normal at
all recording conditions. The b-wave amplitudes
were normal at lower stimulus intensities when
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Figure4 Light adapted a-wave amplitudes in patients with
negative photopic electroretinograms. For further explanation
see Figure 3.
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Figure S Dark adapted b-wave amplitudes in patients with
negative photopic electroretinograms. For further explanation
see Figure 3.

dark adapted. They were reduced just below the
lower limit of the normal range at high stimulus
intensities when dark adapted and under light
adapted conditions. The b/a ratios were reduced
when dark adapted. When light adapted, they
were borderline at lower stimulus intensities and
reduced at maximum stimulus intensity. The
latencies and implicit times of a- and b-waves
were normal. The 30 Hz flicker response was
within the lower normal range.

CASE S

Case 5 had normal a-wave amplitudes at dark
adaptation and large amplitudes at light adapta-
tion. The b-waves were reduced in all stimulus
conditions and so were the b/a ratios. The b-wave
implicit time was short (27 ms) at the highest
stimulus intensity when dark adapted and was
normal in all other recordings. The 30 Hz flicker
response was severely reduced.

CASE 6

Case 6 showed normal a-waves in all recordings.
The b-waves were reduced when dark adapted
and normal when light adapted. The b/a ratios
were reduced in all recordings. The latencies and
implicit times of a- and b-waves were normal.
The 30 Hz flicker response was reduced. It
should be noted that in this and all other
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Figure 6 Light adapted b-wave amplitudes in patients with
negative photopic electroretinograms. For further explanation
see Figure 3.
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previously examined patients with X linked

retinoschisis' a small b-wave was always present
when light adapted.

Discussion

A ‘negative’ electroretinogram has been defined
as a waveform in which the a-wave amplitude is
larger than the b-wave amplitude, resulting in a
b/a ratio below 1-0." At dark adapted conditions,
a negative electroretinogram is a typical finding
in different forms of congenital stationary night
blindness,”"* X linked congenital retino-
schisis,"”** central retinal vein occlusion," and
quinine intoxication.”? A negative electroretino-
gram may be seen in early cases of retinitis
pigmentosa® and rarely with other conditions:
an overview has been presented recently by
Weleber.” With light adaptation, a negative
electroretinogram can be found in the same
disorders to a much lesser extent than with dark
adapted conditions, with the exception of
incomplete congenital stationary night blind-
ness. '

Only a few cases with predominantly cone
dysfunction and negative photopic electroretino-
gram have been mentioned in the literature.*"
An overview of the clinical and electrophysio-
logical findings in these patients is listed in Table
1 for easier comparison with our cases. The eight
cases of Grey and Wakabayashi suffered from
cone dystrophies.®" They had reduced visual
acuity, colour vision defects, bull’s eye lesions or
pigment irregularities in the macula, and central
or paracentral scotomas. The light rise of the
electro-oculogram was either normal or reduced.
The electroretinogram at dark adaptation was
described as normal. Stimulus conditions are
different and were not described in detail.
Obviously much weaker stimuli were used. In
our patients the reduction of the scotopic b-wave
was better seen with higher stimulus intensities.
These eight cases are comparable with our cases
1-3. In contrast to our series two of them were
female. Young described another female patient
with negative photopic electroretinogram with-
out symptoms’; therefore she may be compar-
able with our case 4. In contrast to our patient
she had widespread pigment clumping on the
fundus and visual field defects, and a progression
could be possible. Her dark adapted electro-
retinogram was reduced to about 50% with a
normal b/a ratio.

In our series all five patients with clinical signs

(cases 1-3, 5, and 6) had a dysfunction of the

cones or the cone pathways. The visual acuity
was reduced, colour vision defective, and in the
electroretinogram the 30 Hz flicker response was
reduced. The negative electroretinogram was
more pronounced in all of our six cases with light
adapted compared with dark adapted condi-
tions. There was only one apparent difference in
the electroretinographic waveforms between
patients with cone dystrophies, incomplete con-
genital stationary night blindness, and X linked
retinoschisis. In two patients with cone dystro-
phies (cases 2 and 3) only a PIII component with
no detectable b-wave was found. A PIII com-
ponent with no detectable b-wave can occur in
incomplete congenital stationary night blind-

Kellner, Foerster

ness.” In X linked retinoschisis a small b-wave is
always present. '

The photopic electroretinogram is the result of
cone responses, responses from depolarising and
hyperpolarising bipolar cells from Miiller cells,
and possibly other retinal cell types. The a-wave
corresponds to the beginning of the PIII com-
ponent. The severely reduced b-waves indicate a
disturbance in the proximal retinal layers either
in the cone pathway or in the Miiller cells.
Similar electroretinographic findings as in our
patients have been seen in rhesus monkeys in
which APB (2-amino-4-phosphonobutyric acid)
was injected intravitreally.® APB selectively
blocks depolarising bipolar cells without affect-
ing the hyperpolarising bipolar cells. In X linked
retinoschisis histological findings indicate a
defect of the Miiller cells.?

The inner retinal defect is not necessarily
combined with the defect that causes receptor
dysfunction. In case 3 the electroretinographic
findings indicate receptor and inner retinal
defects. The brother (case 4) had normal cone
function, but showed a negative photopic
electroretinogram. The cone dystrophy and the
inner retinal defect, therefore, can be inherited
separately.

Not all properties of the cone pathways are
similar in our cases with cone dystrophies, and
this may indicate different inner retinal defects.
Interestingly, one of two patients with no
measurable b-wave at light adaptationi had a
moderately reduced 30 Hz flicker amplitude of
60 pV (case 3); the other one had no flicker
response at all (case 2). The flicker response is
generally regarded as the cone b-wave.” How-
ever, how can a flicker response persist when the
b-wave is missing? Maybe the bipolar cells
respond in a different way to flicker stimulation
than to single flashes.

The findings in our patients indicate that
additional inner retinal transmission defects in
the cone pathway can occur in cone dystrophies.
These patients present with reduced visual
acuity, colour vision defects, a reduced 30 Hz
flicker response, and a negative photopic electro-
retinogram. The most important differential
diagnoses are incomplete congenital stationary
night blindness and X linked congenital retino-
schisis. The electroretinographic findings, how-
ever, do not allow a separation of these diseases.
Diagnosis is only possible with evaluation of
progression, funduscopic findings, and testing of
dark adaptation.
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