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Autosomal dominant cone-rod dystrophy with
negative electroretinogram
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Nariyuki Yamada

Abstract
Aims-The negative electroretinogram
(ERG) is observed in many hereditary
retinal disorders. However, no reports
have described a negative ERG in a family
with autosomal dominant cone-rod dys-
trophy. A Japanese family with autosomal
dominant cone-rod dystrophy with nega-
tive ERG is described.
Method-Members of a Japanese family
with autosomal dominant cone-rod dys-
trophy were examined and evaluated with
Goldmann and Humphrey perimetry,
bright flash ERG with an intense white
stimulus, rod, cone, and flicker ERGs,
and fluorescein angiography. Molecular
analysis of the rhodopsin and peri-
pherin/RDS genes in the patients was also
performed.
Results-A 45-year-old Japanese man

(proband) presented with decreased
visual acuity. His fundi revealed bull's eye
maculopathy and his single flash bright
ERG showed a negative configuration.
Negative ERG responses also were found
in his father, who had macular degenera-
tion, and one of the proband's three
children who showed no fundus changes.
No irregularities were found in their
rhodopsin or peripherinIRDS genes.
Conclusion-The condition of this family
is believed to represent a previously
undescribed autosomal dominant cone-

rod dystrophy.
(BrJ Ophthalmol 1995; 79: 916-921)
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Many hereditary retinochoroidal disorders
include macular lesions. Bull's eye maculo-
pathy, for example, is not pathognomonic for a

specific disorder, and it occurs in several
hereditary retinal disorders, such as cone dys-
trophy,' Stargardt's disease,2 retinitis pigmen-
tosa,3 benign concentric annular macular
dystrophy,4 and Batten's disease.5 A single
bright flash electroretinogram (ERG), which
is commonly used to identify retinochoroidal
diseases, consists of an a-wave, a b-wave, and
oscillatory potentials. In a normal ERG
response, the amplitude of the a-wave is
smaller than that of the b-wave. When the
a-wave is normal and the b-wave does not go
beyond the isoelectric point, the ERG is con-

sidered to have an electronegative configura-
tion, the so called negative ERG. Among
hereditary retinal disorders, a negative ERG is
most frequently associated with X linked
juvenile retinoschisis,6 congenital stationary
nightblindness,7 and retinitis pigmentosa.8

Two Japanese groups, Miyake and associ-
ates9 and Kato and Watanabe,'0 described
atypical patients who had bull's eye maculo-
pathy and a negative ERG. Recently, Kellner
and Foerster" reported three male patients
with cone dystrophies and one subject without
symptoms or fundus abnormalities who
showed a negative photopic ERG response.
However, no reports, to our knowledge, have
described autosomal dominant cone-rod dys-
trophy associated with a negative scotopic
ERG response.
We describe a Japanese family that had

autosomal dominant cone-rod dystrophy with
negative ERG findings. We believe that the
condition identified in this family represents a
previously undescribed autosomal dominant
cone-rod dystrophy.

Patients and methods
The proband (case 1) and his children were
examined at the Department of Oph-
thalmology, Tohoku University. The pro-
band's father (case 2) was examined at
Yamada Eye Clinic. Goldmann perimetry was
performed using targets V3, 14, and 13, and
Humphrey perimetry was performed using
program 10-2 and 30-2. A dark adaptation
curve was measured using Goldmann-Weekes
dark adaptometry. After the patients under-
went light adaptation for 5 minutes with 3000
lux illumination, visual thresholds were
measured in the dark. A white target of 1 10 was
presented at 150 above the fovea. The ERGs
were recorded with the use of portable equip-
ment (ERG 50, Kowa, Japan) that housed a 25
joule xenon flash lamp for stimulus of the
entire retina. A monopolar contact lens elec-
trode with an artificial pupil of 10 mm was
used. A reference electrode was affixed to
the patient's forehead. The time constant was
0 3 second. The distance between the lamp
and the eye was 30 cm. The pupil was dilated
with a combination of 0/5% tropicamide and
0.5% phenylephrine hydrochloride. A bright
flash ERG was recorded with a single bright
white light after 30 minutes of dark adaptation.
A scotopic (rod) ERG was recorded with a
single dim blue light (Wratten 47, and ND 2.0
filters) in the dark. After light adaptation with
200 lux in patient's eye position for 20
minutes, a photopic (cone) ERG was elicited
with red stimulus (Wratten 29 filter). A 30 Hz
red (660 nm) flicker ERG was recorded using
portable equipment (PE200A, Tomei,
Japan).12 The contact lens had a built in light
emitting diode and recording electrode. After
light adaptation for 20 minutes with a light
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Table 1 Results of brightflash ERGs

Amplitudes (A.&V)
Patient/age
(years) a-wave b-wave b/a ratio To(pJl)

Case 1/45 R: 326-1 271-7 0-83 119-8
L: 315-2 260-9 0-83 137-9

Case 2/70 R: 239-4 105-6 0 44 91-5
L: 246-5 95-8 0 39 90.1

Case 3/15 R: 358-7 369-6 1-03 141-2
L: 347-8 354-3 1-02 145-9

Control (n=50) (SD) 376-3 (49-4) 560-2 (72.9) 1-49 (0-13) 277-5 (71-1)

1O=summation of amplitudes of O1, 02, 03, and 04.

measuring 200 lux at the position of patient's
eye, the 30 Hz red flicker ERG was recorded.
An analysis of rhodopsin and peri-

pherin/RDS genes was performed, as previ-
ously described.13 High molecular weight
DNAs were isolated from the patient's peri-
pheral white blood cells. We synthesised pairs
of oligonucleotide primers to amplify segments
containing each exon of the rhodopsin and
the peripherin/RDS gene using polymerase
chain reaction (PCR). The amplified DNA
sequences were screened for mutations using
single strand conformation polymorphism
analysis (SSCP).

Results
Results of bright flash ERG in 50 normal eyes
are described in Table 1 and Figure 4. Results
of rod, cone, and flicker ERGs in 80 normal
eyes are also given in Table 2 and Figure 4.
Results of ERGs and other examinations
performed in each patient are described in
Tables 1 and 2, Figure 4, and case reports.

Molecular analysis of the rhodopsin and the
peripherin/RDS genes in the patients showed
no irregularities.

REPORT OF CASES

Case 1

A 45-year-old Japanese man (II-3, proband;
Fig 1) was referred to our clinic on 22 January
1992, with a complaint of decreased visual
acuity. At age 43, he had decreased visual acu-
ity and poor colour vision. At that time, an
ophthalmologist diagnosed his condition as
macular disease. Since then, his visual acuity
and colour vision have deteriorated further. He
has not reported nightblindness.
On examination, the best corrected visual

acuity was 20/25 with a -4 0 D sphere in the
right eye and 20/30 with a -3-25 D sphere in
the left eye. Slit-lamp examination revealed no
abnormal findings in the anterior segment,

lens, or vitreous in either eye. Fundus exami-
nation disclosed normal optic disc and vessels
in both eyes. The macula of each eye showed a

circular area of hypopigmented atrophic
lesions of retinal pigment epithelium (Fig 2A
and B). Fluorescein angiography demon-
strated bull's eye maculopathy in both eyes
(Fig 2C and D). Visual fields tested by
Goldmann and Humphrey perimetry showed
normal responses in the periphery and a

relative central scotoma corresponding to
the atrophic macular area in each eye (Fig 3).
His colour vision was tritan by testing with
panel D-15. A dark adapted bright flash ERG
showed a normal a-wave and a reduced
b-wave (negative ERG; Table 1 and Fig 4).
Amplitudes of oscillatory potentials were

reduced (Table 1 and Fig 4). The rod ERG
b-wave showed reduced amplitude with a
delayed implicit time (Table 2 and Fig 4).
The cone ERG showed reduced amplitude
(Table 2 and Fig 4). Low responses with a
delayed implicit time were found in the 30 Hz
red flicker ERG (Table 2 and Fig 4). An
electro-oculogram (EOG) was normal in both
eyes (light peak/dark trough ratios were 2a 1 in
the right eye and 2-0 in the left eye). Dark
adaptation findings by Goldmann-Weekes
dark adaptometry showed an absent cone
plateau, with a rapid fall to the normal final
threshold (2-2 log units). The patient had no
history of taking chloroquine. His general
physical condition was good. Plasma levels
of cyclic AMP and cyclic GMP were 11 0
pmol/ml and 2-8 pmol/ml, respectively
(normal range of cyclic AMP and cyclic GMP
are 15-37 pmol/ml and 2-10 pmol/ml, respec-
tively).

Case 2
The 70-year-old father of the proband (I-1;
Fig 1) complained of decreased visual acuity at
age 50 and was told he had bilateral macular
degeneration. His visual acuity deteriorated
further and he was evaluated at age 70 by one
of us (NY). His general health was good. The
visual acuity was 20/400 without correction in
each eye. He read only the test plate with
the Ishihara series. Biomicroscopy disclosed
bilateral senile cataract and otherwise normal
anterior segments and anterior vitreous.

Ophthalmoscopic findings included atrophy
of the macular retinal pigment epithelium and
choroid with normal discs and vessels (Fig 5).
The bright flash ERG produced a negatively
shaped response with reduced oscillatory
potentials (Table 1 and Fig 4). Fluorescein

Table 2 Results ofscotopic, photopic, andflicker ERGs

Scotopic ERG Photopic ERG Flicker ERG

Amplitudes Amplitudes (I.J) IT (ms) Amplitudes
Patie/age (61?) IT (ms) (,u,V) IT (ms)
(years) b-wave b-wave a-wave b-wave a-wave b-wave b-wave b-wave

Case 1/45 R: 80-2 108-2 19.1 25-6 13-3 26-5 54-6 40-1
L: 76-5 102-7 22-8 33-3 11-6 27-4 46-6 40-6

Case 3/15 R: 111 1 973 35-6 53-3 11-6 26-3 93-3 37-6
L: 98-8 94 7 32-8 50 3 12-2 25-7 89-3 38-1

Control (n=80) (SD) 230-1 (51-2) 73-4 (4-2) 57-2 (17-1) 110-3 (22 6) 12-2 (1-9) 27-9 (1-7) 127-5 (24-1) 35 9 (1-7)

IT=implicit time; ms=milliseconds.
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Figure 1 Family pedigree. Arrow indicates proband. 'V' indicates family members Fi
examined. Solid symbols represent affected members.

angiography, EOG, and rod, cone, and flicker
ERGs were not performed.

Case 3
The 15-year-old daughter of the proband
(III-5; Fig 1) had no complaints about visual
acuity, nightblindness, or colour vision.
Examination showed her best corrected visual
acuity to be 20/20 with a -1-0 D sphere in
both eyes. Slit-lamp examination revealed no
abnormal findings in the anterior segments,
lens, or vitreous. Ophthalmoscopic and fluores-
cein angiographic examination showed normal
disc, vessels, and retina, including both
maculas. Colour vision findings tested by
Ishihara plate and panel D- 15 were normal.
However, the dark adapted bright flash ERG
was negatively shaped, with a normal a-wave
(Table 1 and Fig 4). The amplitude of the rod
b-wave was reduced and showed a delayed
implicit time (Table 2 and Fig 4). The ampli-
tude of the cone ERG also was reduced,
although the 30 Hz red flicker ERG showed a
normal response (Table 2 and Fig 4). Visual
field tested by Humphrey perimetry (program
10-2) was normal (Fig 6). An EOG was not
done. Her general physical condition was
good.

Discussion
In this pedigree, we examined five people of
three generations in one family and found
three affected members (Fig 1). The condi-
tions in our patients were progressive, and
their family history showed the inheritance
pattern of the disease to be autosomal domi-
nant. None of the patients had a history of
taking chloroquine, which can induce bull's
eye maculopathy.14 Patients with early stages
of Batten's disease may have both bull's eye
maculopathy and a reduced b-wave response.5
Our patients, however, had none of the neuro-
logic abnormalities noted in Batten's disease.

Stargardt's disease (fundus flavimaculatus)
reportedly shows macular degeneration includ-
ing bull's eye maculopathy and a dark choroid
by fluorescein angiography.'5 The fluorescein
angiograms from our patients showed normal
backgrounds. No reports of patients with cc

Stargardt's disease have described negative m

ig 2A

ig 21i

'ig 2C'

ig 21]
zigure 2 Right (A) and left (B) fundus photographs of
ase I show ring-shaped depigmentation around the
oveola. Fluorescein angiograms reveal bull's eye
naculopathy (C: right eye; D: left eye).
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Figure 3 Goldmann perimetric kinetic visualfield for case 1 demonstrates central scotoma
to I-4-e test target in both eyes.

ERG findings, as found in our patients. Also,
the inheritance pattern in Stargardt's disease is
usually autosomal recessive, although auto-
somal dominantly inherited pedigrees have
been reported.'6 17 These findings exclude our
patients from the diagnosis of Stargardt's
disease.

Benign concentric annular macular dys-
trophy4 is characterised by bull's eye maculo-
pathy and autosomal dominant inheritance.
Affected patients reveal little visual disturb-
ance, according to Deutman's initial report.
No single bright flash ERG was performed in
Deutman's patients, so it has been difficult to
differentiate those cases from ours. However, a
10 year follow up of the pedigree by Deutman
and associatesI8 traced the evolution of benign
concentric annular macular dystrophy into a
progressive tapetoretinal dystrophy affecting
cone and rod function. Peripheral bone cor-
puscular pigmentation was noted in some
patients with progressively decreasing visual

acuity and nightblindness. These findings sug-
gested that the disease in our patients is prob-
ably not benign concentric annular macular
dystrophy.
The fundus findings in our patients would

also rule out congenital stationary nightblind-
ness. Patients with congenital stationary night-
blindness7 have no abnormal fundus findings,
although the single bright flash ERG shows a
negative shape and the flicker ERG discloses
reduced responses. This disorder is non-pro-
gressive, and the inheritance is X linked or
autosomal recessive. Sieving and associates'9
reported an autosomal dominant form of con-
genital stationary nightblindness associated
with Gly-90-Asp rhodopsin mutation. We
therefore screened rhodopsin and peripherin/
RDS genes in our affected patients using poly-
merase chain reaction and single stranded
conformation polymorphism analysis. No
abnormal rhodopsin or peripherinlRDS genes
were, however, found in our patients.

Retinitis pigmentosa was considered as well
in the differential diagnosis of our patients.
Bull's eye maculopathy is often seen in patients
with retinitis pigmentosa.3 Cideciyan and
Jacobson8 recently identified patients who have
typical clinical retinitis pigmentosa with a
negative ERG. The authors have concluded
from the ERG data that dysfunction exists
proximal to the photoreceptor terminal lesion
and in the photoreceptor outer segment.
Vaegan and Graham20 have described some
patients with cone-rod dystrophy and negative
ERG, although precise clinical data were not
shown. Our patients had no complaints of
nightblindness and normal a-wave amplitudes
in a single flash bright ERG. In addition, dark
adaptation testing in our proband showed well

Single flash ERG

_ f{J,
Control R I

(30) L

Case 1 R ,.

(45)L_ / -L
-./

Scotopic ERG

R
L

Photopic ERG

R
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Case3 R
(15) L

V
I 100 jV

10 ms
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Figure 4 A single flash electroretinogram (ERG) with intense stimulus (a 25joule bright white flash in cases 1 and 3 and
a 40joule brightflash in case 2) was recorded after 30 minutes ofdark adaptation. Compared with a normal control (top),
all patients had negative ERGs. The scotopic ERG was first recorded with dim blue light after 30 minutes ofdark
adaptation. Thereafter, the photopic andflicker ERGs were recorded with red light after 20 minutes oflight adaptation.
Note the reduced rod and cone b-waves. Low responses also werefound in the 30-Hzflicker ERG of case 1.
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Fig SA

Pig rn

Figure 5 Thefundus photographs of case 2 show atrophic
lesions in the posterior pole. Choroidal vessels are easily seen
(A: right eye; B: left eye).

preserved rod function. Even in the advanced
stage, as seen in our proband's father who
showed a mildly reduced a-wave, degeneration
was restricted to the posterior poles, without
pigmentary changes.

Cases of X linked juvenile retinoschisis6
demonstrated a negative ERG and a normal
30 Hz flicker ERG response. Patients with
retinoschisis have a characteristic cystic
appearance in the macula with decreased
visual acuity from early life. Bull's eye maculo-
pathy, as noted in our patients, does not occur
in those with retinoschisis. Miyake and associ-
ates3 and Kato and Watanabe1o recently
described patients with bull's eye maculopathy
and negative ERG responses. Their patients
were male sporadic cases who had had normal

,... *......... ....

.... ...................
.... .. ...............
.... ...................... ..... .............
... .... ............

...... .................. ............. ..........

Right
Figure 6 Grey scale representation in decibels of the retinal sensitivity (Humphrey 10-2
program) showed no abnormalities in either eye of case 3.

visual acuity that deteriorated with age. The
30 Hz flicker ERG appeared normal or slightly
reduced, which was different from the findings
in our cases. In addition, Kato and WatanabeI0
reported low levels of plasma cyclic GMP in
their patients. The plasma level of cyclic GMP
was normal in one of our patients, while the
cyclic AMP value was slightly lower than
normal.

Bull's eye maculopathy is often found in
autosomal dominant cone dystrophy.1 Dis-
turbed cone ERGs with bull's eye maculopathy
and monophasic dark adaptation curve are
consistent with the findings in our cases.
However, a dark adapted bright flash ERG in
our patients showed a negative pattern. The
b-wave amplitude was reduced with age.
Kellner and Foersterl" recently reported on
three patients with cone dystrophy and one
without symptoms or fundus abnormalities
who showed negative photopic ERG. Our
cases were autosomal dominantly inherited
and had no negative photopic ERG.
Therefore, we have concluded that the condi-
tion in our cases appears to be a new type of
autosomal dominant cone-rod dystrophy with
negative ERG, although a new type of auto-
somal dominant cone dystrophy with negative
ERG was not completely ruled out.
Many other retinal disorders2l show nega-

tive ERG such as Aland Island eye disease,
Oguchi disease, infantile Refsum's disease,
Goldmann-Favre vitreoretinopathy, ischaemic
central retinal vein occlusion, central retinal
artery occlusion, retinal toxicity from quinine
and vincristine, paraneoplastic syndrome, and
optic atrophy. However, these disorders are
easily ruled out by their hereditary pattern,
fundus findings, and electrophysiological
findings.

Single bright flash ERG is thought to
become negative when the inner layer of the
neuroretina is affected primarily as X linked
retinoschisis6 and congenital stationary night-
blindness.7 An abnormality of neuronal trans-
mission is suggested in congenital stationary
nightblindness, while Muller cell abnormalities
are thought to occur in X linked retinoschisis.
The deep negative response in X linked
retinoschisis can result in a reduced scotopic
blue response, although rod function is only
slightly damaged. Oscillatory potentials are
always abnormal.6 22 23 Our patients had
macular dystrophy, negative ERG with abnor-
mal oscillatory potentials, and reduced rod
ERG without nightblindness. These clinical
findings appeared to be more similar to ones
observed in X linked retinoschisis than in con-
genital stationary nightblindness. Therefore,
Miuller cell abnormalities may be more likely in
the conditions of our patients than abnor-
malities of neuronal transmission, although the
precise mechanism remains unknown.
This study was supported in part by grant in aid for Scientific
Research from the Ministry of Education, Science and Culture,
Japan.
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