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SCIENTIFIC REPORT

Congenital stationary night blindness and a *“Schubert-
Bornschein” type electrophysiology in a family with

dominant inheritance

S A Kabanarou, G E Holder, F W Fitzke, A C Bird, A R Webster

Background/aims: To present the clinical, psychophysical,
and electrophysiological characteristics of a family with
dominantly inherited congenital stationary night blindness
(CSNB).

Methods: Five affected family members from three genera-
tions were ascertained. Four affected individuals underwent
ophthalmic examination and electrodiagnostic investigations.
Three affected individuals also underwent scanning laser
ophthalmoscopy and psychophysical testing.

Results: Affected individuals reported night blindness from
an early age. Visual acuities were normal. Fundal appear-
ances were normal apart from one older patient showing
areas of peripheral chorioretinal atrophy. Autofluorescence
images showed no gross abnormality. International Society
for Clinical Electrophysiology of Vision (ISCEV) standard
electroretinography (ERG) showed undetectable rod specific
responses and electronegative maximal responses, but
normal ISCEV cone responses. Additional S-cone specific
ERG recordings were of reduced amplitude in all patients
studied. There was no apparent rod component to the dark
adaptation curve. Central 30° thresholds were normal under
photopic conditions but showed increased thresholds under
scotopic conditons for both red and blue stimuli.
Conclusion: Results from investigation of this family are
consistent with an impairment of rod photoreceptor signal-
ling. The ERG findings suggest an abnormality occurring
after phototransduction with rod and S-cone pathway
involvement. These findings differ from those rare families
reported previously with dominant CSNB.

group of disorders characterised by infantile onset of

nyctalopia and non-progressive retinal dysfunction that
can be inherited as X linked recessive, autosomal recessive, or
autosomal dominant traits. Autosomal dominant CSNB
occurs in the Nougaret family as described by Cunier and
Nettleship,' > and the psychophysical and electrophysiological
findings have been described more recently.” X linked and
recessive CSNB is associated with a negative electroretino-
graphy (ERG) in the maximal response, where there is
selective loss of the b-wave,* termed as ‘‘Schubert-
Bornschein” type. Miyake subdivides the Schubert-
Bornschein type of CSNB into “complete” or “incomplete”
according to the degree of rod function.” Although originally
based on electrophysiological and psychophysical criteria,
these have subsequently been shown to reflect genetically
distinct disorders.” Patients with “complete”” X linked CSNB
have less obvious cone ERG abnormalities than “incomplete”

C ongenital stationary night blindness (CSNB) refers to a
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CSNB. There have been very few previous reports of negative
ERG in dominant CSNB.'*"

We present the clinical, psychophysical, and electrophy-
siological characteristics of a new family with dominantly
inherited congenital stationary night blindness (CSNB).

PATIENTS AND METHODS

Four affected individuals underwent ophthalmic examina-
tion including Snellen acuity and biomicroscopic fundoscopy.
Retinal appearance was documented with colour photogra-
phy and one patient (subject III-2) underwent fluorescein
angiography.

ELECTROPHYSIOLOGY

Subjects underwent electrophysiological investigation using
techniques in accordance with the recommendations of the
International Society for Clinical Electrophysiology of
Vision.”"” Electro-oculographic responses (EOG), full field
ERG, and pattern electroretinograms (PERG) were recorded.
ON and OFF responses were recorded using a mini Ganzfeld
stimulator (CH Electronics, Bromley, UK), based on light
emitting diode technology, using a 200 ms, 530 nm stimulus
of 440 candelas (cd) per square metre, on a background of
612 nm and 160 cd/m?, and a stimulus rate of two per
second.' S-cone specific ERGs were recorded using a 5 ms
blue stimulus on an amber background as previously
described."”

PSYCHOPHYSICAL TESTS

Static threshold perimetry in the dark and light adapted
states was performed using a Humphrey field analyser
(Allergan Humphrey, Hertford, UK). Photopic visual fields
were performed using the standard protocol. For dark
adapted visual fields, the pupil was dilated with 2.5%
phenylephrine hydrochloride and 1% cyclopentolate hydro-
chloride, and the patient dark adapted for 45 minutes. The
Humphrey field analyser was modified for use in dark
adapted conditions."®* An infrared source illuminated the
bowl, and an infrared monitor (Philips, Eindhoven, Holland)
was used to detect eye movements. Fields were recorded
using the central 30-2 threshold test. The target size
corresponded to Goldmann size V. Each programme was
performed with a red (dominant wavelength, 650 nm) and
then blue (dominant wavelength, 450 nm) filter in the
stimulus beam. The dark adapted blue central 30-2 fields
were reviewed to determine the most informative locations of
dark adapted visual sensitivity. Two test locations were
chosen at 3° and 9°. The Humphrey field analyser was used

Abbreviations: CSNB, congenital stationary night blindness; EOG,
electro-oculography; ERG, electroretinography; ISCEV, International
Society for Clinical Electrophysiology of Vision; PERG, pattern
electroretinogram; SLO, scanning laser ophthalmoscopy.
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Figure 1 Pedigree of this family. Roman numerals indicate the five
generations ascertained. Solid symbols represent affected members and
open symbols represent unaffected family members. Squares, males;
circles, females; diagonal lines, deceased; vertical line, affected by
hearsay.

for dark adaptometry controlled by a customised computer
program (PS/2 model 50; International Business Machines,
Armonk, NY, USA).**" Fully dark adapted rod thresholds
were measured before exposure to the adapting light at the
two locations with the blue filter in the stimulus beam.

AUTOFLUORESCENCE IMAGING

Confocal scanning laser ophthalmoscope images of the
central macular region were obtained using a prototype
cLSO SM 30-4024, (Zeiss, Oberkochen, Germany). An argon
laser (488 nm, 250 uW) was used for illumination.
Reflectance imaging was undertaken using the Zeiss LSO
with a 40°field and the argon blue laser, with the depth plane
adjusted to maximise the visibility of the fundus features. A
wide bandpass filter, with a cut off at 521 nm inserted in
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front of the detector, was used to detect autofluorescence
arising from lipofuscin at the level of the retinal pigment
epithelium, which was recorded using published techni-
ques.”

CASES AND RESULTS
Four of five affected individuals were examined and
investigated (fig 1):

Case 1 (ll1:2)

A 58 year old female presented with a history of nyctalopia
since childhood. Best corrected visual acuity was 6/5 in each
eye. Fundoscopy was normal apart from small areas of retinal
pigment epithelium atrophy in both maculae and larger areas
of chorioretinal atrophy in the periphery (fig 2). Fluorescein
angiography showed small “window defects” in both
maculae and larger areas in the periphery that corresponded
to the clinical retinal appearance (fig 2). SLO autofluores-
cence imaging was normal apart from the atrophic areas
(fig 3).

Case 2 (IV:2)

The 38 year old son of case 1 also reported non-progressive
night blindness since childhood. Unaided visual acuity was
6/5 in the right eye and 6/6 in the left. Fundal examination
was normal.

Case 3 (IV:3)

The 36 year old daughter of case 1 also reported non-
progressive night blindness since childhood. Unaided visual
acuity was 6/5 bilaterally. Fundoscopic examination was
normal (fig 2). SLO autofluorescence imaging was normal
(tig 3).

Case 4 (V:1)

The 13 year old grandson of patient 1 also reported night
blindness. Visual acuities and fundal appearance were
normal. SLO autofluorescence imaging was normal (fig 3).

Figure 2 Colour photographs of the
fundus of the first case (Ill:2) illustrating
the abnormal appearance of the
macula and the peripheral retina

(case 1). Fluorescein angiography of
the first case showed small areas of
hyperfluorescence at the central macula
and larger areas in the periphery that
correspond o the clinically observed
chorioretinal atrophic patches (case 1).
Fundus photographs of the third (IV:3)
case were normal bilaterally (case 3).
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All four patients examined showed normal International
Society for Clinical Electrophysiology of Vision (ISCEV)
standard cone ERGs (the lower limit of normal photopic
b-wave amplitude is 90 pV). S-cone ERGs were reduced in all
tested subjects (the S-cone component at 50 ms should be of
higher amplitude than the L/M-cone component at 30 ms
when blue stimulation is used). The rod specific response was
undetectable in all four patients. The maximal responses
were markedly “electronegative”, with patients 1, 2, and 3
also showing mild a-wave amplitude abnormality in the
“standard” bright white flash dark adapted response.
Photopic ON and OFF responses were normal (fig 4).

Central 30° photopic visual fields demonstrated sensitiv-
ities within normal range values throughout the visual field
for all three tested subjects (fig 5).

An overall depression of sensitivity was observed during
scotopic testing with red and blue stimuli in all patients, with
the loss of sensitivity being more severe with the blue
stimulus for all subjects. The extent of central sensitivity loss
in the scotopic blue perimetry was greater than 35 dB in all
subjects. No specific pattern of sensitivity loss was detected.
It is of interest that the youngest subject seems to be
more severely affected, as shown in his dark adapted
perimetry to red stimuli. In the scotopic blue perimetry
the younger patient showed less sensitivity loss than the
older patient but more sensitivity loss than case C (fig 5). It is
also evident that there is lack of progression of sensitivity
Figure 3 A prototype Zeiss confocal using argon laser blue lightand o loss with age.
broadband pass barrier filter with a short wcwe|engih cut off at 521 nm. Formal dark adap‘[ometry was performed in cases 3 and 4
Scanning laser ophthalmoscope autofluorescence imaging of the refina and showed a monophasic curve with an absent rod

Zt?:ﬂsg r;tieilzzc?;]n:gi:;evavz_;nngmgrse (l1:2). Cases 3 and 4 component with normal final cone threshold (fig 6).

Scotopic rod Maximal 30 Hz Photopic PERG 200 ms amber 5 ms blue
on green on amber
400 pv L L awvl 60 uv -
w00 150 pv 150 v i 100 vl
200w/ 100 pv |- 100 pv a 4oV
F, 58 . 200wV ov Souv 20 V-
Y o 2w M,
OV oy ‘ ovph ‘ ovf ‘ ) ‘ ov ‘ ov ‘
0s  100ms 0s  100ms 0s  50ms 0s  50ms 0s 100 ms 0s  200ms 0s  50ms
400 pv - 5ok 150 wv|- awv| souv
400 V- 2wk 100w
M 38 200uvf 100 pV - 100 pV - oy 40pV -
/ 200wV L S0uvr) 20V
M souv souv 2w ! M
[ e M
| ov | ovp 1 ovp | 4w | ov | ov |
0s  100ms 0s  100ms 0s  50ms 0s  50ms 0s 100 mS 0s  200ms 0s  50ms
L s 60 uvf-
400 WV L 150 v
" 400 uV - 1501y ® 2wl 100 wv |- ol
100 pV - 100 wV - W
F 36  200uv 2009 ov 50UV 20V -
50 uV - 50 uVi- 2wl
ov"’“‘ﬁ'—& ov . ovE 1 oV ) -4V ‘ ov ‘ ovE ‘
0s  100ms 0s  100ms 0s  50ms 0s  50ms 0s 100 ms 0s  200ms 0s  50ms
400 Vi 150 pv |- 150 W A sonvr
400 uv 2uv 100wV 0V
L 100 v - 100 v W
M, 13 200w oy ovP 50 0V souwk
¥ 500V 50 v 2wk ouv
0V Py ov A
| ov | OVE | ovp | -4 | | ov |
0s  100ms 0s  100ms 0s  50ms 0s  50ms 0s 100 ms 0s  200ms 0s  50ms
400 wV |- w00l 1500V~ 150wV~ 4nvp 100wy s0uvF
. L 2uvi-
X linked 200 100 pv 100 pV - oy 40wV
Wi 200 v SNSRIV e 50 uV|-
CSNB b 50 v 50 pV 20 pV -
i M
OV OV ‘ ovE ‘ owl ‘ awb ‘ oVl ‘ ovi ‘
0s  100ms 0s  100ms 0s  50ms 0s  50ms 0s 100 mS 0s  200ms 0s  s0mS
400 pV |~ L 4wV 60V
100wl 150 pv 150 pv i 100wy o
Normal 200w 100 100w ov ’
200 pv 50V F 50uvH 20V |-
S0pv “2uV- ov
ov ov r
| ov | | ov -4wvp | ov | |
0s  100ms 0s  100ms 0s  50ms 0s  50ms 0s 100 ms 0s  200mS 0s  50ms

Figure 4 Full field elecfroretinograp:? (ERG) and pattern ERG were recorded using standardised methods according to ISCEV standards. Long
duration photopic stimulation was performed to separate ON and OFF photopic pathways. Investigations from a normal subject and a male affected
with complete X linked congenital stationary night blindness are shown for comparison.
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Figure 5 (A) Central 30-2 static thresho|d(ferimetry to light and dark adapted states (using red and blue stimulus) showing mean thresholds for 14
normal subjects. (B, C, and D) Dark adapted scotopic red and blue 30° static perimetry showing sensitivity loss in all three patients. Recorded photopic

function was within normal range.

DISCUSSION

We describe a novel phenotype of congenital stationary night
blindness with autosomal dominant inheritance and a
Schubert-Bornschein type negative ERG. Affected individuals
in this family reported night blindness from an early age with
normal visual acuities. There was no significant refractive
error in any affected family member. Fundal appearances
were normal apart from the eldest patient who had small
areas of retinal pigment epithelial atrophy in both maculae
and larger areas of peripheral chorioretinal atrophy, which
may be an unrelated finding.

All four patients examined showed a negative ERG, but no
abnormality in standard cone ERGs, pattern ERG (which
reflects macular function), or photopic ON and OFF
responses, which arise in relation to L-cone and M-cone
pathways. In addition, there was a consistent loss of S-cone
ERGs. This family differs from those previously reported in
that although a negative ERG was a consistent finding, in
older patients there was a mild maximal response a-wave
abnormality, suggesting some loss of rod photoreceptor
function. Overall, the ERGs suggest predominant post-
phototransduction dysfunction in rod and S-cone systems.

Autosomal dominant CSNB has been reported in a large
French pedigree, the Nougaret family, and traced through 11
generations. Initial ERG findings in affected patients showed
almost complete lack of rod function but normal cone
responses.”> More recent electrodiagnostic investigation in
two affected descendants (father and son) of the Nougaret
family showed residual rod function with mild impairment of
cone function.” In the same study, dark adaptation measured
in the son showed a possible rod-cone break suggestive of
residual rod function. The family reported in the present
study differs from the Nougaret family’ in that cone function
in our cases was normal apart from the S-cone system, and
the dark adaptation curve was monophasic for both
examined members.

Other autosomal dominant CSNB families have been
reported. Noble et al'® reported a family which showed a
normal a-wave in the maximal full field ERG but otherwise
resembled the family reported here. Those authors did not
report PERG, ON/OFF response, or S-cone ERG data. A
Japanese family with autosomal dominant CSNB has been
reported'' but again showed a normal maximal a-wave
response. The rod specific ERG was undetectable in all
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Figure 6 Dark adaptation curves. Log threshold using red test flash
foﬂowing strong adaptation plotted against time in the gc:rk as measured
at 3° and 9° from centre. Dots represent normal controls from averaging
of three normal patients under similar testing conditions.

members of our family in contrast with the Japanese family
where it was only diminished in one patient. A biphasic dark
adaptation curve was also shown in one affected member of
the Japanese family.

Specific mutations in the rhodopsin gene** and in the
¢cGMP phosphodiesterase beta subunit gene*” have been
shown to cause autosomal dominant CSNB. A mutation
(Gly38Asp) in the alpha subunit of rod transducin has been
shown to cause the disorder in descendents of the original
Nougaret family.”® Two X chromosomal loci have been
identified for X linked CSNB, and the causative genes
identified.*” ** Future genetic analysis of our family for
candidate genes may shed light on the molecular pathogen-
esis of this ERG phenotype and on rod and S-cone signalling
in the mammalian retina.
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