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Congenital stationary night blindness (CSNB), apparently inherited in an autosomal
recessive manner, was observed in a litter of Briard dogs in Sweden. Of nine litter mates five had
nyctalopia. The results of different clinical tests, including electroretinography (ERG), were
compared with the results found in four human cases of CSNB, three of which were most probably
associated with autosomal recessive inheritance and one with X-linked inheritance. The congenital
and stationary nature of the disease, ophthalmoscopically normal appearing fundi, and recordable
but reduced photopic flicker responses were some of the similarities found between canine and
human cases. The single-flash ERG response was abnormal in the humans as well as in the affected
Briards. However, the human cases showed a 'negative' ERG, whereas in the Briards both the a
and b waves were extremely reduced and present only at a photopic level. Cases similar to these
Briards have been described also in man, where rhodopsin concentration and regeneration were
found to be normal, suggesting a disturbed transduction mechanism. It thus appears that the Briard
dog may become a valuable model of human CSNB.

SUMMARY

A group of retinal disorders in man known collectively as congenital stationary night blindness (CSNB)
is mainly characterised by a normal fundus appearance, loss of scotopic function, and an abnormal
electroretinogram (ERG). ' Though not very
common, it was first described over 300 years ago as a
dominant disease in the Nougaret family in France.2
Three modes of genetic transmission have since been
described: a dominant form, an autosomal recessive
form,3 and a sex linked recessive type.4
Two types of CSNB have been differentiated by
means of the ERG. In the first type, described
by Schubert and Bornschein,' the dark-adapted
response is characterised by a normal or slightly
subnormal a wave, while there is no (or perhaps a
minimal) scotopic b wave above baseline. This
'negative type' of ERG or type 1 ERG, is the most
common type of ERG in CSNB. In the type described by Riggs' the a and b waves are proportionally
more reduced, and the amplitudes may vary substantially (type 2 ERG). In some cases only reduced
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photopic responses could be recorded from the darkadapted retina. There seems to be no correlation
between these two ERG types and the mode of
inheritance of CSNB.'7-10 Recently, the SchubertBornschein type of CSNB has been further subdivided, mainly on the basis of ERG findings and
psychophysical testing, into the complete type, which
competely lacks rod function, and the incomplete
type with some remaining rod function.' Furthermore, in all forms of CSNB the implicit times for
scotopic and photopic b waves were found to be
almost the same,' whereas in normal persons the
implicit time of the scotopic b wave is at least twice as
long as that of the photopic b wave.
Although the cause of CSNB is still not clear, the
results of ERG and fundus reflectometric studies
have contributed to our understanding of the disease.
Carr and associates showed that both the concentration and regeneration of rhodopsin were normal in
two cases of CSNB affected human retinae.'2 One of
the cases showed a 'negative' ERG, and in the other
only a minimal photopic response could be elicited. It
seems that the first case represents a defective
transmission from the rods to the inner retina and

750

Br J Ophthalmol: first published as 10.1136/bjo.73.9.750 on 1 September 1989. Downloaded from http://bjo.bmj.com/ on January 8, 2023 by guest. Protected by
copyright.

British Journal of Ophthalmology, 1989, 73, 750-756

that the second case involves a failure in the transduction process at some point between the initial event
and the change in plasma membrane potential.'2-'4
The few CSNB affected eyes that have been
examined histologically have not shown any morphological alterations by either light or electron microscopy.'5 16 Female carriers of X-linked recessive
CSNB have shown reduced oscillatory potentials.'7
The pathophysiology of specific retinal disease
processes in man may be elucidated by study of
animal models with similar defects. A form of
night blindness with similarities to the SchubertBornschein type of CSNB was reported in the
Appaloosa horse. 18 In this animal the trait was
recessively inherited and there was behavioural
evidence that the animals were night-blind. Electrophysiologically only the a wave of the ERG was
recordable. Histological studies of one nyctalopic
horse showed a normal retina. Transmission densitometry of an isolated retina revealed an ample supply
of rhodopsin.
In the dog recent reports of sporadic cases of nightblind Briards have been obtained, mainly from
France (Lescure F, personal communication, 1987)
as well as from the USA (Riis RC, Aguirre GD: The
Briard problem. Unpublished: for abstract see
Transactions of the Fourteenth Annual Scientific
Program of the College of Veterinary Ophthalmologists, Chicago, 1983). In Sweden such a defect has
also been observed and further studied in a complete
litter of Briard dogs and in their parents. This paper

describes some of the clinical characteristics of the
disease in these dogs and compares the results with
the findings in cases of CSNB in man.
Subjects and methods
DOGS

A litter of nine 10-month-old Briard dogs and their
were studied at the Faculty of Veterinary
Medicine, Swedish University of Agricultural
Sciences, Uppsala. Apart from apparent night blindness in some of the dogs the breeder claimed that her
dogs had been healthy since birth. The affected dogs
seemed to require rather bright light to see properly.
The visual problems appeared to have been stationary from birth. A general clinical examination of the
dogs did not reveal any signs of disease except for
visual disturbances. The ophthalmic examination
included examination of the direct and indirect
pupillary light reflexes, an obstacle course test under
dim and bright illumination, indirect ophthalmoscopy, and slit-lamp examination after the induction
of mydriasis. Electroretinography (ERG) was performed finally in eight of the dogs.
To record the ERGs the animals were anaesthetised
with intravenous sodium thiopentone, intubated,
and maintained in surgical anaesthesia with
halothane. The pupils were fully dilated by topical
application of 0.5% atrophine and 10% phenylephrine hydrochloride. A corneal contact lens
electrode with a diffusing surface to provide even

parents

Table 1 Clinicalfindings in 11 Briard dogs examined:five cases ofnyctalopia
Numberlage/sex

i/J0/F
mo
Pupillary light
reflexes
Normal
Obstacle course

21101M
mo

31101F
mo

41101M
mo

5/10/F
mo

61101F 71101M 81101F
mo
mo
mO

Normal

Normal

Normal

Normal

Normal Normal Normal Normal Normal Normal

Abnormal
Normal

Normal

Abnormal Abnormal Abnormal
Normal
Normal Slightly
abnormal
Normal
Normal Normal

Normal

Normal

91101M
mo

1017-51F 1/161M
yr

yr

test:

dim light

bright light

Abnormal
Normal

Ocular structures Normal

Normal Normal Normal Normal Normal Normal
Normal Normal Normal Normal Normal Normal

Normal Normal Normal Normal Normal Normal

(external
structure

and anterior
segment)
Fundus
Normal
Dark adaptation
during ERG Abnormal
Dark-adapted Barely
recordable
ERG
aandb
waves
30 Hz flicker
ERG
Subnormal

Normal

Normal

Normal Normal Normal Normal Normal Normal

Abnormal Not done Abnormal Abnormal Normal Normal Not done Not done Normal Normal
Barely
Normal Normal Not done Not done Normal Normal
Not done Barely
Barely
recordable recordable
recordable
aandb
aandb
aandb
waves
waves
waves
Subnormal

Not done Subnormal

Subnormal

Normal Normal Not done Not done Normal Normal
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illumination of the retina was used. A reference
needle was placed subcutaneously on the side of the
nose near the tested eye and the dog electrically
earthed through a needle at the occiput. A Tektronix
amplifier (TM504) followed by a 0-3 to 1 kHz
bandpass filter, a dual trace amplifier (5A18N), and a
dual beam storage oscilloscope (5113) were used.
Tracings on the oscilloscope were photographed with
a Polaroid camera.
The light stimulus was provided by a 250 W
halogen lamp and regulated by an electronic shutter
(Uniblitz). Both a stimulating and a background light
path were used and led to the eye via fibre optics
ending 5 mm in front of the eye on the visual axis.
Neutral density filters attenuated the 20 ms light
stimulus in a S log-unit intensity range with 31000 lux
as the maximum light used.
The animals were dark-adapted for 30 minutes,
during which time the dark adaptation was studied by
stimulating the eye every 5 minutes with white light
(31 000 lux). To study the sensitivity of the rod system
a 20 [tV criterion response to white light was used for
threshold determination, after a total dark adaptation time for 45 minutes. From a starting point of -5
log relative units the light intensity was increased in
steps of 0 5 log units up to full intensity. To study the
cone system the eye was light-adapted (50 lux) for 10
minutes and the responses to 30 Hz flicker with
maximum luminance were studied. The a wave was
measured from the baseline and the b wave from the
trough of the a wave.
To compare directly the results from human ERG
recordings one clinically affected litter mate and a
normal 1-year-old beagle were studied under general
anaesthesia (halothane) at the Department of
Ophthalmology, University of Linkoping, with a setup similar to the one described below for clinical
work on patients.
PATIENTS

Four patients between the ages of 6 and 12 years, with
a history of nyctalopia, were examined and their
condition diagnosed as CSNB at the Department of
Ophthalmology, University Hospital of Linkoping,
Sweden. Clinical testing included tests of visual
acuity, fundus examination, Goldmann perimetry,
and tests of colour vision (Ishihara and Dvorine
pseudoisochromatic plates) and dark adaptometry
(Goldmann-Weekers).
The ERG recordings were performed under
topical anaesthesia in case 4; the other three children
required general (halothane) anaesthesia. The pupils
were dilated maximally and a contact lens with a
silver-silver chloride electrode was used. The
reference electrode was attached to the forehead.
The signals passed via the electrodes to a DC

amplifier and were then processed in a HewlettPackard computer system (HP 9826). Stimulus light,
produced by a 150 W halogen lamp (Osram), passed
heat absorbing and neutral density filters (Balzer)
and an electromagnetic shutter (Uniblitz), and was
then led by fibre optics to a tennis ball sized
hemisphere, thus creating a single eye ganzfeld
stimulus. The flash duration was 40 ms. The maximum
intensity of the system, zero log unit intensity, was
18 000 cd/M2, measured at the corneal surface. After
30 minutes of dark adaptation the eyes were exposed
to light stimuli at an intensity level of -6, -4, -3,
-2, and -1 log relative units. Four responses at each
level were averaged. Photopic flicker ERG was
recorded with a 30 Hz, -2 log unit, stimulus and 20
responses were averaged. For electrooculography
(EOG) silver-silver chloride ECG electrodes were
affixed near the nasal and temporal canthi of each
eye. The patients alternately fixated two LEDs
positioned in a sphere, separated horizontally by an
angle of 60°. Recordings were made at 1-minute
intervals during a 12-minute dark period, followed by
a 12-minute light adaptation period. The results were
printed out by the HP computer system. The Arden
ratio was estimated.
Results
DOGS

Table 1 summarises the findings in the 11 Briard dogs
studied. Pupillary light reflexes were normal in all
dogs examined. Behavioural testing of visual
function clearly differentiated affected animals from
normal animals. In five of the nine litter-mates visual
problems were observed in the dimly lit room;
affected dogs tried to find their way round an obstacle
course mainly by nose and frequently colliding with
objects in their way. In two of the five cases the dogs
were reluctant even to move around. When bright
light was turned on none of them showed any major
visual problems. Four of the affected dogs looked up
and found their way around by using their eyes in a
normal way, while one of them still moved in a
somewhat hesitant manner. An examination of the
eyes, including ophthalmoscopy and biomicroscopy,
failed to show any abnormalities in any of the animals
examined (Fig. 1).
Fig. 2a shows the ERG of a normal Briard dog.
The ERGs of the affected Briards differed markedly
from those of normal dogs. It was found that the
three litter mates in which ERG recordings were
performed at the Faculty of Veterinary Medicine and
which had showed Visual disabilities in the obstacle
course test also had abnormal ERGs. There was no
response at all when the stimulus light was attenuated, which means that there was no response at
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Fig. 1 The normalfundus appearance of a 10-month-old
nyctalopic Briard dog (case 1).

scotopic levels. With the full light intensity, a 20 [tV
criterion response was barely obtained (Fig. 2c). The
full light intensity is clearly within the photopic
range, and thus the only response obtained seems Fig. 2 (a) The normal dark-adapted ERG and (b) 30 Hz
to be a reduced cone response. Photopic flicker flicker response from an unaffected litter mate (case 7). (c) A
responses from the affected animals were recordable dark-adapted, low-amplitude ERG and (d) subnormal 30
flicker response from a nyctalopic dog (case 1). Dark
(Fig. 2d), though subnormal when compared with Hz
time for (a) and (c) 45 minutes, 20 ms of white
adaptation
the unaffected Briard dogs (Fig. 2b). This was light stimulus
(31 000 lux) is indicated below recordings.
further demonstrated at the University Hospital of
Linkoping, by means of the averaging technique, for
one of the affected Briard dogs and a control (Fig. 3). CSNB. The visual fields were normal in all of them,
It is not possible to determine with certainty the as was the fundus appearance (Fig. 4). Colour vision
genetic transmission of the defect when studying only was normal in two patients, slightly abnormal in one,
one litter of affected dogs. The fact that both parents and abnormal in one, though in the last case (case 1)
were unaffected, however, precludes a dominant the abnormality may have been due to unsatisfactory
inheritance of the defect. Both males and females co-operation. A dark adaptation curve was not
were affected in the litter, which seems to rule out a obtained in the two youngest patients, but there was a
sex linked inheritance. Thus the disease appears to be history of problems with night vision in both. In the
inherited in an autosomal recessive manner. We were other two patients a monophasic dark adaptation
surprised to learn from the study of pedigrees of the curve was recorded, in which only the cone branch
litter in Sweden and of affected Briards in the USA was observed. A reduced light peak was recorded in
(Aguirre G, personal communication, 1988) that the EOG in three out of the four cases.
affected dogs from the two countries had common
In all four cases the dark-adapted ERG was
ancestors. As to how stationary these symptoms abnormal (Fig. 5). In two cases the a wave had a
were, one of the nyctalopic dogs was donated for normal amplitude, but it was slightly reduced in the
study and followed up for 1-5 years without any other two. The b wave, on the other hand, did not
noticeable change in visual problems.
exceed the baseline in any of the cases. Thus

I 50 pV

PATIENTS

Table 2 summarises the findings in patients with

'negative type' ERGs were found in all patients. In
two of them a negativity following the b wave was
also found. Cone responses (30 Hz flicker) were
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Table 2 Clinicalfindings in four cases of human CSNB
Numberlage/sex
1161M yr

Corrected visual acuity R: 1.0
L: 1.0
Refraction
R: +2-5sph

2161Fyr

311/IM yr

R: 0-4
L:04
R: +3-5sph

R: 0-8
L:0-7
R: +1 Osph
- 1 cyl 30°
L: + 1.5 sph
-1.5cyl 150°
Normal
Normal

L: +3-5

Visual fields
Fundus

Normal
Normal

Normal
Normal

Colour vision
Dark adaptation

Abnormal
DA curve not obtained
(history of decreased
DA)
Abnormal light peak
a Wave slightly subnormal,
b wave not exceeding
baseline. 'Negative type'
Subnormal amplitude

Mildly abnormal
DA curve not obtained
(history of decreased
DA)
Abnormal light peak
Abnormal light peak
a Wave slightly subnormal, a Wave normal, b wave not
b wave not exceeding
exceeding baseline.
baseline. 'Negative type'
'Negative type'

30 Hz flicker ERG

Subnormal amplitude

recordable in three of the four patients, but were
somewhat subnormal in all three. No 30 Hz flicker
response was obtained in the 11-year-old patient.
The four patients in this study were all referred
from other parts of Sweden. Therefore it was not
possible to determine with certainty the mode of
inheritance for all of them. For case 2 the inheritance

10
0010

R: 0-6

L:07
R: -2sph

-3 cyl 90°
L: -3-5 sph
-1-5cyl90O
Normal
Inferonasal fundus ectasia,
otherwise normal
Normal
Normal
Monophasic curve without Monophasic curve without
rod adaptation
rod adaptation

L: 06+2 5

EOG
Dark-adapted ERG

41121M yr

Non-recordable

Normal
a Wave normal, b wave not
exceeding baseline.
'Negative type'
Subnormal amplitude

was autosomal recessive and for case 4 X-linked. For
cases 1 and 3 the inheritance was probably autosomal
recessive.

Discussion
The patients with CSNB and the nyctalopic Briard
dogs were similar in many respects. Firstly, the
problems were congenital in nature. Affected dogs
had shown strange behaviour and appeared unwilling
to move around in new surroundings in dim lighting,
at least after they were sold at the age of 7 weeks. The
patients had always had visual difficulties, especially
at night.
The stationary nature of the defect in the human
disease, as well as its hereditary characteristics, have
been well documented."W Since the four patients

10Lo
0.010
Fig. 3 The results from 30Hzflicker recordings in which 20
responses were averaged. (a) The normalflicker response
from a control dog. (b) The subnormal response from a
nyctalopic Briard dog (case 4). Amplitude and time
calibrations 10 [V and 10 ms, respectively. Stimulus
intensity -0 5 log relative unit (attenuation from a full
intensity of 18 000 cd/m').

Fig. 4 Normalfundus appearance in the 11-year-old male
(case 4).
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Fig. 5 (a) The normal human
dark-adapted ERG, and (b) 30 Hz
flicker response. (c) A 'negative
type' dark-adapted ERG
(subnormal a wave and a lowamplitude b wave), and (d)
subnormal 30 Hz flicker response
from a CSNB affected patient (no.
1). Amplitude and time calibrations
in ttV and seconds. Stimulus
intensity (a) and (c) -I log relative
unit; (b) and (d) -2 log relative
units.

20I

100T
0-050

010I
50

001

0-50~

described in this study were all referred from elsewhere and each was seen only once at the University
Hospital of Linkoping, there was no follow-up.
There was no history of progressive disease in these
cases, however. As regards the dogs, the owner was
of the opinion that their visual symptoms had been
stationary.
Several other similarities between the human and
canine diseases were also found. In both types the
affected individuals had normal fundi but were
clinically night blind. The latter finding was verified
through the monophasic dark adaptation curves
found in two of the patients with CSNB and through
the fact that scotopic ERG responses were lacking in
the night blind Briards. Other forms of night blindness (retinitis pigmentosa, fundus albipunctatus,
Oguchi's disease) were excluded because the disease
was stationary and lacking ophthalmoscopically
visible fundal changes.
A 'negative type' (type 1) ERG was found in the
four patients, whereas the nyctalopic Briards showed
a very low amplitude ERG, and at a photopic level
only. When an ERG is very low in amplitude, it may
be difficult to decide whether it is a type 1 or a type 2
ERG. However, the small a wave in our dogs may
indicate that it is a type 2 ERG. We are aware of the
depressant effects of halothane anaesthesia on the
ERG."929 However, all dogs were tested by the same
procedures, and therefore the results of affected
animals and controls can be compared. As noted
above, there does not seem to be any positive
relationship between the type of ERG and the mode
of inheritance. Thus it is not possible to decide
whether the Briard disease correlates best with the
autosomal recessive, the X-linked, or the dominant
form of human disease. The 30 Hz flicker response
was reduced in the human cases as well as in the
affected dogs, which indicates that the photopic
function is also impaired.

The major difference found so far between our
four human cases and the affected Briards is in the
single-flash ERG response. CSNB is an uncommon
disease in Sweden, and the four cases we describe are
the only ones we have seen in our hospital during the
last five years. They all belong to the most common
ERG type, type 1. Human cases of CSNB which
show photopic (cone) ERG responses only, as in the
Briard dogs, are rare.6 It could be argued that in such
a form of the disease the rods are lacking rhodopsin,
or bleached rhodopsin does not regenerate. However, as mentioned above, Carr et al. 12 described a
case of human CSNB where only a small photopic
response could be elicited, and in that case the
concentration of rhodopsin, as well as the regeneration of rhodopsin after bleaching, was normal. This
seems to indicate that at least the initial step of
photochemistry is normal, whereas later events in the
transduction mechanism are disturbed.'2-'4 It thus
appears that the Briard dog, regardless of type of
ERG reponse and type of inheritance, may become a
valuable new animal model of human CSNB. Studies
to determine further the hereditary, electrophysiological, and morphological characteristics in the
canine model are in progress in relation to very young
as well as older dogs.
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