;“ Documenta Ophthalmologica 107: 203-212, 2003. 203
“ © 2003 Kluwer Academic Publishers. Printed in the Netherlands.

Case report

ERGs in female carriers of incomplete Congenital Stationary Night
Blindness (I-CSNB)

A family report

Florence Rigaudiérel’z, Catherine Roux>, Pierre Lachapelle4, Serge G. Rosolen!?, Pierre
Bitoun®, Annie Gay-Duval’ & Jean-Francois Le Gargasson!-?

YWniversité Paris 7, Unité INSERM U-483; >Hépital Lariboisiére, Explorations Fonctionnelles Visuelles, 75
Paris, France; 3Hépital Lariboisiere, Service d’Ophtalmologie, 75 Paris, France; 4Montréal Children’s Hospital,
Montréal Québec, Canada; 5Clim'que Vétérinaire, 92 Asnieres, France; 6Hépital Jean Verdier, Service Génétique,
93 Bondy, France; ' Cabinet d’Ophtalmologie, 95 Pontoise, France

Key words: female carriers, flicker ERG, Incomplete Congenital Stationary Night Blindness (I-CSNB), sum of the
OPs amplitude

Abstract

ERG findings in five sisters are reported. By pedigree analysis, four of the five must be obligate carriers for I-
CSNB since their sons were affected (impaired night vision, reduced visual acuity, variable ametropia, congenital
nystagmus and ERG with both scotopic and photopic b-wave reduced amplitude). The fifth was childless at the time
of examination and her ERG analysis was normal. Three of the four obligate carriers showed significant reduction
in the sum of the OPs amplitude as previously reported as being an electrophysiological signs in female carriers:
two without alteration in other ERG components and the third with association with a flicker ERG amplitude
significantly increased. The fourth female carrier showed a normal sum of the OPs amplitude whereas the other
b-wave ERG or flicker amplitudes were significantly decreased. These last two ERG results suggest a possible
modifications of synaptic transmission at a post-receptoral site (outer plexiform layer or involvement of the bipolar
pathways) in these two carriers.

Introduction

Female carriers of the complete CSNB X-linked type
are usually reported as clinically normal [1],[2] al-
though one study [3] conducted on a five generation
pedigree, did identify symptomatic female carriers. It
is however of interest to note that in Miyake’s study
[1], the sum of the oscillatory potentials amplitude was
statistically lower than normal in 17/22 of the carriers
(77%), a finding which was also confirmed by Young
et al. [2]. The above could suggest some mild impair-
ment of the synaptic interactions at the retinal inner
plexiform layers, since it is at this level that the OPs
are suggested to arise. The above contrasts with the
more recent report of normal ERGs in obligate carri-
ers of two pedigrees of the I-CSNB X-linked type [4].
These carriers did however demonstrate a sensitivity

loss at 600 nm, a finding which the authors claimed to
be a new carrier sign.

In this study, we report ERG findings in five sisters
who are clinically normal. The youngest was childless
at the time of examination and her ERG was normal.
The other four had sons affected by I-CSNB i.e. they
showed impaired night vision, reduced visual acuity,
variable ametropia, congenital nystagmus. Their ERG
results showed both scotopic and photopic b-wave re-
duced amplitude which is typical of the incomplete
form whereas in the complete form, the scotopic b-
wave amplitude is bearly recordable and the photopic
ERGs are normal. These four sisters must be oblig-
ate carriers of the I-CSNB X-linked type. Two of
them showed ERG results similar to that reported by
Miyake et al. and Young et al.. The remaining two had
different ERG anomalies which suggested a possible
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Figure 1. Pedigree of the assessed family in which six boys of the third generation had clinical and ERG findings suggestive of the I-CSNB
form. Four sisters of the second generation (I1I-2, I1-4, 11-6, 11-9) must be obligate carriers since their sons were diagnosed with I-CSNB.

dysfunction of the post-receptor synaptic transmission
at the retinal outer plexiform layer or dysfunction of
the bipolar pathways.

Subjects and methods

Fifteen of the twenty one member pedigree illustrated
in Figure 1 were assessed. They underwent a complete
ophthalmological examination prior to the recording
of the ERG which was conducted according to the
ISCEV standard [5].

The electroretinograms were obtained with pu-
pils fully dilated (Tropicamide-Faure 2 mg/0.4 ml,
CIBA-vision, France, instilled 30 minutes before ERG
recordings). Following a period of 20 minutes of dark-
adaptation, the corneas were anesthetized with drops
of Oxybuprocaine Chlorhydrate Faure (1.6 mg/0.4 ml
- Novartis, 92 Reuil-Malmaison, France) and corneal
contact lens electrodes (Dencott, 75 Paris, France)
were used to record the responses from both eyes. The
forehead was used as the reference electrode site and
the two earlobes were connected to the ground.

After dark adaptation, the following ERG re-
sponses were obtained: rod response, maximal com-

bined response. The subjects were then light-adapted
to a background of 30 cd/m?, for ten minutes after
which the cone function was assessed with the follow-
ing ERG responses: the oscillatory potentials (100 Hz-
300 Hz), single-flash cone response and 30 Hz flicker
response. Stimulus delivery and data acquisition were
controlled with a Moniteur Ophtalmologique system
(Métrovision, 59 Lille, France). Amplitudes and im-
plicit times of the a-wave, b-wave, OPs (OP2, OP3,
OP4), and flicker responses were measured as sug-
gested by the ISCEV standard. Furthermore the amp-
litudes of the different OPs were summated to yield
the variable sum of the OPs (OP2+OP3+0OP4) amp-
litude, a method also suggested by the ISCEV stand-
ard. These results were compared to those of age-
matched normal subjects. Data included within plus
or minus two SD of the normal mean were considered
as normal. As response amplitudes were superior to
mean plus two SD or inferior to mean minus two
SD, they were considered as increased or decreased
respectively.

Six boys of the third generation (III-1, III-3, III-4,
III-5, 1I-6 and III-7) had clinical signs (see Table 1)
and photopic and scotopic ERGs altered (Figure 2)
suggestive of the -CSNB type according to Miyake



et al.’s classification [6] while patient III-2 (a female)
was found normal. The other female offspring (III-
8) was too young at the time of assessment to be
examined. All fathers (II-3, II-5, II-8) had normal
clinical and ERG results.

Based on the above, pedigree analysis strongly
suggest that the condition is inherited as an X-linked
trait and consequently, the five females of the second
generation (which are sisters) could be carriers of this
condition. In fact only four of them must be obligate
carriers (II-2, II-4, I1-6 and I1-9) since their sons (III-1
& 11-3, -4, II1-5 & II1-6, I11-7) were diagnosed with
the condition.

Results

Clinical results

First generation: The two parents died prematurely,
the father (I-1) at the age of 34 years and the mother
(I-2), ten years latter at the age of 45 years. Unfortu-
nately, there are no records available to attest to the
visual health of either. In the second generation, six
females (II-2, 1I-4, II-6, I11-7, II-9, 1I-11) are still alive
and five of them were examined. No clinical inform-
ation could be obtained from female II-7. As shown
at table 1, the five females tested were found to be
clinically normal, with normal visual acuities, some
light ametropia and no report of visual symptoms.

ERG results

The five ERG sequence results (amplitudes and impli-
cit times) of the five females examined are compared
to that obtained from an age-matched control group
(see Table 2 and Figure 3). Three of the four female
carriers (II-2, II-4, 11-9) showed a variable decrease in
the sum of the OPs amplitude with b/a ratios of the
maximal combined and cone responses being within
normal values or slightly decreased. The fourth female
carrier (II-6) had a normal sum of the OPs amplitude.
For all the four female carriers, no significant modi-
fications of the OPs implicit times were observed.
Examination of female carriers II-2 and II-6 revealed
other electroretinographic anomalies which have not
been previously described. Female II-2 associated to
the decreased sum of the OPs amplitude a significant
increased flicker amplitude (Figure 3) and female I1-6
whose sum of the OPs amplitude was normal, showed
a significant decrease in the amplitude of maximal
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Figure 2. ERG responses of the affected boy III-1.
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Table 1. Clinical results of the five sisters tested and the six affected boys

FEMALES AGE REFRACTION VISUAL ACUITY FUNDI NYSTAGMUS OTHERS
as tested with correction
1I-2 40 RE —0.50 (80° — 0.75) 10/10 - P2 NORMAL
LE —1.25(85° — 0.50) 10/10 - P2 NORMAL

1I-4 38 RE —4.25(170° — 0.50)
LE —3.75(170° — 0.50)

10/10 - P2
10/10 - P2

NORMAL
NORMAL

1I-6 36 RE -1

10/10 - P2
10/10 - P2

NORMAL
NORMAL

-9 33 RE —3(120° — 1)
LE ~1.25

10/10 - P2
10/10 - P2

NORMAL
NORMAL

1I-11 27 RE
LE (0° —0.50)

12/10 - P2
12/10 - P2

NORMAL
NORMAL

combined b-wave, cone b-wave and flicker responses
with b/a ratios of the maximal combined and cone
responses being decreased. For all the four female
carriers, the implicit time of all ERG sequences were
within normal values. Finally, female II-11 was found
to have normal ERGs.

Comments

In the family presented, the five females including the
four female carriers are clinically normal as previously
reported for female carriers.

Of the five females examined, the four female car-
riers showed ERG anomalies (80%). The fifth (II-11)
had normal ERG results, suggesting either that she is
not a carrier having inherited a normal X chromosome
from her father and one from her mother or that she has
inherited an abnormal X chromosome from her mother
with incomplete penetrance and no ERG expression.

Three of the four female carriers (75%) showed
that the sum of the OPs amplitude was significantly
decreased (II-2, I1-4, I1-9) with normal implicit time.
This proportion is similar to that described by Miyake
et al. [1] for the female carriers despite the fact the sig-
nal was filtered as recommended by the standard (i.e.
between 100 and 300 Hz) and not filtered as recom-
mended by Young et al. [2] (i.e. signal filtered around
130 Hz plus or minus 70 Hz range) which is claimed
by these authors to be the most effective in this type of
pathology to underscore the OPs.

Only two of the four female carriers (II-4, 11-9)
showed normal results except a decreased sum of the
OPs amplitude which are ERG signs now admitted as
being suggestive of an obligate carrier. In their study,
Miyake et al. [1] made use of a very bright flash
delivered to the dark-adapted eye and consequently
both types of photoreceptors must have contributed to
the OPs. Young et al. [2] recorded the OPs in light
and dark-adapted conditions and showed that both
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techniques yielded abnormal OPs, albeit the rod OPs
appeared to be more affected. Our results thus confirm
that not only the rod OPs are affected in carriers of I-
CSNB (something that we already knew from previous
studies) but also the cone OPs as well (as suggested
by Young but not Miyake). Our findings thus suggest
that, even in carriers of I-CSNB, the pathophysiology
involves the rod as well as the cone pathway. Carriers
of I-CSNB thus offer a unique opportunity to study the
pathophysiological mechanisms involved in a more
subtle model of this most interesting retinopathy. It
should also be noted that, unlike in complete CSNB,
the ERG of the affected males in [-CSNB is extremely
reduced (especially the cone ERG) thus preventing an
in depth analysis of the electrophysiological patho-
physiological process involved. Examining the cone
ERG and OPs in carriers of this condition thus of-
fer the unique opportunity to postulate on what might
be malfunctionning in the full blown (affected males)
presentation of the same condition.

Female II-2 is an obligate carrier since she has two
affected sons conceived from two different fathers II-
1 (prematurely dead) and II-3. She had the previously
described signs of the obligate carrier (decreased sum
of the OPs amplitude) associated with a significant in-
crease in amplitude of the flicker ERG. This sign has
not been previously described in a female carrier of
I-CSNB. It is reminiscent of that found in patients af-
fected with I-CSNB in whom an exaggerated increase
in the amplitude of the flicker ERG was reported dur-
ing light adaptation [7]. Flicker ERG amplitude has
been described as resulting from two post-receptor
components, one issued from the ON pathway and one
from the OFF pathway (probably at the cone bipolar
cells level), the flicker response being the sum of both
[8]. In case of partial blocking of one of these path-
ways and especially of the ON pathway, Kondo and
Sieving [9] have demonstrated that flicker ERG amp-
litude increases. In this obligate female carrier, this
sign could be interpreted in different ways. It could be
in favor of a specific dysfunction of her ON-pathway
in connection with a defect in neurotransmission of the
photopic signal to the ON-pathway as it was suspected
in a male affected with the complete form of CSNB
[10]. It could also demonstrate a desynchronization
or an abnormal delay between the signals delivered to
the ON and OFF pathways which composed the flicker
ERG response. This type of dysfunction was sugges-
ted by Alexander et al. [11] in patients affected with
melanoma associated retinopathy (MAR syndrome)
who reported symptoms of night blindness.

Female II-6 is also an obligate carrier since she
has two affected sons (III-5 and III-6). She doesn’t
show the classical sign of the obligate carrier i.e. sum
of the OPs amplitude decreased. Her results show a
normal sum of the OPs amplitude and a significant
decrease of the maximal combined b-wave and cone
b-wave amplitude and a flicker amplitude decreased
lower than mean minus two SD, associated to a low
value rod b-wave amplitude, between mean minus one
SD and mean minus two SD. Krill [12] also found a
mild decrease in rod b-wave amplitude in one female
carrier, associated however with normal photopic res-
ults. These female (II-6) results approach more those
of an affected I-CSNB person than of carriers. They
could indicate a dysfunction of the post-receptor syn-
aptic transmission, possibly to the ON bipolar pathway
which contributes to the elaboration of the b-wave
[13], with normal functioning at the photoreceptor
levels as the a-wave amplitudes are normal.

These two obligate female carriers (II-2, I1-6) seem
to share some ERG signs of symptomatic and affected
I-CSNB persons. In our opinion, these results found
in two obligate carriers of the same family (in II-
2: increase of amplitude of flicker ERG and in II-6:
decrease of maximal combined b-wave, cone-b-wave
and flicker amplitudes) beside the classical ones, could
be signs of a more important dysfunction taking place
at the retinal outer plexiform layer (post-receptor syn-
aptic level and balance between bipolar ON and OFF
pathways) indicating that these carriers are at the fron-
tier of the symptomatic and asymptomatic affected
person. These results could also be interpreted more
as signs of functional disruptions than that of organic
ones, similar to those observed in case of photopic
system dysfunction in patients affected with X-linked
retinoschisis [14].

Even if the study on the sum of the OPs amp-
litude suggested that they were significant markers of
retinal dysfunction in CSNB carriers [1], their nor-
mality does not imply that the subject is not a carrier
and it seems that the study of the photopic system in
particular the cone b-wave amplitude and the flicker
response is especially variable. It is possible that in
order to ascertain a minimal photopic system dys-
function in female carriers, one could use chromatic
flicker stimuli [15] to test separately the L and M
cone pathways rather than the standard protocol ERG
flicker (achromatic stimulus). This technique proved
useful to ascertain specific dysfunction of pathways in
particular modification of their respective phases, as
in Retinitis pigmentosa [16], Stargardt’s maculopathy
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Figure 3a. ERG responses of the five sisters tested. The five ERG responses of subject II-11 are normal.
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[17] or to a lesser degree, in Best’s disease [18]. This
could eventually better bring to light a dysfunction of
the ON or OFF pathway or a phase shift between the
two systems.

The genetic of X-linked I-CSNB is heterogen-
eous [19]. Gene disorders accounting for I-CSNB
(CSNB2) have been localized in locus within Xp11.23
[20]. Mutations in the calcium-channel CACNAI1F
[21],[22] cause X-linked I-CSNB with considerable
clinical variability [23]. This strongly suggests that
I-CSNB is an example of human channelopathy dis-
order of the retina. The flicker hyperamplitude re-
corded in our female carrier II-2 may be an indirect
demonstration of a minimal channelopathy disorder.

In animal models, despite the fact that visual func-
tion is difficult to evaluate, clinical findings similar to
I-CSNB were reported in Appaloosa horses [24],[25]
and in Briard dogs [26]. The proposed cause of equine
night blindness in Appaloosa horses is a neural trans-
mission defect in the region of inner segments of the
photoreceptors or in the region of the bipolar cells [27]
a localisation similar to that suggested for our carri-
ers II-2 and II-6. Recently two spontaneous models
were described in mouse [28] and rat [29] with in both
cases, a normal dark-adapted a-wave but neither b-
wave nor oscillatory potentials recorded. Despite the
ERG abnormalities recorded in these animal models,
the laminar structure and cytoarchitecture of the retina
of the latter animal model seemed normal under light
and electron microscopy, supporting the above idea
that the origin of the dysfunction signs could reflect a
major dysfunction in signal timing, a factor impossible
to ascertain from histological studies.

Conclusion

Our results demonstrated that in five females assessed
in this study, four of the five who are female carri-
ers show clear electrophysiological signs of a retinal
dysfunction. In three of the four, we saw significant
reduction in the sum of the OPs amplitude with or
without alteration in other ERG components, while in
the fourth carrier the sum of the OPs amplitude were
not affected whereas the other ERG components were.
The above variability in the electrophysiological phen-
otype of our carriers could possibly be accounted for
by the lyonisation hypothesis.
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