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Congenital Stationary Night Blindness

Ronald E. Carr

Congenital stationary night blindness (CSNB) has
been a well-recognized entity since 1838 when Cu-
nier® described a seven-generation family in south-
ern France with poor night vision but perfectly nor-
mal visual functions in all other respects. This
genealogy was expanded, other geologies were de-
scribed throughout the world, and in time a number
of separate entities were described, all of which had
in common a stationary abnormality of dark adapta-
tion.
This group of disorders can now be classified as
follows:
I. CSNB with normal fundi (autosomal recessive,
autosomal dominant, X-linked recessive)
A. Absent scotopic electroretinogram (ERG)
(Riggs type; type I)
B. Negative ERG (Schubert-Bornschein; type
II)
1. Complete
2. Incomplete
II. CSNB with abnormal fundi
A. Oguchi’s disease
B. Fundus albipunctatus
C. Fleck retina of Kandori

CONGENITAL STATIONARY NIGHT
BLINDNESS WITH NORMAL FUNDI

One of the largest and most complete genealogi-
cal records in ophthalmology is that of the Nougaret
family of France. By 1907 the genealogy encom-
passed nine generations; included 2,121 persons, of
whom 135 were night-blind; and firmly established
an autosomal dominant mode of heredity.?

An X-linked mode of heredity of CSNB was docu-

mented in the mid-1800s,” and later it was recog-
nized that CSNB was also inherited as an autosomal
recessive trait.'> While early psychophysical studies
seemed to show that there were two forms of CSNB,
one with normal cone function and one with some-
what impaired cone function, it has been only re-
cently, with the advent of more sophisticated elec-
trophysiological studies, that a much clearer
understanding of the various forms of CSNB became
apparent.'” 2 Classification of these stationary night-
blinding disorders has been primarily by ERG
changes, if possible correlated with inheritance pat-
tern.

There are two types of ERGs in these disorders
(Fig 96-1), one in which there is a reduced-ampli-
tude photopic response that does not increase in
darkness (type I, Nougaret type) and the second in
which the most striking abnormality is an absence of
the dark-adapted, bright-flash ERG b-wave (type II,
Shubert-Bornschein type). Indeed, the absence of
b-wave responsiveness brings out the a-wave to a
greater extent than normally seen. In this type the
photopic response is likewise reduced.

In a series of studies Carr et al.* 7 were able to
demonstrate that the type I ERG showed normal vi-
sual pigment kinetics, with the abnormalities of the
ERG pointing to an abnormality in transmission in
the inner segments of the photoreceptors. Type II,
again with normal visual pigments and a normal
ERG a-wave, would seem to have an abnormality in
neural transmission in the bipolar cell region. A se-
ries of electrophysiological and psychophysical stud-
ies suggested that within this inner nuclear layer the
interplexiform cell may be the primary cell impli-
cated in this disease.* Histological studies on both
forms of CSNB** ** showed no structural abnormal-
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FIG 96-1.
CSNB, normal fundi. The dark-adapted ERGs are shown for a normal individual, a patient with a deep negative dark-adapted
response (RC), and a patient with a very small dark-adapted response no different in character than the light-adapted ERG

(PM).

ities, and a report on the nyctalopic Appaloosa horse The ERG findings of type I tie in well with the
with type II CSNB likewise showed normal histol- psychophysical changes, with the absence of a rod-
ogy.” This absence of any overt abnormality gives cone break on dark adaptation indicating no rod
further credence to these hypotheses regarding the function (Fig 96-2). The ERG findings of type II are
site of the abnormality. more complex, with two types of ERG findings
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FIG 96-2.
CSNB, Normal fundi. This dark adaptation curve of a normal individual (dotted line) shows a normal bipartite curve. The pa-

tient with CSNB (filled circles) shows no rod dark adaptation: cone threshold is slightly elevated.




noted. Miyake and coworkers®' have used the terms
complete and incomplete to describe these two varie-
ties, and these variants will be more fully described
in Chapter 97.

It has long been recognized that there is an
X-linked recessive form of CSNB that in some cases
is associated with moderate or severe myopia, de-
creased vision, and nystagmus. While several re-
ports of female carriers showed no predictable
changes, Miyake and Kawase” showed a loss of
electro-oculogram (EOG) oscillations in the female
carrier of this hereditary variety. This is not the only
report of abnormalities in the oscillatory potentials,
for patients with other forms of CSNB may show
such changes."

CONGENITAL STATIONARY NIGHT
BLINDNESS WITH ABNORMAL FUNDI

Oguchi’s Disease

In 1907 Oguchi® described an unusual form of
CSNB that was characterized by a peculiar gray-
white discoloration of the retina. This gave a metallic
sheen to the back of the eye. The vessels stood out
in marked relief against the background, and the
maculae appeared abnormally dark in contrast to
their surround. He presented this entity in greater
detail in 1912%” when he described three cases. He
noted that the discoloration did not have to be

Congenital Stationary Night Blindness 715

throughout the retina but instead might be confined
to either the posterior pole or equatorial regions. In
1913 Mizuo® described a peculiar fundus finding in
this disorder, a change now known as Mizuo’s phe-
nomenon. In cases of Oguchi’s disease, after pro-
longed adaptation, he noted that the unusual fun-
dus coloration disappeared and the retina appeared
perfectly normal (Fig 96-3). After exposure to light
the retina then slowly reverted back to its original
metallic color.

The autosomal recessive mode of inheritance of
this disorder was evident even in Oguchi’s original
cases”” where consanguinity was known in two of
the three pedigrees. This was confirmed in the large
study of Takagi and Kawakami,** who presented
three of their own cases, reviewed the 56 cases de-
scribed up to that time, and found the incidence of
consanguinity to be 62%.

While the abnormal fundus coloration served to
distinguish this variety of CSNB from CSNB with
normal fundi, the psychophysical course of dark ad-
aptation was likewise found to be very different. Na-
kamura® demonstrated that following prolonged
adaptation most of the patients showed a slow fall in
thresholds until normal levels were reached (Fig
96-4). The time was variable, ranging from 2 to 24
hours. Nakamura then subdivided the cases of Ogu-
chi’s disease based on their dark adaptation proper-
ties and the presence or absence of Mizuo’s phe-
nomenon. Type I, the most common, showed both

FIG 96-3.

Oguchi’s disease. Left, light-adapted retina showing a metallic-like reflex; right, after 4 hours’ dark adaptation the retina ap-

pears normal.
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FIG 96-4.

Oguchi's disease: dark adaptation curve. Top, normal per-
son represented by a dotted line. The patient with Oguchi’s
disease (filled circles) does not come down to a normal rod
level at 30 minutes. Bottom, a normal rod threshold is
reached after 4 hours of dark adaptation.

Mizuo’s phenomenon and a slow fall in adaptation,
type IIA showed Mizuo’s phenomenon but no
change in adaptation from the cone threshold, and
type IIB did not show Mizuo’s phenomenon nor a
change in adaption. These latter types thus showed
dark adaptation curves similar to what is seen in
CSNB without fundus changes. It was during the
course of these early studies that it was recognized
that Mizuo’s phenomenon was not related to thresh-
old change, a finding that was subsequently con-
firmed in later, more detailed studies.® *

The first electrodiagnostic investigations of Ogu-
chi’s disease were carried out by Hirose,'®> who dem-
onstrated an absent b-wave, and later by Nagata,24
who found some evidence of scotopic function. In
1965 Carr and Gouras® presented a detailed ERG
analysis of the disease. To further elucidate the ERG
pattern following prolonged adaptation, computer
summation techniques were used. By the use of a
low-intensity red light selected so as not to adapt the
patient, they found a normal cone response but an
abortive rod response that was both reduced in am-

plitude and markedly increased in latency. This dis-
crepancy between threshold and ERG responses was
eventually resolved by Gouras,'? who found a nor-
mal scotopic ERG response to the initial ERG stimu-
lus but a loss of this scotopic response to subsequent
stimuli. Thus the light required to elicit a b-wave is
sufficient to desensitize the retina.

Because of these unusual adaptation characteris-
tics as well as the fundus color changes during dark
adaptation, many authors postulated that this disor-
der was due to an abnormality in rhodopsin kinet-
ics, one in which there was possibly a greatly re-
tarded resynthesis of this visual pigment. However,
the study of Carr and Ripps* that measured in vivo
the concentration and kinetics of the visual pigments
in a patient with Oguchi’s disease proved this not to
be the case. In a full series of psychophysical and
electrophysiological studies they showed that
rhodopsin was normal in both amount and regener-
ative properties and also that rhodopsin photosensi-
tivity was normal (Fig 96—5,A and B). It may be that
this disease is related to an abnormality of network
adaptation, but such a hypothesis lacks any concrete
support.

Attempts to define the pathological abnormality
in Oguchi’s disease date back to Yamanaka®® and
Oguchi® in the mid-1920s. The former had the first
opportunity to do histological studies on such a case
but, in addition, presented one half of the eye he
had acquired to Oguchi for parallel investigation.
There were, however, important differences in their
reports, and the very marked differences in interpre-
tation make these reports of historical interest only.
It was not until 40 years later, in 1963, that Kuwa-
bara and associates' had the opportunity to study
another eye with this disease. In this excellent histo-
pathological and electron microscopic study several
findings were noted. The authors noted the exist-
ence of an abnormal layer between the outer seg-
ments of the photoreceptors and the pigment epi-
thelial cells. However, the constituents of this layer
were not pathological but were normal components
of the retina consisting of fuscin granules and pro-
trusions of the pigment epithelium with complex in-
terdigitations of the outer segments. The pigment
epithelial cells themselves were normal with an ab-
normal complement of fuscin granules. The outer
segments of both rod and cone receptors had abnor-
mal cytoplasm showing microvacuolar or tubular in-
ternal structures instead of ordinary lamellae. These
abnormalities in the photoreceptors may help in un-
derstanding the electrophysiological abnormalities,
but a definitive explanation encompassing the psy-
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FIG 96-5.

A, Oguchi’s disease. Fundus reflectometry shows a normal spectral response for the visual pigment rhodopsin. The patient
was tested at 12 degrees temporal to fovea. The area under the curve reveals that a normal amount of rhodopsin is present in
the area tested. B, fundus reflectometry shows normal visual pigment kinetics for rhodopsin, with regeneration 90% complete
by 15 minutes and a half-time of regeneration of approximately 3 minutes.

chophysical, electrophysiological, and funduscopic period'® (Fig 96-7). Failure to fully adapt such pa-
abnormalities has yet to be given. tients may account for the findings in some reported
cases of elevated dark-adapted thresholds in the ab-
sence of any other findings indicative of a general-

Fundus Albipunctatus ized retinal degeneration.'"
In 1910 Lauber® first defined this disorder and ERG findings were likewise variable and confus-
differentiated it from an ophthalmoscopically similar ing until it was found that these responses were

disorder, retinitis punctata albescens, one of the va-
rieties of the progressive tapetoretinal degenera-
tions. In his original paper he selected 25 cases from
the literature and also described four of six children
of a consanguineous marriage, all of whom had mul-
tiple small white spots in the retina that were associ-
ated with night blindness but no other visual de-
fects. This differentiation from retinitis punctata
albescens was thus made on the basis of the condi-
tion being stationary, the absence of any visual field
changes, and the normalcy of the retinal vessels.
Both disorders may be ophthalmoscopically similar
in that there are a multitude of yellow-white spots
located deep in the retina'® that extend from the
posterior pole, where they are most dense, to the
periphery, where they are fewer in number. The
macular area is invariably spared (Fig 96-6).

As one reviews the older literature, it is clear that
there is marked disagreement as to what constitutes
fundus albipunctatus and the relationship between
this stationary problem and retinitis punctata albes-

cens. These discrepancies were clarified when it was FIG 96—6.
found that patients with the stationary form of the Fundus albipunctatus. This fundus photo shows a multitude
disease eventually do attain a normal dark-adapted of yellow-white discrete spots scattered throughout the ret-

final threshold if dark-adapted for a sufficiently long ina but sparing the macular area.
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Fundus albipunctatus: dark adaptation. Normal is illustrated
by the hatched line. The patient (closed circles) shows a
slow fall to a normal cone threshold and then a slow fall to
the normal rod threshold.

also markedly delayed in attaining normal ampli-
tudes'® 3! (Fig 96-8).

The EOG likewise parallels the ERG, for a full
EOG light rise will not be obtained until the patient
with fundus albipunctatus has been dark-adapted
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Fundus albipunctatus: ERG amplitude response curve of a
normal person (open circles) and a patient (closed circles).
The values were derived from S, blue dark-adapted ERGs
at various time periods as illustrated on top for the normal
(N) and the patient (L.D.). Also noted is the 20-minute dark-
adapted response to an S, white stimulus for both the nor-
mal and the affected individuals.
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Fundus albipunctatus: ERG amplitudes. With dark adapta-
tion of 15 minutes (open circles) there is no EOG light rise.
After an adaptation period of 3 hours (closed circles) the
EOG light rise is normal.

for that period of time it takes to reach full dark ad-
aptation (Fig 96-9).

These abnormalities were clarified by the studies
of Carr and Ripps,® who demonstrated that the basic
pathogenesis lay in markedly delayed regeneration
of both the rod and cone visual pigments (Fig
96-10). Failure to recognize this marked retardation
of visual pigment kinetics and the associated effect
on retinal function, both electrophysiologically and
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FIG 96-10.

Fundus albipunctatus: rate of regeneration of cone visual
pigments (closed squares) and rhodopsin (open and closed
circles) of patients L.D. and E.D. The normal half-time of re-
generation of the cones is approximately 55 seconds (pa-
tient L.D. takes 20 minutes) and of the rods is approximately
3 minutes (patients L.D. and E.D. take 60 minutes).




psychophysically, serves to explain why past studies
showed such widely variable findings.

The heredity seems most likely autosomal reces-
sive, although Krill and Folk'® describe a mother and
son with the disease. The majority of reports, how-
ever, show a high incidence of consanguinity and a
familial pattern most consistent with autosomal re-
cessive inheritance.

A possible variant of this disorder was described
by Kandori,'® who termed it “fleck retina with con-
genital nonprogressive night blindness.” In this dis-
order the fundus picture is different in that there are
sharply defined flecks of yellowish color that are
larger, more irregular in shape, and fewer in num-
ber than is seen in typical fundus albipunctatus.
Electrodiagnostically the photopic ERG response
was normal, while there was a delay in the genera-
tion of the scotopic response that paralleled the de-
lay in dark adaptation,'” findings very similar to
what had been noted in some cases of fundus albip-
unctatus.

REFERENCES

1. Auerbach E, Godel V, Rowe H: An electrophysiologi-
cal and psychophysical study of two forms of congen-
ital stationary nightblindness. Invest Ophthalmol Vis
Sci 1969; 8:332.

2. Carr RE: Congenital stationary nightblindness (the-
sis). Trans Am Ophthalmol Soc 1974; 72:448.

3. Carr RE, Gouras P: Oguchi’s disease. Arch Ophthalmol
1965; 73:646.

4. Carr RE, Ripps H: Rhodopsin kinetics and rod adap-
tation in Oguchi’s disease. Invest Ophthalmol Vis Sci
1967; 6:426.

5. Carr RE, Ripps H, Siegel IM: Visual pigment kinetics
and adaptation in fundus albipunctatus. Doc Ophthal-
mol Proc Ser. XIth ISCERG Symposium. 1974; 4:193-
199.

6. Carr RE, Ripps H, Siegel IM, Weale RE: Rhodopsin
and the electrical activity of the retina in congenital
nightblindness. Invest Ophthalmol Vis Sci 1966; 5:497.

7. Carr RE, Ripps H, Siegel IM, Weale RA: Visual func-
tions in congenital nightblindness. Invest Ophthalmol
Vis Sci 1966; 5:508.

8. Cunier R: Historie d’une hémérolopie, héréditaire
depuis siecles dans un famille do la commune de
Vendemian, pres Montpellier. Ann Soc Med Gand
1838; 4:385.

9. Donders FC: Torpeur de la rétine congénitale hérédi-
taire. Ann Ocul (Paris) 1855; 34:270.

10. Franceschetti A, Chome-Bercioux N: Fundus albip-
unctatus cum héméralopia. Ophthalmologica 1951;
121:185.

11. Franceschetti A, Francois J, and Babel J: Les Hérédo-
Dégénerescences Chorio-Rétiniennes. Paris, Masson &
Co, 1963, pp 283-319.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Congenital Stationary Night Blindness 719

Gassler VJ: Ueber eine jetzt nich bekannte rezessive Verkn-
iipfung von hochgradiger Myopie mit angeborener Hemeral-
opie (thesis), Zurich, 1925.

Gouras P: Electroretinography: Some basic principles.
Invest Ophthalmol Vis Sci 1970; 9:557.

Heckenlively JR, Martin DA, Rosenbaum AL: Loss of
ERG oscillatory potentials, optic atrophy, and dyspla-
sia in CSNB. Am | Ophthalmol 1983; 96:525.

Hirose T: Electroretinogram in nightblindness. Acta
Soc Ophthalmol Jpn 1956; 56:732.

Kandori F: Upon new cases of congenital nightblind-
ness with fleck retina. Yonago Acta Med 1960; 4:169.
Kandori F, Setogawa T, Tamai A: Electroretinographi-
cal studies on “fleck retina with congenital nonpro-
gressive nightblindness.” Yonago Acta Med 1966;

10:98.

Krill AE, Folk MR: Retinitis punctata albescens. A
functional evaluation of an unusual case. Am | Oph-
thalmol 1962; 53:450.

Kubakara Y, Ishihara K, Akiya S: Histopathological
and electron microscopic studies of the retina of
Oguchi’s disease. Acta Soc Ophthalmol Jpn 1963;
67:1323.

Lauber H: Die sogenannte Retinitis punctata albes-
cens. Klin Monatsbl Augenheilkd 1910; 48:133.

Miyake Y, Miyake Y, Yagasaki K, Moriguchi M, Ka-
wase Y, Kanda T: CSNB with negative ERG. Arch
Ophthalmol 1986; 104:1013.

Miyake Y, Kawase Y: Reduced amplitude of oscilla-
tory potentials in female carriers of x-linked recessive
CSNB. Am ] Ophthalmol 1984; 98:208.

Mizuo G: On a new discovery in the dark adaptation
on Oguchi’s disease. Acta Soc Ophthalmol Jpn 1913;
17:1148.

Nagata M: Studies on the photopic ERG of the hu-
man retina. Jpn | Ophthalmol 1963; 7:96.

Nakamura B: Ueber ein neues Phanomen der Farben-
veranderung des menschlichen Augenhintergrundes
im Zusammenhang mit der fortschreitenden
Dunkeladaptation. Klin Monatsbl Augenheilkd 1920;
65:883.

Nettleship E: A history of congenital stationary night-
blindness in nine consecutive generations. Trans Oph-
thalmol Soc U K 1907; 27:269.

Oguchi C: Ueber die eigenartige Hemeralopie mit
diffuser weissgraulicher Verfarbung des Augen-
hintergrundes. Graefes Arch Clin Ophthalmol 1912;
81:109.

Oguchi C: Ueber einen Fall von eigenartiger Hemeral-
opie. Nippon Ganka Gakkai Zasshi 1907; 11:123.

Oguchi C: Zur Anatomie der sogenannten Oguchis-
chen Krankheit. Graefes Arch Clin Ophthalmol 1925;
115:234.

Siegel IM, Greenstein VC, Seiple W, Carr RE: A
study of cone function in congenital nyctalopia. Doc
Ophthalmol 1987; 65:307.

Smith BF, Ripps H, Goodman G: Retinitis punctata
albescens. Arch Ophthalmol 1959; 61:93.

Takagi R, Kawakami R: Uber da Wesen der Oguchis-
cher Krankheit. Klin Monatsbl Augenheilkd 1924;
72:349.

Vaghefi A, Vaghefi HA, Green WR, Kelley JS, Sloan
LL, Hoover RE, Patz A: Correlation of clinicopatho-



720  Diseases of the Outer and Midretina

logic findings in a patient. Arch Ophthalmol 1978;
96:2097.

34. Watanabe I, Taniguchi Y, Morioka K, Kato M: Con-
genital stationary nightblindness with myopia: A
clinico-pathologic study. Doc Ophthalmol 1986; 63:55.

35. Witzel DA, Smith EL, Wilson RD, Aquirre GD: Con-

36.

genital stationary nightblindness: An animal model.
Invest Ophthalmol Vis Sci 1978; 17:788.

Yamanaka J: Existiert die Pigmentverschiebung im
Retinalepithel im menschlichen Auge? Der erste Sek-
tionsfall von sogenannter Oguchischer Krankheit.
Klin Monatsbl Augenheilkd 1924; 73:742.




