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“So there he stands, our vertical, hunting, weapon-
toting, territorial, neotenous, brainy, Naked Ape,
a primate by ancestry and a carnivore by adoption,
ready to conquer the world. But he is a very new
and experimental departure, and new models fre-
quently have imperfections. For him the main
troubles will stem from the fact that his culturally
operated advances will race ahead of any further
genetic ones. His genes will lag behind, and he
will be constantly reminded that, for all his envi-
ronment-moulding achievements, he is still at heart
a very naked ape”.

DESMOND MORRIS! “THE NAKED APE™
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The hereditary dystrophies

of the central retina and choroid

I. INTRODUCTION

Diminished vision as a result of macular degeneration or changes of the posterior
pole of the eye constitutes an important ophthalmological problem. Kornzweig
(1957) studied more than 1coo eyes and found diminished vision as a result of an
affection of the posterior pole in 24.1%, of patients vnder 8o and 38.6%, of patients
over 80. Only catarzct was found to be a more frequent cause of diminished vision.
However, whereas the therapeutic possibilities are ample in the case of cataract, they
are usually very limited in the many macular affections. Yet a too defeatist attitude
towards affections of the posterior pole is undesirable. A better understanding and
improved knowledge of macular anomalies and degenerations may well lead to a
more effective approach. Precisely in familial dystrophies of the posterior pole, more
petceptive interpretation of the clinical features and a knowledge of the mode of
transmission can make a meaningful contribution to prophylaxis by responsible
genetic counselling. In this context it must be borne in mind that several dys-
trophies of the posterior pole cause so little loss of function that prophylaxis need
not at all be considered. Since the clinical course and prognosis of the various
macular degenerations are dependent on the type of affection, improved differen-
tiation is of great importance also.

Because a substantial proportion of the macular affections are inherited, the
hereditary dystrophies of the postetior pole have attracted increasing attention in the
past few years; for these dystrophies prove to be considerably more common than
they were initially thought to be. Many posterior pole changes previously regarded
as consequences of an infectious process, are revealed at closer study and after genetic
investigation to be of hereditary origin.

The confusion in the classification and differential diagnosis of hereditary dys-
trophies of the central retina and choroid — often referred to as “hereditary maculiar
degenerations” — has been great, and still is.

Since Sorsby’s study on “The dystrophies of the macula” (1940}, there have been



no major publications especially devoted to this subject. Although the hereditary
dystrophies of the postetior pole are discussed in detail in the manuals of Waarden-
burg, Franceschetti and Klein {1963), and Franceschetti, Frangois and Babel (1963),
which we frequently consulted, new points of view have since been advanced, and
new findings obtained, which have made it desirable to write this monograph.

The purpose of our study was to attain a clear insight into the hereditary dys-
trophies of the posterior pole on the basis of an extensive clinical and genetic in-
vestigation of many personal patients and their relatives, and as comprehensive a
study of the literature as it was possible to make. An effort was made to ensute
better differentiation by giving as exact 2 description of the various entities as
possible. Our additional intention was to use the material available for a classifi-
cation which can be useful in actual practice.

For this purpose, a detailed ophthalmological study was made not only of the
patients but also of their relatives. The patients as well as the ophthalmoscopi-
cally normal carsiers were submitted to an exhaustive examination of the retinal
functions.

The practical usefulness of our study soon became apparent in that it revealed
severa] patients whose posterior pole changes proved to be of hereditary origin,
although an infectious aetiology had been accepted. In some of these cases, in fact,
an of course superfluous, intensive and by no means harmless medication had been
prescribed. Occasionally, the patient or the parents had been informed that the
condition would ultimately lead to blindness; if the correct pathogenesis had been
understood, the prognosis could have been much more favourable because no
dystrophy confined to the posterior pole can lead to true blindness.

We also encountered a few patients with a recessive posterior pole dystrophy,
whose ophthalmologist had informed them that their children were bound to
develop the same affection. These examples may serve to llustrate that a better and
more comprehensive understanding of hereditary dystrophies of the central retina
and choroid is desirable.

In principle, we decided to treat only such hereditary processes as involved
exclusively the posterior pole of the eye. In actual practice, however, it was ex-
ceedingly difficult to apply this principle because we found that few dystrophies
confined themselves exclusively to the central retina andfor choroid. It was fre-
quently found also that an affection ophthalmoscopically confined to the fovea
affected a much more extensive area of the retina in functional terms. A strict
delimitation of central dystrophies can therefore not be made, and is therefore
undesirable.

Qur study encompasses only those hereditary conditions in which the foveal
involvement dominates the disease picture.

An exception to this rule are the senile foveal dystrophies, which are known to be
sometimes hereditary; these were not included in the study. Genetic investigations
in these age groups poses almost unsolvable problems. However, the familial occur-
rence of this condition can be demonstrated, and has been demonstrated in a few



instances (Waardenburg, Franceschetti and Klein 1963 ; Franceschetti, Frangois and
Babel 1963).

Until recently it was maintained by many authors that the “hereditary maculax
degenerations” are different manifestations of a single entity. It was even believed
that a single gene could cause all the different manifestations observed in posterior
pole dystrophies. Even though one genotype can produce several phenotypes, it is
too far-fetched in our opinion to regard the many different ophthalmoscopic features
encountered in hereditary dystrophies of the posterior pole, as pleiotropic mani-
festations of the same gene.

There is certainly a great variability in the expressivity of the various genes, giving
rise to polymorphous manifestations, but ir is our decided opinion that there are several
bereditary dysirophies of the central retina and choroid, defermined by several different genes.
This conviction is based on an exhaustive study of patients and survey of the
literature. Without our large case material, it would have been difficult to reach
this definite conclusion.

In many cases the various entities are clearly distinguishable, not only ophthalmo-
scopically but also on the basis of retinal function and mode of transmission. Waar-
denburg (1968) already pointed out the peculiarity of concluding on the one hand
that the many retinal posterior pole dystrophies are homogenetically determined,
while on the other hand accepting a polygenic theory in the classification of various
corneal dystrophies. Since the retina {(and certainly the fovea) represents an ex-
ceedingly complex functional structure, it is very likely determined by several genes.

We find it impossible to include in this study a detailed survey of the entire
literature on hereditary posterior pole dystrophies, from 1875 on. In the early
publications the data are often incomplete, and the nature of the conditions de-
scribed can therefore not always be established with certainty. In many instances
this is due to the impossibility of publishing photographs and the lack of reliable
methods of determining retinal function. However, efforts have been made to refer
to the existing pertinent literature whenever possible.

2. MATERIAL

The majority of the patients were traced in the case material available at the Oog-
ziekenhuis, Rotterdam.

As the study progressed, patients from other ophthalmological clinics and
ophthalmological practices throughout the country were also included. However,
no attempt has been made at a complete inventory of all patients avzilable in The
Netherlands. All together over 240 patients with foveal dystrophies were examined.

3. METHODS

In all cases an extensive history was taken, and the usual routine examinations were
made (slit-lamp, indirect and direct ophthalmoscopy and applanation tonometry).



In many cases, moreover, patients were submitted to binocular slit-lamp examination
with the Hruby lens and with the three-mirror contact glass of Goldmann. In
addition, the following retinal function tests were carried out.

a. visual acuify

b. visual flelds

Visual fields were determined with the Goldmann perimeter, in white light and
under photopic conditions after adaptation to the illuminated perimeter for 2-3
minutes. The perimeter was standardized with 2 light meter and with 2 photometer
device, so that the largest test object measured 100¢ apostilb (asb) at its brightest,
and the eyeball illumination 31,5 asb. Next, the sensitivity of the retina was mapped
with the test object, 2 light spot of varying size and intensity, while the patients were
using their optimal correction.

We used only the kinetic (quantitative}, not the static (qualitative) method of
perimetry.

In many cases, use was made also of the double-projection campimeter {Hagedoorn
and Van den Bosch 1955) in order to determine the exact size of the central scotomas.

In a few cases we used the Friedmann visual field analyser (Friedmann 1966) for
qualitative (static) determination of the function of the central visual field.

¢. colour vision

Colour vision was tested with the American Optical Hardy-Rand-Rittler (HRR]
pseudo-isochromatic plates, with the Nagel anomaloscope model I, and with the
Farnsworth dichotomous test (D-15) panel. In many cases the Farnsworth tritan
plate was also used, and in a few cases the Farnsworth oo hue test was emploved to
test colour vision.

d. dark adapiation

Dark adaptation was effected with the Goldmann-Weekers adaptometer. The
patients were left in 2 room with moderate artificial illumination for 5-1o minutes,
and then placed in complete darkness for z minutes. Next, they were adapted to a
bright light of 200c-5000 lux for 5 minutes. The desired initial illumination for the
field of stimulation was adjusted with the aid of a light meter.

The investigation was continued for 3o minutes, the patieats using their optimal
correction. Since loss of visual acuity is of course quite common in foveal dys-
trophies, the integral method of investigation with pulsating light was generally
used. For it is our impression that the streak figure with 1009, contrast is not or
pootly perceived when visual acuity is diminished.

Using the integral method, we investigated the degree to which retinal sensitivity
increased in the course of dark adaptation. We plotted no dark adaptation curves of
local retinal sites because fixation was difficult orimpossible in alarge number of cases.



e. electro-retinograply

Light stimulation and adaptive state. The source of stimulation for the electro-retino-
gram (BERG) and oscillatory potentials (OP) was a Van Gogh photostimulator type
SV 1 E, of which the energy could be varied in 4 steps of about o.5 log units each.
Colour or neutral density filters (in steps of 1 log unit) could be placed in front of the
lamphouse, subtending a visual angle of 30° and always fitted with a white opaque
diffuser. The scotopic ERG was clicited in the dark-adapted state with a blue stimulus
(flash energy 1 Joule, neutral filter with density 2 or 1, flash frequency 1 per second),
and the photopic ERG in the light-adapted state with a red stimulus (flash energy
1 Joule, no neutral density filter, fash frequency 4 per second). For the OP, ex-
amined in the dark-adapred state, the energy of the photostmulator could be in-
creased to 64 Joules.

The foveal ERG (F-ERG), always recorded together with the visually evoked
responses (VER), was elicited in the light adapted state with a white stimulus of 3°,
5% or 8° visual angle. The stimulus, with a luminance of 1.5 log cd/m?* and a duration
of 20 msec, was presented at 2 frequency of 4 cps (Van Lith and Henkes 1967).

Adaptive state. The preliminary dark adaptation consisted of zo minutes’ adaptation
to a deep red light of low luminance, during which period the subject’s pupils were
dilated and the electrodes and contact lenses (Henkes-Worst low-vacuum type)
fitted. This period was followed by 5 minutes of absolute darkness. Dilatation was
achieved with a mydriatic (Roche, Chibret). For light adaptation, a big lamphouse
of 9o° visual angle was placed behind the photostimulator. It consisted of ¢ fluoresc-
ent tubes (Philips 34), 2 milky glass diffuser and a blue filter. The illumination,
measured at the corneal plane, amounted to 1000 lumen/m? withoutand 256 lumen/m?
with the blue filter.

Amplification and recording. All potentials were amplified with a Van Gogh six-
channel EEG ink-writer with band pass filters of o.2-75 cps for the scotopic and
2.0-75 cps for the photopic ERG. As a rule, scotopic and photopic ERGs were
recorded with this apparatus, too. In some special cases the responses were averaged
on a computer of average transients (CAT Mnemotron type no. 400) and plotted
with an X-Y plotter (20 counts for the scotopic and zoo counts for the photopic
ERG). The foveal ERG and VER could be obtained only with the aid of the CAT
(both 500 counts).

The fast wavelets of the OP had to be recorded photographically from the screen
of an oscilloscope, with a polaroid camera.

Normal values. Of the scotopic ERG, we measured the maximum height of the
scotopic b-wave, ie. the maximum positive wave without a preceding negative
a-wave. In the circumstances described, the lower limit of the normal value is
180 uV. In ourarrangement, the maximum height of the photopic b-wave, measured
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Fig. 1. Block-diagram of semi-avtomatic recording procedure.
F,, F,: fixation lights subtending 30°.
E,, Byt skin electrodes attached to each side of the eye,

FT: 13 fluotescent light tubes, providing background illumination during light adaptation.
OSC I: monitor CRO.

QOS8C II: recording CRO provided with camera (after Henkes et al. 1968).

from the trough of the a-wave, had to.be 8o uV to be normal. The a-wave, mea-
sured from the base line, is normally 30 V.
The lower limit of normal for the F-ERG had to be 3 uV for the 5° test field.
The OP and VER could not be measured quantitatively; they were merely rated
notrmal, subnormal or absent.

I electro-oculography

The electro-oculogram (EOG) was initially recorded as described by Arden et al.
(1962}, but nearly all patients were examined with the semi-automatic system de-
scribed by Henkes et al. (1968) (figure 1). A great advantage of this method over the
initial procedure is that it takes less of the investigator’s time.

At electro-oculography, the ratic between the largest amplitude of the corneo-
retinal potential (cornea positive in relation to retina) in the light, and the smallest
amplitude of this potential in darkness is measured (light peak/dark trough-ratio:
LP/DT-ratio). The LP/DT-ratio of the standing potential is measured because the
absolute value of the indirectly measured standing potential is very highly variable,
and therefore of little value as a clinical test.

The changes in the standing potential of the eye can be recorded only indirectly, via
the patient’s eye movements (figure 2), because it is impossible to insert an electrode
behind the eye.

The indirectly measured absolute value of the standing potential can vary widely
due to anatomical changes in and around the eyeball and due to differences in



electrode position. For example, higher values can be expected in the case of ex-
ophthalmos than in a patient with sunken eyes. An absolute measuting of the
standing potential was therefore not attempted, although we fully realize that the
absolute value of the standing potential and its L/D-ratio can give information on
various retinal functions and/or structures.

Two electrodes were placed next to the temporal and nasal canthi of each eye.
The patients viewed the light-adapting screen (measuring 140 X 150 cm) from a
distance of 130 ¢cm. The two fixation lights were placed 85 cm apart, subtending a
(visual) angle of 30°. The screen was an opaque surface transilluminated by 13
bluish-white fluorescent tubes (Philips 65 W/33). The testing included 1z minutes
of complete darkness and a final 12-13 minutes of light adaptation during which the
patient was continuously exposed to a luminance of 2000 lux eq.
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Fig, 2 (A) Principle of recording of standing potential based upon alterations in the electric
field resulting from e¢ye movements.

(B) Resulting changes in potential between the electrodes.

(C) The upper trace of the original graphs shows movements of the right cye; the lower one

of the left eye. The amplitude of the Initial vertical excursions is a4 measure of the height of

the standing potential.

(&) after 1z minutes dark adaptation; (#) 8 minutes after re-illuminating the retina.

Calibration bars: joo microvolts, 500 msec. {after Arden and Kelsey, 1962).



A magnetic tape was used to instruct the subject and operate the two fixation
lights, only one of which was lit at a time. They alternated at a rate of o.5/sec, and
the eyes moved once per second from one fixation light to the other. This alter-
nation was carried out for 15 seconds every minute. The eye movements caused a
potential change between the electrodes, and this EOG signal was amplified and fed
to a frequency-selective filter (quality filter Q 2), tuned to o.5 ¢ps.

As 2 result, only the fundamental frequency components of the eye movements
passed through, and irregularities were greatly reduced. Since transients were
preponderant during the first seconds of the period during which the fixation lights
were followed, only the final 5 seconds of each 15-second fixation period were used.
Due to the slow time base, only one vertical bar became visible on the screen and was
photographed during this petiod. The bars recorded every minute for 25 minutes,
formed composite figures like the ones shown in figure 3.

Norwal values. The mean value of the L/D-ratio of the EOG was found to be z.15,
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Fig. 5. EQG bar figure in 2 normal individual (top)
and in a patient with vitellifozm dystrophy (bottom).



with a standard deviation of o.25 (Van Lith and Balik, to be published). An L/D-
ratio << 1.65 {2.15 minus twice the standard deviation} was interpreted as probably
abnormal; a ratio of 1.40 (2.15 minus thrice the standard deviation) was accepted as
definitely abnormal. Values between 1.65 and 1.90 were regarded as borderline
cases.

& photograply

Colour photography was carried out with 2 modified Zeiss fundus camera. We used
a Nikon motor transport camera, which was loaded with Kodachrome-IT film.

Black-and-white photography was likewise carried out with a modified Zeiss camera.
The films used were Agfa Copex Orthochromatic and Agfa Copex Panchromatic
graphic films. The orthochromatic film has its maximum spectral sensitivity at a
wavelength of 580 my, while the panchromatic film has it at 595 mu (fig. 4). Both
films were processed in normal developer (Promicrol).
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Fig. 4. Spectral sensitivity curves of human
retina, Copex orthochromatic and Copex
panchromatic graphic films.

Generally, orthochromatic films give better details of the disc and retinal vessels.
But in the presence of pigmentations, especially those localized in deeper retinal

layers, better results are obtained with panchromatic films {Craandijk and Aan de
Kerk 1969).

. fuorescein angiography

The technique of fluorescein angiography which Novotny and Alvis developed in
1961, is essentially the same as that described by Oosterhuis and Lammens in 196s.
It calls for rapid injection (in 1-2 seconds) of 5 ml of a 109, fluorescein solution,
whereupon serial photographs are made every 2 seconds with a modified Zeiss fundus
camera. A separate input (Van Gogh, 840 Joules) and a separate time plotter were
used.

We used a Schott GG 14 3.0 filter and a Baird Atomic B 4 interference filter. The
Nikon motor transport camera was loaded with Ilford FP 3 film {Craandijk 1968).



i. general plysical examination and laboratory study

This was carried out by Drs. A. J. Houtsmuller and G. van der Kamp, internists. As
routine screening of patients with affections of the posterior pole, the following
examinations are generally made at the Oogziekenhuis, Rotterdam.

General physical examination; electrocardiogram; X-rays of the chest, paranasal
sinuses and teeth; complete haemogram; Hb determination and ESR; complete
urinanalysis; protein pattern (agar method); se g. glucose tolerance test and lipid
pattern (comprising cholesterol and cholesterol-esters, total lipid, triglycerides,
phospholipids, «-and B-lipoproteins ; agarose-gel-electrophoresis) ; renal function tests
(creatinine, urea, concentration test); liver function tests (alkaline phosphatase, TTT,
prothrombin time); capillary resistance (Houtsmuller 1963); serology (AST, Rose,
Mantoux, Wassermann and Sabin-Feldmann tests and complement fixation test for
toxoplasmosis; in 2 few cases 2 histoplasmin skin test).

Newrological examination was carried out in a few cases (EEG, cranial X-rays, etc.)
but always failed to disclose any neurological changes.

4. NOMENCLATURE

Before we broach the subject proper, it may be useful to elucidate a number of terms
and concepts. Some of the terms used in this study might otherwise give zise to
confusion.

a. fovea

As we mentioned in the introduction, the hereditary dystrophies of the central
retina and choroid are frequently referred to in general as macular degenerations.
This designation is open to some criticism.

In ophthalmological usage, the word macula refers to the macula lutea — an area
in the retina which is characterized by the presence of a yellow pigment in the inner
(cerebral) retinal layer (inner nuclear layer, inper plexiform layer, ganglion cell layer
and nerve fibre layer).

This yellow pigment was discovered by Buzzi (1782), later corroborated by
Soemmerring (1795). In live subjects it is cleatly visible only in red-free light; and
it is visible postmortem. Itis of 2 lemon-yellow colour, most pronounced in highly
pigmented eyes and absent from albinotic eyes. The yellow pigment is totally
absent at the site of the foveola, where the inner retinal layer is absent.

Little is known as yet of the exact nature of this pigment. Wald (1945) suggested
that it is xanthophyll: a carotenoid.

There is no agreement as to the distribution of the macular yellow, and the size
of the area called macula is highly variable, dependent as it is on interindividual
differences and the views held by different authors.

Many authors (Rochon Duvigneaud 1903, 1907; Fuchs 1926; Eisler 1930; Redslob
1939; Thiel 1948; Baillart 1961; Waardenburg 1963 ; and others) maintain that the
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Fig. 5. The fovea, macula and foveola seen in red-free light
(after Vogt and Waardenburg).

macula lutea encompasses the central one-third of the central fovea, where the yellow
pigmentation is most intensive and most pronounced in red-free light (Vogt 1921)
(figure 5,6). Eisler {1930) referred to the central area which comprises the fovea and
of which the macula in its turn forms a part. Baillart (1961) wrote: “La zone dé-
primée au centre de la fovea est la macula”.

Fig. 6, Photography of a normal fovea. Note the dark
region, corresponding with the macula in fig. 5.

II
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Fig. 7. The central retinal area, after Polyak (1941).

However, Polyak (1941) reported that the yellow pigment extends far beyond the
central fovea (although in diminishing intensity) and is vaguely perceptible even at
the temporal margin of the disc. He reported: “The dtameter of the yellow pigmented
macula exceeds that of the foveal depression, being in fact three or more times the
diameter of the latter”. He held that the transverse diameter of the intensively
pigmented central part is 3 mm, the surrounding zone of faded yellow measuring
1 mm so that the diameter of the entire macular area is 5§ mm (fig. 7).

This means that the macula should encompass about 16° of the centre of the
visual field, and possess some 650,000 of the 7 million retinal cones. We agree with
Polyak’s statement (1941) that: “The only correct principle in determining the size
of the yellow spot is to measure the extent of the yellow pigmented area seen in the
fresh retina, when freed from the dark pigment, irrespective of structure”. This
makes it clear that an adequate demarcation of the macula can never be achieved on
clinical grounds. And this is why we prefer the term fovea to the word macula.

The term fovea is much more precise and defines a well-demarcated region which, unlike
the macuia, is clearly visible under normal conditions. The central fovea is the fairly
dark, oval-shaped retinal area localized some 3.5 papilla diameters (pd) temporal
to the disc, and ¢.8 mm below the horizontal meridian, and the outline of which
is visible at ophthalmoscopy as a bright oval-shaped reflex: the foveal margin
reflex (figures 5 and 8). The foveal depression is caused by virtual absence of the
inner retinal layer at this site, although this is in part compensated by the increased



local thickness of the photoreceptor layer. The slope of the fovea is called the
clivus, its angle usually being some 20°. The depth of the fovea is 240 y, so that at
the level of the foveola the thickness of the rerina diminishes to 130 p.

The central fovea measures 2 mm in horizontal and 1.5 mm in vertical diameter,
that is about 1 disc diameter. According to Polyak (1941}, the foveal diameter is
about 1.5 mm (1500 ), which corresponds to about §° in the visual field; and the
fovea encompasses some 110,000 COnNESs.

Within the fovea we find a rod-less arez which measures ¢.5 mm (500 @) in dia-
meter and comprises some 34,000 cones but none of the total of 130 million rods

Fig. §. Normal foveal reflex, indicating the borders of the
fovea centralis.

present in the retina (Polyak 1941). This area is about as large as the avascular
central retinal area, and corresponds to 1°40" of the visual field.

The foveola is the deepest point of the fovea and can be observed as a small dark-
red spot in which a sickle-shaped or punctiform reflex is visible. The diameter of the
foveola is 350 u; it encompasses about 1°10” of the visual field and subtends a visual
angle of 20", The deepest point of the foveola is called umbo.

From this muldtude of terms, we choose the terms fovea and foveola for clinical
usage, rather than macula; for the human fovea and foveola are readily visible under
nearly all conditions, and represent a well-defined region. However, no too serious
objections can be made to the clinical use of the term macula, in part also because

many macular processes, like the macular yellow proper, encompass an ill-defined
retinal area.
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In imitation of Miiller (1852), Chievitz (1887) and Eisler (1930) we shall frequently
refer to the central area or central retina. This area is charactetized by the presence
of more than one row of ganglion cells. Polyak (1941) subdivided this central area
into three regions: 1) central fovea; 2) parafoveal zone (ganglion cells in 5-8 rows);
3) petifoveal zone (ganglion cells in 1-4 rows). The parafoveal zone is 2.1 mm wide
and surrounds the fovea; in its turn it is surrounded by the perifoveal zone of
.5 mm width (Duke-Elder 1961).

Yamada (1969) published a beautiful photograph (fig. 9) of a section through the
centre of the fovea. He did not find a structural organization comparable to the
given diameter of the so called foveola (550 u; Polyak 1941). He found a central
area of the fovea, about 200 p In diameter, which lacked in cone pedicles as well as
in the inner nuclear layer, the inner plexiform layer, the ganglion cell layer and the
nerve fibre layer. This area is largely composed of foveal cone cells and Miller cells
and may correspond to the so called “Bouquet des codnes centraux” of Rochon
Duvigneaud (1907). Probably this area corresponds to the foveola, which may
have a smaller diameter than is usually accepted.

We shall frequently use the term central retina besides fovea, because so far as we
know at this time there is no dystrophy that is ultimately confined to the central
fovea (in initial stages, however, some dystrophies can be confined to the foveal
region).

It has been established, however, that ophthalmoscopically and psychophysically
purely central dystrophies are often already associated with diffuse retinal electro-
physiological changes; solely on the basis of ophthalmoscopic findings, therefore,
it cannot always be established with certainty that a purely foveal dystrophy is in
fact present.
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Fig. 5. Section through centre of the foves (after Yarmada).
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Angiomatosis retinae (von Hippel-Lindau diseasc) in a 16-vear-old girl. There arc extensive degenerative
changes in the posterior pole. The phacomatoses, which are dominantly inherited, rather often present
alterations in the posterior pole of the eye.®

* Addendum to the affections not included in this study, in which foveal dystrophics may occur
(see page 17).

135



b. dystrophy

Another term which requires some elucidation is dystrophy. We prefer the word
dystrophy to degeneration. Degeneration is a pathological anatomical concept
covering certain conditions or processes which involve cell death. The underlying
mechanisms are very diverse, and no hereditary origin need be involved.

Originally, the term abiotrophy was used with reference to these hereditary con-
ditions. Gowers (1902) introduced the term for the premature disintegration of
highly differentiated tissues as a result of defective vitality, Treacher Collins (1919)
was the first to use the term abiotrophy in connection with hereditary retinal anom-
alies. Abiotrophy is regarded as a general concept in pathology, whereas dystrophy
is rather its localized manifestation (Sotsby 1934).

Subsequently the concept of heredo-degeneration, introduced in neurology by
Jendrassik {z911), was used in ophthalmology with reference to posterior pole
dystrophies (Beht 1920). Jendrassik originally used the term to indicate the close
interrelations between all degenerative and familial anomalies of the nervous systeno.
He wrote: “Die hereditiren Krankheiten bieten in ihren hdchst mannigfaltigen Er-
scheinungen solche Ueberginge zwischen den einzelnen Formen dar, dasz man kaum
oder gar nicht von bestindigen Symptomgruppen sprechen kann. Wihrend man in
der internen Pathologie dic 4tiologisch identischen Leiden als einheitlichen Prozess
auffasst, hat man in der Neurologie den einzelnen Symptomen viel zu grosse Wichtig-
keit beigelegt und hierdurch sind uns oft imponierend benannte Krankheiten kiinst-
lich geschaffen worden™.

Behr (x92¢) held the same view of posterior pole dystrophies, and it is therefore
not surprising that he adopted the term heredo-degeneration. In its original signifi-
cance, this concept is decidedly misplaced in the present study, in which it is demon-
strated that the posterior pole dystrophies include distinctly different entities,
determined by several independent pathological genes.

With Waardenbnrg (1963), Blodi (1966), Braley (r966), Fails (r966), Duke-Elder
(1967) and others, therefore, we prefer the designation dysirophy for those hereditary affections
that lead to early and premature cell changes and cell death and of which no clearly demenstrable
cause is kmown.

These affections become manifest at a certain age as a result of a genetically
determined disorder in the function of the enzymes and the metabolism.

According to Waardenburg (1963), dystrophies can occur on the basis of a
dysplastic primordial stage, after which seemingly normal cells or tissues gradually
deteriorate towards an eatly death.

¢ carrier

The carrier concept will be regulatly referred to in this study. Carriers are individuals
capable of transmitting hereditary diseases of which they themselves show no or
hardly any symptoms. Individuals who show the changes of the disease in 2 more
pronounced form are known as patients. Evidently, a strict distinction between
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carrier and patient may be difficult in certain cases. In many cases, the carier state
is not demonstrable: in such cases the pathological gene is recessive in relation to
its normal allele. However, there are eye diseases caused by autosomal “recessive”
genes, in which in occasional heterozygotes the pathological gene is not totally
recessive in relation to its allele, so that the heterozygotic state is expressed in one
way or another (Falls 1968). Consequently the phenotype resulting from this
heterozygote is affected. This means that the terms recessive and dominant are very
relative terms. As soon as a recessive gene is only slightly dominant over its allele,
as happens occasionally, it might be described as a dominant gene with incomplete
penetrance.

Carriers have been demonstrated not only in sex-linked hereditary diseases but
also in affections involving recessive and dominant autosomal transmission. Well-
known examples of sex-linked eye disease of which carriers are demonstrable, are
choroideremia (progressive tapetochoroidal dystrophy), sex-linked retinopathia
pigmentosa and ocular albinism.

The carriers of autosomal recessive affections (i.e. the heterozygotes) can be
recognized, for example, on the basis of diminished enzyme activities. Examples
include galactosaemiza and Wilson’s disease.

In autosomal dominant syndromes such as Waardenburg’s syndrome and Marfan’s
syndrome, the expressivity of the pathological gene in a given individual can be so
low that the term patient hardly applies from a clinical point of view. In these cases
the designation cartier is often preferred (Falls 1968). In this context it is important
to note that one of several pleiotropic characteristics can be dominant (and thus have
a distinct expression), while another is recessive or intermediary. This too is found
in Waardenburg’s syndrome, among other conditions.

In this study the carrier concept will be used in the above indicated manner.
That is to say: as carrier we regard every individual who carries a pathological gene
on a given locus of a given chromosome, and who shows no or hardly any symptoms
of disease.

§- AFFECTIONS NOT INCLUDED IN THIS STUDY,
IN WHICH FOVEAL DYSTROPHIES MAY OCCUR

In an attempt to present a useful survey of the dystrophies not included in this study,
we give the following brief review. It concerns mainly those dystrophies in which
the postetior pole changes play no dominant role in the clinical picture but are
merely part of a more extensive eye disease or general affection. It should be borne in
mind that it is difficult to make a strict distinction between what does and what does
not belong to the subject matter of this study.

a. the ipidoses

Foveal changes are quite common in lipidoses. Duke-Elder (1967) divided the
lipidoses into three categories:
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1. systematic lipidoses as Gaucher’s disease and Fabry’s disease;

2. cerebroretinal lipidoses (amaurotic familial idiocy);

3. systemic as well as cerebroretinal lipidoses (Niemann-Pick disease and Farber’s
disease).

In addition he mentioned complex syndromes such as the Refsum syndrome and the-

Bassen-Kornzweig syndrome.

Foveal changes can occur both in Gaucher’s disease (Gaucher 1882) and in Fabry’s
disease (Fabry 1898: angiokeratoma corporis diffusum or hereditary dystopic lipi-
dosis). In the former disease there is annular perimacular degeneration and a cherry-
red spot at the site of the macula according to some reports. Perimacular oedema has
occasionally been observed in the latter disease.

Duke-Elder (1967) subdivided the cerebroretinal lipidoses into:

a. congenital forms (Norman and Wood 1941);

b. infantile forms (Tay-Sachs 1881, 1887);

c. late infantile forms (Jansky-Bielschowsky 1910, 1914);

d. juvenile forms (Batten-Mayou-Spielmeyer-Vogt-Stock-Oatman 1903, 1904, 1903,
1908, 1911};

e. adult forms (Kufs 19z25).

Fig, ro. The fovea in occlusion of the centrzl retinal artery.
Note the presence of an unoccluded cilioretinal artery.

The conditions under the last heading are also known as cerebromacular degener-
ations. This is a group of enzymatic disorders in which the ganglion cells of the
retina are affected. There are many ganglion cells around the fovea, whereas the
foveola itself contains no ganglion cells. In the neurolipidoses, the latter fact results
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Fig, rra. The posterior pole of an 18-year-old individual
suffering from Bassen-Kornzweig syndrome,

Fig. rrb. Fluogescence photograph of the fundus of fg.
113, indicating extensive atrophy of the retinal pigment
epithelium and atrophy of some sharply defined circular
areas in the choriocapillaris and choroid {after Craandijk).
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in the wellknown cherry-red spot surrounded by a greyish-white retina - a picture
encountered also in the case of recent occlusion of the central retinal artery (figure 10).
A cherry-red spot at the site of the foveola can be found both in Niemann-Pick’s
disease (essential lipid histiocytosis: Niemann 1914; Pick 1922) and in Farber’s
disease (disseminated lipogranulomatosis: Farber et al. 1957), as reported by Cogan
et al. (1966).

In the Refsum syndrome (heredopathia atactica polyneuritiformis: Refsum 1945,
1946) it is chiefly peripheral retinal changes that are found, but perifoveal pigment
displacements have also been reported in these cases. Likewise, the Bassen-Korn-
zweig syndrome (Bassen and Kornzweig 1950; Crazndijk and Houtsmuller 1970)
can involve a diffuse tapetoretinal dystrophy which does not leave the posterior pole
unaffected (figure 11). In the Refsum as well as in the Bassen-Kotnzweig syndrome,
extensive cerebellar changes are found besides the retinal abnormalities.

In zddition to these two syndromes, other hereditary “cerebello-retinal degener-
ations” have been described which cannot be readily classified. In many of these
cases, foveal dystrophy has been found as part of the disease process (Froment et al.
1937, 1938; Sjégren 1943 ; Louis Bar and Pirot 1945 ; Walsh 1947, 1957; Stadlin and
Van Bogaert 1949; Havener 1951; Arnould et al. 1955; Van Bogaert 1957; Ledic
and Van Bogaert 1960; Foster and Ingram 1962; Bergstedt et al. 1962; Bessiére et al.
1962; Carpenter and Schumacher 1966; Weiner et 2l 1967; Halsey et al. 1967;
De Marco 1968).

The available data on these foveal dystrophies are still insufficient to establish

Fig. r2. The posterior pole of an 8-year-old girl with
Spielmeyer-Vogt disease.
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Fig. 13a-b. Bilateral and almost symmetrical angioid streaks with profuse haemorrhages.



whether they resemble one of the hereditary foveal dystrophies which usually occur
without neurological disorders, e.g. Stargardt’s disease. Ledic and Van Bogaert
(1960) and Bessitre et al. (1962) did use the designation Stargardt’s disease with
reference to the families with spinocerebellofoveal dystrophies they described.
However, these disorders are not necessarily lipidoses.

In the near future, the abovementioned lipidoses will undoubtedly be classified
on the basis of the absent or deficient enzyme.

In general, however, the lipidoses can be readily distinguished from hereditary
posterior pole dystrophies not associated with other disturbances. Transitions
between these two totally different groups of diseases have not been observed. It
may be mentioned, however, that Alkio (1923) saw a §-year-old boy with presum-
ably Tay-Sachs disease or Spielmeyer-Vogt disease who had three paternal uncles
and one paternal aunt with Stargardt’s disaese.

Differential diagnosis can be difficult only in the case of incipient Spielmeyer-Vogt
disease (figure 12}, when neurological symptoms are still absent. In that case it is
difficult to differentiate this disease from an early stage of Stargardt’s disease because
Spielmeyer-Vogt disease involves not only an affection of the ganglion cells but also

a peripheral and central tapetoretinal dystrophy; and the latter occurs in Stargardt’s
disease also.

b. angioid streaks (figure 13)

These streaks are found in several different conditions, e.g. pseudoxanthoma
elasticarn (Grénblad-Strandberg syndrome), fibrodysplasia hyperelastica (Ehlers-
Danlos syndtome), osteitis deformans (Paget’s disease) and sickle-cell anaemia; and
sometimes they are observed also in patients with senile elastosis of the skin and in
hypettensive cardiovascular disorders. A foveal affection is often found after some
time. Yellowish, round disciform structures are seen in the posterior pole in such
cases, often amidst extensive pigment changes. The pathology underlying the angioid
streaks is localized in the lamina elastica which is the mesodermal component of
Bruch’s membrane (Béck 1938; Hagedoorn 1939; Klien 1947; Winkelman 1948).
The mode of transmission depends on the primary affection.

¢. dystrophia myotonica

In dystrophiz myotonica or Steinert’s disease (Steinert 19o9), there may be signs
indicative of a foveal dysttophy (Verrey 1947; Bégaux, DeCock and Van Bogaert
19553 Magistretti 1955 ; Bégaux and DeCock 1957; Junge 1966; Burian and Burns
1966). However, this foveal affection hardly influences vision, and no specific
morphological changes are found. The mode of transmission is autosomal dominant.

d. Sidgren-Larsson syndronre

This syndrome consists of congeniral ichthyosis, spastic diplegia and mental re-
tardation. In some 259 of patients there may be a foveal affection of a very variable
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type. The majority of authors assume that there is a primary disturbance in the
pigment epithelium, resulting in atrophy of the pigment layer at the site of the fovea
(Sjégren 1956; Sjogren and Larsson 1957; Gilbert et al. 1968). The mode of trans-
mission is autosomal recessive.

e. myopia gravior

This condition is known sometimes to be associated with extensive chorioretinal
changes in the posterior pole. These changes are frequently preceded or accom-
panied by the occurrence of a dark spot at the site of the fovea (Fuchs’ spot) (figure 14).
The mode of transmission is autosomal recessive as well as autosomal dominant.

Fig. rg. Foveal degeneration (Fuchs’ spor) in degenerative
myopia.

J- vitreotapetoretinal degencration of Goldmann-Favre

This condition involves peripheral and central retinoschisis, combined with tapeto-
retinal degeneration and vitreous degeneration (Favre 1958, 1960, 1961; Riccl 1961).
The foveal retinoschisis which can occur, can cause difficulty in differential diagnosis
from sex-linked juvenile retinoschisis, which will be discussed in the next chapter.
The mode of transmission is autosomal recessive.

g senile foveal processes

This is undoubtedly a condition in which posterior pole dystrophy is often the only
demonstrable abnormality. Senile foveal processes have not been included in this
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study because family studies often pose considerable difficulties in the case of elderly
patients. Hereditary factors have been demonstrated in these conditions (Behr 1921,
1931; Vogt 1935; Waardenburg 1936, 1950, 1958; Sandoz 1939; Fleischer 1944;
Frangois and DeWeer 1952; Streiff and Babel 1963; Klien 1964, Frangois, 1969).
In some cases dystrophies which have started much earlier can become manifest
later in life. Before a foveal dystrophy can be called senile, therefore, it must be
ascertained that it did occur later in life instead of being latent for some considerable
time.

The question remains whether the designation senile foveal dystrophy is at all
tenable, and in particular whether there are indeed hereditary foveal dystrophies
which specifically occur as senile manifestation. This question arises because, for
hereditary foveal dystrophies in general, the classification on the basis of the age of
manifestation proves to be unsatisfacrory.

After a detailed study, Klien (1964) formulated the following conclusions, which
we can accept without reservation. “Senile macular degeneration is neither a clinical
nor a histopathologic, nor a genetic entity. It comprises:

1. The true heredodegenerative diseases:

a. Some primarily and selectively affecting the percipient retinal elements.

b. Some the probably genetic unit of choriocapillaris, pigment epithelium and

neuroepithelium (central areolar choroidal atrophy).

¢. And some representing the end stages of the vitelliform degeneration, the
initial site of which has so far remained in the realm of speculation.

2. Degeneration of the percipient retinal elements secondary to:

a. Diffuse and pronounced thickening and degeneration of the intercapillary
connective tissue, representing an intensification of the physiologic aging
process at a critical place, such as the regulating barrier between chorio-
capillaris and retina, resulting in altered diffusion of nuttitive substances in this
region and thus leading to the only true senile form of macular degeneration.

b. Damage to Bruch’s membrane (disciform degeneration, with or without
associated systemic disease). Disturbances in the wvascular supply of the
choroid, more specifically the choriocapillaris, which may be a rare incidental
segmental degeneration, and not invariably a macular involvement.

In none of the secondary degenerations, excepting perhaps those from damage to
the vascular supply, can genetic influences in a wider sense be ruled out completely.”

b. foveal dystrophy associated with deafmutism

In 1960, Amalric described a syndrome characterized by foveal dystrophy and
congenital deafroutism (Amalric 1960; Albouy 1960; Amalric and Bessou 1962,
1964 ; Amalric et al. 1963). He found this combination in 15 out of zoo deafmutes.
However, the hereditary nature of this syndrome has not been demonstrated with
certainty, Many investigators believe that it may represent the sequelae of rubeola
ot some other virus infection during the mothet’s pregnancy (Frangois et al. 1967).
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Fig. r;. The posterior pole of a ro-year-old boy with
congenital rubeolar retinopathy.

Fig. ré. Fuadus with crater-like hole in the optic disc and
central scrous chorioretinopathy (after Qosterhuis).
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The small loss of vision and the ophthalmoscopic features of the foveae remind us
very vividly of a rubeolar retinopathy (figure 15).

i. crater-like holes in the optic disc (fig. 16)

This condition often involves a foveal affection reminiscent of central serous
choroidopathy (Kranenburg 1959). The craters can occasionally show 2 dominant
pattern of transmission, as a result of which an apparently dominant foveal dystrophy
may be observed (Verduin 1965 ; Babel and Farpour 1967).

J- foveal dystrophy as part of a more diffuse retinal or choroidal dystrophy

Foveal changes can be encountered as part of diffuse retinal dystrophies such as the
tapetoretinal and tapetochoroidal dystrophies (retinopathia pigmentosa, choroid-
eremia, general choroidal atrophy etc.). They can be found also as part of a diffuse
tapetoretinal degeneration in the Laurence-Moon-Biedl-Bardet syndrome. (fg. 17)
Very often these foveal changes do not occur until in a late stage.

Also, foveal changes are sometimes found in diffuse disturbances of the retinal
primordium, ¢.g. Leber’s congenital amaurosis, achromatopsia and monochromatism

(Falls 1966).

k. foveal bypoplasia

This is no dystrophy but might easily be confused with it. This hypoplasia is
characterized by total or nearly total absence of the macular yellow, absence or
irregularity of the foveal and perifoveal reflexes, and an irregular distribution of
perifoveal capillary endings (Waardenburg 1948); moteover, the number of peti-
foveal capillaries is smaller than usual. ‘This foveal hypoplasia is found in many
hereditary anomalies such as aniridia, achromatopsia, sex-linked hemeralopia, ocular
and general complete and incomplete albinism, and microphthalmos.

Waardenburg (1963) described an X-chromosomal foveal hypoplasia in three
individuals who later developed features of foveal dystrophy. In addition, Waarden-
burg (1963) described - like Koyanagi (quoted by Waardenburg) — a probably
recessive “simple foveal hypoplasia™.

L foveal dysplasia

This condition is also known as macular colobotna; literally, the latter term is in-
correct because the abnormality cannot have arisen from incomplete closure of the
opticcleft. This is why the designation foveal dysplasia or macular pseudo-coloboma
is used. Heteditary foveal dysplasias have been described by Clausen (1921, 1928),
Schott (1921), Davenport (x1927), Evans (1937} and Waardenburg (1938).

Sorsby (1935) and Phillips and Griffiths (1969) described families in which foveal

26



dysplasia occurred in combination with abnormalities of the extremities. The mode
of transmission is autosomal, dominant as well as recessive.

A very unusual form of foveal dysplasia was recently described as “progressive
bifocal chorioretinal abiotrophy” (Douglas et al. 1968). In these cases thereis a

Fig. r7sb. Conventional photograph and fluorescein angio-
gram of a patient with the Laurcnce-Moon-Biedl-Batdet
syndrome. Note the foveal dystrophy {after Amalric).
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connatal white atrophic focus at the site of the fovea. In the early years of life, an
atrophic focus develops at a site nasal to the disc, and finally a progressive chotio-
retinal dystrophy occurs without total loss of vision. The mode of transmission is
dominant.

6. GENERAL HISTORICAL REVIEW

During the 19th century the hereditary dystrophies of the posterior pole of the eye
wete still regarded generally as results of inflammatory processes. It is therefore not
surprising that the condition was frequently described as choroiditis. Later, in the
early years of this century, there were still authors who regarded these familial ab-
normalities of the posterior pole as results of inflammations (Morax; Tillé et al.
1929, 1936). Very often, therapy against syphilis or tuberculosis was instituted in
these cases. Even today, these patients are still regulatly being submitted to com-
prehensive medical and neurological examinations to verify 2 suspicion of an in-
fectious disease, or of toxoplasmosis or histoplasmosis; and they are being treated
with antibiotics and corticosteroids with no hope of success.

Hutchinson and Tay (1875) were the first to desctibe a familial abnormality of the
posterior pole. Their patients were three sisters (aged 57, 48 and 40) suffering from
a symmetrical affection characterized by numerous small round white spots marking
an oval-shaped area around the fovea and disc. Today, we recognize this picture
with certainty as dominant drusen of Bruch’s membrane (hyaline dystrophies).

In 1885, Lang mentioned a 28-year-old brother and his sister aged 30, with
greatly diminished vision and in the foveal region “considerable disturbance of the
retinal pigment epithelivm with increased pigmentation in one or two places”; he
called this condition “central choroiditis”. In the posterior pole he also found
“numerous small round or oval yellowish-white patches scattered in every direction”.

These features are most reminiscent of Stargardt’s disease, which can also involve
markedly diminished vision and perifoveal yellowish-white spots. The fact that
vision in the parents was undisturbed supports this opinion. However, a fundus
flavimaculatus with foveal dystrophy cannot be ruled out with certainty.

Another publication on this subject was devoted by Liebrecht (1895) to two sisters
and two brothers in the same sibship, in whom he found numerous white spots in
the posterior pole. The onset of this affection had been in the foveal region, and this
is one reason why we doubt the correctness of his diagnosis: retinitis punctata
albescens (especially since visual fields and dark adaptation were normal). In true
retinitis punctata albescens, the posterior pole is usually unaffected, and dark
adaptation is decidedly disturbed. This may be an example of dominant drusen of
Bruch’s membrane, although the patients’ poor vision is more reminiscent of
Stargardt’s disease or a fundus flavimaculatus with foveal dystrophy.

R.D. Batten (1897) described two brothers aged z1 and 14, with a symmetrical
affection of the posterior pole which in both had first occurzed at age 14. Vision was
1/to in both boys, but the fundal changes were much more pronounced in the elder
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brother. These two cases are without doubt instances of the disease which was later
to receive Stargardt’s name. The parents were syphilitic but had no visual disorders.

Haas {1898) observed two brothers aged 21 and 14, with annular and stellate
whitish lines forming a reticular pattern in the foveal region. Vision had been poor
from early infancy. The drawing which illustrates the original article leaves no
doubt in my mind that these were cases of sex-linked juvenile retinoschisis.

In 1899, Doyne published his famous paper on choroiditis in four sisters. He
found a “honeycomb appearanice of white spots affecting almost entirely the dise-
macular region”.

Magers mentioned in his thesis (1899, Jena) one of two brothers, who showed
marked symmetrical pigmentations in the foveal region and sclerotic choroidal
vessels. On the basis of his description, no definite diagnosis can now be made.
An advanced stage of Stargardt’s disease is among the possibilities.

It is remarkable that Lang, Magers and Doyne mentoned choroiditis with
reference to their cases, whereas Batten and Haas did not. Haas in fact went so far
as to state that a hereditary origin was a likelihood in his cases — a notable statement
at that time.

The beginning of the zoth century marks an increase in the number of publi-
cations on dystrophies of the central retina and choroid. In this general review we
can mention only the most important of these.

Dujardin (1904) described two out of five children of consanguineous parents,
showing progressive foveal dystrophy of the type later to be described by Stargardt.

Particularly through the publications of Best (1gos) and Stargardt (1909, 1913,
1916, 1917, 1925) it became apparent in the eatly years of this century that familial
affections of the posterior pole are of a hereditary nature.

Best described eight cases in two generations, with a foveal dystrophy which he
assumed but did not demonstrate to be of a congeniral type. He regarded this
dystrophy as a stationary affecton. Today it is generally accepted that Best’s disease
is identical to vitelliform dystrophy of the fovea. It has also become clear that this
abnormality is certainly not always demonstrable at birth.

Stargardt described a total of 13 cases of progtressive posterior pole dystrophy,
which became manifest without associated disturbances at the age of 8-12 years. He
sharply differentiated this affection from juvenile maculocerebral dystrophies as
described by F. E. Batten (1903), Mayou (1904), Spielmeyer (1905), Vogt (z905),
Stock (1908) and Oatman (r911). Stargardt’s patients certainly all showed the same
entity, which today is known as Stargardt’s disease.

The mode of transmission was recessive in all these cases. It should be em-
phasized at this point that the cases described by Stargardt also included patients
who showed not only degeneration of the central retina but also unmistakable
peripheral retinal changes (family S, 1913).

Leber (1916) corroborated the findings of Doyne, Best and Stargardt by stating
clearly that nearly all familial posterior pole affections are of a hereditary nature. He
distinguished two major groups of hereditary retinal dystrophies:
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1. central tapetoretinal degeneration;

2. peripheral tapetoretinal degeneration.

Stargardt (1917), however, was the first to suggest an adequate and clear classification
of the dystrophies of the central retina. He distinguished unequivocally different
entities among the central tapetoretinal degenerations, and he advanced a classifi-
cation which was very valuzble at the time and has retained this value, grossly
speaking, to this very day:

. presenile familial macular degeneration (Hutchinson-Tay);

2. honeycomb dystrophy of the macula (Doyne);

3. congenital macular degeneration (Best);

4- progressive familial macular degeneration:

a. with dementia.

b. without dementia.

It is group 4b that ultimately received the name Stargardt’s disease, although
Stargardt was by no means the first to describe this entity.

The only objection that could be raised to this classification today is the fact that
the cases of Hutchinson and Tay (1875) and those of Doyne (1899) are not clearly
distinguishable. This is why they are now classified under the heading of dominant
drusen of Bruch’s membrane or hyaline dystrophies (Duke-Elder 1967). Moreover,
the group named after Best is more widely known today as vitelliform foveal
dystrophy; this condition is by no means always congenital.

Beht’s investigation (1920), although very exhaustive, was a step back in 2 sense
because he followed Leber in advocating a monistic view of the central retinal
dystrophies. As a disciple of Jendrassik (1911) he maintained: “Die bestehenden
Unterschiede und Abweichungen der einzelnen Typen der Krankheiten des maku-
laren Bezirkes sind im Grunde nur Spiclarten eines und des gleichen erblichen
Krankheitsprozesses”. He regarded the many different clinical manifestations as
variations of the same entity.

He suggested a classification on the basis of the age of manifestation of the
dystrophies:
congenital form,
infantile form,
juvenile form,
adolescent form,
adult form,
presenile form,

7. senile form.

The condition was believed to become manifest during periods of life characterized
by more pronounced physiological stress. According to Behr, these periods are:
birth, secondary dentition (6-8 years), puberty (12-14 years), the end of skeletal
growth and sexual maturity (2o years), full maturity, the climacteric and incipient
involution {50 years) and senescence as the herald of approaching physiological
death (Behr 1920).

—
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Although it is useful in a way, Behr’s classification is too artificial and forced.
There is one major objection: the fact that certzin entities can manifest themselves at
different ages. Stargardt’s disease, for example, usually begins between age 8 and
age 14, but it is not uncommon to find an age of onset of 30-40 or even later.

The vitelliform foveal dystrophy bas been diagnosed in a one-week-old infant
(Barkman 1961), while we ourselves observed a true bilateral vitelliform foveal
dystrophy in a man aged 44, who had normal foveae only a yeaxr before. Also, we
saw dominant drusen of Bruch’s membrane in two boys aged 12 and 14, although
this condition is generally believed not to become manifest uadl age 30-40. There
had been no previous report on this dystrophy prior to age 20.

Sorsby (1940) disagreed with Behr’s classification and suggested in his study
“The dystrophies of the macula” that there is an unbroken, continuous line of ages
at which the dystrophies first manifest themselves. Behr (rg92c) described families
which on the basis of his data can now be classified without hesitation as Stargardt’s
disease (families G and H) and vitelliform foveal dystrophy (family M). The former
families showed a recessive mode of transmission, markedly progressive diminution
of vision and the grey atrophic foci in the posterior pole which Stargardt described.
The latter family, however, showed dominant transmission and a much less marked
diminution of vision, while the fundi showed round yellowish structures at the site
of the fovea. Inadvertently, Behr thus supplied strong arguments against his own
monistic view.

The adult form of hereditary postetior pole dystrophy is often given Behr’s name.
We believe that this designation is meaningless because several different hereditary
foveal dystrophies can occur at an adult age. — Moreover, Behr regarded the dis-
ordets of colour vision and the pallor of the temporal part of the disc that can occur
in hereditary foveal dystrophies, as separate entities not resulting from foveal degener-
ation: “Die Optikusbeteiligung gehdrt nicht in das Gebiet der makularen Heredode-
generation, sie ist lediglich eine Komplikation, wie die Stérungen des Farbensinnes,
und demonstriert wiederam die Neigung der erblichen Erkrankungen zu Varia-
tionen und Kormbinationen mit anderen hereditiren Verinderungen”.

This view has become quite obsolete now that a study of the literature and per-
sonal observations have shown that foveal dystrophy as such gives rise to these
disturbances.

Clausen (1921) described a father and three of his children with “finely mottled
macular tapetoretinal degeneration”. Since in the past they had had good colour
vision but now showed unmistakable dyschromatopsia, Clausen concluded that the
disorders of colour vision were the result of foveal changes. Rieger (1925) de-
scribed two brothers from consanguineous parents, who developed disturbances of
colour vision paralle] to a foveal dystrophy. Again evidence that the dyschromatopoia
results from the posterior pole dystrophy. This certainly applies also to the slight
pallor of the temporal part of the disc that occurs in Stargardt’s foveal dystrophy.

Since Behr, many authors have concerned themselves with the difficulr problem
of the scientific classification of various dystrophies of the posterior pole. The
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criteria most commonly used were: age of onset, ophthalmoscopic features, mode of
transmission, and fetinal layers primarily and/or mainly affected by the dystrophic
process. )

Only a few of these classifications will be discussed. Their authors, including some
recognized authorities, generally follow Beht’s monistic view. Also, his classifl-
cation on the basis of the age of manifestation of the dystrophy is the one most
frequently used.

Bietti (1937) agreed with Behr that no sharp distinction can be made between the
many different hereditary abnormalities of the posterior pole.

Sorsby (1940) stated: “The numerous types of central macular dystrophy de-
scribed by different observers constitute a single clinical entity with more than one
mode of inheritance”. He believed that only central areolar choroidal atrophy and
angioid streaks could be distinguished from the “central retinal dystzophy entity”,
under which latter heading he arranged the cases described by Doyne, Best and
Stargardt. The nosological entity of central retinal dystrophy, he maintained, shows
“a great range of ophthalmoscopic appearances, extending from fine mottling of the
maculae to exudative reaction, inverse retinitis pigmentosa, intense ceatral pigmen-
tary changes, hole formation, extensive perimacular involvement and the patterned
reaction of “Doyne’s choroidits”.” He rightly distinguished the lipidoses and
congenital macular colobomas from central retinal dystrophy. IHe rejected the
classification based on the age of manifestation: “The age of incidence extends, just
as the ophthalmoscopic appearances do, over a continuous unbroken range”. With
this we agree; but we do not agree that the ophthalmoscopic features of the fovea
constitute an unbroken line, and in this respect we differ from Sorsby’s opinion in 194c.

In 1950, Francois supported the views of Behr and Sorsby: “All macular dy-
strophies fundamentally represent the same heredodegenerative lesion”.

Elwyn (1955) was of the same opinion: “There is only one heredodegeneration of
the macula, and only the time of life when the degeneration begins differentiates the
manifestations of the disease”.

In his book “Heredity in Ophthalmology”, Frangois (1961) preseated the following
classification of hereditary processes of the posterior pole of the eye:

I. Hereditary degeneration of the macula (central tapetoretinal degeneration)
a. Congenital or infantile form (Best)
b. Stargardt’s juvenile form
c. Behr’s adult form
d. Behr’s presenile form
¢. Senile form (Wazardenburg)

II. Sotsby’s inflammatory hereditary degeneration of the macula.

III. Rare variants of macular degeneration
a. Hyaline degeneration of the maculopapillary region
b. Doyne’s honeycomb degeneration
¢. Malattia leventinese
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Frangois nevertheless maintained: “An examination of all published material on
hereditary degenerative disorders of the macula leaves the impression, in spite of the
obvious polymorphism of the lesions, that we have been mistaken in trying to
establish different terms and characteristics, because, alongside the so-called typical
forms, there are at least as many intermediary forms. Ia effect, all forms of macular
dystrophy represeat the same fundamental hereditary degenerative lesion, the same
central tapetoretinal degeneration which in different families and different age groups
gives a different ophthalmoscopic appearance”.

Waardenburg (1963) formulated several classifications, thereby clearly indicating
just how difficult it is to find an adequate and satisfactory classification. His classi-
fications were the following:

1. Based on ophthalmoscopic features:

1. Dystrophia tapeto-retinalis centralis posterior (Hutchinson and Tay 1875)

2. Dystrophia tapeto-retinalis centralis {Doyne 1899)

3. Dystrophia tapeto-retinalis centralis with patticular exudative phenomena
(Sorsby 194c)

4. Dystrophia tapeto-tetinalis centralis with pronounced central pigment
proliferation (Sorsby 194c)

5. Dystrophia tapeto-retinalis centralis cystoidea (or retinitis centralis serosa)

6. Dystrophia tapeto-retinalis centralis stellata polycystoidea (Brown 1928)

7. Dystrophia tapeto-retinalis polaris pigmentosa inversa (Von Rétth 1930)

I1. Based on the age of manifestation:

. Congenital or probably congenital type.

. Infantile type (o-8 years)

Juvenile type (Stargardr) (8-25 years)

Adult type (25-30 years)

Middle age and presenile type (35-55 years)
Senile type (55-70 yeats)

Gy o e M

III. Based on the extent of retinal involvement:
1. Fovea only
2. Fovea and perifoveal area
3. Fovea with peripheral tapetoretinal dystrophy

IV. Based on the mode of transmission:
1. Autosomal recessive
2. Autosomal dominant
3. Sex-linked

Waardenburg emphasized that he had made only an “attempt at classification”. The
field was still too imperfectly explored to give a well-reasoned and practicable classifi-
cation. The great value in Waardenburg’s effort lies in the fact that, like Stargardt,
he indicated that there are many different dystrophies of the posterior pole. In the
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light of data now available, the classification based on ophthalmoscopic features now
requires modification on a few points. The affections described by Hutchinson and
Tay (1875) and by Doyne (1899, 1910) are very likely manifestations of the same
entity: hyaline dystrophies (Duke-Elder 1967) or dominant drusen of Bruch’s mem-
brane (see page 567). In our opinion, moreover, dystrophia tapeto-retinalis centralis
with particular exudative phenomena and dystrophia tapeto-retinalis centralis
cystoidea should both come under the heading of vitelliform foveal dystrophy (see
page 198). The retinits centralis serosa (which Gass (1967) called central serous
choroidopathy) is not a hereditary condition so far as we know, although Jonkers
(1960} described its occurrence in monozygotic twins.

It is uncertain whether the dystrophia tapeto-retinalis stellata polycystoidea
(Brown 1928) is a separate entity. The description of the foveal features is reminiscent
of the fovea in sexlinked juvenile retinoschisis. The drawing shows a rosette
pattern encompassing small, round “reddish deposits not unlike the color and
setting of the seeds of a raspberry”. The fact that a girl also had this abnormality
virtually rules out a diagnosis of sex-linked juvenile retinoschisis. But we have been
unable to find a distinct similarity to any other foveal dystrophy. A somewhat non-
specific form of Stargardt’s disease is a possibility, but for the time being we regard
Brown’s case as unclassified.

Franceschetti, Francois and Babel (1963) are still following Behr’s conception:
“’Hypothese la plus probable est celle d’une seule et unique affection hérédo-
dégénérative 4 manifestation variable”; and: “Malgré le polymorphisme des lésions,
on a l'impression d'une méme affection hérédo-dégénérative, localisée an pole
postérieur”. In spite of this hypothesis, they nevertheless accepted the following
classification of foveal dystrophies:

. Infantile and juvenile form (Stargardt’s disease).

. Eaily forms (Best’s disease).

. Vitelliform macular degeneration.

. Special forms, manifested in particular through changes in Bruch’s membrane

(Hutchinson-Tay, FHolthouse-Batten, Doyne, malattia leventinese).

Velzeboer (1963), Braley (1966} and Blodi (1966) presented classifications based on

the retinal structures primarily and mainly affected. Blodi’s classification of central

tapetoretinal dystrophies is clear and perspicuous, but not quite complete.

1. The choroid: central areclar choroidal sclerosis.

2. Bruch’s membrane: Doyne’s honeycomb choroiditis, Tay’s guttate choroiditis,
malattia leventinese.

5. The pigment epithelium: vitelliform macular degeneration (Best).

4. The retina: Stargardt’s disease.

In 1966, Falls presented an extensive classification of the various hereditary posterior

pole dystrophies, again on the basis of the age of manifestation; but unlike many

eatlier authors he clearly distingunished several different entities that can be readily

differentiated on clinical grounds. Yet he did not totally reject Behr’s concept of

“heredodegeneration of the macula™.

O
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Finally, Duke-Elder (1967) presented the following classification of central tape-
toretinal dystrophies:
1. Heredomacular dystrophies.
a. infantile (Best)
b. juvenile (Stargardt)
c. adult (Behs)
d. presenile and senile
2. Reticular pigmentary dystrophy of Sjégren.
3. Polymorphic macular dystrophy of Braley.
4. The hyaline dystrophies (Hutchinson, Tay, Doyne, malattia leventinese, and
others).
It is remarkable that Duke-Elder still accepts Behr’s monistic view: “The many
different clinical pictures described probably represent phenotypical manifestations
of a fundamentally single dystrophic process and not a number of autonomous
lesions™.

The “polymorphic macular dystrophy of Braley” which Duke-Elder (1967)
mentions, is identical in our opinion to vitelliform foveal dystrophy, and certainly
merits 0o separate place {see page 208). The fact that, in the same chapter, Stargardt’s
disease is discussed with reference to fundus pictures from a family with vitelliform
dystrophy, is probably due to a typographic error.

7- CLASSIFICATION

After this historical review with the introductory remarks on some of the more
prominent classifications, we come to the task of presenting our own classification.
Our findings have shown that the still persistent mowistic theory advanced by Bebr (1920)
mnst be refuted. The many data we bave callected from the literature and in personal ob-
Servations clearly indicate the existence of several foveal dystrophies determined by different
genes. Any classification now formulated is bound to show imperfections, certainly
as long as the basic biochemical processes underlying the dystrophies are stll
obscure.

In the final analysis, however, classification on the basis of various deficient or
absent enzymes will be the most meaningful from a scientific point of view. A first
step in this direction has been taken in the realm of the so-called “maculocerebral”
dystrophies (lipidoses). O’Brien (1969) demonstrated that the enzyme hexosa-
minidase A is totally absent in Tay-Sachs disease. This results in storage of a
specific ganglioside in many parts of the organism.

Working on these lines, O’Brien and his co-workers learned to differentiate five
clinically different gangliosidoses on the basis of their enzymatic defects. There are
more retinal dystrophies in which biochemical changes have been found thar are
probably based on enzymatic disturbances. For example, the Bassen-Kornzweig
syndrome (figure 11) shows a reduced B-lipoprotein concentration and low cho-
lesterol concentrations in the serum, while in the Refsum syndrome an abnormal

33



fatty acid (tetramethylhexadecanoic acid) occurs throughout the organism (Cogan
1965).

Future biochemical research is bound to yield results of importance, but 2 bio-
chemical basis of classification is not likely to present itself soon. It will be more
difficult to detect enzymatic defects in clinically only ophthalmological conditions
than in more generalized affections such as Tay-Sachs disease.

At this time, the possible types of classification include:

I. That based on the mode of transmission of the dystrophy.

II. That based on the extent of the dystrophic process.
That based on the age of manifestation of the dystrophy.
That based on the ophthalmoscopic features of the central retina.
That based on the results of various retinal function tests.
That based on the primary localization in the retinal layers and/or the retinal
layers mainly involved.

S<2E

re 1. The dystrophies of the posterior pole can be classified on the basis of the mode
of transmission. The latter is important in clinical and differential diagnostic terms,
but not entirely decisive for classification. The fact is that most dystrophies are
autosomal recessive or autosomal dominant. Sex-linked recessive transmission
prevails only in juvenile retinoschisis, which can in any case hardly be described as
an affection of the central retina alone. In Halbertsma’s family (1927, 1928) in which
colour blindness occurred, an X-chromosomal foveal dystrophy was also reported
to occur. The description of these cases is very incomplete, and the various postetior
poles showed widely disparate changes; moreover, vision was 1o/10 in three of the
four individuals affected.

We are by no means convinced that the family described by Halbertsma can be
accepted as representative for X-chromosomal foveal dystrophy. Falls (1952)
described what may have been sex-linked vitelliform foveal dystrophy; however,
the mode of transmission in his family was probably irregular dominant.

Waardenburg (1963) described an X-chromosomal foveal hypoplasia which later
became a foveal dystrophy in three individuals.

The classification on the basis of the mode of transmission can be as follows:
Autosomal dominant — dominant progressive foveal dystrophy

- progressive cone dystrophy
— vitelliform dystrophy
— butterfly-shaped pigment dystrophy
drusen of Bruch’s membrane
Sotsby’s “pseudo-inflammatory dystrophy™
central areclar choroidal dystrophy
Stargardt’s disease
— central retinopathia pigmentosa
~ fundus flavimaculatus
~ reticular dystrophy of the pigment layer of the retina (Sjégren)

resessive

!
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— grouped pigmentations of the central retina
~ central areolar choroidal dystrophy
Sexc-finked

X-chromosomal ~ —~ juvenile retinoschisis

re 1. It is not really possible to formulate a strict classification on the basis of the
extent of the dystrophic process. Too many transitional forms between purely
central and centroperipheral are encountered. Some dystrophies show an initial
central localization but gradually extend beyond it; consequently they would have
to be classified differently dependent on their stage of development. Also, a con-
dition such as vitelliform dystrophy would come under several headings if it in-
volved multiple perifoveal lesions (as in rare cases it does). On other grounds, too,
this classification must be refuted, for it has been established that many processes
ophthalmoscopically confined to the fovea, involve a much larger part of the retina
in functional terms. Vitelliform dystrophy, for example, usually shows a lesion
confined to the foveal region, but the highly pathological L/D-ratio of the EOG
suggests a diffuse retinal disturbance. In many cases, sex-linked juvenile retino-
schisis is ophthalmoscopically confined to the fovea, but the subnormal ERG indi-
cates a diffuse retinal disturbance. Stargardt’s disease often shows ophthalmoscopicas
well as electrophysiological evidence of a very gradual transition from purely central
tapetoretinal dystrophy to diffuse centroperipheral dystrophy. In the ophthalmo-
scopically purely central form, the EOG is sometimes already subnormal.
Additional examples could be given, but the above may be sufficient to show that
a classification based on the extent of the dystrophic process can give no satisfaction.

re [71. As pointed out earlier, classification based on the age of manifestation is
hardly meaningful, as the following examples may illustrate. Stargardt’s disease
usually manifests itself at age 8-14, but it has been observed in younger subjects,
and in some cases the onset has been much later in life. Vitelliform foveal dystrophy
has been observed in a one-week-old infant (Barkman 1961), but we ourselves saw
originate vitelliform changes in a man aged 44. Although most authors maintain
that dominant drusen of Bruch’s membrane occur at age 30-40, we observed them in
a boy of 1z and another boy of 14. Also, it has been found that in many families
various individuals develop the manifestations of foveal dystrophy in that family
at widely different ages. This is a striking feature especially in the dominant forms.

Since a strict classification on the basis of the age of manifestation is practically

impossible due to the wide range of the ages of onset, we prefer not to use this
classification.

re IT7. We believe that a meaningful classification could be based on ophthalmo-
scopic features. Unlike many authors (Blodi 1966; and others), we consider it
possible to identify and differentiate the various entities ophthalmoscopically. Al-
though we realize that in the various dystrophies of the posterior pole there is a
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continuous evolution of the ophthalmoscopic picture, this does not usually prohibit
identification of the specific entity. However, this evolution is indeed an obstacle
to any atterpt at classification on the basis of the foveal appearance. This obstacle
might be overcome by selecting a characteristic fundus picture for each dystrophy,
but this would make the classification rather artificial. It is relevant in this context
to mention the great importance of a follow-up covering several years, which makes
it possible to study the total dynamics of the evolution of the clinical picture. This
has been Hlustrated by such studies as that of Rosehr (1954). In one of Stargardt’s
patients, the initial purely central dystrophy was found so years later to have become
an extensive diffuse centroperipheral tapetoretinal dystrophy.

Besides such follow-up studies, an investigation of patients of all age groups is
also an effective method to gain an impression of the evolution of the various dys-
trophies. Evidently our understanding of this subject will increase with an in-
creasing number of patients observed.

re 17, It might be possible to make a classification based on the results of the various
retinal function tests used in the various dystrophies. Such a classification, however,
would be too complicated to be very useful.

We intend to present a diagram in which the results of various tests in the various
dystrophies ate arranged for convenient reading (see page 428).

re V1. From a clinical point of view, a classification based on the retinal layers
primary and mainly involved would seem to be the most practical and meaningful
solution (Deutman 1970). Such a classification makes it possible to understand and
predict in rough outline the clinical course of the various dystrophies. For example,
a dystrophy primarily confined to the pigment epithelium (e.g. fundus flavimaculatus)
is not likely to produce soon changes in the neuroepithelium or the choriocapillaris.
Likewise, drusen of Bruch’s membrane can be expected to have an unfavourable
effect on the retinal neuroepithelium only in later stages.

A problem in formulating this type of classification is the fact that little is known
of the histology of the posterior pole dystrophies. Exceedingly scanty histological
data are available on young patients, in whom senile retinal and choroidal changes
are of course not yet present. Histological specimens from older patients often show
senile and autolytic postmortem changes, which impair assessment.

With the more sophisticated techniques of retinal electrophysiology and fluorescein
angiography, however, localization of retinal changes has become less difficult. It
is therefore that we have used these modern facilities in order to ensure a firm
foundation for the classification we prefer: that on the basis of the localization of the
changes in the various retinal layers.

The various components of the ERG and EOG have become more important in
localization as our understanding of these techniques has improved (Goutas 1968).
Moreover, fluorescein angiography affords excellent possibilities for the differentia-
tion of changes of the pigment epithelium, Bruch’s membrane, the choriocapillaris
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Fig. 18.
Nerve fibre layer - sex-linked juvenile retinoschisis
Neuroepithelium - Seargardt’s discasce

- dominant progressive foveal dystrophy
- progressive cone dystrophy
- central retinopathia pigmentosa
Pigment epithelium. =~ - vitelliform dystrophy of the fovea
- fundus flavimaculatus
- reticular dystrophy of the retinal pigment epithelium
- butterfly-shaped pigment dystrophy of the fovea
- grouped pigmentation of the foveal area

Bruch’s membrane - dominant drusen of Bruch’s membrane (hyaline dystrophics)
- pseudo-inflammatory foveal dystrophy (Sorsby)
Choroid - central ateolar choroidal dystrophy

and the choroid in relatively early stages. In addition, information on the probable
localization-in-depth of retinal lesions can be obtained with the 2id of photographs
made with monochromatic light (Kxill et al. 1966) and photographs made on ortho-
chromatic and panchromatic film (Craandijk and Aan de Kerk 1969).

Combination of these data with the other clinical findings facilitates classification
in this manner. It should be bome in mind, however, that with increasing age the
degenerative changes secondarily manifest themselves in the more superficial as well
as in the deeper layers of the posterior pole. For example, the terminal stage of a
condition of evidently tapetoretinal onset, such as Stargardt’s disease, often shows
extensive atrophy of the choriocapillaris and the choroid. In such a case, differential
diagnosis from central areolar choroidal dystrophy is impossible unless the history
of the case is known.

Our purpose in designing our own classification was not only to facilitate identifi-
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cation and differentiation: of the many clinical entities, but also to provide a frame in
which newly discovered entities could be readily accommodated (figure 18). For we
are convinced that several as yet unknown dystrophies will be discovered in future
or will arise from new mutations.

Of course we are not sure that the primary enzymatic disturbances are indeed
localized in the layers indicated in our diagram of structures primarily and mainly
involved. It looks as if many of the enzymatic disturbances which give rise to dys-
trophies, will have to be localized in the pigment epithelium, the “heart and soul of
the retina” (Krill 1969). Ophthalmoscopic, electrophysiclogical and fluorescein-
angiographic findings seem to warrant this conclusion. It is highly probable that,
apart from the dystrophies shown under the heading pigment epithelium in our
classification, the dominant drusen of Bruch’s membrane and the choroideremia ox
tapetochoroidal dystrophy (Goedbloed 1942; Pameyer et al. 1960; Kurstjens 1965),
and possibly also central areolar choroidal dystrophy are likewise primarily dys-
trophies of the pigment epithelium in which the deeper retinal layers are quickly
affected.

Stargardt’s disease might be a primary dystrophy of the pigment epithelium in
which the more superficial localized photoreceptors are involved after a short time.
This is suggested by the pigment displacements and the perifoveal deep-seated white
spots. The fact that the EOG becomes subnormal before the ERG does when the
peripheral retina is affected, also points in this direction.

In initial stages of retinopathia pigmentosa, too, the EOG is often seen to become
subnormal before the ERG does (Arden 1962; Arden and Fojas 196z; Arden and
Kolb 1964; Imaizumi et al. 1965). However, Gouras and Carr (1964) found dark
adaptation changes and scotopic ERG changes as the first pronounced abnormalities
in the early stages of retinopathia pigmentosa. On this basis they localized the
primary defect somewhere in the receptor system, affecting the rods more than the
cones.

There may well be several forms of retinopathia pigmentosa, with different sites
of primary involvement. The results obtained by De Haas (1970) also point in this
direction. Arden and Kolb (1964) suggested that there are two ophthalmoscopi-
cally indistinguishable forms of this condition, one of which starts in the pigment
epithelium while the other begins in the rods.

Discrepancies between results can also be caused by differences in techniques used
and by differences in material studied.

Moreover, there are probably some dystrophies in which the phototreceptors are
primarily affected, e.g. dominant progressive central tapetoretinal dystrophy (see
page 172) and progressive cone dystrophy (see page 181). In these cases, there are
no or only inmsignificant ophthalmoscopic changes in the presence of extensive ab-
normalities of the photoreceptors. Likewise sex-linked juvenile retinoschisis (see
page 48) shows from the onset a subnormal ERG in combination with a normal
EOG; and this suggests an intact pigment epithelium. This is confirmed by fluores-
cein angiography and histological examination.
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It can be concluded that the primary defect is localized in the pigment epithelium
in many, but certainly not in all, dystrophies of the central retina. In any case, we
canpot agree with a statement made by Elwyn (195 5) that: “The pigment epithelium
of the retina is not subject to degenerations on a hereditary basis”. Many arguments
can be advanced against this statement. We need only point out that Klien and Krill
(1967} found dystrophy of the pigment epithelium as the sole histological ab-
normality in a case of fundus flavimaculatus. The other dystrophies we have de-
scribed as starting in the pigment epithelium, can hardly have any primasy localization
other than the pigment epithelium. This will be further discussed in the vatdous
pettinent chapters.
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I

Sex-linked juvenile retinoschisis

I. INTRODUCTION

Sex-linked juvenile retinoschisis belongs in the group of vitreoretinal dystrophies
which also includes Wagner’s vitreoretinal dystrophy and Goldmano-Favre
vitreotapetoretinal dystrophy. Although initially it was considered to be a relatively
rare abnormality, it has recently become apparent that it is a faitly common con-
dition. In the course of our study we have been able to confirm this.

According to Franceschetti et al. (1963), only about 100 case reports could be
found in the literature; but a study by Vainic-Mattila et al. (1969) in Finland revealed
over 100 patients in one large family alone.

We ourselves found 48 individuals with this affecton, although we made no
specific effort to collect as many cases as we could.

In many cases the correct diagnosis is probably not made due to the very great
differences in expression of this condition. Not infrequently it is diagnosed as
“heredodegeneration of the macula” (Korchmaros et al. 1965) or Stargardt’s disease
(Peralta and Santori 1967); others (Barut 1955) have diagnosed it as periphlebitis.
Falls (1966) emphasized the deceptive similatity between juvenile retinoschisis and
Eales’ disease. All these different diagnoses are not so surprising because, on the one
hand a foveal retinoschisis s the only abnormality in some 50%, of cases (Jager 19533
Ricci 1960, 1961), while on the other hand vascular sheaths and vitreous opacities
are quite common in the more severe forms.

Haas (1898) was the first to describe cases of X-chromosomal juvenile retino-
schisis. He observed two brothers with this condition, and his publication includes
beautiful drawings of the foveal abnormality which characterizes juvenile retino-
schisis and occurs in virtually all patients. The disease has been described in the
literature under a wide variety of names.

Hazas (1898) described it as “Verinderungen der Retina und Chorioidea”, and
Thomson (193z) reported on a “neuroretinal disease in males”. Anderson (1932)
described a z-year-old boy who suffered from “anterior dialysis of the young”, which
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may have been juvenile retinoschisis. Pagenstecher (x913) described the first family
with juvenile retinoschisis {in which an X-chromosomal pattern of transmission was
demonstrable, as in the families described later) in a paper entitled: “Ueber eine
unter dem Bilde der Netzhautabldsung verlaufende, erbliche Brkrankung der
Retina™.

The term retinoschisis, introduced for this disorder by Jager (1953) is generally
accepted to date in the designation sex-linked juvenile retinoschisis or idiopathic
nereditary retinoschisis (in young men) (Jager, 1953 ; IKeinert 1953 ; Riccl 1960, 19613
Gieser and Falls 1961; Forsius et al. 1962, 1963 ; Sarin et al. 1964; Isbey and Beuerman
1964; Cibis 1965; Boudon and Sole 1965; Sabates 1966; Spencer 1966; Schepens
1966; Brockhurst 1966; Falls 1966; Bengtsson 2nd Linder 1967; Goodman 1968;
Yanoff et al. 1968; Donaldson 1968; Lisch 1968; Stepanik 1969; Guyot-Sionnest
1969; Vainnio-Mattila et al. 1969; Harris 1969; Pischel 1969; Yazawa and Nakajima
1969 ; Ewing and Ives 1969 and Hauschild et al. 1970).

A few authors use the term “congenital cystic retinal detachment™ or “inherited
retinal detachment” (Cibis 1940; Juler 1948; Magnus 1951; Sorsby 1951, 1955, 1967;
Levy 1952).

“Vitreous veils” (Condon and Somerville-Large 1955; Goodman et al. 1965) and
“congenital vascular veils (in the vitreous)” (Mann and McRay 1938; Sheehan 1952;
McRay 1954; Scorciarini-Coppola et al. 1958; Balian and Falls 1960; Keith 1966)
are likewise designations often used for this syndrome, and “cystic disease of the
retina” (Juler 1951; Pischel 1963) is occasionally used also. Trevor Roper (1950}
described a man aged 28 with a “congenital retinal fold in association with pseudo-
papillitis”, who is now generally accepted as having suffered from sex-linked juvenile
retinoschisis.

We prefer the term sex-linked or X-linked juvenile retinoschisis, because this
condition has an X-chromosomal pattern of transmission, occurs very early in life
(probably it is ophthalmoscopically present at birth), and histological studies have
disclosed cleavage of the retina at the level of the nexve fibre layer (Yanoff et 2l. 1968;
Manschot 1969). Since vascular or avascular vitreous veils and cysts are by no
means always seen in these cases, we reject designations which emphasize these
phenomena.

Since true detachment of the retina is rare in this condition (Schepens 1966), we
also reject the term “congenital retinal detachment™ (Sozsby et al. 1951; Sorsby 1953,
1967).

Virtually all cases (98-100%,) involve foveal retinoschisis, the charactetistics of
which have been described clearly and in detail by several authors {Haas 1898;
Lisch 1937; Jager 1953; Kleinert 1953). This foveal retinoschisis is pathognomonic
for the syndrome, and thus constitutes the principal symptom of this relatively
common condition.

I have never observed peripheral retinoschisis without foveal retinoschisis; it is
my impression that it is non-existent, although such authors as Sorsby et al. (1951),
Condon and Sometville Large (1955) and Gieser and Falls (1961) have reported it.
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In most cases, however, vision was greatly diminished, and this could hardly have
any cause other than foveal changes. In elderly patients the characteristic foveal
pattern disappears, and in some cases the foveal changes are not readily observable.
This may explain the fact that some reports describe a normal fovea.

2. GENERAL CLINICAL PICTURE IN THE PATIENTS

‘The syndrome is found virtually only in males. It is probably present since birth,
and very young boys can be encountered as patients. They often do not visit an
ophthalmologist until vision proves to be insufficient at school, and the condition is
therefore frequently seen in age group 4-8.

We saw two boys with this condition as early as age 3, and juvenile retinoschisis
has been observed even earlier in life. Pischel (1963, 1969) saw three brothers aged
z years, I year and threec months, respectively; Harris (1969) saw an infant aged
16 months.

Also, these patients are often first seen when vitreous haemorrhage has occurred
as a result of rupture of a retinal vessel.

The condition takes a slowly progressive course and can therefore be interpreted
as dystrophy on the basis of dysplasia. Complzaints about poor vision can long
remain absent, and some patients will therefore not be recognized as such until
later in life.

Strabismus (8 patients) and nystagmus (4 patients) are frequently secen in this
syndrome; they are best interpreted in the light of the foveal changes and the nearly
always present hypermetropia with astigmatism.

Anterior segment and lens are usually quite normal, although occasional reports
mention posterior cortical cataract and slight opacities of the posterior capsule (Balian
and Falls 1960).

We obsetved an opacity of the posterior capsule in one eye, although generally
the abnotmalities are symmetrical. At times, there are marked interfamilial differ-
ences in clinical features, but on the other hand there are usuzlly close intrafamiliar
similarities of the manifestations.

3. FUNDUS {OPHTHALMQSCOPIC FEATURES)

In this condition in particular, the fundus is best assessed by means of contact lens
and slit-lamp examination, for both the vitreous and the retina can show extensive
changes which can be properly judged only by binocular examination. The syn-
drome of sex-linked juvenile retinoschisis comprises many symptoms, some of which
are often absent. In the severe cases, however, the full multitude of symptoms may
be encountered; but the expression of the gene is often so low, or the process so
little advanced, that only foveal retinoschisis is present. However, this foveal retino-
schisis is the characteristic symptom of sex-linked juvenile retinoschisis, and is

50



Fig, rab, Pathognomonic bilateral symmetrical picture of
fovea] retinoschisis in an 8-year-old boy with X-linked
juvenile resinoschisis, Note the wheel-like configuration
with the radiate spoke-like striation. In this case the discs,
vessels and retinal peripherics are quite normal.
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Fig. 2. Foveal retinoschisis in 2 17-year-old boy. In this
case the cystoid structure is well discernible (Fam. Pie).

present in virtually all cases (Falls (1966) mentioned 989%, of cases; our impression
is that 1009, would be correct).

This symptom is the sole pathological finding in some 509, of cases. Only in
Goldmann-Favre vitreotapetoretinal dystrophy has a similar foveal involvement
been described (Franceschetti et al. 1963), but according to Ricci (1961) the fovea
shows no true cystic degeneration in Goldmann-Favre disease. Dependent on the
expressivity of the pathological gene and the evolution of the syndrome, we find
the following characteristics:

1. Foveal retinoschisis (figures 1 and z). This consists of an optically empty zone,
delimited by two retinal layers of which the more superficial one is very thin. This
layer shows a typical radial plication which, we believe, is not determined by the
course of the nerve fibres in the foveal area (Lisch 1968) but by small plicae in the
internal limiting membrane, resulting from the presence of a cystoid structure in the
foveal centre (figure 3).

These sometimes subtle radial folds {(figures 4 and 5) can be easily overlooked at
ophthalmoscopy but, if seen, are unmistakable. They are always bilateral and nearly
always symmetrical (figures 1, 5 and 6). They are more clearly visible at narrow-
beam than at broad-beam ophthalmoscopy, and more readily identified in red-free
than in ordinary white light. Round microcysts are often seen in the perifoveal area
{figure 6 and 7).

With increasing age, the characteristic radial folds in the foveal area disappear,
and a fovea of non-specific atrophic appearance remains. We observed this in 6



patients over 40 years of age. The remaining patients showed the characteristic
radial plication, except in two eyes in which general retinoschisis had involved the
foveal area.

2. Silver-grey, glistening, spotty areas scattered over the retina (figure 8 and 13).
We found this likewise characteristic feature in all our cases, and we agree with
Bengtsson and Linder (1967) that these ateas are somewhat reminiscent of Berlin
oedema. They probably represent the first visible pathological changes of the
retinal periphery.

5. Greyish-white arborescent and dendritiferm structures are fairly often observed
on the anterior aspect of the retina (figure g), usually in the lower temporal quadrant.
They are assumed to be of vascular origin (Ewing and Ives 1969).

4. Perivascular silver-grey cufls are also often visible in the fundus. They closely
resemble vascular sheaths and not infrequently lead to a diagnosis of periphlebitis
(figutes 9 and 15).

5. True refinoschisis in the refinal periphery (figure 10 and 1z) is usually found in
the lower temporal quadrant; it is sometimes not observed well until an exhaustive
examination is made of the extreme periphery. We found this in about 50%, of

Fig. 3. The fovez in X-linked juvenile retinoschisis as seen in binocular slitlamp examination.
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patients, and always bilaterally. The lower temporal quadrant may be predisposed
to the more extensive changes because the optic cup closes in the lower temporal

quadrant in the development of the eye. The superficial retinoschisis layer is very
thin and may show round or oval-shaped defects.

Fig. 4a-b. Delicate radiate folds in the right fovea of a
g-yeat-old boy with hardly discernible microcysts peri-
foveally.
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6. Veils in the vitreous, with or without retinal vessels enclosed (figures 12, 13, 14) were
found in less than 509, of our patients. The vessels in the veils were usually veins.
However, like Balian and Falls (1960) we also observed some arterioles. The

Fig, sa-b. Tiny radiate folds and small microcysts peri-

foveally in another boy with X-linked juvenile retino-

schisis. It is obvious that these changes may be missed in
a superficial examination.
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vessels enter the vitreous from the retinal vessels, while other branches of the retinal
vessels continue in the retina.

The veils may be attached to the disc (Forsius et al. 1963), as we observed in
several cases (figure 15). In some cases the vitreous veils are localized in front of

Fig. 6a-f. Clearly visible microcysts in foveal retinoschisis
in an 18-year-old male.
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Fig. 7. Foveal tetinoschisis surrounded by a silver greyish
reting in a 32-year-old male. The glistening retina is some-
what reminiscent of Berlin oedema.

Fig. & Silvery gloss of the retina In X-linked juvenile
retinoschisis, There is a small preretinal avascular wveil,
Some of the vessels have a cotkscrew appearance.
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Fig. 9. Characteristic white lattice-like dendritic markings
in the midperiphery of a 17-year-old boy (for foveal area
see fig. z) (Fam. Pie). Note the drumstick appearance of
some of the retinal vessels and the vascular sheathing due to
perivascular and intraretinal opalescence, suggesting gliosis.

Fig. ro. Retinoschisls in the inferior temporal quadrant of

a zo-year-old male, showing corkscrew arterioles, lattice-

like arborescent markings and vascular sheathing, There is
a denuded retinal area at the bottom left.
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Fig. rr. Translucent veil-like membranes and 2 denuded
retinal area, having an atrophic appearance.

Fig. 2. Vascular veils and many other characteristics of X-linked
juvenile retinoschisis in a zo-year-old male (Fam.Wil).
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Fig. 13 Translucent preretinal veils in the surrounding of
foveal retinoschisis with perifoveal microcysts.

Fig. ry. Avascular veil in X-linked juvenile retinoschisis,

6o



Fig. r5. Retinoschisis endangering the foveal area. There is marked
vascular sheathing and the margins of the disc are blurred {Fam. Hel).

the posterior pole and concezal the characteristic foveal changes. As a rule, however,
they are to be found in the periphery.

7. A psendopapillitis picture, probably caused by glial tissue which spreads beyond
the edges of the disc, has been observed in some cases (Trevor Roper 1950; Magnus
1951; Levy 1952). We observed this in, among other cases, patient VI-5, fam. Ra
(figure 16). In advanced cases the disc is nearly always pale, especially on the
temporal side, while the retinal vessels usually retain their normal calibre.

8. Pigmentations and greyish-white spots suggestive of a healed chorioretinitis can be
observed throughout the retina (Levy 1952; Sabates 1966). In advanced cases,
extensive (chorio)retinal atrophy becomes manifest in the areas of retinoschisis,
where the retina has been stripped of part of the nerve fibre layer (figure 11). In
three of our patients a pigment line traversed the foveal area obliquely. This line
probably demarcates the boundary between the normal retina and the retinoschisis.
In these eyes visual acuity was very low (light perception and 1/60) and there was
strabismus or nystagmus.

9. Aunterior vitreons detachment (Kleinert 1953; Balian and Falls 1960; Sarin et al.
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1964; Sabates 1966; Lisch 1968; Boudon and Sole 1965; Guyot-Sionnest 1969} and
syneresis of the vifreows can be found also. But this is not seen in cases in which
only foveal retinoschisis is present; in my experience, it occurs only in cases in which
pronounced retinoschisis exists.

The vitreous can also show vacuoles and punctiform opacities. We observed an
apparently quite normal vitreous in 14 cases, while Beagtsson and Linder (1967) and
Ricci (1960, 1961) described a normal vitreous in all their cases.

10. A common complication is haemorrbage in the vitreons due to rupture of retinal
vessels in areas with retinoschisis. The reduced vision resulting from vitreous
haemorrhage is often what prompts the patient to consult an ophthalmologist.

11. True refinal detachment is rarely found (Schepens 1966). Like Bengtsson and
Linder (1967), we saw it in none of our patients. Riccl (1960, 1961) described retinal
detachment in no fewer than 4 of his 12 personal observations. In dubious cases the
presence of pigment in the vitreous can be an important aid in differential diagnosis
between retinoschisis and true detachment of the retina (Eisner 1967). Furthermore
differentiation may be made using the “white with pressure test”. In retinoschisis
scleral indentation results in blanching deep to the retinal vessels, whereas this
phenomenon occurs at the vessel level in retinal detachment.

Fig. r6. Pseudo-papillitis picture in a 14-year-old boy with
X-linked juvenile retinoschisis.
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4- REFRACTION

Refraction of the eyes in patients with juvenile retinoschisis is usually emmetropic
or hypermetropic, and astigmatism is common in these cases. Four of our patients
were emmetropes, and myopia was found in only one of our cases (Fam. vdBz).
Mpyopia is sporadically described; it was reported by Guyot-Sionnest (1969) and
Harris (1969).

§. VISUAL ACUITY

Vision can be virtually normal, even in the presence of foveal retinoschisis; no
prediction as to vision can therefore be made on the basis of the fundal features.
We saw young patients with a vision of 5/60, but also one with 8/10, without any
ophthalmoscopically demonstrable difference.

Visual acuity generally ranges between light perception and 9/10, and a vision of
2[10-4/10 is often found. Vision gradually diminishes with increasing age, and in
nearly 2ll cases is likely to end at something like 1/10. Complete blindness is an
exception. We saw an 85-year-old man with this affection (III-z, fam. Kru), who

could still move about his home with comparative ease. His vision was OD 2/6o,
OS 3/60.

. T . . . X Cnderzocker
L - . DERI P . e .. N

Fig. r7. Characteristic visuzl field defects in X-linked juvenile retinoschisis, Relative central scotoma and
restriction in the superior nasal quadrant.
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Frg. 18, Delayed dark adaptation In X-linked juvenile reriposchisis. Both the photopic and the
scotopic components are disturbed.

6. VISUAL FIELDS

The visual fields in patients with juvenile retinoschisis neatly always show a relative
central scotoma, and in severe cases there may even be absolute scotoma. Reduction
of the peripheral visual field is frequently encountered. Since the retinoschisis usually
involves the lower temporal quadrant, the visual field reduction is often observed in
the upper nasal quadrant (figure 17); however, visual field reductions can be found in
the other quadrants as well.

We found limitation of the visual field in 2z of 58 eyes examined under this heading.
It largely corresponded to the ophthalmoscopically observed areas of retinoschisis.
Furthermore there is often a concentric constriction of the isopters.

7. COLOUR VISION

Several authors reported intact colour vision in sex-linked juvenile retinoschisis
(Lisch 1937, 1968; Levy 1952; Riccl 1961); but Forsius et al. (1965) and Gieser and
Falls (1961) observed red-green dyschromatopsia in one of their cases, and Falls
(1966) and Vainio-Mattila et al. (1969) likewise reported dyschromatopsias.

In 7 of our 12 patients examined for colour vision, we saw red-green dyschromat-
opsia with slightly reduced red sensitivity (more pronounced with diminishing visual
acuity).

8. DARK ADAPTATION

Dark adaptation in juvenile retinoschisis has been desctibed as normal by some
authors (Ricci 1960; Bengtsson and Linder 1967; Ponte 1967), but slightly disturbed
dark adaptation curves have been reported by Lisch (1937), Gleser and Falls (1961),
Forsius et al. (1963) and Vainio-Mattila et al. (1969).
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We obtained a norrozal dark adaptation curve in only § of the 14 subjects examined;
in g, the curve was evidently delayed for cones and rods and took a course which
was o.5-1 log unit above the normal (figure 18).

9. ELECTRORETINOGRAPHY

Such ERG records as were obtained were invariably disturbed (Riccl 196¢; Forsius
et al. 1963; Ponte 1967; Bengtsson and Linder 1967; Harris 1969; Vainio-Mattila
et al. 1969); a subnormal b-wave was always seen.

In 26 patients we recorded 2 subnormal b-wave, which was more disturbed
scotopically than photopically. In no case was a normal ERG recorded. The
photopic a-waves wete at the lower limit of normal (fig. 19); this indicates that the
photoreceptors themselves were not primarily affected. In patients over 40 and also
in more severe cases eatlier in life, no scotopic ERG could be obtained. In this
affection, therefore, the retinal dysfunction showed unmistakable progression.

S50pV

50 m sec

Fig. r9. BERG in a 6e-year-old patient with X-linked

juvenile retinoschisis. The scotopic b-waves are absent

(not shown here). The photopic a-waves arc normal and
the photopic b-waves are definitely subnormal.

Disorders in the blood supply may be the cause of the BERG changes in the super-
ficial retinal layers. The cleavage in the nerve fibre layer can severely obstruct the
blood flow. In cases in which ophthalmoscopy shows only foveal involvement,
while the visual fields are still intact, a subnormal ERG is already obtained. This
can be assumed to mean that a circulatory disturbance already exists; but it is also
conceivable that, independent of the schisis, there is dysfunction of the bipolar cells
(where the ERG b-waves are produced). Another possibility is retrograde distur-
bance of the bipolar cells by the retinoschisis. In thar case, however, a subnormal
ERG could be expected also in Tay-Sachs disease, in which the ganglion cells are
severely affected; but in this disease the ERG is entirely normal.

Local ERG and VER

The local ERG of the fovea was subnormal and, in patients with better vision
(> o.5} in whom it produced a response, it showed a typical broad wave (page 435).
The VER largely parallelled the foveal ERG findings.
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Oscillatory potentials

In the few cases in which they were elicited, the OP’s were decidedly subnormal.

Io. ELECTRO-OQCULOGRAPHY

So far, no EOG data have been published on patients with juvenile retinoschisis.
We studied the EOG in 21 patients with juvenile retinoschisis. In three patients who
were over 40 and had a hardly recordable ERG, we found likewise a subnormal EOG
in which not only the L/D-ratio but the standing potential itself was highly patho-
logical. In 3 other patients there were slightly subnormal values.

In the remaining 15 patients the EOG was entirely normal. This is an unusual
finding, because it gives us the rate combination of a normal EOG and a subnormal
ERG b-wave. This is the opposite of what can be observed in vitelliform foveal
dystrophy, in which a highly pathological EOG is accompanied by 2 normal ERG
(a- and b-wave). The normal EOG is suggestive of intactness of the deeper retinal
structures such as photoreceptors, pigment epithelium, Bruch’s membrane and
choriocapillaris. This has been corroborated by the histological findings which
Yanoff et al. (1968) found in the eye of a 4-year-old boy.

Only in longstanding cases did we find a subnormal EOG, and Manschot (1969)
indeed found marked disturbances of the pigment epithelium in the posterior pole
in a 6o-year-old man. As shown by the fact that ERG records can hardly be obtained
in these longstanding cases, if at all, the photoreceptors probably have suffered
badly; and this, too, can give rise to a pathological L/D-ratio.

1. PHOTOGRAPHY

Orthochromatic films give prints on which foveal retinoschisis is fairly well visible
(figure 20ab). However, the foveal retinoschisis is of cystoid structure, and optimal
reproduction therefore requires stereophotography.

Prints from panchromatic films show no changes, and this also suggests that the
deeper retinal structures are intact (figure 20¢).

I2. FLUQRESCEIN ANGIOGRAPHY

At fluorescein angiography of the posterior pole in an 18-year-old patient with
juvenile retinoschisis (figure 21), the fovea showed no changes; this has been con-
firmed by others (Hartis 1969; Vainio-Mattila et al. 1969). This warrants the con-
clusion that the pigment epithelium and the deeper layers such as Bruch’s membrane
and choriocapillaris are probably free from pathological changes.

Electrophysiological, photographic and fluorescein-angiographic as well as
histological findings (Yanoff et al. 1968) show that this condition has its primary
onset in superficial retinal layers, while the deeper retinal structures are still intact.
Only in advanced stages there is indication of atrophic pigment epithelium in the
central retinal area (Krause et al. 1970).
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Fig. 20a-b. Superficial retinal striae in the fovea filmed on
orthochromatic film. Right and left posterior pole of
III-23, famn. Br.

13. CARRIERS

The carriers of the pathological gene of sex-linked juvenile retinoschisis are in any
case the patients’ mothers. I believe that these carriers cannot be distinguished from
normal subjects either ophthalmoscopiczlly or electrophysiologically, or in any
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Fig. 20c. The same stria¢ filmed on panchromatic flm.
The pathological striation is not visible on this material.
Compare Fig. 2c0a-b.

other way. We have made an exhaustive study of several of these carriers (19 in
total), without finding any abnormality. Retinal periphery, fovea, disc, retinal
vessels and vitreous were quite normal, as were colour vision, visual fields, dark
adaptation, ERG, local foveal ERG, OP and BEOG.

Some authors, however, have reported slight abnormelities found in carriers.

Gieser and Falls (1961) found a unilateral macular cyst and 2 bilateral relative
central scotoma in a carrier.

Sabates (1966) observed retinal changes of the type encountered in senile retino-
schisis in two carriers, aged 41 and 42, respectively.

Stepanik (1969) found slight retinoschisis in the retinal periphery in one carrier,
involving only one eye.

Vainio-Mattila et al. (1969) and Ewing and Ives (1969), like we ourselves, failed
to find abnormalities in carriers they submirted to exhaustive ophthalmoscopic
examination. Inafew older carriers they did find macular degeneration or peripheral
retinoschisis, but because these changes are quite common in elderly people in
general, they need not necessarily indicate a special predisposition of the carriers.

At this time, therefore, there is unfortunately as yet no method to demonstrate
carriers before they have produced 2 son with sex-linked juvenile retinoschisis.

The literature includes only one description of a woman with X-chromosomal
juvenile retinoschisis (Forsius et al. 1962, 1963). This woman proved to be homo-
zygotic for the pathological gene due to consanguineousness of her parents: father
patient and mother cartier.

G8



Fig. 27a-6. Conventional and fluorescence photograph of
foveal rerinoschisis in 2 19-year-old boy (Fam. Wes.,).
The fluorescein pattern is normal.

I4. HISTOLOGICAL FINDINGS

Yanoff et al. (1968) were the first to make 2 histological investigation in a well-
documented case of sex-linked juvenile retinoschisis. The eye of a 4-year-old boy
was enucleated on suspicion of retinoblastoma, although the contralateral eye

69



showed unequivocal signs of retinoschisis, which wete also found in his brother.

The retina was found to show a cleavage at the level of the nerve fibre layer. The internal
limiting membrane and part of the innermost retinal tissue were detached from
the retina in large portions of the eye, but mainly in the lower temporal quad-
rant. “Special stains tevealed no acid mucopoelysaccharide within the areas of retino-
schisis. A few of the sections showed a well-delineated hole in the outer layer of the
split retina just posterior to the ora serrata. Erythrocytes and hemosiderin-laden
macrophages were present in the subretinal space. Numercus tiny nodules of hyper-
plasia of the underlying retinal pigment epithelium and one large nodule associated
with abundant PAS-positive material were present.”

Thus we find that, in this affection, the cleavage is localized in much more super-
ficial layers of the retina than in senile retinoschisis, where it affects the outer
plexiform and adjacent nuclear layers.

Correctly in our opinion, Yanoff et al. (1968) prefer the term retinoschisis to the
designation “congenital vascular veils” which Keith (1966) attempted to re-introduce.
True retinoschisis is in fact involved, and our experience indicates that vascular veils
are by no means always present in this condition.

Unlike juvenile retinoschisis, senile retinoschisis proves to be a slow-growing

Fig. z2. Microscopic section of macular region showing atrophy of pigment epithelium.
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Fig, 23, Section of paramacular region showing folds in thickened internal limiting membrane covered by
unfolded posterior hyaloid surface.

cyst which develops as 2 result of abnormal intraretinal secretion and accumulation
of a hyaluronidase-susceptible acid mucopolysaccharide (Zimmerman and Spencer
1960; Hogan and Zimmerman 1962).

Yanoff et al. (1968) supposed that the basic pathology in juvenile retinoschisis
consists of a hereditary disturbance of the innermost retinal layers.

The primary disorder might well be localized in the inner core of the cytoplasm
of the Midller’s cells. This defect would result in detachment of the internal limiting
membrane with its adherent inner cores of the Miiller’s cells, from the remainder of
the retina. The fact, that Yamada (1969) found many Miller’s cells at the fovea
combined with the phenomenon, that a foveal retinoschisis is always present
supports this assumption.

Manschot (1969) had occasion to make a histological examination of the eyes of
a man who died at age 6o, who had been a member of the family investigated by
Jager (1953}, and who had had poor vision all his life. These eyes (unfortunately
never submitted to ophthalmological examination) were enucleated § hours after
death. Manschot’s findings and conclusions were as follows:

“The sections through the macular (figure 22} and paramacular (figure 23, 24)
region revealed a folded, thickened internal limiting membrane, degeneration of the
nerve fibre layer — which seems to be the first stage of retinoschisis — and atrophy
and proliferation of the pigment epithelium. The posterior hyaloid membrane
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~ recognizable by the presence of vitreous cells — had separated from the internal
limiting membrane. More peripherally, the degeneration of the nerve fibre layer
was more advanced; in fact the nerve fibres had almost completely disappeared over
large areas. At some places, the almost detached internal limiting membrane was
kept in position by only a few pillars composed of compressed axonal extensions of
the photoreceptor cells together with the compressed cytoplasm of Miiller’s cells.
(figure 25). Elsewhere an actual superficial splitting in a level above the retinal vessels
had occurred. A rupture in the detached internal limiting membrane was met with
in a series of consecutive serial sections. The external retinal layers and the pigment
epithelium peripheral of the perimacular region and also the choroid showed no
abnormalities. The histopathology of these two eyes confirms the finding by Yanoff,
Rahn and Zimmerman (1968) that in hereditary sex-linked retinoschisis — as in non-
familial infantile retinoschisis — the splitting of the retina occurs in the nerve fibre
layer and not in the deeper retinal layers as is found in idiopathic and secoadary
retinoschisis in adults. It was believed by these authors that the superdficial retino-
schisis is probably due to an inherited defect in the innermost portion of the cyto-
plasm of Miiller’s cells by which the internal limiting membrane and attached parts
of Miuller’s cells split away from the rest of the retina. The findings of severe degen-
eration and atrophy of nerve fibres in both the central and peripheral parts of the

Fig. 24, Section of paramacular region showing 4 thickened internal limiting membrane with one large
and numerous small folds. Beginning degeneration of nerve fbre layer. Itregular pigment epithelivm.
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Fig. 25, Section of equatorial region: severe atrophy of nerve fibre layer.

retina in the present microscopic study seems to indicate that an inherited defect
may also be located in the retinal nerve fibres. The optic atrophy which has been
encountered in a large number of clinically studied cases seems in favour of this
view.”

However, it is possible that the nerve fibre and optic atrophy nearly always found
in advanced cases, may be secondary to defects in Miiller’s cells.

15. PATHOGENESIS

The evolution of this condition is probably as follows. A primary defect in the nerve
fibre layer or its supportive tissue results in retinoschisis. This retinoschisis causes
posterior vitreous body detachment, and traction from the vitreous can gradually
lead to ruptures and defects in the separated superficial retinal structures. Next,
veils come to float in the vitreous which do or do not enclose retinal vessels (figures
12, 13 and 14). Ruptures of retinal vessels caused by traction from the vitreous,
can give rise to vitreous haemorrhages. The denuded retinal areas begin to assume
an atrophic appearance, and extensive retinal atrophy can occur. In some cases there
may next be defects also in the outer retinal layer, and true retinal detachment can
then result. The vitreous ultimately shows vacuolation, syneresis and fibsillax
degeneration. This vitreous degeneration can be a primary development; but it can
also result from the retinoschisis. An argument in favour of the latter possibility is
the fact that we found a normal vitreous in cases with only foveal retinoschisis. It is
still uncertain whether the ERG changes ate a result of the retinoschisis or con-
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stitute a primary disorder in the bipolar cells. We can fully agree with the views of
Juler (1947), Jager (1953) and Bengtsson and Linder {1967), and others, that the
primary pathological structures are to be found in the inner retinal layers. We
disagree with the views of Mann and McRay (1938) and Keith (1966), who opt in
favour of a primary vitreous defect and a secondary retinal disturbance. The
suggestion offered by Scorciarini-Coppola et al. (1958) — that intraocular bhae-
morrhages could cause proliferative retinitis — can be refuted, we believe, especially
since histological findings are now available.

Juler (1951} suggested an inflammatory, possibly syphilitic cause for a few of his
cases; Artuga and Weve (quoted by Juler 1951} likewise concluded that an early
inflammation or vascular change rather than a developmental disorder may have
been involved. Juler’s hypothesis (in 1947) that there was a “cystic change in the
layers of the retina, having a developmental basis, with thinning and ruptures of the
inner linings of the cyst”, was much more in accordance with current views.

16. MODE OF TRANSMISSION

Sex-linked juvenile retinoschisis shows an X-chromosomal recessive mode of
transmission. Male patients transmit the pathological gene to all their appatently
normal daughters, while their sons are entirely normal. The daughters, indistinguish-
able from normal subjects, produce sons who are affected in 509 of cases, and
daughters who, in 50%, of cases, carry the gene like their mothers.

Although carriers are generally not affected, it is possible that later in life they
show a predisposition to macular degeneration and petipheral retinoschisis. In
view of the Lyon hypothesis of random inactivation of one of the two X-chromo-
somes, one might expect mild abnormalities in the carriers (Krill 1969), but this
proves so far not to be true.

Linkage

The locus of the retinoschisis is currently a candidate for measurable linkage to the
locus of the Xg blood group. The six families that provide linkage information
indicate that theseloci are not lying very close together (Eriksson et al. 1967; Vainio-
Mattila et al. 1969). In two retinoschisis families in which deuteranomalopia oc-
curred, the loci likewise did not seem to be closely spaced (Vainio-Mattila et al. 1969).

Sex ratio

There are indications that the secondary sex ratio is high (Etiksson et al. 1967;
Vainio-Mattila et al. 1969). Schepens (1966) had also noticed that children of retino-
schisis carriers seemed to include more boys than girls. In the families we in-
vestigated, the carriers likewise showed a predilection for male children (69 males,
49 females).
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7. GENERAL PHYSICAL AND LABORATORY FINDINGS

General physical examination and laboratory studies disclosed no abnormalities in
those of our patients in whom they were carried out.

Some authors have suggested shrinkage of the vitreous as a result of intraocular
haemorrhage as a possible cause of this condition.

Scorciarini-Coppola (1958) found hypoprothrombinaemia and factor VII deficiency.
Balizan and Falls (196c) described 2 thrombocytopathy in one family. Hauschild
etal. (1970) found in one of their 3 patients a mild thrombocytopenia and a slightly
prolonged bleeding time. Gieser and Falls (1961) had exhaustive clotting studies
made in five of their cases: “Capillary fragility, Ivy bleeding time, whole blood and
silicone clotting times, clot retraction, platelet count, platelet thromboplastic
activity, one-stage prothrombin tire, serum prothrombin activity, thromboplastin
generation test, factors V and VII estimation and thrombelastography. There were
no consistent significant abnormalites present.” Kahdn et al. (1963) found symptoms
of thalassaemia minor in a boy and those of acanthocytosis in his twin-brother.
Falls (1966) described acanthocytosis in two patients with juvenile retinoschisis. In
three patients examined in this respect, we found no abnormalities of the red cor-
puscles.

As can be expected in a condition which, so far as we know, involves only the
eyes, the chromosome pattern was entirely normal (Korchmdros 1965; Bengtsson
and Linder 1967).

18. ASSQOCIATED CONDITIONS

In one of our patients (III-23, fam. Br) we diagnosed glaucoma at a very early age.
Gonioscopy revealed that the iris was inserted too anteriozly.

Adequate regulation of the ocular pressure was ensured by means of filtering
operations. A younger brother of this patient, likewise suffering from juvenile
retinoschisis, showed a normal iridocornesal angle and a normal ocular pressure.

Sabates (1966) also described abnormalities of the irido-corneal angle, but no
glaucoma. His most frequent finding was a delicate membrane extending from the
iridal root to the line of Schwalbe, while fairly large dilated vessels were visible in
the iridocorneal angle.

Otherwise I have been unable to find associated conditions either in the literature
ot in personal observations.

19. DIFFERENTIAL DIAGNOSIS

We believe that sex-linked juvenile retinoschisis is 2 common condition. It is
probably the most common form of “juvenile macular degeneration”. The fact that
the condition is still often overlooked or misdiagnosed has led to the impression of
rarity. We have noticed this in several of our patients and others have reported a
similar experience (Bengtsson and Linder 196v; Vainio-Mattila 1969). The condition
is often diagnosed as heredodegeneration of the macula or retinal periphlebits; other
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diagnoses given are bilateral amblyopia of unknown origin, and retinal dysfunction.
The cases described by Barut (1955 : périphlébite rétinienne), Oksala (1953 juvenile
macular dystrophy), Korchméros et al. (1965: heredodegeneration of the fovea
centralis), Peralta and Santori (1967: Stargardt’s disease), Sebestyén et al. (1967:
juvenile degenerative ablatio retinae), Amalric (1968: nouveau type de plis rétiniens
congénitaux) are reminiscent of juvenile retinoschisis; and Planche XX fig. 2 in
the boock “Les Lérédo-dégénérescences choriorétiniennes” (Franceschetti et al. 1963)
is more reminiscent of sex-linked juvenile retinoschisis than of Stargardt’s disease.

The cases described by Bartels (1933), Jancke (1935) and Goodside (1960} are
sometimes classified as juvenile retinoschisis, but I doubt the correctness of this
classification, partly because these patients showed no cystoid foveal affection and
because no sex-linked transmission was demonstrated.

Since juvenile retinoschisis shows substantial differences in expressivity, the
differential diagnosis should encompass a great many, sometimes widely disparate
diseases. Differentiation should consider the following conditions, dependent on
the expressivity of the pathological gene and the evolution of the clinical picture.

1. Stargards’s disease. ‘This is likewise frequently found in several children in the
same family; however, gitls are affected as frequently as boys. The transmission is
autosomal recessive, and the fovea does not show the characteristic radial and
cystoid features of juvenile retinoschisis, but instead an atrophic aspect. Patients
with Stargardt’s disease have always had good vision prior to manifestation of the
ocular abnormality, wheteas patients with juvenile retinoschisis have diminished
vision from birth.

2. Bales’ disease (retinal periphlebitis). Vitreous haemorrhages and opacities as
well as vascular sheaths and retinitis proliferans are seen in this disease. Since this
disease if often found in young males and is bilateral, morecver, differential diag-
nosis is sometimes not easy. But foveal abnormalities are rare in the initial stages and,
if present, they do not show the radial plication which characterizes foveal retino-
schisis (Rosselet-Huguenin 1970).

5. Cleatrices of choriorefinitis. The pigmentations and greyish-white foci some-
times found in juvenile retinoschisis can be very reminiscent of a former chorio-
retinitis.

4. Wagner’s vitreoretinal dystrophy. This condition, first described by Wagner
in 1938, has an autosomal dominant mode of transmission. In these cases vision is
often initially good, and the posterior pole normal at ophthalmoscopy. The vitreous
shows marked syneresis and as a rule is optically empty, while non-vascularized
preretinal white-grey bands are usually visible at the level of the equator. No
vascular veils are seen. Finally, complicated cataract occurs. Dark adaptation is
undisturbed and the ERG is subnormal.

5. Vitreotapetoretinal dystrophy of Goldmann-Favre. This condition, first de-
scribed by Goldmann and Favre in 1957, has an autosomal recessive mode of trans-
mission. The vitreous is degenerative, and no veils with vessels are observed in it.
Central and peripheral retinoschisis occurs, and Iattice-like degeneration as well as

76



preretinal glial strands are often present in the retinal periphery, which also shows
trabecular pigmentations (MacVicar and Wilbrande, 1970). All this is accompanied
by progressive impairment of retinal function, resulting in severe night-blindness
and an uorecordable ERG. Complicated cataract finally results, and the progression
of the dystrophic process ultimately leads to blindness.

6. Ablatio faleiformis. This condition, in which 2 retinal fold extends from the
disc, usually in temporal direction, has an autosomal recessive mode of transmission.
No vitreous veils are observed.

7. Inferior dialysis of the young (Sabates 1966; Schepens 1966) or juvenile retinal
cyst (Falls 1966) usually entails bilateral retinal detachment in the lower temporal
quadrant. According to Schepens (1966), many cases of so-called cysts which later
produce dialysis are erroneous diagnoses of an early retinal detachment with a
dialysis already present but initially overlooked.

8. Senile retinosehisis. This is a retinoschisis at the level of the outer plexiform
retinal layer in elderly individuals, caused by intraretinal cystic degeneration of the
peripheral retina. In none of these cases will the characteristic foveal retinoschisis
with radial plication be encountered.

9. Retinal detachment. In the retinal detachment ususaliy observed, none of the
symptoms characteristic of juvenile retinoschisis is present.

ro. In severe cases with extensive vitreous opacities, differentiation from gliomas
and psendogliomas is required (Pajtd$ 1950; Yanoff et al. 1968).

11. Awntosomal juvenile retinoschisis. In this rare disorder females are affected, too,
and there is no pathognomonic foveal retinoschisis (Cibis 1965).

The “hereditary vitreoretinal degeneration and night-blindness” recently reported
by Feiler-Ofry et al. (1966), and the “familial exudative vitreoretinopathy” which
Criswick and Schepens (1969) described, somewhat tesemble sex-linked juvenile
retinoschisis, and adequate, clear differentiation of these syndromes is desirable.
At the present time the syndromes, so recently described, are not readily classifiable.

The last differential diagnosis we mention concerns the chorio-resinal folds
which can occur upon retrobulbar pressure on the eyeball and in association with
thyroid dysfunction; radial plicae in the fovea also occur in many of these cases
(figure 26). Sickle cell ocular disease (Goodman, 1968), too, can occasionally present
symptoms and signs reminiscent of X-linked juvenile retinoschisis.

20, THERAPY

There is as yet no agreement about the treatment of choice in sex-linked juvenile
retinoschisis. In fact no therapy seems be very successful. All the techniques
employed against retinal detachment have been used in this condition, and photo-
coagulation in particular has been frequently resorted to (Pischel 1963, 1969; Uter-
mann 1964; Tdrnquist 1964; Okun and Cibis 1964; Cibis 1965; Colyear 1965;
Harris 1968, 1969; Johnson 1969; Brockhurst 1970).

These authors advocate photocoagulation, by which the retinoschisis is arrested
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Fig, 26a-6, Conventional and fluotescence photograph of
choriotetinal folds in a 55-year-old female, presumably
suffering from an euthyroid form of Graves® disease.

with the aid of coagulates on the central side. The results of this therapy are de-
scribed as very satisfactory. Okun and Cibis (1964) have advocated coagulation of
the entire sutface in the case of a cyst, because complete and permanent collapse of
the retinal cyst usually followed.
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Brockhurst (1966) is afraid that photocoagulation can in fact cause exacerbation
of the retinoschisis; experience reported by Witmer (1965), Liesenhoff (1969) and
Jungschaffer (1969) also points in this direction. Of course the luminance used and
the duration of photocoagulation play an important role in this respect. Doses
should be determined with prudence because overdosage is bound to produce
disastrous results. Witmer (1965) has advocated diathermy, followed if necessary
by puncture of the intraretinal cyst. Like sclerectomy and various buckling pro-
cedures, this method is used by vartous authors (Pischel 1963, 1969; Harris 1969).

Schepens (1966) advised that surgery be resorted to only if true retinal detachment
has occurred, but Pischel (1¢69) had the impression after treating seven patients that
carly intervention offers the best chance of success. However, spontaneous im-
provement has also been observed (Schepens 1966). In only one of our patients
(IV-3, fam. Hel) did we resort to surgery because the fovea was seriously endangered
by retinoschisis (figure 15). Sclerectomy with pucture of the intraretinal cyst was
performed. The success of this operation in regard to the visual field will have to
become apparent in future. Vision was already poor due to the foveal retinoschisis.
It should always be borne in mind that, in the vast majority of cases, the ever-present
foveal retinoschisis will make it impossible to obtain an ultimate visual acuity much
better than 1/10. In summary, we tend to advise surgical intervention in any case:
1. if true retinal detachment exists;

2. If the posterior pole is endangered by retinoschisis from the periphery;

3. if the retinoschisis shows so marked a progression that it exceeds the equator.
Regular ophthalmoscopic and perimetric examinations are consequently important
in all these cases, especially since the condition takes a very slow, gradually pro-
gressive course. The frequently seen defects in the inner retinal layer constitute no
therapeutic indication. Only defects in the outer layer of the retina (rarely observed
in this condition) require surgical intervention lest retinal detachment results.

21. FUTURE

It will be of importance to develop methods for the detection of carriers, and efforts
will have to be made to identify the exact cause of the developmental defect under-
lying this condition.

In addition, it will be interesting to establish the extent to which sex-linked
juvenile retinoschisis and sex-linked hemeralopia are related. Both conditions have
an X-chromosomal mode of transmission; both are already present at birth, and
involve disturbances in the cone- as well as in the rod-systems. In both conditions
retinal function tests disclose diminished visual acuity, photopic as well as scotopic
disotders of dark adaptation, a photopically and scotopically subnormal ERG, and a
normal EOG. Both are characterized by diminished sensitivity to red. Both
conditions show changes which seem to be localized on the innerside of the pigment
epithelium.
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22. CASE HISTORIES

The description of the case histories is restricted as much as possible to pathological
findings. Normal findings usually are not mentioned.

The letters and numbers in brackets refer to the names and the dates of birth. This
facilitates follow-up examinations.

{for example: ]J-08.c6.14 means: Jan Jansen, born 14th June 1908).
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1. Fam. vBaa

PrB (é65.05.r8) Poor vision since early childhood. The maternal grandfather and a maternal uncle are
reported to have bad visual acuity in both eyes since many years,

1969: VOD S-+3.50 5/20; VOS 544 1/30.

There is a concomitant convergent strabismus of OS,

Refracting media: Normal anterior segment of the eye. The vitreous body shows fine opacities and some
fibrillary degeneration.

Fundi: Foveal retinoschisis. In OS is a pigmented line visible in the posterior pole. In the inferior quadrants
vascular veils are present. Ovwal and round defects are in these vascularized veils.

Summary: A g~vear-old boy with X-linked juvenile retinoschisis, He has had a convergent strabismus since

early childhood. In all probability the father and one of the brothers of this patient’s mother are suffering
from this condition too. The mother, being a carrier, has quite notimal visual acuity, media and fundi.
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2. Fam. Bak

Iz {BR) VODS 10/10, conmetropic. 1 (5 -
Refracting media and fundi: Normal. I

II-3 (NCB-61.09.27) Poor vision was noted in eaxly childhood.
1967: VOD CH1%25° 1.5/10; VOS5 C+1X35° 1.5/10.
Vitreons body: Posterior vitreous detachment. Fibrillary degeneration and fine white opacities,
Fundi: Foveal retinoschisis. Peripheral retinoschisis infratemporally. Some retinal veils in which veins
are visible.
Visual fields: Limieation in the superior nasal quadrant. Reduced central sensitivity.
Colonr visions Slight red-green dyschromatopsia (HRR}.
Dark adapiation: Phot. curves almost normal. Scot. curves o.5 log.U. too high,
ERG: r967: Scot. b-waves OD 554V; OS 654V,

Phot. b-waves QD 754V ; OS 704V,

1968 Scot. b-waves OD 854V; OS gouV.

Phot, b-waves QD 60xV; OS 654V.

EOG: Unreliable because of bad fixarion,

Summary: A G-year-old boy, suffering from sex-linked juvenile retinoschisis. The mother, cartier of the
pathological gene, has normal eyes. ‘

3. Fam. dB

5
1529

III-2 (WK Poor vision was noted in eaily childhood. Visited many ophthalmologists. No definite diagnosis
has been made so far:

1969 VOD CH4.25%185° 2/10; VOS C4+3x175° 1/10.

Vitreons body: Postetior vitrcous detachment. Fibrillaty degeneration.

Fundi: Atrophic changes in the foveal area. No stellate folds and no cystoid structute in the fovea, Vas-
cularized retinal veils in the inferior temporal periphery. These veils project into the vitieous and carry
veins from the retinal vascularure. The retina as 4 whole has a silver-grey glistening appezarance.

III-5 (WAdB-29.02.68) This man has always had poor visual acuity in both eyes. Asks, whether he will
become blind. No definite diagnosis has been made.

1969: VOD S+435 1/60; VOS S+35.50 1fto.

Vitreous body: Fibrillary degeneration and postetior vitreous detachment,

Fiundi: Atrophic changes in the foveal area, Absent foveal and foveolar reflexes, No stellate folds and no
cystoid strucrure visible in the fovea. In the right eye is a pigmented line, extending from the disc across
the foveal area towards the periphery. The temporal side of the disc shows some pallor, The periphery has
2 silver-grey glistening appearance. Vascular veils are present infratemporally.

Visual fields: Limitation in the superior nasal quadrant.

Colonr vision: Red-green dyschromatopsia (HRR). Decreased sensitivity to red {anomaloscope),

Dark adaptation: Phot. and scot. curves 2/3 log.U. too high,

ERG: Unrecordable.
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H

F-ERG: Unrecordable.
VVER: Absent.

EOG: Very low standing potential, which shows a very small rise during light adaptation.

Sumrmary: Two cousins, who always had poot visual acuity in both eyes. No definite diagnosis had been
made before the examination, although both individuals, being over 4o years of age, had visited many
ophthalmologists. The diagnosis is X-linked juvenile retinoschisis., Vascular veils are present. The
foveal retinoschisis has changed into foveal atrophy.

4. Fam. Br

HE ? 3 13 5
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Ir (CMAEyE-90.65.25) This man has always had poor visual acuity in both eyes. Died 5o years ago.

Iy (CZpE-23.02.07) VODS 1010, emmetropic.

Refracting media and fundi: Normal,

ERG: Scot. b-waves OD 2504V; OS 2354V.
Phot. b-waves OD 1xopxV; OF 1204V,

EOG: OD z.10; OS 2.15.

I1-¢ (JfBvE-27.r2.9) VODS 10/10.
Refrasting media and fimdi: Normal.

I11§ (JCV-37.10.28) Poor vision since early childhood. Slight complaints about vision in dark. No
complaints about colour vision.

r968: VOD S+o.50=C—+1.50X350° 4/10; VOS S+o,50=C+1.50X 150° 2/10.

Refracting media: Slight opacities in the lens of the left eye.

Vitreons body: Fibrillary degeneration and syneresis.

Fandi: Foveal retinoschisis, consisting of a cystoid structure with 2 typical radiate folding of the super-
ficial layer {fig. 7). Retinoschisis in the inferior part of the retina {fig. 8, 13).

Refuses further examination.

IIl-rz (LDG-g2.12.04) Is reported to have poor vision since carly childhood. Refuses to come for
examination.

Ilr; (CMAG-45.03.25.)

r964: VOD 4/60, emmetropic; VO3S z/10, emetropic.

Old vitreous haemorrhage in the right eye.

Vitreons body: Posterior vitreous detachment.

Fundi: Foveal retinoschisis. Discs, vessels and retinal petiphery are normal.
roro: VOD 4/6o, emmetropic; VOS §+o.50=C~0.75 X 60° §/10.
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Ilezo (CFZ-yr.0r.27) 'This boy had never visual complaints.
1969: VOD S4o.50=C-0.50% 180° 7/10; VOS S+0.50=C+0.50 X 180° 7/z0.
Vitreons body: Normal.
Fundi: Foveal retinoschisis (fig. 6). Silver-grey glistening retina.
Colour vision: Slight red-green dyschromatopsia (HRR). Slightly decreased sensitivity to red {anomaloscope).
Visual fields: Decreased central sensitivity, Normal peripheral limitations.
Dark: adaptation: Phot, and scot. curve about 1 log. U. too high.
ERG: Scot. b-waves OD 1154V; O8 120 £V,
Phot. a-waves OD 35.V; O8S 401V.
Phot, b-waves OD 6ouV; OS ssuV.
F-ERG: Subnotmal. Curve broader than normal.
VER; Present.
EOG: ODS z.10.

Iif-23 ( ABr-g8.02.70) Poor vision since early childhood.
r956: VOD S+o0.50=C+1x 180° 1fre; VOS C41x180° 1f10.
Refracting media and vitreous body: Normal,
Fundi: “Absent foveal reflexcs. No distinet abnormalities”.
r95d: VODS 1/10.
Visnal fields: Concentric limitation of sensitivity, No peripheral suppression.
Colonr vision: Red-green dyschromatopsia (HRR). Decreased sensitivity to red (anomaloscope).
Doark adaptation: Curve slightly too high.
EREG: Scot. b-waves subnormal.
Phot. b-waves slightly subnormal.
1966: VODS 5/6o. The tension of both eyes is elevated. An Elliot trephining is petformed on the right
eye. After the operation the eye pressure of OD is normalized,
rg68: VODS s/60. The tension of OD is normal, the tension of OS Is still too high.
Gondoscopy: Nazrow angle, which is closed on some spots. The irisroots are inserred too far forward.
The cilizary band is not visible.
Vitreous body: Normal.
Culonr vision: Unchanged.
Visual fields: Unchanged.
Dark adaptation: The curve is 1.5 —2 log.U. too high.
ERG: Scot. b-waves ODS unzecordable.
Phot. b-waves OD 70xV; O8 752V,
F-ERG: Subnormal.
EOG: OD 2.56; OS z.54.
Photography: Orthochromatic flms give far better results than do panchromatic graphic films. This suggests
a superficial localization of the main abnormalities in X-linked juvenile retinoschisis (fig, 20},
ro6s: A filtering procedure according to Scheie is performed in the left eye. Postoperatively the tension
is normalized.

III-26 {FBr-fo.04.73) 'This boy resembles his brother, Ill-23 strikingly. Both individuals are blond
and have blue eyes, and they have the same character and physigue.
1968: VOII 2{10, emmetropic; VOS z/10, emmetropic.
Refracting media and vitreons body: Normal.,
Fundi: Foveal retinoschisis (fig. 4). The foveal and foveolar reflexes are absent. The disc of the right eye
has a strange recess. Vesscls and retinal periphery are normal.
Visual fields: Decreased central sensitivity. Normal peripheral limications,
Colour vision: Slight red-green dyschromatopsia (HRR), Decreased sensitivity to red.
Dartk adaptation: Phot. almost normal, scot. o.5log. U. too high.
ERG: Scot. b-waves OD 65xV; OS 754V.
Phot. b-waves QD 7ouV; OS 704V.
EOG: OD z.15; OS 2.30.
Photography: Orthochromaric films give good details of the fine stellate folds radiating from the foveola
toward the perifoveal arca. Panchromatic films give far fewer details, often suggesting a normal posterior
pole.
Gonigscopy: Normal.
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Summary: X-linked juvenile retinoschisis in at least 5 individuals belonging to one family. Foveal retino-
schisis is presenc in all these § patients. Although the foveal alterations differ hardly at 21l ophthalmoscopic-
ally, the differences in visual acuity are remarkable (compare Ilf-zo0 and IIl-23). Peripheral retinoschisis
was found in only one of these 5 cases,

5- Fam. vdBr !

b

mOCH
1 2 3 4 %
II-2 (FIP) Poor visual acuity since early childhood,
IT-r (#B) Reported 1o have had poor visual acuity since early childhood.
IV_2 (HD-g6.12.75) Poor visual acuity since early childhood. Foveal and peripheral retinoschisis in fundo.

IV=5 (DvdB-53.03.07)

136¢: VOD §—3.50 10/10; VOS S-~0.50 2f10.

r968: YOD 5—5 8/10; VOS5 S—o.50 2f10.

rg7o: VOD S—5 2/t0; VOS§ S—1 2f10.

Media: Fibrillary degeneration of the vitreous body. Syneresis and some optically empty structures.
Fundi: Foveal retinoschisis on both sides. Peripheral tetinoschisis and greyish reflexes in the inferior part
of both fundi.

Visnal fields: Decreased central sensitivity. Restriction on the upper side of both fields.

IV-§ (WyR-yz2.05.0r}) Has long been known as a patient with retinal detachment or retinoschisis and
macular degeneration.

Findi: Foveal and peripheral retinoschisis.

Summary: Pedigree with 5 affected individuals, suffering from X-linked juvenile zetinoschisis. Itis of interest

to note that IV-g is myopic in contrast to the hypermetropia which is nearly always found in this syndrome.

6. Fam. E-E

1. % 3 &
1353 W57

I-3 (AF.80.04.r5} Was the only child, Has always had poor visual acuity in both eyes.

JI-2 (CAvdE-20.05.08) VODS S-o.25 10/10.
Refracting media and fundi: Normal.
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ERG: Scot. b-waves OD 290xV; OS 3154V.
Phot. b-waves OD 10§4V; OS 1254V,

Tz (WHpdE-53.04.73)
1g6e: VOD S+3=C+1.50%180° 5{10; VOS S+2=C+o0.50x180° 4f10.
Vitresons body: Nogmal.
Fundi: Foveal retinoschisis. Silver-greyish giistening retina.
U isual fields: Decreased ceneral sensitivity.
Colonr vision: Normal.
Dark adaptation: Curve o.5 log.U. too high,
ERG: Scot. b-waves OD 6ouV; OS 70uV,
Phot. b-waves OD s5xV; OS 7ouV.
Systenzic excamination: Normal.
1967 VOD S+4-3.50==C13175° 2fr0; VOS S4-2=C-o.50X 180° 4f10.
Media, fundi, visual fields and colour vision: Unchanged.
Dark adaptation: Curve o.5 log.U. too high.
ERG: Scot. b-waves OD 1154V.; OS 1008V.
Phot. b-waves OD 7ouV.; OS 65aV.
EOG: OD 3.45; 08 260,

g (AvdE-57.07.27)
1966: Skiaseopy: ODS +6.
Refracting media: Norroal,
Fundi: Foveal tetinoschisis. Parafoveally there are some white-greyish areas with pigmentary changes.
There is no retinoschisis present.
ERG: Scot. b-waves OD 724V; OS s54V.
Phot. b-waves OD 694V; O8 544V,
Systematic examination: Nogmal,
1367: VODS $+6 5/6o.
Refracting media and fundi: Unchanged.
Visual fields: Decreased central sensitivity. Normal peripheral limitations,
Dark adapration: Curve ends 1 log.U. too high,
ERG: Scot. b~waves OD 65.V: O8 jouV.
Phot. b-waves OD souV; OS5 4o04V.
EQG: OD 1.95; OS z.00.

Summary: Two brothers with X-linked juvenile retinoschisis. The younger of the brothers shows grevish
retinal scars, resembling scars of a choroiditis.

7. Fam. Go I
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II-2 {INGV=p2....) VODS 10/10, coimmetropic,
Refracting media and fundi: Normal.
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HI-z (WCGR28.05.01) Poor vision since carly childhood, Many times operated on the left eye. In both
eyes nystagrnus with hotizontal and rotatory components.

VOD 1/300; VOS 2/60.

Refracting media: OIY normal. OS some afier-cataract.

Frundi: In the posterior pole of O a white-greyish patch. resembling the scar of a choroiditis. The right
disc is too pale. In the midpheriphery distiner retinoschisis, The fundus of the left ¢ve is not very well
to judge because of the after-cararact,

fli-; (MGvH-3r.02.01) This patient is suffering from a dominantly inherited retinopathia pigmentosa.
Her facher has been affected, while two of het brothers (ITI-1z, 13) and three of her children (IV-1,2,4) are
affected too. She met her husband in an institute for visually handicapped individuals. All affected individuals
have discs with wax-like yellowish appearance, while the retinal vessels are extremely attenuared.

Ty (JFG-29.07.09) Bad visual acuity since early childhood.
Refrasting media: Normal,
Fundi: Atrophic changes in the foveal area. The discs are slightly too pale,

-8 (JAvdHG-41.21.01) VODS 10/10.

Media and fundi: Normal.

ERG: Scot. b-waves OD 4454V; OS 3704V.
Phot. b-waves OD 1xogV; OS5 1152V,

EBOG: ODS 1.80.

IV-rz (JedH-6r.r1.12) VOD 5f30; VOS C+irx100° 530,

Vitreons body: Fibrillary degeneration and fine white opacities. Posterior vitreous detachment.

Fhundi: Foveal retinoschisis. Vascular veils in the inferior part of the vitrcous body. Some white preretinal
strands and dendritic structures.

Colpur vision: Slight red-green dyschromatopsia (FHRR).

ERG: Scot. and Phot. b-waves definitely subnormal.

IVi1g (MudH-64.02.20) Nystagmus of the left eye.
r968: VOD sf15; VOS scarching movements.
Vitreonr body: Posterior vitreous detachment,
Fundi: Foveal retinoschisis in OD. A darkly pigmented line runs over the fovea of the left eye. Greyish
preretinal strands and vascularized veils are visible in the inferior part of both fundi.
ERG: Scot. b-waves OD GouV; OS souV.
Phot. b-waves OD §ouV; OS 654V.

IVry (BedH-65.2r.11) First examination on 18-12-1967.
Fimdi: Foveal retinoschisis in both eyes. Discs, vessels and retinal periphery are normal ophthalmo-
scopically.

IV-r8 (GCyD-62.11.07) Is reported to have bad visuzal acuity since early childhood.

Sumrmary: X-linked juvenile retinoschisis in 5 individuals, belonging to one family. Three brothers (IV-13,
14 and 15) show the pathognomonic foveal retinoschisis, while the abnormalides in Ill-2 and 4 are more
difficult to interpret. This illustrates the importance of family examination, whenever the diagnosis renders
difficulties. A sad circumstance, worthy of mention, is the marriage between an affected man and a wife,
suffering from a primary pigmentary retinopathy. IV-3 is the only child out of this marriage with normal
eyes. However, since her father is suffering from X-linked juvenile retinoschisis, she is 2 carrier of this
discase.

8. Fam. Hel.

fI-2 (R-9r) Has always had poot visual acuity in both eyes.

Refracting media: Senile cataract.

Fundi: Vascular sheathing and vascularized veils. Coarse pigmentations in the retinal periphery. Discs
pale temporally. Vessels slightly attenuated.
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Il-r (AHR) VODS 10f10.
Media and fundi: Normal.

IV-3 (JH-47.08.27)
1966: Opcrated elsewhete because of “retinal detachment”.
1969: VOD C--1.50%5° 3/10; VOS S+2.50 o.5/6o.
Vitreous bady: Posterior vitreous detachment and syneresis, Fine white opacities and fibrillary degeneration,
Fundi: OID: Foveal retinoschisis. Supratemporally old pigmented coagulations. In the inferior part a
large eystoid structure of retinoschisis with two superficial defects. This cystlike structure extends as far
as the fovea. (fig. 1%).
08: Extensive areas of retinoschisis with azcade-like dehiscences and vascularized veils,
Visual fields: OD: Strong defects in the superior part, particularly supranasally.
OS3: A small remnant temporally.
Dark adapiation: Cutve x log.U. too high.
ERG: Unteliable.
F-BERG: OD subnormal. OS: no fixation possible,
VVER: Subnormal.
EOG: OD z.00; OS 2.40.
Therapy: An encircling procedure with sclera-donor-tissue is done in the right eye, The tetina around the
area of retinoschisis is treated with photocoagulations,

H-qg (HH); I1-¢ (JH); II-§ (BH) and TI-y (§H) all suffer from a serious type of sex-linked juvenile
retinoschisis, characterized by large areas of retinoschisis and large visual ficld defects.

’ o5
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Summary: Five brothers showing a serious type of X-linked juvenile retinoschisis. The right eye of one of
these brothers was operated upon, because the posterior pole was endangered by a large area of retinoschists,

9. Fam. Jac I

1 a £
1046 1945
I-r Reported to have had poor visual acuity all his life.

I3 (NAJO) VODS 10/10, emametropic.
Refracting media and fundi: Normal.
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IIT-r (W-46.70.r5) Bad visnal acuity since early childhood.

rg54: Diagnosis elsewhere “Periphlebitis retinae with retinitis proliferans™. Concomitant convergent squint
of the right eye.

VOD S+5=C+2xX180° 2/60; VO§ S+7.50=C+1.50X 180° 2{10.

Refracting nredia: White opacities in the anterior and posterior cortex.

Flundi: Pre-retinal whitish strands before the posterior pole of OD. Pigment-clumping in the inferior retinal
periphery. In the left eye remnants of a vitreous hacmorrhage and white scrands in the inferior part of the
retina. Vascular sheathing infratemporally.

IIley (Wi-g5-04.18) Poor visual acuity since early childhood.
1957: VOD §4-6=C+0.75 x40° 3/10; VOS§ S+35=2CH+1x 150" 3/10.
Refracting mredia: Normal.
Fundi: Foveal retinoschisis. Silver-greyish reflexes in the retinal periphery.
Visnal flelds: Decreased cenuial sensitivicy.
Dark adapiation: Curve 0.5 log.U. too high,
FERG: Scot. b-waves OD 1154V; O8 1354V,
Phot. b-waves OD toszV; OS 1054V,
EOG: QDS z.co.
rg6g: VOD S+35.25=C4o0.50x40% 3/10; VOS S4+35=C+12130" 3/10.
Refracting media: Normal. Normal vitreous body.
Fundi: Foveal retinoschials consisting of 2 cystoid structure with a fine radiate folding of the supetficial
layer. Silver-grevish glistening areas in the retinal periphery. No peripheral retinoschisis visible.
Vistal fields: Unchanged.
Colonr vision: Deczeased sensitivity to red (anomaloscope). Slight red-green dyschromatopsia (HRR).
Dark adaptation: Phot. and scot. part of the curve 1 log.U. too high.
ERG: Scot. b-waves OD 105xV; OF 115 V.
Phot. b-waves QD 654V; OS 8s54V.
F_ERG: Subnormal.
VER: Slightly subnormal.
EOG: OD 1.82; OS 1.86.
1970: Condition unchanged.
ERG: Scot. bewaves QD 1374V ; O8 164.V.
Phot. b-waves OD 4ouV; O8 GyaV.
Phot. a-waves OD 214V; OS 364V.

Sunmmary: X-linked juvenile retinoschisis in two cousins. There is 2 remarkable difference in expression in
these two cases. ITI-4 demonstrates a foveal retinoschisis and some silver-greyish glistening tetinal areas,

while III-1 shows an extensive type of this complex syndrome. In IlI-1 differential diagnosis has to be
made with periphlebitis retinae,

10. Fam. dKn.

4 5
1040 1953

I3 Reported to have had bad visual acuity all his life.
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[~z (JAB-00.08.06) Bad visual acuity since early childhood.
rp69: VOD S41.90 5/60: VOS S+ 1=C+o.50x 180" 1/10.
Reads D=o0.80 with addition S--5.
Refracting media: OD senile cataract; OS incipient senile cataract,
Vitreous body: Fibrillary degeneration, syneresis and posterior vitreous detachment,
Fundi: Atrophic changes in the posterior pole. Drusen of Bruch’s membrane are present. The discs are
pale and the vessels are slightly attenuated. The foveae show some stellate folds. Infratemporally retino-
schisis and vascular veils.
Colonr vision: Medium red-green dyschromatopsia and medium blue-yellow dyschromatopsia (HRR).
Decreased sensitivity to red (anomaloscope).
ERG: Scot. b-waves ODS untecordable.
Phot. a-waves OD 224V; OS 304V
Phot. b-waves OD 304V; OS souV.
EOG: ODS 1.40 (not quite reliable). The standing potential itself is lower than normal,

Ili-4 (GB-rg.04.29) Has always had poor visual acuity in both eyes.
rg6g: OS: Concomitant divergent squint.
VOD 8§54 5=C+3.50%x180° 2/10; VO§ S4§=C+435x180° 1/500,
Reads D=o0.80 with addition 8+4.
Refracting media: Some lental opacities. Fibrillary degeneration and posterior detachment of the vitreous body.
Fundi: Atrophic changes in the posterior pole, Particularly infratemporally vascular veils. Dises are too
pale on the ternporal side, while the vessels are slightly attenuated.
Colonr vision: Mild red-green dyschromatopsia (HRR). Decreased sensitivity to red (anomaloscope).
ERG: Scot. b-waves ODS unrecordable.
Phot. a~waves OD 144V; OS zouV.
Phot. b-waves OD 36pV; OS5 526V,
EOG: ODS 1.40. The light-insensitive part of the standing potential is lower than normal,

M-y (JHAKB-24) VODS 10/10, emmetropic.
Refracting media and fundi: Normal.

IV-y (JAdK-48.01.03) Bad visual acuity since eatly childhood. Concomitant divergent squint of OS.
r96r: VOD S—1=C—2X 90" 3/10; VOS5 S—1=C—2X 90" 4/6o.
Fundi: Cystoid foveal structure. In the inferior temporal periphery retinoschisis and pigmentations.
Visual flelds: Restriction in the superior nasal periphery. Relative central scotoma {fig. 17).
Dark adaptation: Curve 1 log.U. too high. (scot and phot.) (fig. 18).
ERG: Scot. b-waves ODS unrecordable.
Phot. b-waves ODS 40xV,
EOG: OD 1.80; OS 1.70.
1969: YVOD CHixire® z2f10; VOS S—o.50=C--1.50 X 103° 2/60.
Refracting medie: Fibrillary degeneration of the vitzcous body. Some parts of the vitreous are optically empty.
Fundi: Foveal retinoschisis with fine stellate folds. Some wvascular shearhing around the disc. Infra-
temporzlly vascular veils with veins, originating in the retina (ig. x1).
Visnal fields: On both sides restriction supranasally up to 3o degrees from the centre. Decreased central
sensitivity and relative central scotormarta.
Dark adaptation: The curve is 1 log.U. too high.
ERG: Scot. b-waves QDS unrecordable.
Phot. b-waves ODS 304V,
F-ERG: Subnormal.
VER: Subnotrmal.
EOG: QD z2.26; OS 1.74.

IV-¢ (L.CdK-53.15.25) Bad visual acuity since early childhood. Had aystagmms, which disappeared
spontancously.

r7961: VOD S+g.50 1.5/10; VOS S+8=C41xX 00" 6/60.
Fundi: Cystoid foveal alterations with superficially located radial folds. In the inferior temporal periphery
retinoschisis and pigment alterations.
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Visual fields: Restriction of the upper halves up to 20 degrees from the centre.
Colonr vision: Very mild red-green dyschromatopsia (IRR).
Dark adapiation: Phot. and scot. part of the curve 1 log.U. too high.
ERG: Scot. b-waves OD 7ouV; OS v5uV.
Phot. b-waves OD 6ouV; OS uarelizble.
EOG: OD 1503 OS 1.70.
1969: VOD S+46=C=o0.50%x 90" 1/10; VO§ $§4+6=C~+2x90° 1/10.
Media: Degenerative vitreous body.
Fundi: Foveal retinoschisis. In the inferior part extensive retinoschisis, vascular veils and vascular sheathing,
Furthermore dendritic markings.
Visunal fields: Restriction of the supetior parts to zo degrees from the centre. General constriction of the
isopters and decreased central sensitivity.
Dark adgptation: Curve 1 log.U. too high.
ERG: Scot. b-waves OD 45£V; O8§ 40uV.
Phot. b-waves QDS unrecordable.
F-ERG: Subnormal,
VER: Present, but subnormal.
EQG: ODS 1.50. Fixation doubtful. Light-insensitive part of the standing potential is lower than normal.

Surmary: Four members of one family with X-linked juvenile retinoschisis. One carrier was examined and
found to be normal. All 4 affected individuals have a rather severe form of this affection, One man (I11.2)
has still a usefi] vision despite his age of 69 years, The characteristic pattern of the foveal tetinoschisis is
disappeared in the 69- year-old and the so-year-old man. (ITI-z and ITI-4).

xx. Fam. Kru.

w2

ITl-z (FB-84.0r.51) Bad visual acuity since catly childhood. ‘This man is now 85 years old.

1969 VOD S44.25=CHz.50%355° 1-2/60; VO3S S+4=C+1.50x 80" 2~3/60.

Media: Incipient senile cataract. Fibrillazy degeneracion of the vitreous body, Vascular veils project into
the vitreous.

Fundi: Atrophic changes in the foveal arca. Discs pale. The retinal vessels are slightly attenuated. Pigment-
clumping in the retinal periphery, while retinoschisis is present in the inferior part of the retina.

IV-2 (JMKB-20.08.20) VOD 8+2 19/10; VOS S4-1.50 10/10.
Refracting mredia and fundi: Noxnal.
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Vor (JR-38.15.23)
rp6z: VOD S-o0.50=CH2x 180° 4f10; VOS5 CH2x%180° 5/10.
roge: VOD CH1.50x180° z2f10; VOS C-2xX180° §/G0.
Is complaining of metamorphopsia. This is demonstrated with the help of the Amsler test.
Vitreans body: Syneresis and fibrillary degeneration. Fine white opacities throughout the vitrecus. Vascular
veils infratemporally.
Fiundi: Normal reflexes are absent. Pathognomonic cystoid structure with superficial stellate folds in both
foveae. The discs are slightly too pale on the temporal side. The retinal vessels have a normal calibre. In
the inferior temporal periphery retinoschisis, vascular veils, vascular sheathing and dendritic markings are
present.
Visual fields: Decreased central sensitivity. Restriction supranasally.
Colonr vision: Very mild red-green and blue-yellow dyschromatopsia (HRR). Decreased sensitivity to red
{anomaloscope). Tritan axis in the right eye (Famsworth D-15). No specific axis in the left eye (Farnsworth
D-15).
ERG: Scot. b-waves OD s54V; OS 6ouV.

Phot. b-waves OD 48xV; O3 634V,

Phot, a~waves OD 18xV; OS 264V.
EOG: OD 1.96; O8 1.71.
OP: Subnormal.

Summary: X-linked juvenile retinoschisis in a 85-year old man and his 31-year old grandson. The carrier of
the pathological gene has normal eyes. The 85-year old man is able to move around in his house and has
useful sight, This might be a consolation for other individuals suffering from this affection.

1z. Fam., Ma. | S

HI-2 (WJM-g8.10.13) This patient got a bullet in bis left eye in 1965. The traumatic cataract has been
removed.
r968: VOD 8/10, emmetropic; VOS 1fée S-12 3/10.
Refracting mediz: OD normal. OS corneal scar and aphakia.
Fundi: Foveal retinoschisis (fig. 5). Silver-greyish glistening patches in the retinal periphery.
Visual fields: Decreased central sensitivity, Normal peripheral Hmitations.
Dark adaptation: Cutve 1 log.U. too high, phot. and scot.
ERG: Scot, b-waves OD 1204V; OS 1354V,
Phot. b-waves OD 55xV; OS5 g54V.
EOG: ODS z.00.

Summary: A patient with X-linked juvenile retinoschisis, showing the pathognomonic foveal alterations of
this condition. The visual acuity of 8/10 of the right eye is remarkably good.

13. Fam. Pie

IF-z (PF) Born in Indonesia. Like her husband of Indonesian origin,
VODS 19/10.

Media and fundi: Normal.

II-r ([P-s2.05.06) Bad visual acuity since carly childhood.
VODS S+1 3/10.

Vitreons body: Posterior vitreous detachment. Fibrillary degeneration and optically empey structures,
Tiny white opacities 2ll over the vitreous.
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Fundi; Foveal retinoschisis (fig. z). The discs show a temporal erescent. The vessels are normal. Infra-
temporally preretinal whitish dendritic structures and vascular sheathing (fig. 9). Retinoschisis in the
temporal inferior periphery.
Visual! fields: Supranasally restriction to 20 degrees from the centre. Decreased central sensitivity,
Dark: adaptation: Normal.
ERG: Scot. b-waves QD g54V; OS 854V,
Phot. b-waves OD 8ouV; OS GoxV.
EOG: OD 1.70; OS 1.75.
Blood: No acanthocytosis. Normal.

IIl-2 (FP-53.06.28)
VOD C--0.50%180° 2/10; VOS CHc.50x180° 5/10,
Vitreons body: Posterior vitreous detachment. Degenerative changes.
Fundi; Foveal retinoschisis. Discs and vessels are normal. In the far inferior temporal periphery preretinal
whitish dendritic structures and some retinoschisis.
Colour zision: Norxmal (HRR).
Visual fiefds: Concentric constriction, mote in the superior pares than in the inferior parts,
ERG: Scot. b-waves OD 120V; O8S 1004V,
Phot. b~waves QD 7ouV; OS 7ouV.
EOG: OD z.00; OS 1.50.

I3 (GP-sr.0r.07)
VOD C+1x165° 5/10; VOS S-+1.50 210
Vitreons body: Postetior vitreous detachment and degenerative changes.
Fundi: Foveal retinoschisis. Infratemporally vasculer veils and dendritic markings,
Colowr vision: Normal.
ERG: Scot. b-waves OD 1704V; OS 13004V.
Phot. b-waves OD gouV; OS gouV.

T (MP-61.10.25)

VOD S-c.50=C+-0.75 X 80° 10/10; VOS S+o0.50=C+0.75 X 10¢° 3/10.

Vitreons bedy: Posterior vitreous detachment and degenerative changes.

Fundi: Poveal retinoschisis. In the far inferior temporal periphery dendritic structures and some retino-
schisis.

Bload: Normal, no acanthocytosis.

172 3% s 0B
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Summary: All 4 sons of an Indonesian married couple are suffering from X-linked juvenile retinoschisis.
The 3 daughters arc normal. The patients demonstzate the characteristic foveal retinoschisis, while infra-
temporally retinoschisis and white dendritic markings are present. The interindividual ophthalmoscopic
pattezns in the family-members ate very much alike, indicating that there are only slight differences in
expression in this family.

14. Fam. Ra.
IIi-r,2 en 3. Reported t0 have had bad visual acuity all cheirlife,

IV-7 en V-2, Carriers. They have normal media and fundi.



Vg (JdC-34.05.07) Bad visual acuity since early childhood. Concomitant convergent squint of OS,
7968: VOD 542 zfto; VOS S4-2.50 3/60.

Media: Normal.

Fundi: Foveal retinoschisis. Patchy silver-greyish glistening reflexes in some parrs of the retina, parricu-
laxly infratemporally.

Vi-y (RR-55.02.28) Has always had bad visual acuicy.

rg60: Diagnosis elsewhere: “persistent hyperplastic primary vitreous”™.

VOD 2z2/t0; VOS z2/6o. ‘

1968: VOD S+5.25=C+1%90° 2f10; VOS S+5.25=C+1x 90" 2/60.

Refracting media: Slight opacities In the posterior cortex of OD. Cataract of the posterior cortex of OS,
Fibrillary degeneration and syneresis of the vitreous body, in which fine white opacities are present. Pos-
terior vitreous detachment. In both eyes big vascularized veils with arcade-like dehiscences are present.
Fundi: Foveal retinoschisis. Extensive retinoschisis infratemporally, Retinal arteries and wveins project
from the retina into the vitreous in translucent veil-like membranes (fig. 14). Some of the veils insert on
the disc. The disc of the left eye has a pseudopapillitis picture (fig. 16).

Visnal fields: Both visual ficlds are confined to z5 degrees from the centre on the nasal side. There is 2 de-
creased central sensitivicy.

Dark adaptation; The curve is 0.5 log.U. too high. Phot. and scort,

ERG: Scot. b-waves OD gopV; OF 654V, Phot, b-waves OD 65V O8 454V

EOG: OD 1.85; OS 1.70.

OF: Subnormal.

Systemic examination: Normal,

7969 Vitreous hacmorthage occurs suddenly in O8, This is ¢leared up in 5 weeks without any therapy.

i

3
19585

Summary: Two members of a family with X-linked juvenile retinoschisis, There is a striking difference in
exptession between the two patients. Foweal retinoschisis is the only abnormality found in V-4, while
VI-5 demnonstrates the whole range of abnormalities, which may be found in this complex syndrome. Two
catriers, examined ophthalmologically are fully normal.

15. Fam. Si
I-r Reporred to have had bad visual acuiry all his life.

Il-r (JSvD-r7.02....) VODS 10/10.
Refracting media and fundi: Normal.
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II-g (JWyD-z25r0.23) VODS 10{10.
Refracting media and fundi: Nogmal.

11-4 (EOwD-26.06.17) VODS 10/10.
Refracting media and fundi: Normal.

Itl-2 (F5-5o.06.24) Bad visual acuity since early childhood.
1969: VOD 3f10, emmetropic; VOS 4f10, emmetropic.
Media: Normal. ‘
Fundi: Foveal retinoschisis. No other abnormalities.
ERG: Scot, b-waves OD 50uV; OS 7o0uV,

Phot. b-waves OD 654V; OS s04V.
EOG: OD z.40; OS 2.36.

Iilro (WW-sr.07.01)

1967: VOD S+1==CHo.50%10° 4/10; VOS CH1.29x170° 4f10.
Media: Normal,

Fundi: Foveal retinoschisis.

Viswal fields: Decreased central sensitivity.

ERG: Scot. b-waves and phot. b-waves subnormal.

EOG: OD 2.18; 08 z.23.

I 18 (ReO-55.02.09)

1967: VOD C40.50X 75° g4/10; VOS S--0.50=C-to.50x 120" §/10.
Media: Normal.

Fundi: Foveal retinoschisis. Preretinal strands in the inferior parts,
Visnal fieids: Restricted supranasally. Decreased central sensitivity,
ERG: Seot. b-waves and phot. b-waves: Subnormal.

IiI-r7 (EvO-56.r0.23) Concomitant convergent squint of OD,

1367: VOD S+4-2.50=C+1.50x100° 1f10; VOS S+1.50==Cto.50%x 90" 7f10.

Media: Normal.

Fundi: Foveal retinoschisis. Retinoschisis infratemporally.

Visual flelds: Restriction supranasally. Decreased central sensitivity and concentric impairment.
ERG: Scot. b-waves and phot. b-waves: Subnormal.
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Summary: X-linked juvenile retinoschisis in four boys, belonging to the same family, All affected individuals
have 2 foveal retinoschisis, while only one of them (III-17) has a periphezal retinoschisis too. Three carriers
werc examined and found to be normal.

16. Fam. v.50l

I-r (PR-ry.0r.rr) Bad visual acuity since early childhood. Had a connatal cataract of the right eye.
rg943: Discission of the cataract of OD,

ro¢z: Complains of bad visual acuity, particularly in darkness,

VOD 8+35 light perception; YOS 845 1/6o.
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There is a concomitant divergent squint of OD and nystagmus of both eyes.

Media: OD: Aphakia with some after-cataract. OS: Immature cataract,

Fundi: OD: Pigmentations and depigmentations with preretinal glious alterations. Atrophic fovea,
QS: Vascular sheathing and parches resembling an old chorioretinicis, Atrophic foveal alterations.
VER: OD: Absent. OS: Very slight responses.

II-r (p§R) VODS 10/10.
Media and fundi: Normal.

M-y (ReS-62.07.01)

r969: VOD $--1.50 8/10; VOS S+41.50 4f10.
rgze: VOD S+1.50 3/10; VOS S-+1.50 3/10.
Mediz: Normal,

Fundi: Foveal retinoschisis (g, 1ab). Silver-greyisk glistening reflexes in some parts of the retinal periphery
Colonr vision: Normal (HRR).

(15

o ﬁ

1962
Summary: X-linked juvenile retinoschisis in a 54-year-old man and his grandson. The grandson has a foveal
retinoschisis, the s4-year-old man, however, has severe lento-vitreo-retinal changes. The catrier has
normal eyes.

17. Fam. Wes .

wsr
I-z (HWB) VODS 10f10.
Media and fundi; Normal,

II-r (HW-yr.r2.27) Since some years bad visual acuity with both eyes. No family-members with bad
visual acuity are known.

1966: VODS S+o.50 4/10.

Diagnosis: “Heredodegencration of the macula®™,
Systemic examination: Normal.

rg67: YODS S+o.50 4/10.

Amiler test: Normal.

Media: Normal.

Fundi: Foveal retinoschisis (fig- 21). In the far inferior temporal periphety there are some greyish-white
opalescent structures and pigmentations. The whole reting has patchy metallic glistening reflexes.
Visual fields: Slightly decreased central sensitivity, Normal peripheries.
Colonr vision: Normal (HRR, anomaloscope, Farnsworth D 15).
Dark adapiation: The curve is 2f3 log.U. too high.
ERG: Scot. b-waves OD 1004V; OS 1054V,
Phot. b-waves OD  GosV; OS s0uV.
F-ERG: Subnormal,

95



EOG: OD 3.32; 08 2.91.

rg6f: YODS S+o.50 4f10.

No changes.

Flugrescein angiograply: Normal angiogram (fig. 21).

Summary: A boy with X-linked juvenile retinoschisis. The pathognomonic fovezl retinoschisis presents

the diagnosis, although no history of bad vision is reported in this family.

18. Fam. Wil 1 ju]

o

I-2 (MyG-82.0r.03) Is reported to have bad visual acuity since carly childhood.

Iy (WWoG-16.05.30)
VOD 8+1.75=C+0.50% 160° 10/10; VOS S+2=Cto.25x45° 10f10.
Media and fundi: MNormal.

L2 (JW-49.08.r0) Bad visual acuiry since early childhood. Concomitant divergent squint of the right eye.
VOD S+4+4=C+o.75 X 125° 1/10; VO§ S46.50=C+o0.50% 350° 2/10.
Medin: Slight opacities in both postetior cortices. Postetior vitreous detachment and fibrillary degener-
ation of the vitreous body.
Fundi: Foveal retinoschisis. Temporally 2 distinet xetinoschisis with vascular veils and preretinal strands.
Furthermore white dendritic markings and vascular sheathing (fig. 10,12). The discs have a pscudo-
papillitis picture.
Visual fields: Restriction nasally. Supranasally there is more restriction than infranasally,
Dark adaptation: Almost normal curve.
ERG: Scot. b-waves OD g5xV; OS 1554V.

Phot. b-waves OD gouV; OS5 754V,
EOG: OD 1.20; OS 1.85.
The value of OD is unreliable because of the squint.

Summary: A boy, suffeting from a severe form of X-linked juvenile retinoschisis. Nearly all possible
ophthalmoscopic alterations of X-linked juvenile retinoschisis are to be found in this patient,
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I

Stargardy’s disease

I. INTRODUCTION

Stargardt’s disease is a bilateral, symmetrical, progressive affection which, at least
in the initial stage, is confined to the foveal area; its occurrence is familial and usually
at an early age, and it ultimately leads to loss of central vision.

In 1909, Stargardt described two families (H and N) which, in age group 12-20,
included seven individuals with progressive degeneration of the macular region.
The patients’ parents had good visual acuity and normal eyes, and were not con-
sanguineous. The patients had had good vision in early childhood, but between
age 8 and age 15 developed gradual, progressive loss of central vision. In the pos-
terior pole there were slight pigment changes with yellow-grey spots, resulting in 2
fairly well-defined, grubby atrophic central focus of horizontal oval shape. In some
patients a broad ring of numerous white-yellow spots developed around this focus
(diameter 1-2 pd), while the retinal vessels and retinal periphery remained quite
normal. The optic discs were somewhat too pale on the temporal side.

However, patients with conditions closely resembling that described by Stargardt
in 1909, had been known earlier. Leber (1874) had described a 7-year-old girl with
progressive degencration of the retinal centre, to which slight changes in the retinal
periphery were later added (Stargardt, 1909).

The brother and sister with central and pericentral changes described by Lang
(1885) may also have suffered for some time from Stargardt’s disease.

R. D. Batten (1897) described two brothers who at age 14 developed a sym-
metrical macular affection charactetized by finely mottled pigment displacements.
It was specifically mentioned that the elder brother (age z1) showed not only more
marked central pigment disturbances than his younger brohter (age 14), but unlike
the latter also showed pigment displacement in the retinal periphery.

The two brothers described by Magers (1899) were very probably patients with
long-standing Stargardt’s disease, because the posterior pole showed pronounced
pigmentations and choroidal atrophy.
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Dujardin {1904) described two brothers and Jackson (1905) reported on two
sisters — all children of consanguineous parents.

The literature also comprises the solitary case described by Valude (1906) and two
sisters described by Steindorff (1906). Baumgarten (1907) observed a 13-year-old
girl with central and peripheral fundal changes, and Jennings (r909) made mention
of three children with progressive posterior pole dystrophy in a consanguineous
marriage.

After 1909 Stargardt continued to publish reports on this progressive posterior
pole dystrophy in young patients. In 1913 he described two brothers aged 45 and
58, and their 43-year-old sister, whose vision had been poor for years. In these
patients he found peripheral retinal changes besides a marked central affection.
Stargardt himself described the picture as a retinitis pigmentosa taking an inversed
course (retinopathia pigmentosa inversa): in classical retinopathia pigmentosa the
equatorial retinal areas are first affected, in contrast to the course seen in his cases.
In 1916 he added to his series the case of 2 35-year-old man whose vision had been
poor since age 12; and in 1917 and 1925 he again described patients with the same
affection (Stargardt 1917, 1927).

In 1917, Stargardt published a classification of central tapetoretinal dystrophies in
which he strictly differentiated between the progressive dystrophies of the central
retina without dementia, and those with dementia: the so-called maculo-cerebral
dystrophies (lipidoses) which several other authors have z2lso described (F. E. Batten
1903; Mayou 1904; Stephenson 1904; Spielmeyer 1905; Vogt 1905; Stock 1908;
Oatman 1911; Beach 1926, and others).

None of the families described included individuals with a purely retinal affection
as well as patients with a maculo-cerebral condition. From this fact Stargarde
rightly concluded that the progressive posterior pole dystrophy he had described,
and the maculocerebral dystrophy, are totally different entities. Only Alkio (x923)
found concomitance of Stargardt’s disease and Tay-Sachs disease in the same family
(an incidental finding, in our opinion). A boy with possibly Tay-Sachs disease or
Spielmeyer-Vogt disease had a father with normal eyes, but this father had three
brothers and one sister suffering from Stargardt’s disease.

Since Stargardt’s perspicuous studies, publications on this affection have con-
tinued to appear: Lutz (1911): 4 children in 1 family; Stirling (1912): 1 case; Datier
(x914): 5 children in 2 families; Maewsky (1914): 1 case with suggestion of peri-
pheral retinal changes; Pusey (1915): 5 children in 1 family; Feingold (1916):
3 children in a consanguineous martiage.

Many publications have followed in subsequent decades. The observations of the
various authors are not always the same; purely cential, but also centroperipheral
affections as well as transitions between these two types have been described.

For the sake of simplicity we present in table I a survey of publications which,
so far as we could establish, concern themselves with Stargardt’s disease.
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Table T
A I520-I930
1920 Chance
1921 Becker; Oguchi and Yano
192z Nakajima (quoted by Waardenburg et al. 1965)
1925 Alkio; Lewina; Takeuchi and Horiguchi
1924 Cavara; Firfjukowa; Morelli
1925 Bollack; Rieger
1926 Lagrange and Peron; Steyn; Urbanek
1927 Vom Hofe
1928 Blank; Knapp; Morelli
1929 Tillé

b. rgzo-rpgc

1930 Pillat, Schiff-Wertheimer and Tilié
1931 Letchworth; Rossi; Von Rétth
1952  Accardi; Waardenburg

1933 Braun

1934 Danielson

1935 Borsellino; Caocci; Ibuki; Neame
1936 Burnier; Klien; Tillé

1957 Muromoto

1938  Alvaro; Ogata

1959 Wakayama

C. I940-1956
194¢  Danis; MacRay; O'Rourke; Sorsby
1941  Franceschetti and Klien; Hallermann; Sorsby
1942 Crawford; O’Brien and Roper
1943 Lloyd
1944 Neame
1645 Missiroli
1946  Bonnet; Folk; Gartner; MacRay; Renard
1947 Feldman; Moffat; Ryerson: Sukumlyn
1948  Agatston
1949 Brognoli; Redslob

d. 1gyo-rgéo

1950 Mottelmans; Peiker

1951  Biro; Di Prima; Scuderi and Siliato; Sun

1952 Danic; Klimkovi and Velicky; Peterson; Szekler

1955 Kaplan; Perron et al,

1954 Anastasi and Bellavia; Bernheim et al.; Roschr; Samuels
1955 DBonamour; Friemaan; Landolt; Mylius

1956 Frangois et al.; Géba; Schénfelder

1957 Bessiére et al,; Van Bogaert; Hong; Ohrt

1958 Bessitre and Chabot; Kozlowski; Spallino

1959 Bowzzoni; Tiberi and Cuccagna

¢ I960-1370

1960  Cox; Lux; Vancea and Tudor

1961 Cox; Etzine; Straub

1962  Bessitre et al.; Calmettes et al.; Chen and Lin;
Francois ¢t al.; Gruetzner

1565 Biesheuvel; Dalgleish and Naylor
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1964 Komzweig

1965 Frangois and De Rouck; Norton et al.
1966 Blodi; Xrill; Ruedemann

1967  Shershevskaya; Yasukura et al.

1968 Ersler and Jaczynowska; Bengisu et al
1969  Bessiére ct al.; Frangois and De Lacy
1970 Soler Sala; Merin and Landau.

This survey lists those dystrophies that had or can be suspected to have had 2
recessive mode of transmission. Since the literature also comprises reports on
dominant progressive foveal dystrophies, several authors have described these
affections as the dominant form of Stargardt’s disease (Franceschetti et al. 1963;
Duke-Elder 1967); but because Stargardt himself described a recessive affection, we
consider it desirable to confine the designation Stargardt’s disease to the recessive
form and to give the dominant foveal dystrophy which resembles it 2 separate place
under the heading dominant progressive central tapetoretinal dystrophy or dominant
progressive foveal dystrophy.

The disease must be strictly differentiated from dominant progressive cone
dystrophy and dominant vitelliform dystrophy, which on occasion are mistakenly
recorded as dominant form of Stargardt’s disease (Bruna 1951; Franceschetti et al.
1963 ; Duke-Elder 1967). — The central tapetoretinal dystrophies in which peripheral
retinal changes develop after some time, constitute a problem in a way. There is
still considerable confusion in this respect as a result of the numerous different names
by which these centroperipheral tapetoretinal dystrophies are known. As early as
1913, Stargardt himself described three individuals in one family who showed such
a centroperipheral tapetoretinal dystrophy (fam. S). In our opinion there can be no
convincing objection to the use of the term Stargardt’s disease with reference to
these diffuse retinal affections. Franceschetti, Frangois and Babel (1963) described
this form as Stargardt’s disease with peripheral involvement (“maladie de Stargardt
avec participation périphérique™), and we agree with this designation.

Other terms used are: centroperipheral tapetoretinal dystrophy (TRD) (Waarden-
burg et al. 1963); macular form of diffuse TRD (Gruetzoer 1962); mixed TRD
(Bessiére et al. 1962); diffuse TRD (Duke-Elder 1967); and central retinitis pig-
mentosa (Lux 1960).

We believe that many cases described as “central {inverse) tapetoretinal dystrophy™
(Franceschetti, Frangois and Babel 1963 ; Duke-Elder 1967) should also be classified
in this group. The “progressive rod-cone degeneration” described by Berson et al.
(1968) is probably the same affection. This form — in which the fovea first becomes
dystrophic, while peripheral changes occur later — might be called centrifugal TRD
or centrally started TRD.

Occasionally, however, it may be impossible to establish whether the dystrophic
process in fact started in the central retina. Perron et al. (1953), for example, de-
scribed a patient in whom retinal centre and periphety were simultancously involved;
and our own case material includes patients of whom we do not know with certainty
whether the dystrophy started centrally or was diffuse from the onset (fam. Bol and
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Hu). Be this as it may, it is a fact that the literature and our own case material both
include many examples in which an initally purely central TRD was later associated
with peripheral retinal changes.

Rieger (1925) described two brothers with central and petipheral retinal changes,
while 2 third brother showed 2 normal posterior pole and only petipheral changes.
So far as we know, there have been no other observations of this kind.

Bonnet {1946), Gruetzner (1962) and Shapira (quoted by Perron et al. 1953) hold
that 2 strict distinction must be made between Stargardt’s disease, which remains
purely central, and TRD which starts at the centre and extends towards the periphery.
In our opinion this is impossible, because all transitions between purely central and
diffuse TRD have been described. There are purely foveal forms besides affections
which involve not only the fovea but also the pericentral or even the entire peripheral
retina. If observations are limited to a single period in the patient’s life, the im-
pression may be gained that there are clearly distinct purely central and centro-
peripheral forms. Unfortunately, many reports cover only a single period of ob-
servation. But when long-term follow-ups have been made it is quite clear that in
many cases an originally purely central TRD develops into a centroperipheral TRD
(Leber 1874; Waardenburg 1932, 1963; Wakayama 1939; Brognoli 1949; Rosehr
1954; Gaba 1956, and others). It has also been frequently found that, in a given
family, older brothres or sisters had already developed a centroperipheral TRD,
while younger brothers or sisters still showed a purely central TRD (Batten 1897;
Becker 1921; Oguchi and Yano 1921; Von Rétth 1931; Wakayama 1939; Etzine
1961, and others). The teverse situation has never been described. This means, we
believe, that the eyes of older brothers or sisters generally indicate how the eyes of
younger brothers or sisters will ultimately become. In only one family (fam. Me)
we found the rare situation, that the youngest had Stargardt’s disease with peripheral
involvement, while 2 older siblings had a pure central form of Stargardt’s disease.

A beautiful example of an unsuspected development has been given by Rosehr
(1954). In 1953 — 50 years after Stargardt first examined Dorothea H - it was found
that an affection initially confined to the fovea had led to diffuse retinal changes:
pigment proliferations and drusen-like structures; and the posterior pole likewise
showed marked changes. The younger sister, Marie H, did show posterior pole
changes but the retinal periphery was still virtually normal. These findings would
seem to contradict most other data in the literature and our own observations, which
show that affected children in the same family are likely to show the same develop-
ment.

Stargardt’s own studies already yielded arguments against the widely accepted
view that the affection which bears his name would be confined to the fovea. The
S family in which in 1913 he described a centroperipheral TRD provides such an
argument, and the fundal pattern in Paul H — one of his first patients — already
showed numerous white sharkfin-shaped spots around the papillofoveal area. In
cases in which many white spots are visible around the dystrophic fovea, differential
diagnosis from fundus flavimaculatus is exceedingly difficult. Mylius (1955) also
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pointed out that Stargardt’s disease is not strictly limited to the foveal area. Today,
many ophthalmologists confronted with the Paul H originally described by Stargardt,
would diagnose a case of fundus flavimaculatus!

The same applies to the patients described by Hallermann (1941), Agatston {1948),
Friemann (1955) and Mylius (1955). On the other hand, some of the cases of fundus
flavimaculatus described by such authors as Franceschetti and Frangois (1965), Carr
(1965), Amalric et al. (1967) and Scialfa (1964) might well be classified as Stargardt’s
disease. Cases 2 and 5 in Carr’s study (1965) in fact do not resemble a fundus flavimac-
ulatus strikingly but are more suggestive in my opinion of a centrally started TRD.

In the terminal stage of Stargardt’s disease, the posterior pole often shows the
features of extensive choroidal atrophy with or without pigmentations, and the retinal
petiphery can show features ranging from a normal fundus through advanced
retinopathia pigmentosa. It can be deduced from this that in advanced stages it is
not always possible to establish a reliable diagnosis on the basis of the ophthalmo-
scopic findings if one is not familiar with the initial stages of the disease.

Unlike many authors, we agree with Stargardt and Tillé (1929) that Stargardt’s
disease is an ophthalmoscopically well-recognizable entity. Additional data on mode
of transmission and retinal functions can verify the diagnosis. The progressive loss
of vision is an important characteristic. The age of onset is much less characteristic

and varies widely. The entity named after Stargarde might be roughly divided as
follows:

1. purely central TRD;
2. central and pericentral TRD {sometimes indistinguishable from fundus flavi-
maculatus with foveal dystrophy);
3. centroperipheral TRD:
a. with an intact visual field (pigmentations and depigmentations, virtually
normal calibre of fundal vessels);
b. with visual field defects (bone trabeculae and constricted fundal vessels).
In this respect we should bear in mind the evolutional character of this affection,
which can cause the picture to change substantially in the course of the years and
may present all forms and transitions of 1, 2 and 3 in succession. Ultimately a sharply
defined focus of choroidal atrophy, indistinguishable from central choroidal atrophy,
may develop in the posterior pole.

2. GENERAL CLINICAL PICTURE IN THE PATIENTS

The two principal features of the clinical picture of Stargardt’s disease are the
changes in visual acuity and the fundal features.

The patients usually report between age 6 and age 2o with bilateral gradual
diminution of wvision, although previously wvisual acuity has been entirely normal.
In some cases the first symptorns do not occur until age 30-4o.

There is often mild myopia and patients complain of photophobia, vision usually
being optimal in rwilight. There is no male or female predominance, and several
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Fig, ra. Initial stage of Stargarde’s disease. Disturbed

foveal and foveolar reflexes. Fovea looks as if covered with

varnish (snail’s slime). Some uncbtrusive yellowish-white
flecks in the foveal area. (Fam. Oc).

Fig. rb. Fluotescein angiography reveals not only defects

in the retinal pigment epithelium at the site of the fovea, but

also small round defects in the pigment epithelium in the
perifoveal area.
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children in the same family ate often affected. Consanguinecusness of parents of
patients with Stargardt’s disease has a higher incidence than normal.

A familiar story is the one zbout the schoolchild who has always been seated at
the back of the classroom but must move to the froat because no spectacles are
effective.

In some cases there is considerable diminution of vision although no ophthalmo-
scopic changes exist. Neurasthenia or even hysteria is often suggested in such cases,
and some ophthalmologist may even so far forget themselves as to get angry with
the patients (always a mistake). The reverse situation — still normal visual acuity in
association with slight foveal changes — can also be encountered. An important
point is that the loss of visual acuity is nearly always symmetrical, although there are
exceptions to this rule. We have seen patients with vision 1/10 in one and vision
g/10 in the other eye (fam. Kat), but in these cases the ophthalmoscopic changes were
already symmetrical. The fact that ophthalmoscopy discloses an zlmost photo-
graphically exact symmetry of the two eyes can suggest a hereditary origin at an
early stage.

Vision gradually diminishes to 1/10; in many cases it takes many vears to reach
this low value, but occasionally one may see very rapid detetioration of vision
(Lutz 1911). Peripheral retinal dystrophy comes on insidiously in many cases, and
in these cases vision can be even worse, although true blindness is a rarity.

3. FUNDUS (OPHTHALMOSCOPIC FINDINGS)

In the initial stage there are no or hardly any ophthalmoscopic changes. The first
signs are disappearance of the foveolar reflex (fig. 1), followed after some time by
disappearance of the foveal margin reflex (fig. 2). Changes in the pigment epitheliurn
become visible in the form of grey, yellowish and brown spots, and the fovea shows
a granulated appearance (figs. 2, 3). The fovea also gives an imptession of being
covered by varnish or snail-slime (fig. 1-4). Sometimes there is an exceedingly
delicate plication of the internal limiting membrane, radiating in all directions (fig. 5).
This radial aspect entails 2 risk of confusion with sex-linked juvenile retinoschisis, in
which the fovea shows a characteristic cystoid alteration with clearly visible super-
ficially localized radial plicae (page 51). These striae, however, ate usually less
delicate than the very fine plicae seen in Stargardt’s disease. As in Stargardt’s
original cases, one frequently observes the occurrence of whitish-yellow, ill-defined
perifoveal spots, localized beneath the vessels and probably in the pigment epithe-
lium of the retina (fig. 6). The pigmentations in the foveal atea vary markedly;
thick “soot-flakes™ can appear at the site of what used to be the fovea {fig. 7).

Finally there appears 2 hoftizontal oval of atrophic pigment epithelium which
usually measures 2 pd in width and 1.5 pd in height (fig. 8). As the process advances,
the focus can increase to as much as 5 pd. This more or less sharply defined focus of
atrophic pigment epithelium has a greyish, grubby appearance and shows glistening
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metzllic reflexes when illuminated. The American literature describes this as
“beaten bronze atrophy”, and this is a very precise description. The glistening
reflexes might be caused by hyalinization of Bruch’s membrane.

While the central focus is extending, new white spots often occur which ultimately

Fig. 2a-f. Stargardt’s disease in a 24-year-old male. Visual

complaints started six months previously. Tiny ill-defined

whitish flecks at the exact site of the foveal margin. The
normal foveal reflexes have disappeared. (Fam, Wu).
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form z broad ring around the central retina or even around the disc and central retina
(figs 6a, 9). In such cases differential diagnosis from fuandus flavimaculatus con-
stitutes a problem, but in view of Stargardt’s original publications on this picture
we prefer the designation Stargardt’s disease.

Fig. se-b. Another case of Stargardc’s discase. Symmettical
atrophic¢ patches, which measure spproximately one disc
diameter are the only abnormalities at ophthalmoscopy.
There is a fine granular aspect in the foveal area. (Fam, Hor).
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Fig, ga. Whitdsh flecks in the foveal area, which has a
slightly swollen aspect. (Fam. Oe).

Fig. 46, Fluorescein angiography revecals defects in the
retinal pigment epithelium, mainly in the foveal area, but
also in the perifoveal area.



Fig. 5. Delicate radiate striation of the intemnal limiting

membrane in Stargardt’s disease with peripheral involve-

ment (Fam. Bol). There Is extensive atrophy of the pigment

epithelium and the choriocapillaris, Some of the larger
choroidal vessels are visible.

The atrophic process extends not only in width but often also in depth. In such
cases the choroid becomes visible due to atrophy of the pigment layer, and after
many years it assumes an atrophic appearance (figs. 9, 10). The ultimate result is an
atrophic posterior pole, which can assume the features of central choroidal atrophy
(fg. 11).

A striking feature is the symmetrical aspect of the posterior pole through all stages
of development (figs. z, 3, 6, 7, 8 and 12). Only very occasionally are the fundal
features less symmetrical (fig. 13). It is questionable whether the cases described in
the literature as unilateral Stargardt’s disease can in fact be counted as such. OQur
material includes not a single case of unilateral Stargard’s disease. In recessive
conditions the expression generally seems to be more constant than in dominant
conditions, which often show marked diffetences in expression; this can be observed
in such affections as Waardenburg’s syndrome, Rieger’s syndrome, vitelliform foveal
dystrophy and dominant drusen of Bruch’s membrane.

The disc, retinal vesscls and peripheral retina ate normal in the early stages, and
remain normal if the dystrophic process is confined to the posterior pole.

Very often, however, an initially purely foveal dystrophy is followed by a peri-
foveal central affection, characterized by whitish-vellow round or sharkfin-shaped
spots, ot by true peripheral dystrophy. We observed this in many cases (fam. vB,
fam. Boe, fam. Bol, fam. dBr, fam. dG, fam. Ha, fam. Hu, fam. Kni, fam. Ste, fam.
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fiig. 6a-b. Symmetrical areas of beaten bronze arrophy
surrounded by a crown of fuzzy whitish flecks (Fam. Krij).
These flecks are also on the nasal side of the disc. Diffe-
rential diagnosis with fundus flavimaculatus has to be made.



Fig. 6z. A horizontal oval of atrophic pigment epithelium
surrounded by a broad band of ill-defined flecks, Fluores-
cence photograph of the fundus depicted in fig. 8a.

Sto, fam. vdZ). We found central TRD in the families Hoz, Ja, Kat, KIW, Kiij, Oe,
Wil, Wu and Zo.

We are not sure, however, that some slight affection of the periphery has already
occurred in some families. Fam. vW showed an unmistakable transition from a
central to a centroperipheral dystrophy; transitional forms can be observed also in
the families vB, Har, Krij and vdZ.

When affected, the retinal petiphery shows round, granular black pigmentations,
often surrounded by areas of depigmentation (figs. 14, 15, 16). In cases showing these
centroperipheral dystrophies the horizontal oval central area of *“beaten bronze
atrophy” nearly always loses its well-defined features (figs. 7, 12, 17). In a few
cases, bone trabeculae even appear in the retinal petiphery (fig. 182), while the
disc assurnes a wax-like pallor and the retinal arteries become very slender (fam.
Kni) (dg. 18b). But the terminal stage of centroperipheral TRD can also be
characterized by circumscribed areas of chorioretinal atrophy, which are most
pronounced in the posterior pole (fig. 11, 19).

Examples in the literature are the cases reported by Leber (1874), Waarden-
burg (1932, 1963), Wakayama (1939), Brognoli (1949), Perron et al. (1953), Rosehr
1954) and Gaba (1956). These authors observed transitions from purely central to
centroperipheral dystrophies. And many authors reported already developed centro-
peripheral dystrophies (Batten 1897; Baumgarten 1907; Stargardt 1913; Maewski
1914; Becker 19z1; Oguchi and Yano zgzr; Takeuchi and IMoriguchi 1923;
Firjukowa 1924; Rieger 1925; Urbanek 1926; Morelli 1928; Schiff-Wertheimer and
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Fig. 7a-b. Atrophic pigment cpithelium and choriocapillaris
in the posterior poles of a patient with Stargardt’s disease
with peripheral involvement (centroperipheral tapeto-
retinal dystrophy}. Many ill-defined whitish flecks surround
the heavily pigmented atrophic central zone {(Fam. dBr),
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Fig. 8a-b. Symmetrical atrophic lesions with granular pig-

mentation restricted exactly to the area of the fovea centralis.

Some whitish flecks are at the site of the foveal margin.
(Fam. Ja).
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Fig. 9. A central parch of atrophic pigment epithelium and
choriocapillaris surrounded by tiny flecks and larger fundus
flavimaculatus-like lestons, also on the nasal side of the disc.

Fig, ro. There is distinet atrophy of the choroid, chorio-

capillaris and pigment cpithelium in this individual with

Stargardt’s discase with petipheral involvement. Differ-

ential diagnosis with incipient areolar choroidal dystrophy
is almost impossible (Fam. vBj,
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Fig. r1. Extensive chorioretinal atrophy of the posterior

pole in a 56-year-old female with eentroperipheral 1apeto-

retinal dystrophy (Fam. Kni). This picture is undistinguish-
able from that of central areolar choroidal atrophy.

Tillé 1930; Von Rétth 19315 Rossi 1931; Danielson 1954; Ibuki 1935 ; Kilen 19356;
Tillé 1936; Borsotti 1957; Muromoto 1937; Ogata 1938; Sorsby 1940, 1941; Offret
and Brégéat 1942; Feldman 1947; Ryerson 1947; Brognoli 1949; Francois 1949;
Biro 1951; Danic 1952; Perron et al. 19535; L. Samuels 1954; Anastasi and Bellavia
1954; Bessiére et al. 1957; Kozlowski 1958; Lux 1960; Etzine 1961; Bessiére et al.
1962; Gruetzner 1952; Biesheuvel 1963; Shershevskaya 1967; Etsler and Jaczy-
nowska 1968; Sicault 1968, and others).

4. REFRACTION

The majority of cases showed low myopia with or without astigmatism; this was in
marked contrast to vitelliform dystrophy, in which hypermetropia with or without
astigmatism was practically the only abnormality of refraction observed.

5. VISUAL ACUITY

Central vision is ultimately lost, although it may be many years before this happens.
Some authors have described fairly rapid loss of central vision (Lutz 1911). Our
own experience indicates that this is faitly rare. In two sisters, however, we saw
visual acuity diminish in two years from 8/1o to 1/1e (fam. vW). In many cases
vision diminishes graduzally and symmetrically; in other cases vision may be as low
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Fig. rzg-b. The posterior poles in Stargardt’s discase with
petipheral  involvement showing centrally ill-defined
atrophic lesions surrounded by whitish flecks (Fam. dBr).
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Fig. 138-4, Asymmetrical lesions in Stargardts disease.
In both eyes perifoveal whitish spots are visible in this
33-year-old male (Fam. Zo).
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Fig, 15

Fig, rg-15-ré. Pathognomonic lesions of the retinal peri-

phery in 3 different individuals with Stargardt’s disease with

peripheral involvement (Fam. vB; dBr; Bol). Many small

round pigmented spots often surrounded by whitish areas,
‘The retinal vesscls are only slightly attenuated.
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Fig. r7a. Another patient with centroperipheral tapeto-
retinal dystrophy. The foveal lesions are rather ill-defined.
For left eye see fig. 17b. (Fam, Sto).



Fig. x7b. Another patient with centroperipheral tapeto-
retinal dystrophy. The foveal lesions are rather ill-defined
(Fam. Sto). For right eye sec fig. 174,

Fig, rze. Fluorescein angiography reveals atrophy of the

pigment epithelium, choriocapillaris and partly of the

choroid. There is no leakage of fluorescein, indicating 2
normal Bruch’s membrane.
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Fig., réz. Bone corpuscles in the perifoveal area, in the mid-
and far periphery of a zaz-year-old patient with cencro-
periphera) tapetoretinal dystrophy (Fam. Kni).

Fig. 185, The same patient showing diffuse chorioretinal

atrophy in the posterior pole. This dystrophy started with

foveal changes in an otherwisc normal retina, The discs
aze pale and the arterioles are attenuated.
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Fig. rg. Composite photograph of the fundus of a s6-year-old femsle (see fig. 11) with centroperipheral
tapetoretinal dystrophy (Fam. Kni). Note the patches of choroidal atrophy.

as 5/6o in one eye while in the contralateral eye it is still 9/10 (families Kat, KIW
and Oc).

In these cases, however, the ophthalmoscopic features are nevertheless virtually
symmetrical. Vision finally diminishes to 1/10 or 5/6c. Only if the retinal periphery
becomes involved in the dystrophic process can vision diminish further to values
between 1/6o and 5/60 (fam. Kni).

In dubious cases, when Stargardt’s disease is suspected and the fovea shows no
pronounced changes, vision can be determined with a neutral density filter. This
amblyopia test indicates whether the loss of vision has a functional or an organic
cause. True functional amblyopia (unlike organic abnormalities as for instance
Stargardt’s disease) is not associated with diminution of vision. Bessiére et al. (1969)
used a similar procedure in such cases. They determined the “acuité visuelle
dynamique” (determining visual acuity at low luminances). In § patients this function
test was the first to be disturbed.

6. VISUAL FIELDS

The petipheral limits of the visual fields remain normal as long as the retinal peri-
phery is unaffected. Once it is affected, some slight concentric limitation of the
isopters usually occurs. A relative central scotoma is soon found, although fixation
problems may make it possible to record only 2 diminished central sensitivity. This
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relative scotoma develops rapidly for red, and later for green. The central scotoma
corresponds to the size of the central atrophic focus, and rarely exceeds 20 degrees.
The ultimate result is an absolute central scotoma with sensitivity gradually in-
creasing towards the periphery, and associated with eccentric fixation.

It is remarkable that the peripheral visuzl field is so little affected in most centro-
peripheral forms of Stargardt’s disease. Ultimate visual field defects occur oaly in
those forms which show the presence of true trabeculae, wax-like pallor of the disc
and very constricted vessels.

Bessiere et al. (1969) found static perimetry to be very valuable in the initial stages
of Stargardt’s disease in which a diagnosis has not yet been established with cer-
tainty. In more advanced stages, the curve obtained was usually a transitional form
of the curves usually seen in purely retinal and purely opticoneural affections. In
affections of the optic nerve there are often spiked curve-segments, whereas in retinal
affections the curves have a more gradual course. In view of their findings, Bessiére
et al. (1969) maintained that in Stargardt’s disease both the photoreceptors and the
intraretinal nerve fibres are affected.

In our opinion the nerve fibres are affected only secondarily because in advances
stages there is always temporal pallor of the disc, which is never observed in early
stages.

7. COLOUR VISION

Detailed studies of colour vision have been made in Stargardt patients (Kahdn and
Sipés 1951; Hong 1957; Cox 1960, 1961; Gruetzner 1961, 1962; Verriest 1964).
Qur findings corroborate the results obtained by these authors. In all cases we found
acquired red-green dyschromatopsia with diminished red sensitivity, of the type
encountered in congenital protanomaly or protanopia (acquired red-green dyschro-
matopsia type I, Verriest 1964). In the centroperipheral dystrophies we also found a
tritan disturbance.

Even earlier case reports described a central scotoma for red and green objects
(Leber 1877; Batten 1897; Baumgarten 19o7; Stargardt 1909, 1913, 1916, 1917;
Behr 1920; Morelli 1924). It was initially thought that the dyschromatopsia oc-
curred as a separate congenital anomaly linked to the foveal dystrophy, and notas a
consequence of the dystrophy (Behr 1920). Clausen (1921) and Rieger (1925), how-
ever, demonstrated that the dyschromatopsia is acquited as a result of an aflection of
the photoreceptors in the posterior pole. They noticed that patients whose colour
vision had been normal, developed dyschromatopsia with the progress of the foveal
dystrophy. Nevertheless, congenital disorders of colour vision can indeed be in-
cidental findings in individuals with foveal dystrophy, for about 89, of all males
and o0.59, of all females suffer from congenital colour blindness (Krill 1968). In our
opinion the cases of Halbertsma (1928) 2nd possibly those of Landolt (1955) come
under this heading.

According to Gruetzner (1961), the degree of acquired dyschromatopsia in
Stargardt’s disease is largely independent of the remaining visual acuity, the ophthal-
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moscopic findings and the duration of the affection. Landolt(1955), Gruetzner (1961)
and Verriest (1964) maintained that colour vision is affected very early, sometimes
while visual acuity is still quite normal. But Cox (1960, 1961) believed that visual
acuity is nearly always affected when an acquired dyschromatopsia is found. We
never saw Stargardt patients with normal viseal acuity, and can therefore form no
opinion on this point. Bessiere et al. (1969), however, found normal colour vision
in patients with normal or slightly diminished visual acuity. Of course it is largely
dependent on the sensitivity of the methods used whether diminished visual acuity
or diminished colour vision is first demonstrated. It is my impression that, in
hereditary dystrophies of the postetior pole in general, disorders of colour vision
occur only when visual acuity is already diminished.

It has been demonstrated with the 2id of the amsmalsscope (Stargardt 19zs;
Rieger 1925; Franceschetti 193c; Franceschetti and Klein 1941, 1947; Kahdn and
Sipés 1951; Landolt 1955 ; Frangois et al. 1956, 1957, 1961, 1962; Hong 1957; Cox
1960, 1961; Gruetzner 1961; Verriest 1964) that red sensitivity is so diminished as
to produce results resembling those obtained in the case of protanomaly. Later,
there are results such as those obtained in protanopia, and finally 2a acquired
achromatopsia occurs in the central visual field (Gruetzoer 1961).

Thus we find 2 gradual transition from the trichromatic stage (acquired pro-
tanomaly) through the dichromatic stage (2cquired protanopia) to the monochro-
matic stage (acquired achromatopsia).

The dichromatic stage is often found in association with a visual acuity of 1/z0,
and the monochromatic stage corresponds with an acuity lower than 5/100 (Verriest
1964). Red-green dyschromatopsia is often found as far as 3o degrees from the
retinal centre, and the retinz] periphery usually retains normal colour viston. In all
our patients we found an unmistakable diminution of red sensitivity with the ano-
maloscope.

The F/RR rest often demonstrates mild or medium red-green dyschromatopsia,
which increases with diminishing visual acuity. In 2 few cases in which the retinal
pedphery was involved in the dystrophic process, we also found blue-yellow dys-
chromatopsia (families dBr, Bol, dG and Sto).

The Farmsworth panel D-15 and the Farnsworth 1oo bue fest reveal no abnormality
in the early stages; in more advanced stages of Stargardt’s disease a red-green axis
(and several times also a tritan axis) has been found. However, unclassifiable results
have been reported also. Verriest (1964) maintained that a correlation exists between
visual acuity and the total numeral index of the 100 hue test. None of the Stargardt
patients adequately perceived the Farusworth tritan plate. The blue square was never
seen. However, the selective invisibility of the blue square is of no great diagnostic
value because it is encountered in red-green as well as in blue-yellow dyschro-
matopsias (Franceschetti et al. 1963).

The maximum of the spectral luminosity curve shows a progressive displacement
to the shorter wavelengths (Hong 1957; Cox 1960; Gruetzner 1963 ; Frangois et al.
1962).
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Fig. 26. Represenwative dark adaptation curve in a patient with Stargardt’s disease with peripheral
involvement (Fam. dG). Both photopic and scotopic components are delayed (approximatcly 1 log U).

In Stargardt’s disease, the maximum hue discrimination is no longer at the orange
hues, and in centroperipheral dystrophies the blue-green hues are likewise perceived
less well (Gruetzner 1962).

‘The impression is that in this type I red-green dyschromatopsia there is a gradual
diminution of sensitvity and then total destruction of all foveal cones; the function
of the cones containing the fundamental red is affected fitst and most intensively
(Gruetzner 1961, 1962 ; Verriest 1964). In early stages this could result from selective
affection of the red-sensitive cones, but it is more likely due to the fact that the retinal
centre largely consists of red-sensitive cones.

It is a conspicuous fact that the patients are often unaware of their disturbed
colour vision, although in some cases the patients themselves had already noticed
that they saw the colour red less well.

The findings warrant the conclusion that the most characteristic disturbance of
colour vision in Stargardt’s disease is a diminished red sensitivity which, via a
protanomalous and a protanopic stage, can ultimately lead to achromatopsia in the
centre of the visual field.

8. DARK ADAPTATION

Dark adaptation is quite normal in Stargardt’s disease if the dystrophic process is
confined to the fovea or the posterior pole. But when the retinal periphery is in-
volved in the dystrophic process, there is gradually increasing delay in dark adap-
tation for both systems. Both the photopic and the scotopic segment of the dark
adaptation curve are disturbed in such cases (fig. 20). This delay rarely exceeds 1.5
log. U. Only in cases in which true retinopathia pigmentosa features develop can
dark adaptation diminish further.
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The dark adaptation test is 2 sensitive indicator in demonstrating diffuse involve-
ment of the retina in centroperipheral TRD; it usually indicates involvement of the
retinal periphety in early stages.

9. ELECTRORETINOGRAPHY

The routine electroretinogram (ERG) is quite normal in the purely central form of
Stargardt’s disease; and this is understandable because the ERG shows the overall
response of the entite retina. Jacobson et al. (1960) found a normal ERG in monkeys
in which they had photocoagulated the maculae; and Ponte (1961) described a
normal ERG in patients with a solar retinopathy.

Subnormal ERG features in central retinal affections warrant the conclusion that
a larger part of the retina is involved than ophthalmoscopic findings suggest. In
our patients with only central ophthalmoscopic changes, we found an entirely
normal scotopic and photopic ERG (families vB, Dr, Har, Hor, Kxij, Oe, Wil, Wu
and Zo).

In the case of perifoveal and peripheral retinal involvement, however, gradually
diminishing responses are obtained, both in the scotopic and the photopic system.
The designation cone-rod dystrophy is justifiable in these cases (Berson et al. 1968).

It is our experience that the ERG findings generally parallel the ophthalmoscopic
changes. When the retinal periphery was ophthalmoscopically entirely normal, we
neatly always obtained a normal ERG. We were unable to corroborate the ob-
servation of Franceschetti et al. (1955), who obtained a highly pathological ERG in
a patient in whom only foveal changes were seen. However, we did always obtain a
decidedly subnormal ERG in association with only foveal ophthalmoscopic changes
in cases of sex-linked juvenile retinoschisis. This raises the question whether the
patient described by Franceschetti et al. (1955) — a 23-year-old man with a perifoveal
reflexring showing delicate radjal striation — was not in fact suffering from sex-linked
juvenile retinoschisis.

Many other authors have described a normal scotopic ERG in the purely central
form of Stargardt’s disease (Karpe 1945, 1958; Dollfus et al. 1951; Frangois 1952;
Franceschetti et al. 1955; Wadensten 1956; Bessidre et al. 1957; Frangois et al. 1958,
1962, 1968; Straub 1961); and the photopic ERG is usually normal also (France-
schetti et al. 1963).

However, a subnormal ERG was obtzained several times upon red light stimulation
(Jacobson et al. 1956; Bessiere and Chabot 1958; Jayle et al. 1959; Toufic 1959;
Ruedemann and Noell 1961; Bessidre et al. 1962, 1969; Krill 1966).

The CFF (critical frequency of flicker fusion) is generally normal also (Iser and
Goodman 1956; Francois et al. 1956; Wadensten 1956; Heck 1957; Henkes 1958).

Jaeger et al. (1960) found with the help of the photopic ERG, that the spectral
sensitvity curve may show displacement to the shorter wavelengths.

Noell (1960), Ruedemann and Noell (1961) and Ruedemann (1966) focused
attention on the fact that, in many cases in which the central retina is involved, a
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normal BERG is obtained because the technique used is not sufficiently sophisticated.
In every patient with a circumscribed lesion of 1 disc diameter or more, Noell (1960)
found several changes in the a-wave, in flicker response and in red light response.

We obtained photopically as well as scotopically subnormal, electro-negative or
even unobtainable ERG’s in the centroperipheral dystrophies (families Boe, Bol,
dBr, dG, Hu, Kni, Ste and Sto), confirming the findings of Perron et al. (1953),
Francois et al. (1956), Bessi¢re et al. (1958), Biesheuvel (1963), Ruedemann (1966),
Berson et al. (1968) and Sicault (1968).

Foveal electroretinogram and visnally evoked responses

The foveal ERG (F-ERG) was distinctly subnormal in all cases, including those in
which visual acuity was still fair (Il-3, fam. Wu). The VER were likewise subnormal
in 2ll cases. Bankes (1967) also reported 2 subnormal local ERG of the fovea.

These techniques are very important for an early diagnosis, especially in cases in
which ophthalmoscopy shows no or hardly any changes as yet, and in which optic
nerve lesions or functonal disorders must be ruled out.

Oscillatory potentials

The OP were normal in dystrophies which were ophthalmoscopically confined to
the retinal centre. The OP showed changes at an early stage in cases of peripheral
involvement.

10. ELECTRO-OCULOGRAPHY

Like the ERG, the LP/DT-ratio of the EOG was quite normal in the purely central
forms of Stargardt’s disease (families Dr, Hor, Ja, Krij and Oe); but when the retinal
periphery was involved the EOG soon became subnormal; in our experience, the
EOG is the most sensitive objective indicator of diffuse retinal dysfunction in this
disease.

In fact the EOG was already slightly subnormal in a few cases in which hardly any
ophthalmoscopic changes were seen as yet outside the foveal area (families vW, W,
Zo and vdZ).

In centroperipheral dystrophies the EOG is very pathological, and the standing
potential shows no rise whatever in light adaptation in cases characterized by
trabeculae in the retinal periphery, wax-like palior of the disc and constricted arteries.

In po patient did we find the combination of a normal EOG with a subnormal
ERG. This confirms the findings of Francois et al. (1968, 1969), who obtained a
subnormal EOG whenever the ERG was subnormal. In many cases, however, we
did find 2 subnormal EOG in combination with a normal ERG (families vB, Har,
Wua, vW, Zo and vdZ).

A subnormal EOG and subnormal ERG were always found in families with
centroperipheral dystrophy (families Boe, Bol, dBr, 4G, Hu, Kni, Ste and Sto).
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Fig. z2xa-b. Conventional and fluorescence photograph of
Stargardt’s disease in a gi-year-old female, showing the
pathognomonic central atea of beaten bronze atrophy sur-
rounded by whitisk flecks. There are distinct defects in the
retinal pigment epithelum at the site of the foves.
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In conclusion, it can be stated that the EOG is generally the first of the overall
retinal function tests to become subnormal in cases of Stargardt’s disease in which
the retinal periphery becomes involved in the dystrophic process. This is suggestive
of a primary affection of the pigment epithelium (see page 40).

For differential diagnosis from vitelliform dystrophy of the fovea it is important
to know that the low EQG-ratios observed in vitelliform foveal dystrophy are seen
only in the terminal stages of ophthalmoscopically centroperipheral dystrophies.

I1. PHOTOGRAPHY

The areas of beaten bronze atrophy in the postetior pole are very clearly visible
in photographs on orthochromatic graphic film (fig. 6). The photographs on
panchromatic graphic film, however, show the changes at the level of the pigment
epithelium, e.g. the peripheral pigmentations, in better detail (fig. 18a).

I2. FLUORESCEIN ANGIOGRAPHY

Fluorescence in the centre of the central retinal focus is already visible in the arterial
phase, and becomes more intensive in the venous phase (fig. 1, 4, 6¢). The fluorescence
persists for a fairly long time but no leakage of fluorescein occurs, and the fluores-
cence pattern therefore suggests defects of the pigment layer while Bruch’s membrane
is intact. The afterfluorescence is probably explained by the fact that the pigment
epithelium defects give a view of the fluorescein normally oozing from the smaller
vessels of the choriocapillaris. The size of the fluorescent area depends on the size
of the defect in the pigment epithelium.

Very often thete is an annular pattern of numerous fluorescent spots around the
central fluorescent focus {fig. 6¢, 21b, 22b). We do not share Amalric’s view (1966)
that Bruch’s membrane has a hyperpermeability to fluorescein; for no sign of
fluorescein leakage is observed.

Fluorescein angiograms of Stargardt’s disease have been published by several
authors (Norton et 2l. 1965 ; Amalric 1966, 1967; Keneyeres and Slezak 1967; Babel
and Farpour 1967; Jutte and Lemke 1968; Frangois and De Laey 1969; and others).

I5. CARRIERS

The parents of patients with Stargardt’s disease show quite normal ophthalmoscopic
findings. The parents can be regarded as “sure heterozygotes™ for the pathological
gene, aad are therefore carriers of this gene.

Several parents of patients with Stargardt’s disease were submitted to com-
prehensive investigation, including various electrophysiological studies (fanilies
Hor, Sto and vW).

All carriers proved to yield entirely normal ophthalmoscopic and electrophysio-
logical findings. EOG, ERG, F-ERG and OP were without abnormalities. This is
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Flig. 22a-b, Conventional and fluorescence photograph of

Stargardt’s disease in another female showing the character-

istic pattern of athrophic pigment epithelium in the foveal
area.



not too surprising in view of the fact that in the patients themselves the F-ERG is
initially the only evidenty disturbed clectrophysiological function test.

However, Merin and Landau {(1970) shortly reported about abnormal findings in
relatives of patients with Stargardt’s disease.

I4. HISTOLOGICAL FINDINGS

Histological studies on Stargardt’s disease have been few and far between. The
studies published by Harms (1904) and Behr (1921) may concern Stargardt patients,
but this is by no means certain.

Klien (1950) had occasion to make a histological examination of a Stargardt eye
which had been removed in an exenteration for infiltrative squamous-cell carcinoma;
Paufique and Hervouet (1963) examined an eye enucleated from a 35-year-old
Stargardt patient in view of a peripheral malignant melanoma of the choroid.

Vail and Shoch (1965) studied the eyes of a 78-year-old woman with dominant
progressive foveal dystrophy; Brihaye-Van Geertruyden (1962) had occasion to
make a histological study of an eye from a patient with spinocerebellar ataxia and
progressive foveal dystrophy, who had died at age 31.

The histological findings reported are generally in agreement. Blodi (1966) has
summarized them as follows. “The hallmark is a complete disappearance of the
visual elements in the macular area. The macular cones are gone and so are the
cones and rods in the perimacular region. The pigment epithelium has also dis-
appeared in this area and only a few degenerated nuclei are visible between Bruch’s
membrane and the external limiting membrane. Farther out, towards the periphery,
a layer of vascularized connective tissue may lie between Bruch’s membrane and the
atrophic external layers of the retina. The extent of the atrophy seems to increase
with age, so that in old patients an area much larger than the macula is involved.
Secondary degenerative or proliferative changes may occur. The inner layers of the
retina may show a cystoid degeneration and there may be deposition of calcium.
The proliferative changes occur mainly in the pigment epithelium. They are usually
spotty, circumscribed and occasionally quite subtle and mild. Bruch’s membrane
and choroid, especially the choriocapillaris, show no pathologic changes of note.”

In our opinion, atrophic changes of the choroid can certainly be found in terminal

stages. At least this was clinically quite evident in some of our patients (families vB,
Kni and vdZ).

I5. PATHOGENESIS

The basic pathological process seems to be localized in the photoreceptors of the
central retina. This is suggested by the fact that diminution of vision is frequently
observed in the initial stages in the absence of pronounced ophthalmoscopic changes.

On the other hand, the often perifoveal yellow-white spots, the pathological
fluorescein angiogram, and the often subnormal EOG in processes extending



towards the periphery, in combination with a normal ERG and normal dark
adaptation, ate suggestive of a localization of the primary pathological agent in the
pigment epithelium.

For the time being, therefore, the designation central TRD would seem to be
well-chosen. The question whether the cells of the pigment epithelium or the
photoreceptors are first affected, must remain unanswered. These cases may im-
mediately develop a combined dystrophy of both retinal structures on the basis of
an enzymatic disorder.

16. MODE OF TRANSMISSION

The mode of transmission of Stargardt’s disease is autosomal recessive. There have
been reports on progressive foveal dystrophies with autosomal dominant trans-
mission, and these have been interpreted as dominant forms of Stargardt’s disease.
These forms will be discussed in a separate chapter because no dominant trans-
mission has been observed in Stargardt’s original patients.

The autosomal recessive mode of transmission is plausible for the following
reasons.

1. There are often several Stargardt siblings in one family.

2. The parents of patients are ophthalmologically quite normal and often con-

sanguineous. ‘

3. Males and females are about equally affected.

4. There are generally more normal subjects than patients in each sibship.

We found parental consanguineousness in five families (Bol, Har, Hor, Kni and
Krij). In fam. Koi, with centroperipheral TRD, the mother and 7 of the 12 children
are affected. This is probable 2n example of pseudo-dominance, for the mother
married a relative. The mother is probably homozygote and the father hetero-
zygote for the pathological gene.

" The fam. vB, in which 3 brothers in one family married 3 sisters in another family,
is likewise interesting. Two of the marriages produced Stargardt children. The four
parents of these children would appear to be all heterozygotes for the pathological
gene that causes Stargardt’s disease.

In the literature we find numerous descriptions of families with parental con-
sanguineousness {Dujardin 1904; Jackson 1g9e5; Jennings 19c9; Feingold 1916;
Behr 1920; Oguchi and Yano 1921; Nakajima 1922 (quoted by Waardenburg et al.
1963); Maeda 1925 {quoted by Waardenburg et al. 1963); Rieger 19z5; Togano 1930
(quoted by Waardenburg et al. 1963); Caocci 1935; Ibuki 1935; Neame 1935;
Wagner 1935 ; Burnier 1936; Ishida 1936; Alvarc 1938; Ogata 1938; MacRay 1940,
1946; Sorsby 1940, 1941; Gartner 1946; Agatston 1948 ; Perron et al. 1953; Anastasi
and Bellavia 1954; Frangois and Verriest 1956; Tiberi and Cuccagna 1959; Etzine
1961; Francois et al. 1962; Yasukura et al. 1967).

A great many of the families described in the literature include more than one
affected child, as do many of the families we studied. Nevertheless, sporadic cases
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are encountered also, and this need not be surprising because, fortunately, only 259,
of children of heterozygotes for the pathological gene are affected.

In the majority of our families we found more than one affected child (see Case
histories). Affected twins have been described by Dujardin (1904), Nettleship
(1908), Neame (1944), and others.

I7. GENERAL PHYSICAL AND LABORATORY FINDINGS

The literature repotts no abnormalities regularly found in Stargardt’s disease. In
our patients, extensive physical and laboratory examinations disclosed no ab-
normalities. Neurological examination also produced negative results.

13. ASSQCIATED CONDITIONS

The literature has described many affections as associated with Stargardt’s disease.
It is exceedingly difficult to estimate the merits of all these publications; it is not
certain that the texrm Stargardt’s disease is always correctly used.

We therefore discuss the combination of progressive foveal dystrophies with
affections elsewhere in the organism. Progressive foveal dystrophies accompanied
by petipheral retinal changes have already been discussed in detail. The lipidoses
(maculocerebral dystrophies) will be left undiscussed here because they are quite
different conditions which can be clearly distinguished from Stargardt’s disease.

We believe that Stargardt’s disease is a purely retinal affection which normally
occurs without any associated abnormality, and is only sporadically accompanied by
an affection elsewhere in the organism.

No concomitant abnormality was found in any of our patients. In the literature,
we found the following conditions mentioned in association with progressive foveal
dystrophy.

1. Nearological changes. There are spinocerebellar and cerebellar spastic disorders in
which foveal dystrophies or centropetripheral TRD occur (Froment et al. 1937,
1938; Sjogren 1943; Walsh 1947, 1957; Havener 1951; Arnould et al. 1955; Van
Bogaert 1957; Ledic and Van Bogaert 1960; Foster and Ingram 196z; Bergstedt
et al. 1962; Bessitre et al. 1962; Carpenter and Schumacher 1966; Weiner et al. 1967;
Halsey et al. 1967; De Marco 1968). In view of their progressive nature these foveal
affections have been described as Stargardt’s disease (Van Bogaert 1957; Ledic and
Van Bogaert 1960; Bessiére et al. 1962).

In other publications, however, the fovea shows noae of the characteristic features
of Stargardt’s disease (Stadlin and Van Bogaert 1949; Weiner et al. 1967). The
manifestations of the spino-cerebello-retinal dystrophies must probably be ascribed
to one or several pleiotropic genes.

Franceschetti and Klein (1941, 1947) found 21 patients with Friedreich’s ataxia
and 4 with Stargardt’s disease in one large family (Glaser). No individual showed
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both conditions. These authors suggested that in this family there was a pleiotropy
with a phenotype alternating between Friedreich’s ataxia and Stargardt’s disease.
They interpreted Friedreich’s ataxia and Stargardt’s disease as equivalents. In my
opinion it is highly probable that two different pathological genes prevailed in
this family.

Louis-Bar and Pirot (1945) observed centroperipheral TRD in paraplegic patients,
and Jéquier and Streiff (1947) described patients with foveal dystrophy in a family
in which other members showed paraplegia.

Other conditions described in Stargardt patients are hyperkinesia (Friemann
1953), statokinetic tremors with increased reflexes (Vancea and Tudor 1960), ab-
sence of patellar reflexes (Dejean et 2l. 1942) and abnormalities of the sella turcica
(Klimkové-Deutschovd and Velicky 1952; Schonfelder 1956).

2. Endocrine disorders. There are reports on individuals with foveal dystrophy and
zbortive forms of the Laurence-Moon-Biedl-Bardet syndrome (Borsotti 1939;
Klimkovi-Deutschovi and Velicky 1952; Albrectsen and Svendsen (1956).

Redslob (1940, 1946) and Rau (x947) described hypothyroidism in association
with progressive foveal changes which cannot be identified with certainty as Star-
gardt’s disease.

3. Hearing defects. Morelli (1928) described a family with hypacusis which started
at the same time as progressive foveal changes. Cogan (1945, 1948) and Rau (1947)
described progressive loss of hearing in association with progressive foveal dystrophy,
and Scuderi and Siliato (1952) observed connatal hypacusis.

4. Disturbed bairgrowth has been described in association with progressive foveal
dystrophy (Wagner 1935 ; Albrectsen and Svendsen 1956; Yasukura et al. 1967).

s. Other ocular affections. Stargardt-type progressive foveal dystrophy has been
described in association with Fuchs’ heterochromia (Frangois and Mastilovic 1961;
Frangois et al. 1962), corneal dystrophy (Walsh 1962; Kornzweig 1964), and kerato-
conus (Bunge 1936; Malik et al. 1966).

De Rosa (1924) and Borsellino (1935) described foveal dystrophy in association
with connatal microphthalmos.

6. Ozher affections. There are reports on progressive bilateral foveal dystrophies in
association with ovalocytosis (Scuderi and Siliato 1951), Duhring-Brocq disease
(Bonamour 1955), gangrenous manifestations (Bernheim et al. 1954), nephrocalcin-
osis (Calmettes et al. 1962), occlusion of the central retinal vein (Bonnet and Hugon-
nier 1947), melanoblastoma (Paufique and Hervouet 1963), and craniopharyngeoma
(Paufique et al. 1955) and syndrome of the first branchial arch (Di Tizio and
Melchionda 1965). Frangois and De Rouck (1965) found slightly pathological
EEG-changes in 11 of 26 examined individuals with Stargardt’s disease.
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1. DIFFERENTIAL DIAGNOSIS

The differential diagnosis of Stargardt’s disease is not always easy, although after
our study we are convinced that its ophthalmoscopic features are sufficiently
characteristic to warrant a definite diagnosis. The bilaterality and symmetty of this
condition of course play an important role in differential diagnosis, which should
consider the following possibilities.

1. Spielmeyer-Vogt disease. In this condition, foveal degeneration can be the first
conspicuous symptom. If the cerebral manifestations of this condition are absent,
then differential diagnosis from Stargardt’s disease can be difficult. In Spielmeyer-
Vogt disease, too, one often observes peripheral retinal changes, constricted vessels
and pale discs. The fovea (page 20) does not show the perifoveal yellow-white
spots that more or less characterize the Stargardt patient.

The ERG and EOG in Spielmeyer-Vogt patients are disturbed earlier than in
Stargardt patients, in whom the retinal periphery becomes dystrophic. The parents
of children with Spielmeyer-Vogt disease show ophthalmoscopically normal
retinae and quite normal retinal function tests (personal observations).

2. Dominant progressive foveal dystrophy. This dominant affection can closely resemble
Stargardt’s disease. However, it tends to occur at a later age and to progress less
rapidly. The mode of transmission is so far the principal factor on the basis of which
these conditions can be differentiated. The difference in mode of transmission,
however, does not necessarily mean that these are two different entities.

5. Progressive come dystrophy. So far as we know, this condition likewise has an auto-
somal dominant mode of transmission. Its diagnosis is established on the basis of
the extreme photophobia, acquired total achromartopsia and a decidedly subnormal
photopic ERG with virtually normal scotopic ERG. In the initial stages the slight
foveal alterations may impede differential diagnosis from Stargardt’s disease.

4. Sex-linked juvenile refinoschisis. This condition occurs only in males and shows a
pathognomonic cystoid foveal alteration with radial plicae. The ERG is very
subnormal even while the retinal periphery is apparently normal; in our experience,
this is the principal distinction because Stargardt patients do not show a subnormal
ERG until the retinal periphery starts to show ophthalmoscopic changes.

In its more extensive form, sex-linked juvenile retinoschisis is characterized by
so many changes that differential diagnosis poses no problem.

5. Vitelliform dystrophy of ithe fovea. This condition is readily differentiated from
Stargardt’s disease on the basis of the ophthalmoscopic findings; moreover its mode
of transmission is dominant. Occasionally, an atrophic stage of vitelliform foveal
dystrophy might theoretically be confused with Stargardt’s disease. But the diagnosis
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can be established on the basis of the EOG, which is markedly pathological in all
stages of vitelliform dystrophy, and if necessary by 2 family study.

6. Chlorognine retinopatly. In this condition the fovea develops a so-called bull’s eye
(fig. 23a) which somewhat resembles the foveal dystrophy in Stargardt’s disease.
The fluorescein angiograms in both conditions are also more or less alike (fig. 23b).
History and family history are important in differential diagnosis. The unltimate
picture in chloroquine retinopathy is one of delicate pigment changes in the retinal
petiphery, constricted vessels and pale discs, with subnormal EOG and ERG.
However, dark adaptation often remains unaffected while EOG and ERG are already
pathological (Gouras and Gunkel 1963; Potts 1966).

7. Phenothiagine retinoparky. In this condition the fovea shows no bull’s-eye but
delicate punctiform pigment changes; otherwise the features closely resemble those
of chloroquine retinopathy.

8. Affections of the optic nerve. A wide variety of bilateral optic nerve affections can
give difficulties of differential diagnosis from the early stage of Stargardt’s disease,
when the foveal features are still a2lmost normal. Possibilities always to be taken into
account are Leber’s optic atrophy and the autosomal recessive and dominant atro-
phies of the optic nerve.

An important aid in differential diagnosis is the F-ERG with the simultaneously
obtained VER. A subnormal F-ERG indicates a foveal involvement, but a normal
F-ERG with subnormal VER is suggestive of an affection of the optic nerve.

In most cases, however, the ophthalmoscopic changes will establish the diagnosis.

20. THERAPY

There is no therapy, and this is why it is important to prevent consanguineous mat-
riages whenever possible, especially in families in which Stargardt’s disease is already
present.

2I. FUTURE

Like the other dystrophies of the central retina and choroid, Staigardt’s disease
would seem to be a congenital metabolic disorder. Histochemical studies will be
required to demonstrate the primary disturbance in enzymatic function.

It would be a great advance if carriers could be identified before they can produce
children with this disease. Stargardt patients ate often quite capable of leading a
happy life, but the visual handicap is nevertheless such that there are few occupations
ot professions in which the patients can hold their own.
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Fig. 23a. Chloroquine retinopathy in a man in his forties
showing the bull’s eye picture.

Fig. 238, Fluorescein angiography shows 2 well defined
horizontal oval of atrophic pigment epithelium. There are
no whitish flecks perifoveally.
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22. CASE HISTORIES

1. Fam. Boe
JI-2 (JMAB-gr.0r,27) Bad visual acuity since 1950.
r959: VODS 3/60, emmetropic.
Refracting media: Normal.
Fundi: Sharply defined atrophic area in the posterior pole of both eyes. Discs slightly pale on the temporal
side. Retinal periphery and retinal vessels normal.
Visnal fields: Central scotomata.
Dark adaptation: Curve o.5 log U. toe high (phot. and scot.).
ERG: Scot. b-waves OD z2004V; OS zosuV.
Phot. b-waves OD 8ouV; OS5 754V,
I964: Visual acuity is diminishing. VODS 1/60.
Fundi: Atrophic areas in the posterior pole with glistening reflexes. Retinal vessels slightly attenuated.
Retinal periphery shows pigmenrations and depigmentations. No real bone corpuscles are present.
Visual flefds: Large centeal scotomata. Concentric impairment of sensitivity,
Colour vision: Red-green dyschroratopsia {(HRR).
Dark adaptation: o.5 log. U. delayed in the phot. and scot. part of the curve.
ERG: Scot. b-waves OD 130,V; OS 1454V.
Phot. b-waves OD 25.V; OS s35uV.
EOG: OD 1.44; OS 1.40.
roé4: VODS 1f6o.
Patient complains of decreasing vision in darkness.
Fundi: Centroperipheral dystzophy.

Il-3 (HB-48.09.2r) Bad visual acuity since the age of 9.
ro59: VODS S-+1 1f10.
Fundi: A hotizontal-oval area of tapetoretinal atrophy in the centre of the retina. Glistening reflexes from
this area of beaten bronze atrophy, which measures 1 disc diameter. Discs: Slightly too pale on the temporal
side. Normal retinal vessels and retinal periphery,
Viisual fields: Small central scotoma.
Dark adaptation: The cutve is 1 log. U. too high for both systems.
ERG: Scot. b-waves OD 2154V; OF 235uV.
Phot, b-waves OD 60uV; OS &54V.
1g6r: VODS §/60, emmetropic.
Fundi: Posterior poles: Beaten bronze atrophy. Discs: Slightly too pale on the temposzl side. Vessels:
Normal. Retinal periphery: pigment-clumping along the retinal vessels.
Colonr vision: Mild red-green dyschromatopsia,
ERG: Scot. b-waves OD 1604V; OS 1204V,
Phot. b-waves OD 8oxV; OS 85pV,

Swmmary: Two children from a non-consanguineous matriage with 2 centtoperipheral tapetoretinal
dystrophy (Stargardt’s disease with peripheral involvement). Initially the diagnosis was Stargardt’s disease
{the pure form being without petipheral involvement). Follow-up studies revealed the spreading of the
dystrophic process to the retipal periphery. The sister (II-z) suffers from an advanced form of diffuse
tapetoretinal dystrophy, while the brother in 1961 only had central rapetoretinal changes. There is no
doubt, that the sister demonstrates the future development of the fundi of her brother (I11-3).

z. Fam. Bol

Vi-z (PB-jr.er.r3) Bad visual acuity since the age of 8.

I964: VOD 3/60, emmetropic, VOS 5/6o, emmetropic.

Fundi; Central tapetotetinal dystrophy. Dises and vesscls are nosmal. Pigmentary clumping and areas of
depigmentation in the retinal periphery.

Viswal fields: Central scotoma, (OD: 10 degrees. OS: 15 degrees.)

Dark adaptation: Curve 1 log. U, too high for both systerns.
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ERG: Scot. brwaves QD 50V OS 7ouV.

Phot. b-waves OD 6oxV; OS 654V,
EOG: QDS 1.00.
1968: VOD 3/60; VOS 5/6c.
Fundi: Nl-defined area of tapetoretinal atrophy in the centre of the posterior pole, Fine pigmentations,
depigmentations and glistening reflexes in an area of z dise diameters. A delicate radiate folding of the in-
ternal limiting membrane, (fig. 5). Discs slightly too pale on the temporal side. Retinal vessels are normal.
In the retinal mid-periphery greyish-black clumps of pigment, often surrounded by a white hale (Ag. 16).
Visual flelds: Central scotoma of 1§ degrees. Concentric limitation of sensitivity.
Colour vision: Red-green dyschromatopsia and a very mild blue-yellow dyschromatopsia (HRR).
Dark adaptation: The curve is 1 log. U, too high (phot. and scot.).
ERG: Scot. b-waves OD 75xV; OS 844V,

Phot. b-waves OD 17xV; OS z2z4V.
ECG: ODS 1.00.

VI-5 (LB-sg.01.r9) Bad visual acuity since the age of 8.
VODS /6o, emmetropic.
Fundi: Essentially the same pattern as demonstrated by his brother VI-3, Centroperipheral tapetoretinal
dystrophy with uneven distribution of pigment throughout the fundus.
Visual fields, colour vision and dark adaptation: Similar to VI-3.
ERG: Scot. b-waves OD 8ouxV; OS 824V,
Phot. b-waves ODS roxV.
EOG: ODS 1.00.

VI-¢ (AB-yr.04.16) No visual complaints.

VODS 11/10.

Fundi: Normal.

Visual frelds, colosr vision and dark adaptation: Normal,

ERG: Scot, b-waves QI 2604V ; QS 2204V,
Phot. b-waves OD z2z0u4V; OS 954V,

EOG: OD 1.88; OS z.08.
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Summary: Two children with an initially central started tapetoretinal dystrophy from a consanguineous
marriage. Both boys had their first visual complaints at the age of 8.
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3- Fam. dBr

fI-2 (PHAB-33.04.20) Poor visual acuity since the age of 14.
r956: VODS 1/10, cmmetropic.
Viszal fields: Central scotoma, Concentric impairment of sensitivity.
Dark adaptation: The curve is 1 log U. too high for both systems.
ERG: Normal.
r9r8: VOD sf6o; VOS 6/60.
Fundi: Absent foveal and foveolar reflexes.  Brownish pigmentary disturbances in the centre of the retina.
Diffuse disturbance of the normal pigmentation. Numerous yellowisk-white spots are present in the mid-
periphery. The tetinal vessels are normal and the discs are slightly too pale on the temporal side (fig. 7).
Visual fields: Central scotoma. Concentrically decreased sensitivicy. )
Colpnr pision: Red-green dyschromatopsia and decreased sensitivity to red (HRR. and anomaloscope).
Dark adaptation: The cutve is 1log. Ul too high for both systems.
rgé5: Concomitant divergent strabismus of OD. Fixation slightly temporal of the dise,
Fundi: No seeiking changes, as compared to 1958.
Colonr vision: The HRR-test reveals also a mild blue-yellow dyschromatopsia.
rgéd: VODS 4f6o.
Fupdi: Clumping of pigment in the foveal area, which shows atrophy of the pigment epithelivm. Yellowish-
white dots throughout the fundus and some greyish pigmentations. Discs too pale on the temporal side.
The retinal arteries are slightly attenuated.
Visual fieldr: Central scotoma. Concentric impairment of sensitivity. Normal peripheral limitations.
Colour vision: Mild red-green and very mild blue-yellow dyschromatopsia (HRR). Decteased sensitivity to
red (anomaloscope).
Dark adaptation: Curve 1.5 log U. too high for both systems.
ERG: Scot. b-waves OD 1504V; OS 175xV.

Phot. b-waves OD 80xV; OS5 1254V.
EQOG: Unreliable results because of bad fixation.

I3 ( PCdB-36.08.16) Poor visual acuity since the age of 12, Better vision at dusk than in daytime.
ro59: VODS §—2z.50 6f6o.
Fundi: Atrophic foveal atea. Normal periphery, vessels and discs.
Visnal fields: Central scotoma of 15 degrees. Normal periphery.
Colour vision: Medium red-green dyschromatopsia and mild blue-yellow dyschromatopsia (HRR). De-
creased sensitivity to red (anomaloscope).
Doark adapiation: Normal.
1987: VOD 3z/6o; VOS 4/6e.
Fundi: Atrophic foveal areas of 3 disc diameters. Glistening reflexes and clumping of pigment in the
posterior pole (fig. 12). Notmal vessels and discs, Greyish pigmentations surrounded by a whitish halo in
the mid-periphety (fig. 14)-
Visnal fields and colour vision: Unchanged.
Dark adapiation: Curve o.5 log U. too high for both systems.
ERG: Scot. b-waves OD 854V; OS 45+V.
Phot, b-waves OD 40.V; OF 704V.
EQG: OD 1.38; OS 1.56.

I~y (HdB-g2.01.27)

rg58: Poor visual acuity since some years.
VODS: §—4 1/10.
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Fundi: Fine pigmentary changes in the foveal area. Normal disc, vessels and periphery.
Visual flelds: Decteased central sensitivicy.
Colonr vision: Decreased sensitivity to red (anomaloscope).
Dark adaptation: Cuarveo.s log. U. too high for both systems.
ERG: Scot. b-waves OD 2144V; OS 53524V.
Phot, b-waves OD 924V; O8 gqaV.
7g68: VOD 2/6o; VOS 3/6o.
Fundi: Atrophic changes with pigmentary disturbances and yellowish glistening reflexes in the foveal area.
Disc slightly too pale on the temporal side. Vessels slightly attenuated. In the periphery greyish-black
pigmentations surrounded by a white halo (fig. 15).
Visual figldr: Central scotoma. Conceatric impairment of sensitivity. Notmal peripheral limitations.
Colour visfon: Mild red-green dyschromatopsia (HRR). Decreased sensitivity to red (anomaloscope).
Doark adapiation: Curve 1 log. U, too high for both systems.
ERG: Scot. b-waves QD 95#V; OS 1zo4V.
Phot, b-waves OD s5£V; OS 6opV.
EOG: OD 1.50; O8 1.72.

Seemmary: One man and two of his sisters from a non-consanguineous marriage, suffering from an initially
central diffuse tapetoretinal dystrophy. Bone corpuscle figures and pigmentation along the sheaths of the
vessels are absent. The dark adaptation, ERG and EOG illustrate the peripheral involvement of the eyes
in this centroperipheral tapetoretinal dystrophy.
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JII-2 ( AS2B-27.03.28) Poor visual acuity since the age of 18. Increased impairment of vision after the
birth of her second child in 1949.

rg49: VOD $41 4f10; VOS S+1 4f10.

Fundi: Bilateral symmetzical pigment clumping and yellowish dots in a horizontally ovoid zone, slightly
larger than 1 disc diameter. The pigment epithelium in the foveal area is arrophic. Discs, vessels and retinal
periphery are normal.

Therapy: Vitamine B complex.

r5756: A rather rapid loss of central visual acuiry has occurred. She is told by an ophthalmologist that hex
children will have the same affection.

VODS 1/10.

r967: Gradually visual acuity diminishes.

VODS 3/6¢.

Fundi: Nozmal foveal reflexes ate absent, “Beaten bronze™ retinal atrophy in the foveal area. The choroid
has an atrophic aspect too (Ag. 10). Glistening reflexes and fine pigmentary disturbances are present in the
posterior pole. The discs are slightly too pale temporally. The vessels are normal, Small greyish-black and
yellowish-white dots are scartered throughout the retinal periphery (fig. 14).

Visual fields: Central scotoma of 1o-x5 degrees,
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Doark adaptation: The cutve is 1 log. U. too high for both systems.
ERG: Scot. brwaves OD 200sV; OS5 z2204V.
Phot. b-waves OD 1304V; OS 1604V,
EOG: Unreliable because of bad fixation, The L{D-ratio seems to be too low.

Tii-3 (JoB-29.08.07)

1967 Stargardt’s disease with peripheral involvement,
ERG: Normal.

EOG: Subnormal (Made elsewhere).

Iy (MW CodMpB-35r.02.20) Poor visual acuity since the age of 18, Impairment of vision in pregnancy
and shortly after deliveries.

1954: VOD 1/10; VOS 2/10, etRimetropic.

r96e: VOD 5/60; VOS 1f10,

1965: VOID 4/60; VOS 5/60.

Fundi: Atrophic foveal areas with fine pigmentary changes and many perifoveal yellowish-white dots.
Spotty retinal periphery with pigmentations and depigmentations.

Visnal frelds: Relative ceneral scotoma, Normal peripheral limitations.

ERG: Scot. and Phot. subnormal {made elsewhere).

II1-6 (BrB-32.03.31) Poor visual acuity since the age of 17.
r960: VOD S—3.50 sf1o; VOS S—5 410,
Fundi: Brownish atrophic foveal area, surrounded by many yellowish-white spots.
1968: VOD §—35 5/6o; VOS S—4.50 5/60.
Refracting media: Cataracta coronaria.
Fundi: Horizontally ovoid zone of beaten bronze atrophy. Many perifoveal whitish spots. Discs slightly
too pale on the temporal side. Retinal vessels and periphery are normal.
Visual fields: Absolute central scotoma of § degrees,
Colonr vision: Red-green dyschromatopsia (HRR). Decreased red sensitivity (anomaloscope).
ERG: Scot. b-waves OD 195:V; OF 1754V,
Phot. b-waves OD 1zouV; OS5 1z54V.
EOG: OD 1.29; OS 1.42.

1119 (AEvG2B-36.04.26) Poor visual acuity since the age of z1.
Ig60: VOD 1f10; VOS 3/10. Emmetropic.
rgé7: VOD 1f10; VOS 5/60.
Frndi: Hotizontally ovoid zone of beaten bronze atrophy, surrounded by many vellowish-white spots,
localized perifoveally (fig. 9). The posterior pole resembles the picture described in fundus flavimaculatus.
Disc slightly too pale temporally. Vessels and periphery normal.
Visual fields: Central scotoma of zo-30 degrees.
Colowr pision: Mild red-green. dyschromatopsia (HRR). Decreased red-sensitivity (anomaloscope). Red is
seen as grey or black in low iliumination.
Dark adaptation: Norrmal.
ERG: Seot. b-waves OD 238,V; OS 3114V,
Phot. brwaves OD  85xV; OS 1124V,
EOG: OD 1.98; OS 2.18,

Sunimary: Three brothers married three sisters from another family. There is no consanguinity. The gene
of Stargardt’s disease occurs in both families (in I-2,7 and in Il-12,17). The patients are suffering from
Stargardt’s disease with gradual involvement of the retinal periphery. In III-6 the EOG is already patho-
logical, whereas the retinal periphery is still normal ophthalmoscopically, IIl.2,3 have petipheral retinal
alterations, subnormal EOG’s and still normal ERG’s. The EOG appears to be more sensitive in this
affection as regards detecting diffuse retine] abniormalities. The picture of the fundus of II-9 resembles
closely the pictures described in fundus flavimaculatus.

This patient demonstrates, that strict separation of Stargardt’s disease from fundus flavimaculatus with
foveal involvement is often difficult, if not impossible.

This pedigree resembles the pedigree described by Gruetzner in 1962, Gruetzner described 2z brothers, who
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married z sisters from another family. Four of the g children from these z marriages developed centroperi-
pheral dystrophy (Stargardt’s discase with peripheral involvement).

5. Fam. Dr.
FD- (r9.61.05) Poor visual acuity since 1966, The parents 2rc not consanguineous.
rg987: VODS 2/10, emmetropic.
Frndi: A horizontally ovoid zone of retinal atrophy in the foveal area. Yellowish-white dots surround this
area of beaten bronze atrophy. Disc, vessels and periphery are normal,
Visnal fieids: Central scotoma.
Drark adaptation: Normal.
ERG: Scot. bowaves OD 2404V ; O8 2454V,
Phot. b-waves OD 1102V; O8 1154V.
EOG: OD 2.36; OS z.09.

Summary: An 8-year-old girl from 2 non-consanguineous marriage. She had normal visual acuity until the
age of 7. Then visually acuity decreased gradually to 2/10. This is a classical example of Stargardt’s discase.

6. Fam. dG N

I-r and I-2 are not consanguineous,

JI-y (84G-47.06.16) Poor visual acuity since the age of 8.
1957: VOD 5/6o; VOS 1/10, emmetropic.
Fundi: Slight pigmentary disturbances in the foveal area. Disc oo pale on the temporal side. Vessels and
periphery are normal.
Visual fields: Decreased central sensitivity.
Colour vision: Decreased sensitivity to red (anomaloscope).
Dark adaptation: Curve slightly too high for both systems.
ERG: Scot. and phot. subnormal. Since the phoropic ERG is affected more than the scotopic ERG one
thinks of incomplete achromartopsia.
rg58: VOD S—2 4/60; VOS S—3.25 1f10.
Fiundi: Slight fovesl alterations. No normal foveal reflexes.
Cholonr vision: Red-greed dyschromatopsia {(HRR). Decreased sensitivity to red {znomaloscope).
Dark adapiation: Unchanged.
ERG: Scot. b-waves OD 1424V ; OS 1604V,
Phot. b-waves OD 452V; OS 404V,
rprg: VOD 4f6o; VOS 1f10.
Fundi: Unchanged.
Visual felds and dark adaptation: Unchanged.
Colour vision: Strong red-green dyschromatopsia (HRR), Protan axis (Farnsworth D 15). Decreased sen-
sitivity to red (anomaloscope).
ERG: Scot. b-waves OD 1752V; O8 zo5aV.
Phot. b-waves OD 404V; OS 30V,
CFF: 72 Hz,
rggo: YOD g4/6s; VOS 1/10.
Faundi: No essential changes. Some fine pigmentations throughout the periphery.
Visnal fields: Central scotorna.
Colour vision: Marked red-green dyschromatopsia and mild blue-yellow dyschromaropsia (HRR). Protan
and tritan axis (Farnsworth D 15).
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Dart adaptation: Curve 1 log, U. too high for both systems.
ERG: Scot. b-waves OD zosuV; OS 160uV.
Phot. b-waves OD  404V; OS zouV.
CFF: 47 Hz.
r982: VOD 2/6o; VOS 5/6o.
Fundi: A horizontally ovoid zone, slightly larger than 2 disc diameter, of retinal atrophy, fine pigmentations
and yvellowish glistening reflexes. Disc slightly too pale temporally. Vessels normal. In the retinal periphery
whitish and greyish-black dots.
ERG: Scot. b-waves OD goxV; OS 1054V,
Phot. b-waves OD 6osV; OS 354V.
EOG&: Subnotmal,
r965: VOD z{6o; VOS 3/6o.
ERG: Scot, b-waves OD 8o04V; OS5 904V; Phot. b-waves ODS unrecordable.
£H0G: ODS 1.00.
1967: VOD 8—+ 3/60; VOS §5—6 3/60.
Frndi: Avtophic posteriot pole. Dise too pale temporally, Vessels slightly attenuated. Pigmentary distur-
bances throughout the retinal periphery.
Vienal flelds: Central scotoma. Concentric impairment of sensitivity. Normal peripheral limitations.
Doark adaptation: The curve 1s 1.5 log. U. too high.
ERG: Scot. b-waves OD 1454V; OS 1554V,
Phot. b-waves ODS unrecordable.
F-ERG: Subnormal.
VER: Subnormal.

II-2 (AdG-52.06.25) No visual complaints.
1967: VOD §—6 11f10; VOS 5—~7 1xf10.
Fundi: Normal.
Visual fields, colour vision end dark adaptation: Normal.
ERCG: Scot. b-waves OD 3404V ; OS z70uV.
Phot. b~wayes OD  $oxV; O3 7jouV.
F-ERG: Normal.
VER: Normal.
EQG: QD 2.00; OS z.40.

Summary: A boy with Stargardt’s disease and peripheral involvement. The dystrophy started in the centre
of the retina and spread gradually over the whole retina during the follow-up of 10 years. This is a good
example of a centrally started diffuse tapetoretinal dystrophy. The sister of the patient has nornal eyes
ophthalmoscopicaily and normal retinal functions.

7. Fam. Har.
V.r {BH-rz.03.24) Born with 2 hare-lip.
January rgé2: First ophthalmological consultation.
VOD §—z 2f10; VO§ §5—2 5/10.
May r962: VOD 1{10; VOS 3/10.
December 1962: VOD 1/10; VOS 3/60.
Fundi: Fine pigmentary disturbances in the foveal area. Disc, vessels and periphery ate normal.
Visual fields: Decreased central sensitivity.
Colonr vision: Red-green dyschromatopsia (HRR).
Dark adaptation: Curve 0.5 log. U. too high for both systems.
ERG: Scot. bewaves OD 2054V; OS zoouV.
Phot. b-waves OD  6orV; OS s0u4V.
EOG: QD 1.90; QS 1.70.
ra6g: VODS sfio.
Fundi: Absent foveal reflexes. Glistening reflexes and pigmentary disturbances in the foveal area, Disc
and vessels are normal. Pigmentations and depigrmentations throughout the retinal periphery.
Visual fields: Centrzl scotoma of 1o degrees.
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Dark adaptation: The curve is 2{3 log U. too high for both systems,
ERG: Scot. b-waves ODS 1554V

Phot. b-waves OD 454V; OS 4ouV.
EOG: OD 1.18; 08 1.13.

Vez (JPH-5g.04.77) Also has a hare-lip.

VODS 190/10.

Fundi: Normal.

Visual ficlds, colonr vision, darke adaptation, ERG and EOG are normal.

Vo3 (CMH-s6.01.05) Also has a hare-lip.
1966: VODS 1.¢/10.
Fundi: Pigmentary disturbances in the foveal area. Disc and vessels are normal. Some pigmentary distur-
bances in the retinal periphery.
Visual felds: Relative central scotoma of 8 degrees.
Dark adaptaiion; Normal,
ERG: Scot. b-waves OD 2554V; OS 2404V.
Phot. b-waves OD 1504V; OS g5uV.
EOG: OD 1.50; OS 1.70.

-4 ﬁ D2 ;

1952 1950
Summary: An initially central progressive diffuse tzpetoretinal dystrophy in a boy and his sister from a
consanguineous marriage. V-1 had only foveal alterations in 1962. In 1966, however, the zetinal periphery

was clearly involved in the dystrophic process. Vo3 shows slight petipheral alterations and 2 mildly sub-
normal EQG, indicating the initial stages of the peripheral dystrophy.

8. Fam. Hor.

I~y (HF-04.08.5r9) Sure heterozygote for the pathological gene.
Fundi: Normal.

QPF: Normal.

Vez (NVH-35.05.75) Poor visual acuity since 1p60.
r968: VODS S§—1 5/6o.

Fund: Fine pigmentary disturbances, yellowish refiexes and retinal atrophy in an almost round area,
localized at the site of the fovea. Disc, vessels and periphery are normal.
Colgur vision: Red-green dyschromatopsia (HRR). Tritan axis (Farnsworth D 135),

Vg (HH-40.06.50)

Ig64: Since 6 months visual complaints. Vision at dusk is better than in daytime.
VODS 8—1.25 1/10.
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Fundi: Bssentially similar to the fundi of V-z (fig. 3). No normal foveal reflexes. Disc slightly too pale
temporally.
Visual fields: Decreased central sensitivity.
Dark adaptation: Normal.
ERG: Scot, b-waves OD z80uxV; OS z504V.
Phot. b-waves OD  75xV; 0§ 704V,
EOG: OD 2.00; O8 z.01.
rg967: VODS s5/6o,
Fundi: Arrophic foveal area of about 1 disc diameter. The atrophic area has been slightly enlarged since
1964. Fixation on the temporal side of the damaged fovea, Normal vessels and periphery, Disc slightly
too pale temporally,
Colour vision: Red-green dyschromatopsia (HRR)., Decreased sensitivity to red (anomaloscope).
ERG: Scot. b-waves OD z45.V; OS 1854V,
Phot, b-waves OD 1004V; OS 554V,

I

I

Summary: Two children from a consanguineous marriage with Stargardt’s disease. The dystrophy s limited
to the fovez in both individuals. There are no perifoveal yellowish dots. The retinal function tests indicate
a normal retinal periphery. It is important to examine these individuals later to establish whether there is a
tendency to develop a centroperipheral dystrophy.

9. Fam. Ja
(AMJE-44.03.03) Patient is an adopted child. Family-examination is not possible. Decreased visual
acuity since the age of 16.
1965: VOD S—1=C~1xX180° 1f10; VOS §—1==C—1x180" 1/10.
Fundi: Horizontally ovoid, sharply defined area of atrophic pigment epithelium in both foveae, Disc slightly
too pale temporally.
Visual fields: Decreased central sensitivity.
Colour vision: Mild red-green dyschromatopsia (HRR).
Dark: edaptation: Normal.
ERG: Scot. b-waves OD 2154V; OS 05V,
Phot. b-waves OD g¢54V; O5 95u4V.
EGG: OD 1.79; OS 1.86.
ra68: VODS 4/60.
Fundi: The central atrophic zrea is surrounded by small yellowish fecks {fig. 8). The retinal periphery
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demonstrates a mild granular pigmentary disturbance. The disc is slightly too pale temporzally. The retinal
vessels are normal.

Visnal fields: Central scotoma of 5-10 degrees.
Colour vision: Decreased sensitivity to red (anomaloscope). Mild red-green dyschromatopsia (HRR).
Dark adaptation: The curve is 0.5 log. U. too high for both systems.
ERG: Scot. b-waves OD 195:V; OS 275V,
Phot. b-waves OD  8osV; O3 gouxV.
FOG: OD 1.94; OS 2.32.

Supameary: Stargarde’s disease in a female patient with 1o known relatives. Ophthalmoscopically there are
slight peripheral alterations, while ERG and EOG are still normal. The dark adaptation is mildly disturbed.

1¢. Fam. Hu
Il-r (PH-y7.10.50}
r968: Poor visual acuity since one year. Elsewhere the diagnosis of braintumour or lipidosis has been
mentioned.
VOD 1f6o; VOS 5/60.
Both cyes have a nystagmus.
Fundi: Atrophic foveal area with glistening reflexes. Disc too pale temporally. The vessels are normal.
The retinal periphery demonstrates pigmentary disturbances.
Visual fields: Latge central scotoma of 26 degrees.
Dark adapiation: The curve is 1 log. U. too high for both systems,
ERG: Scot. b-waves OD 125xV; OS 1002V.
Phot, b-waves OD 6oxV; OS no responses recorded.
EOG: OD 1.18; OS 1.08.
Systemic exanination: Extensive general physical and laboratory examinations revealed no abnormalities,
Neurological examination was notmal, too.

Summary: An 11-year-old boy from a non-consanguineous marriage suffering from centroperipheral
tapetoretinal dystzophy. The most severe abnormalities ate found in the centre of the retina, indicating
that this dystrophy has started in all probability in the foveal area.

11. Fam. Kat

Il-2 (LJRK-17-62-03)

1g46: VOID S—1 1o/10; VOS S—1.2% 10/10.

Refracting media and fundi: Normal.

Ig56: VOD S-1.25 7/10; VOS S—1.25 5/60.

Fundi: Pigmentary disturbances at the fovea. The disc of the left eye is slightly too pale.

7966: VODS §—1.25 1/10.

Fundi: Azrophic area of “beaten bronze atrophy™ in the centre of the posterior pole. Some ill defined yel-

lowish flecks around the zone of atrophy. Disc too pale on the temporal side. Vessels and periphery are
normal.

Sysienric examination: Normal.
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Ileg (BCWE-23.12.08) Has always had normal visual acuity.

r969: VOD S-o0.50 gfro; VOS S—2 5/6o.

Fundi: Essentially the same abnormalities as in II-z. It is remarkable that the ophthalmoscopic lesions are
so symmettical, despite the difference in visual acuity of both eyes.

Summary: 'Two sisters showing Stargardt’s disease at a relatively late age. The parents of the patients are
in all probability non-consanguinecus. There are 3 interesting features:

1. In both patients decrease of visual acuity started at the age of 40.

2. The a-symmetrical impairment of visual acuity. (In both patients the left eye was the first to be affected).
3. Ophthalmoscopically there are no clear differences between both eyes at the stage in which the visual
acuities differ widely.

12. Fam. KIW

(MEKLWyP-28.02.09) Poor visual acuity in OD since onc year. Family-history negative.

1g69: VOD 3/60; VOS 7/10. ODS are emmetropic.

Fundi: Atrophic foveal area, surrounded by yellowish-white dots (fig. 21a). Striking symmetrical Jesions.
Visnal fields: OD central scotoma; O8 decreased central sensitivity.

Colonr vision: QD mild red-green dyschromatopsia (HRR). Decreased sensitivity to red (anomaloscope).
OS normal.

Dark adaptation: Normal.

ERG: Normal scotopic and photopic b-waves.

F.ERG: Rudimentary responses.

VER: Rudimentary responses.

EQG: OD 1.46; OS 1.34.

Fluorescein anglography: ‘This reveals a flecked pattern of atrophic pigment epithelium. There is no leakage
of fluorescein (fig. z1b).

Systemeic excamination: Normal.

Summary: A g1-yeat-old patient with Stargarde’s disease, Before the age of 40 there were no visual com-
plaints, Despite the symmetrical appearance of both fundi, the visual acuity differs considerably. Usually
the impairment of visual acuity is rather similar in both eyes. The subnormal EOG indicates a diffuse
disturbance of retinal function, despite the normal ophthalmoscopic picture of the retinal periphery.

¥3. Fam. Xni. 1 178
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Iz (JVK-d5.0r.08)
rorg: VOD s/s; VOS s/re.
Refracting media and fundi: Normal.
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IVez (JKV-13.01.23)

rg43: VODS §—1 sfio.

Fundi: Fine pigmentary disturbances in the foveal area, ‘The periphery shows a diffuse mottling of pigment.
Systemic exaniination: Normal.

g6y VOD S—1.50 1/20; VOS S—2 g/50.

Fundi: Large area of chorioretinal atrophy in the posterior pole {fig, 11). Severe pigmentary distutbances.
In the retinal periphery there are round patches of chorioretinal atrophy with and without pigmentations
(fig. 19). Disctoo pale temporally. The vessels are close to normal.

Visual fields: Large central scotoma, Concentric impairment of sensitivity.

Dark adaptation: The curve is 1.5 log U. too high for both systems,

ERG: Unrecordable.

EOG: QDS 1.00.

IV.§ (JAV-23.12.r1) Since childhood poor visual acuity in both eyes. Is reported to have the same
affection as IV-z.

V-y (HK-38.0x.70) Poor visual acuity since the age of 5.

Ig45: VOD s5f10; VO3S s5/15.

r948: VODS s/so. Atrophic foveal area.

rgyr: VODS S—1 ¢/se.

rg57: YODS z2-3/60.

I960: Fupdi: Narrow arteries. Pale disc.

Visnal fields: Central scotoma, Restricted in the periphery.

1964: Fundi: Narrow arteries. Pale dise. Atrophic foveal area and bone corpuscles in the retinal periphery.
r967: YOD 1/15; VOS5 1f50.

r968: YOD: light perception; VOS 3/300.

Concomitant convergent strablismus of OS.

Fundi: The picture closcly resembles the end-stage of retinopathia pigmentosa. In addition to this the
posterior pole is showing mazked chorioretinal atrophy.

V7 (PE-41.05.01)

Igp2: VOD sf30; VOS g/20.

Fandi: Dystrophic changes in the foveal area.

rosg: VODS sf30.

Visnal felds: Normal peripheral limitations.

r960: Fundi: Atrophic foveal area. Greyish-white and pigmented dots in the retinal periphery.

Visnal fields: Decreased central sensitivity. Restriction tempozally.

1965: VOD S—o.50 5/50; VOS S—1 5/50.

Fandi: Atrophic posterior pole. Some more albescens-like as well as pigmented flecks in the retinal peti-
phery. Disc and retinal vessels are normal.

V-8 (JpdBK-42.10.3r) Some visual complaints after the delivery of her first and second child.
VODS: 10/10, emmetropic.

Fundi: Normal.

ERG: Normal.

Vire { HK-46.07.28) Poor visual acuity since the age of 6.
ros2: VOD s/10; VOS §/20.

Fundi: The foveal reflexes are not normal,

§-&-z2956: VOD 4/10; VOS 5/30.

Fundi: Fine pigmentary changes in the foveal area,
r2-g-rgé: VODS s/so.

rosg: Fundi: Atrophic foveal area. Finc pigmentary dots and whitish flecks in the retinal periphery.
Visnal fields: Restricted.

Doark adaptation: Subjectively decreased.

1967; VOD 1f30; VOS 1/20.

1968: VOD 1f60; VOS 2f60.



Fundi: Atrophic foveal area with pigmentary changes and glistening reflexes. Disc too pale. The vessels
are slightly attenuated, particularly the arteries. Bone corpuscles are visible in the retinal periphery.
Visnal flelds: Restricted, patticulatly on the nasal side.

Verr (AJK-47.08.3¢) Visual acuity was normal at the age of 6. Poor visual acuity since the age of 8.
r95g: VOB S+1=CH2x90° 5/15; VO8 S4+1=CH1x9c" §/10.
Fundi: Normal. The fovea is normal at ophthalmoscopy.
rp55: VOD 5/50; VOS 5/20,
Fundi: Dystrophic changes in the foveal area,
ro56: VODS 5/s0.
r960: YODS s/50. Concomitant divergent strabismus of OD.
Fundi: Atrophic foveal area, Normal periphery.
Visnal fields: Normal.
Dark adaptation: Mild subjective hemeralopia.
rgé3: VODS sfs0.
Fundi: There are now clear pigmentary disturbances in the retinal periphery.
rggd: VOD 1/60; VOS 4/6o.
Fundi: A hotizontally ovoid zone of chorioretinal atrophy in the posterior pole. This area is not shatply
defined and about 3 disc diameter in size. Arcund this atrophic zone there are fine pigmentations and
depigmentations (fig. 18b). The retinzl periphery demonstrates bone corpuscles along the vessels (fig. 18a).
The dise is pale and the vessels are attenuated,
Visual fieldr: Marked defects. The nasal part is absent.
Colonr vision: Tritan axis (Farnsworth D 13).
Dark adaptation: The curve is 2 log. U. too high for both systems.
ERG: Scot. b-waves OD 35xV; OS youV.
Phot. b-waves QD souV; OS 654V.
EOG: Impossible because of the poor fixation.

Vg2 (JK-45.05.06) Poor visual acuity since the age of 1o.

roy8: VODS s/s.

Fundi: Notrmal.

1963: VODS S—o.50 5/30.

r968: VODS S—o.50 6/6c. Eccentric fixation.

Fupdis Fine pigmentary changes on a glistening background in the postetior pole. Small whitish and black
spots in the periphery. The disc is too pale on the temporal side. The vessels are close to normal.

V-r; (AK-yrezer) Poor visual acuity since the age of 12.

1558: VODS 5/s.

Fundi : Normal.

1963: VODS s5/z20.

Fundi: Pigmentary changes and retinal atrophy in the fovea.

1948: VODS 2/10.

Fundi: Chorioretinal acrophy in the posterior pole. The disc is normal, while the retinal arteries are slightly
attenuated. The retinal periphery shows whitish dots and small round greyish-black spots surrounded by
2 white halo. There are no bone corpuscles.

Verg (FK-ygr0.21)

r963: VODS §+-2 5/10.

Fundi: The foveal reflexes are not clearly visible.

rp65: VOD 1/20; VOS 1/15.

Fundi: Atrophic and pigmentary changes in the foveal area. This is a rather sharply defined area. The
retinzl periphery shows a flecked appearance with pigmentations and depigmentations. The disc is too pale
temporally, The vessels have a normal calibre,

Visual fields: Central scotoma. Concentric impairment of sensitivity.

Summary: An interesting family, suffering from an initially central diffuse tapetoretinal dystrophy. The
boys develop in the endstages a genuine retinopathia pigmentosa with pale discs, narrow vessels and bone
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corpuscles in the tetinal periphery. The visual fields tend to disappear completely. The female patients keep
their visual fields and dernonstrate pigmentary disturbances in the retinal periphery, but no bone corpuscles.
The discs are slightly too pale temporally and the arteries are slightly attenuated. In this family, as in Star-
gardt’s family S (1913) there is “sex limitation”. The male patients are more severely affected than are the
female patients. A dominant mode of inheritance is suggested by the fact, that the mother and 7 of the
12 children are affected. However, the mother (examined) and the father (anamnestic) of TV-z were not
affected. Furthermore, 1V-2 and IV-3 have 2 consanguincous marriage, indicating the possibility, that IV-2
is homozygous and IV-3 is heterozygous for the same gene. In all probability, like in other familics with a
centroperipheral tapetoretinal dystzophy the mode of inheritance in this family is autosomally recessive.
This is supported by the fact that IV-6, wheo s reported to have the same affection as has IV-z, has ¢ children
with a good visual acuity.

Consequently there is a pseudo-dominant mode of inheritance in this family. The follow-up of this family
has been done carefully over many wears and beautifully demonstrates the gradual development of an
otiginally foveal dystrophy into a centroperipheral tapetoretinal dystrophy.
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Vil-z (RDG-34.05.08)
7956: Hospitalized with diagnosis “central chotio-tetinitis”,
Fundi: Atrophic changes and pigmentary disturbances in the foveal area. In the retinal periphery there are
pigmentary disturbances too.
Systemic excamination: Normal.
rgré: VODS S—o50 2f10.
Diggnosis: “Juvenile macular degeneration”.
Igfe: VODS zfro.
Fundi: A horizontally ovoid zone of retinal atrophy in the foveal atea. This area measures 2 disc diameters.
The retinal periphery shows pigmentary disturbances and whitish spors,

Vil-g (CNG-38.05.25)

rg70: VOD 2/10, emunetropic; VOS5 S+o.50 10/10.

Fundi: Symmerrical atrophic changes in the posterior pole of both eyes. Glistening reflexes and fine pig-
mentary disturbances, Perifoveally yellowish-white flecks. Normal retinal periphery, disc and vessels.
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VII-z (EMK-47.05.26)

rgé3: Since one year visual complaints.

VOD S—z.5¢0 4f10; VO§ S—3 1/10.

Fundi: FPine symmetrical pigmentary changes in the foveal area.

Vistal fields: Central scotoma of 7 degrecs.

Dark adapration, ERG and EQG: Normal.

Syrtemic examination: Normal.

rgé64: VOD 3f10; VOS 1/10.

rgfy: VOD 1f10; VOS if10.

1967: VODS 5/6e.

Fundi; Horizontally ovoid zone of “beaten bronze atrophy”, surrounded by yellowish-white, ill-defined
spots. These spots are also on the nasal side of the disc (fig. 6). The disc is slightly too pale temporally.
The retinal periphery and the retinal vessels are normal.

Visnal frelds: Central scotoma of 12 degrees.

Colour vision: Decreased sensitivity to red (anomaloscope).

Dark adaptation: Normal.

ERG: Scot. b-waves ODS 2z0xV; Phot. b-waves OD 1504V ; O8 1154V,

EOG: OD 1.90; OS§ 1.78.

F-ERG: Subnormal,

VER: Subnormal.

Fluoresecin angiography: Fluorescence in the arterial phase in the central atrophic area. This Auorescence
increases slightly in the venous phase. There is a broad band of fluorescing arcas aroung this central area
of atrophic retinal pigment epithelium. No fluorescein-leakage is visible (fig. 6c).

Summary: A girl from 2 consanguineous marriage, with Stargardt’s disease. The dystrophic process is
limited to the posterior pole of the eye. Differential diagnosis from fundus Aavimaculatus is difficult duc to
the many whitish flecks. In Stargardt's own cases (1909} there were patients with these flecks too, and
therefore we make the diagnosis of Stargardr’s disease,

VII-1 and VII-2 ,who have 2 distant relationship with V1I-4 also suffer from Stargardt’s disease. VII-1 has
a centroperipheral tapetoretinal dystrophy, while VIE-2 has so far had a pure ceatral form of Stargardt’s
disease. This suggests, that the pute central type of Stargardt’s disease and the centro-peripheral type
{Stargazdt’s disease with peripheral involvement) are different expressions of one disease, caused by one gene.

15. Fam. Me 1

m"“?. I
n I, C, @, [,
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II-r,2 'The parents of II-1 are reported to be consanguineous.
VODS 1of10.
Refracting media and fundi: Normal.

HI-r (LM-53.07.08)

rgzo: VOD S—o.50 8/10; VOS S—o0.75 8/10.

Refracting media: Normal.

Fundi: Mild atrophic ¢hanges in the centre of the fovea, The fovea has a greyish aspect, not unlike cedema.
Perifoveally thexe are many yellowish flecks, arranged in a garland-pattern. The disc, vessels and periphery
are normal.
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T2 (JPM-p5.07.22)

r97e: VOD §—2 6/10; VOS §—.5 14/10.

Refracting media: Normal.

Fundi: The fovea has an aspect, not unlike ocdema. Tt looks greyish and as if being varnished or covered
with snail’s slime. Perifoveally there are yellowish flecks, located beneath the vessels. The disc, vessels
and retinzl periphery are normal.

II-g (MM-58.02.7r) Impairment of visual acuity during the last 2 years,

§-ro-rgép: VODS 9f10.

2-7-1976: VOD 1/10; VOS 2/10.

r7-7-1970: VODS 4/6o.

Media: Normal.

Fundi: Absent foveal reflexes. Darkly pigmented flecks in the foveal area. The disc and vessels are normal.
In the retinal periphery there are many pigmentary disturbances. Greyish-black spots, surrounded by
whitish halo’s are spread diffusely through the retina.

Summary: A very interesting family, Three children suffer from Stargardt’s disease, The youngest has a
cencroperipheral tapetoretinal dystrophy (Stargardt’s discase with peripheral involvement), while the other
2 children have a purely central rapetoretinal dystrophy. The finding of a pure central tapetoretinal dystrophy
and 2 centroperipheral tapetoretinal dystrophy in one and the same sibship (particularly the fact, that the
youngest affected has the centroperipheral form) suggests that central TRD and centroperipheral TRD are
caused by the same genes and that consequently these different manifestations are due to difference in
expression. This justifies the use of the term “Stargardt’s discase™ in the centroperipheral rapetoretinal
dystrophies (centrally started diffuse TRD's).

16. Fam. Qe

fI-3 (GO-24.11.08) Poor visual acuity since the age of 13.
r956: YODS 5/10, cnmetropie.
Fundj: Fine pigmentary changes in the fovezl area,
1560 VODS z2f10.
r967: VODS 1f10.
Fupdi: A symmetrical area measuring 1 disc diameter of finc pigmentary changes, glistening reflexes and
mild atrophy of the retinal pigment epithelium. The disc is slightly too pale temporally, while the retinal
vessels and retinal periphery are normal (6g. 1).
Visual fields: Relative central scotoma, increasing in intensity and size every year.
Colonr vision: Mild red-green dyschromatopsia (HRR). Decreased sensitivicy to red {anomaloscope).
Dark adaptation: The curve was obtained several times. The results were always normal.
ERG: Scot. b-waves OD 2604V; OS 325,V
Phot. b-waves OD 1354V; OS 1204V,
Re-excamination: Scot. b-waves OD 2864V; OS 3164V,
Phot. a-waves OD 404V; OS 4g2pV.
Phot. b-waves OD 1014V OS 1164V.
EOG: QD z2.83; 08 s.11.
OP: Normal.

Fluorescein angiography: Slightly pathological fluorescein pattern in the arterial phase in the centre of the
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fovea, This fluorescence increases in the vencus phase. Afrer-fluorescence is visible during z minutes.
Aborve the foveal area, there are sone small defects in the retinal pigment epithelium as well.

Iy (ASO-28.12.42) Poor visual acuity since the age of 12.
r966: VOD CHo.50% 90° 7/10; VOS CHo.50% 180° 4/60.
r963: VOD 210, decreasing to 3/6o.
Refracting mediz: Small maculae, located centrally in the cornea.
Fundi: Symmetrical hotizontally ovoid zone of atrophic pigment epithelium in the foveal area, The area
messures 1.5 disc-diameter. The disc is slightly too pale temporally, while the retinal periphety and vessels
are normal (fig. 4)
Visual fields: Relative central scotoma.
Colonr vision: Mild red-green dyschromatopsia (HRR). Decreased sensitivity to red (anomaloscope).
Dark: adaptation; Normal.
ERG: Normal,
EOG: OD 2.60; OS z2.40.
Systemiy excanivation: Normal.
rog7: VODS 4/60.
Fundi: Horizontally ovoid zone of “beaten bronze atrophy™. The foveal reflexes have disappeared.
Visnal fields: Central scotoma of 1c-15 degrees.
Colonr vision: Red-green dyschromatopsia (HRR)., Decreased sensitivity to red (anomaloscope),
Dark adaptation: Normal.
ERG: Scot. b-waves OD 385xV; O8 41004V,
Fhot. b-waves QDS rosaV.
F-ERG: Subnormal.
VER: Subnormal.
OP: Normal.
EOG: Unreliable.
Flusrescein angiograply: Fluorescein pattern indicating defects in the retinal pigment epithelium. Pathologica ]
fluorescence in the arterial phase, increasing in the venous phase in the foveal area, After-fluorescence is
visible during s minutes. Under the fovea there is a very small Auorescent arez, indicating a pigment
cpithelium defect (fig. 4b).

Summary: Two sisters from a non-consanguineous marriage, with Stargarde’s disease. The dystrophy is

limited to the foveal arca in these 2 cases. This is reflected by the normal dark adaptation, ERG and EOG.
No consanguinity was found, although the ancestors were traced back through § generations.

17. Fam. dRo 1

T [ ) N

IV-g4 (Bpdl.) Poor visual acuity since the age of 7. At the age of 7 gradual impairment of visual acuity
started.

Media: Normal,



Fundi: Pale discs and attenuated vessels. Strong pigmentations in the posterior pole. Diffuse chorioretinal
atrophy and some pigment dots in the retinal peripheries,

Iy (MwdL) Since the age of 7 gradually developing visual impairment, Approximately the same findings
as in her brother.

Ver (MFEdR-y8.08.08)

r970: Visual impairment since some months.

Mareh: VOD C—o0.50%180° §f10; VOS C—o.75 % 165° 7/10

Diggnosis: Neuritis optica (7).

Treatment: Prednisone and Vitamine B preparations. No results.

April: VOD zf10; VOS 7/10.

June: VOD 2/10; VYOS 6/10.

July: VOD 1/10; VOS 5/10.

Media: Normal.

Fundi: Stall atrophic area in the centre of a slightdy swollen appearing fovea. Many yellowish flecks
surround the foveal area in a garland pattern. The discs are slightly too pale on the temporal side. The
vessels and zetinal petipheries are normal,

Systemic examination: No abnormalities. The neurologist reported everything to be normal,

Summary: The proband isa 12 year-old-girl with Stargardt’s disease. Visual impairment proceeds quickly.
Because of the slight foveal alterations differential diagnosis from abnormalities of the optic nerve is
necessary. The perifoveal yellow flecks strongly support the diagnosis of Stargardt’s disease. The other
affected members of this pedigree show Stargarde’s disease with peripheral involvement (centroperipheral
tapetoretinal dystrophy).

18. Fam. Ste
(JJHS-37.0r.02) Poor visual acuity since 1950. Her parents have always had a normal visual acuity. Her
brother has the same affection.
rg52: VOD z2/10; VOS 4/60,
Frundi: Atrophic changes in the fovesl arca.
17962: YOD S—o.50=C—2x10° 1/60; VOS S—o.50=C—3x5° 4/60.
Refracting media: Notrmal.
Fupdi: Symmetrical atrophic changes in the postetior pole. Many pigmentary disturbances. In the retinal
periphery pigment clumping and whitish flecks. Disc too pzle on the temporal side.
Vicnal freldr: Central scotoma. Normal periphery.
Dart adapration: The curve is 1 log. U. too high for both systems.
ERG: Scot. b-waves OD 70.V; OS 854V.
Phot. b-waves untecordable.
(J$)
rgs5: YODS 1/6o.
Fandi: Centtoperipheral tapetoretinal dystrophy (Stargardt’s discac with petipheral involvement).

Summary: A brother and sister with Stargardt’s disease with peripheral involverment.

19. Fam. Sto

I-r (885-15.03.15)

VODS 190/10, emmetropic.

Fundi: Normal.

ERG: Scot. b-waves OD z204V; OS 2404V,
Phot. b-waves OD 100:V; OS 1104V,

EOG: OD 1.48; OS 1.86.

Loz (AASM-rq.05.21)
VODS S+4-z.50 11f10.
Fundi: Normal.
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ERG: Scot. b-waves OD 2404V OS 2434V.
Phot. b-waves OD 100xV; OS5 gopV.
EOG: OD z.00; Of 2.66.

II-r (EedHS-38.07.26} Poor viswal acuity since the age of 12. Impairment of visual zcuity particularly
after deliveries.
I953: VOD S—1.50 2f10; VOS 8§—1.50 4f10.
Fundi: Fine pigmentary disturbances in the foveal area. Some whitish and greyish spots in the retinal
petiphery.
ERG: Scot. b-waves ODS 3504V,
Systenric examination: Normal,
r95g: YODS 1.5/10.
ERG: Subnormal.
r962: VODS 4/6o.
Fundi: A 1.5 disc diameter area of diffuse pigmentations and yellowish reflexes. Pigmentary dots and
whitish flecks are scattered throughout the retinal periphety. The disc is too pale temporally whereas the
retinal vessels are normal.
Visual fields: Relative scotoma of 30 degrees.
Absolute scotoma of 1o degrees.

Dark edaptation: The curve is 1 log. U, too high for both systems.
ERG: Scot, b-waves OD 125 #V; OS 1554V,

Phot. CFF-curve is subnormal.
EOG: ODS 1.70.
r967: VOD 3/607 VOS zf6o. At dusk, visual aculty is best. (Gradual impairment of visual funcrions
subjectively. Complzains of nightblindness.
Fundiz An extensive area of arrophic pigment epithelium, pigmentations, and glistening reflexes in the
posterior pole. Greyish-black and whitish flecks all over the retinal periphery. The disc is slightly too pale
on the temporal side, The arteries are slightly attenuated. It was not possible to do a renewed retinal
function study. ’

-z (RS-q4.12,13)

VODS 11/10.

Fupdi: Normal.

ERG: Scot, b-waves OD 2304V; OS z904V.
Phot. b-waves OD 1254V; OS 1254V,

EOG: QD 2.24; O8 z.20.

Iz (CJ5-48.01.08) Poor visual acuiry since the age of G,
rg96r: VODS 1fro.
Fundi: A 1 disc-diameter area of arrophic changes in the foveal area. Fine pigmentations and glistening
reflexes, Perifoveally many yellowish spots. Normal periphery. The disc is slightly too pale temporally.
Visual fields: Central scotoma of 5 degrees.
Colonr vision: Red-green dyschromatopsia (HRR).
Dark adaptation: 'The curve is 1 log U. too high for both systems.
ERG: Scot. b-waves ODS 16ouV.
CFF: Normal photopic activity.
EOG: QDS 1.53,
1968: YODS 3/60. Reads D=0.8 with hyperocular 4.
Fundi: Centroperipheral tapetoretinal dystrophy. Atrophic changes in the foveal atea (fg. 17). Many,
whitish spots and some pigmentations in the retinal periphery. The disc is slightly too pale temporally,
the vessels are normal.
Visnal flelds: Central scotoma of zo degrees.
Colgur vision: Medium red-green and mild blue-yellow dyschromatopsia (HRR). Decreased sensitivity to
red {(anomzloscope). Protan axis (Famsworth D 15).
Dark adaptation: For both systerns, the curve is 1.5 log U. too high.
ERG: Scot. b-waves OD 704V, OS 504V,
Phot. b-waves OD 504V OS 6oV,
EOG: Unreliable.



Summary: Initially central diffuse tapetoretinal dystrophy in a sister and brother from a non.consanguinecus
marriage. No consanguinity was found when the ancestors were seazched as far back as 4 generations. The
parents (I.1,2) had normal eyes and normal retinal function tests. The carriers of Stargardt’s disease appear
to be undetectable so far, unless their children have Stargardt’s disease. The course of the retinal alterations
in sister and brother runs parallel. The fundi of the sister indicate the future of the fundi of the brother.
This family was described by Biesheuvel (1963) in an article entitled “Central tapetoretinal degencration
with peripheral involvement”,

20. Fam. TS

(JMIS.g6.r1.05) The family history reveals no visual defects. Visual impairment since 4 years.

zg70: VOD 1/10; VOS 1/10. Emmetropic.

Moedia: Normal.

Fundi: The fovea has the characteristic pattern of Stargardt’s disease. Centrally in the fovea an area of
atrophic retinal pigment epithelium. Around this atrophic zone 2 rather normal retina and around this
almost norma!l zone a garland of whitish flecks in a horizontally ovoid pattern. The disc is slightly too pale
on the temporal side, The vessels and periphery are normal (fig. 22a).

Visnal fields: Centzal scotoma. Normal periphery.

Cholonr vision: Decreased red sensitivity (anomaloscope); Medium red.green dyschromatopsia (HRR);
Protan and deutan defects (Farnsworth D-14).

Doark: adaptation: Norrmal.

ERG: Normal,

EQG: Normal.

Fluorescein angisgraphy: A target-shaped configuration, resembling the “bull’s eye” of chloroquine tetino-
pathy. There is pathological fluorescence due to defects in the pigment epithelium in the centre of the fovea
and in an oval arca around this centre. Between the fluorescing 2ones a normally appearing retinal arez is
found. There is no leakage of Auorescein. Without any doubt the fluorescing areas indicate defective
pigment epithelium. In all probability Bruch’s membrane is undamaged (fig. z2b).

Summary: A 24-year-old girl with foveae and visual acuities as characteristic for Stargarde’s disease,

21. Fam. Wil

I3 (JW-g3.01.22)

rg6z: VODS C—o.50x 180° 8f10,

r966: VODS 1.5/10.

raé8: VODS 110,

Refracting media: Normal.

Fundi: A horizontzlly ovoid zone of atrophy with glistening reflexes and fine pigmentary disturbances in
the posterior pole. This zone is surrounded by many yellowish-white spots, In the retinal periphery fine
pigmentary disturbances are visible. ‘The disc is slightly too pale temporally, The retinal vessels are normal.
Colonr vision: Mild red-green dyschromatopsia (HRR).

Visual flelds: Central scotoma.

Dark adapiation: Notnal.

ERG: Normal.

FOG: Normal.
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Sunmary: A girl, from a non-consanguinecous marriage with Stargardt’s disease. In 3 years’ time the visual
acuity decreased from /1o to 1.5/10. Since the retinal periphery is showing mild pigmentary changes we
may expect the development of a diffuse centroperipheral dystrophy.

22. Fam. Wu

Iz (JGW)

rg6g: VOD S—3.75=C—0.75 % 60° G{10; VOS S-g4.25 6f10,
Fundi: Atrophic changes in the foveal area.

Jiog (AJW-45.03.72)
rg68: Decreasing visual acuity since 3-4 months. Difficulty in reading small print. Fixation-problems.
VOD §-—z50=C—1X175° 6f10; VO3S S—2.50=C—1x5° 6/10.
Fundi: The foveal area has a somewhat greyish slightly swollen aspect, as if being varnished (fig. 2). Peri-
foveally there is 4 garland of yellowish-white fuzzy flecks, located beneath the vessels. Disc, vessels and
tretinal periphery are normal.
Visnal fields: Relative central scotoma of 5-1o degrees,
Colonr vision: Decreased sensitivity to red (anomaloscope). HRR and Farnsworth D1s: Normal.
Dark adapration: Normal,
ERG: Scot, b-waves OD 315:V; OS 3354V.
Phot. a-waves ODS GouV.
Phot. b-waves QD 1254V; OS 1554V.
EOG: ODS 1.73.
F-ERG: Subnormal.
" ER: Subnormal,
rpég9: VODS 1f10.
Fundi: No imporant changes as compared to last year.

]
185
Summary: Two brothers from a non-consanguinecus marriage, with Stargardt’s disease. The impairment
of visual acuity had a very rapid course. Ophthalmoscopically, the dystrophy is limited to the foveal area.
Nevertheless the EQG of II-3 is already somewhat subnormal, indicating probably a more diffuse affection
of the retina. In this family the age of onset of the manifestation of the dystrophy is over zo.

23. Fam. vW

fer,z VODS 10/10.
Fundi: Normal.

ERG and EOG: Normal.
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Iz (AsW-38.01.0¢) Poor visual acuity since the age of 24.
Qctober 1959: VOD C—=z.50%165° 8/10; VOS S+o50=C—3X175" 8/10.
September r960: VOD 3/10; VOB 2/10.
Juli x96r: VODS 1-2/10.
Fundi: Arrophic changes in the foveal area,
Systentic excamination: Normal.
rg63: YODS 1f10.
Fundi: Atrophic changes in the foveal area, surrounded by a garland of vellowish flecks.
Visnal flelds: Central scotoma of 8 degrees.
Colotr vision: Mild red-green dyschromatopsia (HRR).
Dark adaptation: The curve is 0.5 log. U. too high for both systems.
ERG: Scot. b-waves OD z304V; OS 2014V,
Phot. b-waves OD 814V O3 §6uV.
rgé7: VODS 110,
Fundi: Atrophic fovea. Normal retinal periphery, disc and vessels.
Colonr wision: Decreased sensitivity to red (anomaloscope).
Daarke adaptation: The curve is 2/3 log. U. too high for both systems.
ERG: Scot. b-waves OD 320:V; O3S 3300V,
Phot. b-waves OD 1002V; OS g54V.
E0G: QD 1.64; O8 1.57.

II-g (PMByW-35.05.04) Poor visual acuity since 1967.
1p63: VOD 8—0.79 4/60; VO8S §—1=C~—o0.50X 150" 4/60,

Fundi: A horizontally ovoid zone of beaten bronze atrophy surrounded by moany whitish flecks.

mentary disturbances centrally.
Visual fields: Central scotoma of 7 degrees.
Colour vision: Mild zed-green dyschromaropsia (HRR).,
Darfs adaptation: 23 log. U. higher than normal for both systems,
ERG: Scot. b-waves OD z1o0xV; O8 2152V.
Phot, bewaves OD 854V; O8 $64V.
EOG: ODS 1.50.
1567: VODS 4/60.

Frundi: Atrophic changes in the foveal area with severe pigmentary disturbances, particularly in OD.

Visnal fields: Central scotoma of 1o degrees.
Colour vision: Decteased sensitivity to red (anomaloscope).
Dart adaptation: The curve is 1 log. U. oo high for both systems,
ERG: Scot. b-waves OD 170uV; OS z104V.
Phot. b-waves OD 1154V; OS 1154V,
EQOG: OD 1.66; OS 1.44.

II-5 Died of leukaemia at the age of 4.

I6 (HpW-g8.11.01)

196r: VODS sfro.

Fundi: The foveal reflexes are disturbed.

r963: VODS z/10.

Fundi: Pigmentary changes in the foveal area.
r9f6: VODS 1-2/10.

Pig-

Fundi: Arrophic glistening changes in the foveal area, surrounded by a garland of yellowish-white spots.

Fine pigmentary disturbances in the centre of the atrophic foveal area.
June rgé6: Died of encephalitis.
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Stmmeary: Stargardt’s discase in 3 children, born out of a non-consanguineous marriage. No consanguinity
was found as far back as 4 generations.

The retinal function tests indicate a disturbance of the diffuse (overall) retinal function. Nevertheless,
ophthalmoscopically the retinal periphery is normal, Tn all probability the patients will develop a centro-
petipheral tapetoretinal dystrophy. We can regard this stage as a transitional stage between 2 pute central
and a centroperipheral dystrophy.

24. Fam. Zo

& D5 E]D

1965 1967

I3 (HZ 34.02.02) Myopia gravior with chorioretinal atrophy in the posterior pole of OS. The posterior
pole of OD is normal.

T4 (GZ-36.05.14)
rg67: Poor visnal acuity since 1 year. Treated some months ago for “toxoplasmosis” (Sabin-Feldman
reaction 1:128 positive; CBR negative).
VOD 4f1e; VOS 3/10. Emtnetropic.
Fupdi: OD: A 1 disc-diameter atea of fine pigmentary alterations, surrounded by yellowish flecks in the
posterior pole (fig. 13a). O8: Two round punched out areas of atrophic pigment epithelium in the foveal
area (Ag. 13b). Discs, vessels and retinal periphery are normal,
Vil flelds: Central scotoma (zo degrees in OD; 1o degrees in OS).
Colour vision: Mild red-green dyschromatopsia (HRR). Decreased sensitivity to red (anomaloscope). Tritan
axis in OD (Farnsworth Drs).
Dark adapiation: Normal.
ERG: Scot, b-waves OD 3554V; OS 4054V,
Phot. b-waves OD 115V OS 1154V.
F-ERG: Subnormal,
'ER: Subnormal.
EOG: OD 1.62; OS 1.57.
Fluorescein angiography: Patient collapses.
r968: VOD zf10; VOS 3/10.

‘S'zmm';aof: Stargardt’s disease with first manifestations in a o-year-old man. In this case the retinal lesions
are not quite symmetrical, In contrast to most patients with Stargardt’s disease. This man was treated else-
where for toxoplasmosis despite a negative CBR. The subnormal EOG indicates a diffuse funcrional distur-
bance of the retina, although the retinal periphery is normal, ophthalmoscopically. It is guite possible that
a diffuse centroperipheral dystrophy will be visible later,

25. Fam. vdZ
(IvdZS-24.72.23)
1958 VOD §—1==C+o0.75 X 90° 6/10; VOS S—o.50=C+0.75 X 90° §/10.
rg60: VOD §fto; VOS 2fro.
Fundi: Brownish pigmentary disturbances and atrophic changes in the foveal area. Normal retinal periphery.
ERG: Scot. b-waves OD 3501V; OS 3804V.
Phot. b-waves OD 1094V; OS 1504V,
Systemic excamination: Normal.
rgéz: VOD 6f10; VOS 2z2f10.
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Fundi: Atrophic changes in the postetior pole,
Colony vision: Mild red-green dyschromatopsia (HRR).
ERG: Scot. b-waves OD z2g54V; OS 1954V,
Phot. b-waves OD gouV; OS gouV.
EOG: Normal.
r968: VOD 6/10; VOS z2/10.
Fundi: Sharply defined atrophic patches in the postetiot pole of the eye. The choroid has an ztrophic aspect,
too. In the retinal periphery there are pigmentary disturbances and whirtish flecks.
ERG: Scot. b-waves OD 2054V; OS 2154V,
Phot. b-waves OD g5u4V; OS goxV.
EOG: OD 1.50; OS 1.45.

Summary: A lady in her forties with atrophic dystrophy of both foveae. The differential diagnosis is between
Stargardt’s disease and incipient central arcolar choroidal atrophy, The retinal periphery is affected, too.
This is reflacted by the subnormal EOG. The members of ber family are reported to have normal eyes.
In all probability, this is a case of Stargardc’s disease with peripheral involvement.
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Dominant progressive foveal dystrophy

I. INTRODUCTION

Dominant progressive foveal dystrophy closely resembles Stargardt’s disease, and
in fact 1s described as domninant Stargardt disease by several authors (Franceschett
etal. 1963; Duke-Elder 1967). Sorsby and Davey (1955) and Sorsby (1957), however,
differentiated this condition from recessive Stargardt’s disease. We agree with this
differentiation because all the cases described by Stargardt (1909, 1913, 1916, 1917,
1925) showed a recessive mode of transmission.

The clinical picture of this condition shows marked similarities to that of Star-
gardt’s disease, and in this respect these affections can be compared with retinopathia
pigmentosa, which shows as many as three modes of transmission. Dominant pro-
gressive foveal dystrophy is much less frequently seen than recessive Stargardt’s
disease; it tends less towards affection of the peripheral retina, occurs at a later age
and generally takes a less progressive course (Sorsby and Davey 1955, Sozsby 1957).

We advocate strict differentiation of this dominant condition from recessive
progressive foveal dystrophy, because it is only by sharp differeatiation of the various
forms that the singularly complicated group of the hereditary foveal dystrophies can
to some extent be disentangled. Moreover, it is my impression that we may be
dealing with two different entities, caused by different pathological genes.

Blue (r919) was the first to report on progressive foveal dystrophy occurriag in
more than one generation: a case involving a 43-year-old father and his 18-year-old
daughter. Since a further family study was impossible, it is not certain that this
dystrophy had an autosomal dominant mode of transmission.

Clausen (1921) described a “typische feinfleckige, auf die Makula beschrinkte
tapeto-retinale Degeneration™ in a father and three of his children (the father’s
father being reported zlso to have had poor vision). Clausen also found acquired
achromatopsia, and this means that a diagnosis of progressive cone dystrophy cannot
be ruled out with certainty.

McQuarty (1955) reported on four generations of the “Jones family”. The diag-
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nosis had inidally been hereditary optic nerve atrophy, and then retinitis pigmentosa,
but was ultimately established as “macular degeneration with no affection of the
cerebral region”. Another report on dominant progressive foveal dystrophy was
that by Gasteiger (1936), who in three generations found slight pigment irregularites
in the fovea, which developed into & large, dirty vellow focus.

In his study “The dystrophies of the macula”, Sorsby (1940} described the C
family with progressive foveal dystrophy in two (anamnestically in three) generations.

Bonnet and Hugonnier (1943, 1947) observed progressive foveal dystrophy in
four generations, and Dollfus (1948) described progressive foveal dystrophy in
five patients in two generations of a family with a history of foveal dystrophy
through six generations.

Frangois (1949) saw a family with “central tapetoretinal degeneration” in three
generations. Kodilinye (1952} found atrophic lesions in the central retina in 2 maother
and three of her children. In addition there were slight peripheral changes in the
mother and one of the daughters.

Dominant progressive foveal dystrophies were described in 1955 by Davis and
Hollenhotst, Franceschetd et al., Goslich, and Sorsby and Davey. The 24 patients
found by Davis and Hollenhorst in five generations, may have suffered from domi-
nant progressive cone dystrophy.

Goslich (1955) and Franceschetti et al. (1955) reported on five affected individuals
in four generations of the same family with “Stargardt-type hereditary familial
juvenile macular degeneration”. Sorsby and Davey (1955) described three families
in which dominant progressive foveal dystrophy occurred.

Vail and Shoch (1958, 1965) presented a large family in which dominant pro-
gressive foveal dystrophy occurred, while Teterina (197¢) described a progressive
hereditary dystrophy of the fovez, which resembled Stargardt’s disease and occurred
in five generations.

The possibility of pseudo-dominance should always be borne in mind. The Kni
family we present on page 150 includes an affected mother with seven affected
children. The genealogical study disclosed that the father and mother were con-
sanguineous, and the hereditary retinal affection is therefore probably autosomal
recessive instead of dominant. The anamnestic data in this case also suggested a
resessive condition.

Both Franceschetti et al. (1963) and Duke-Elder (1967) have listed other authors
of case reports on dominant progressive foveal dystrophies. However, in my
opinion the authors in question described not always progressive foveal dystrophies
under this heading but also instances of vitelliform dystrophy of the fovea.

2. GENERAL CLINICAL PICTURE IN THE PATIENTS

The clinical pictute closely resembles that of Stargardt’s disease. The condition
generally occurs a little later in life and its progzession is less rapid than in Stargardt
patients. The patients report diminished vision and sometimes diminution of colour
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discrimination. The bilaterality of the affection and otherwise unaffected health
suggest a hereditary process.

3. FUNDUS (OPHTHALMOSCOPIC FEATURES)

In the early stages there is no or hardly any sign of foveal alteration, and even in
later stages the fundal changes may be hardly perceptible (fam. Hoo). The most
common finding is disappearance of the normal foveal and foveolar reflexes (figs.
1 and 2), and finely mottled pigment changes may be evident (Clausen 1921 ; Gasteiger
1936; Dollfus 1948; Goslich 1955 ; Sorsby and Davey 1955). In 2 few cases there is
a focus of beaten bronze atrophy as often observed in Stargardt’s disease (Gasteiger
1936; Dollfus 1948; Sorsby and Davey 1955). General atrophy of the central retina
can ultimately occur (Goslich 19s55; Vail and Shoch 1958).

Disc, retinal vessels and retinal periphery usually remain normal. Some temporal
pallor of the disc can be observed in advanced cases, and slight peripheral retinal
changes have been occasionally described (Kodilinye 1952 ; Ponte and Scialfa 1965).
In our cases absent foveal and foveolar reflexes were the sole ophthalmoscopic
changes (fig. 1, 2), even in 2 man aged 54 (I-1, fam. Hoo).

4- REFRACTION

Hypermetropia as well as myopia, with or without astigmatism, have been described.
The number of reports is too small to warrant definite conclusions.

§- VISUAL ACUITY

As in Stargardt’s disease, visual acuity finally diminishes to 1/1o. The course of the
loss of vision is slower, however, and it may take years before vision is so poor.
Since the remainder of the retina is usually not involved, there is no further di-
minution of vision.

6. VISUAL FIELDS

There are no changes other than a central scotoma, which always increases in extent
and depth with progression of the dystrophic process. The peripheral boundaries
remain intact. The patients we examined showed a scotoma of 5 degrees.

7. COLOUR VISION

Colour vision seems to be subject to the same changes as those found in Stargardt’s
disease. In general, the few publications on this condition make very little mention
of colour vision. In our three patients we found diminished red sensitivity. Sotsby
and Davey (1955) also described red weakness as the most common 2bnormality.
Vail and Shoch (1965) reported an early red-green dyschromatopsia followed ulti-
mately by acquired achromatopsia. The families described as showing total acquired
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Fig. 7. Irregular foveal reflexes and a slightly swollen
appearance of the foveal area in a 28.yeat-old male with
dominantly inherited progtessive foveal dystrophy.

Fig. 2. Mild pathological changes in the posterior pole of

a az-year-old male with dominantly inhetited progtessive

foveal dystrophy, consisting of irregular foveal reflexes and
a slightly swollen appearance of the foveal area,

175



colour blindness (Clausen 1921: Davis and Hollenhorst 1955 ; Steinmetz et al. 1956)
may have been suffering from dominant progressive cone dystrophy (page 181).
Vail and Shoch {1958) described an “almost complete absence of color sense” in
their cases. It is difficult to conclude from the early publications whether the
dominant foveal dystrophies described come under the heading of progressive cone
dystrophy or under that of dominant progressive foveal dystrophy. The methods
of examining colour vision are not always specified, and exact assessment of results
is therefore impossible. Inability to read all the Ishihara test plates does not ne-
cessarily imply almost total colour blindness, as Vail and Shoch (1958) suggested.

8. DARX ADAPTATION

Dark adaptation is generally quite normal (Goslich 1955). Sorsby and Davey (1955)
described normal as well as slightly disturbed curves, indicating slight diminution
of cone and rod sensitivity. We ourselves obtained eatirely normal dark adaptation
curves.

9. ELECTRORETINOGRAPHY

Dominant progressive foveal dystrophy has an eatirely normal photopic and scotopic
ERG (Goslich 1955 ; Franceschetti et al. 1955). If indeed there are forms with in-
volvement of the retinal periphery, as mentioned by Kodilinye (1952), then a sub-
normal photopic as well as scotopic ERG can be expected. The patients we examined
had a normal ERG.

The F-ERG of the fovea was highly subnormal in the three patients we examined.
Since the ophthalmoscopic foveal changes were very slight, this finding was con-
clusive of the foveal dystrophy we suspected on the basis of visual fields, colour
vision and ophthalmoscopy. The VER were likewise diminished, but still present.

10. ELECTRO-OCCULOGRAPHY

In two of the three patieats we examined the EOG was subnormal; the values in
the third patient were bordetline values. There may already have been a diffuse
disturbance in the function of the pigment epithelium.

IT. PHOTOGRAPHY

Qur photographs show hardly any changes. The foveal reflexes are not pronounced,
and the foveolar reflex is absent. The entite foveal area is somewhat greyish, and
rich in reflexes.

12, FLUORESCEIN ANGIOGRAPHY

We have obtained no fluorescein angiograms, nor do we know of any published in
the literature.
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I3. CARRIERS

Since the mode of transmission was regularly dominant in the dominant progressive

foveal dystrophies so far reported, the expression is probably already so strong that
no real carriers occur.

I4. HISTOLOGICAL FINDINGS

Vail and Shoch (1965) had occasion to have a histological study made of the eyes of
one of their patients: a woman aged 78. The outer nuclear layer and the layer of
rods and cones had disappeared completely, while the pigment epithelium showed
pronounced pigment changes.

I$. PATHOGENESIS

Like Stargardt’s disease, dominant progressive foveal dystrophy is probably a
primary dystrophy of the photoreceptors and pigment epithelium at the site of the
fovea. The inconsiderable ophthalmoscopic changes are suggestive of a normal
pigment epithelium, but the subnormal BEOG (at least in our patients) in the presence
of otherwise normal retinal functon tests, indicates the possibility of a diffuse
dysfunction of the pigment epithelium.

16. MODE OF TRANSMISSION

The mode of transmission of dominant progressive foveal dystrophy is regularly
autosomal dominant (McQuarry 1935; Bonnet and Hugonnier 1943; Dollfus 1948;
Charbonneau 1954 (quoted by Francheschetti et al. 1963); Davis and Hollenhotst
19553 Goslich 1955; Sorsby and Davey 1955; Vail and Shoch 1958, 1965).

I7. GENERAL PHYSICAL AND LABORATORY FINDINGS

No general abnormalities were found in any of the patients submitted to compre-
hensive examination.

18. ASSOCIATED CONDITIONS

There have been no reports on conditons found associated with dominant pro-
gressive foveal dystrophy, incidentally or otherwise.

19. DIFFERENTIAL DIAGNOSIS

The disease must be differentiated from the other dystrophies described in this
study. In addidon to the conditions listed in the differential diagnosis of Stargardt’s
disease, the following entities should receive special attention:
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a. Stargardf’s disease (recessive progressive foveal dystrophy, see page roo). Apart
from the mode of transmission there are hardly any differences between the recessive
and the dominant form of progressive foveal dystrophy (Sorsby and Davey 1955).

b. Progressive cone dystrophy. This likewise dominant condition can pose great diffi-
culties of differentiation, especially in early stages when there are no or hardly any
ophthalmoscopic foveal changes. Diagnostics of cone dystrophy are: extreme pho-

tophobia, rapidly developing achromatopsia, an unrecordable photopic and a normal
scotopic ERG.

c. Vitelliform dystrophy of the fovea. Its mode of transmission is irregularly dominant;
its ophthalmoscopic features neatly always distinguish it from dominant progressive
foveal dystrophy. In dubicus cases the family history and the very pathological
EOG can confirm a diagnosis of vitelliform dystrophy.

d. Acquired bilateral aptic nerve atrophy of any aetiology is the last condition to be
differentiated. The fundal changes in dominant progressive foveal dystrophy can
be so slight thar an ophthalmoscopic diagnosis cannot be made with certainty. In
such cases the F-ERG, recorded simultaneously with the VER, provide the solution.
A normal F-ERG with absent VER indicates involvement of the optic nerve; a
subnormal F-ERG, however, suggests foveal involvement. This is a very valuable
aid in deciding between foveal and optic nerve involvement in dubious cases.

20. THERAPY
There is no therapy.

2I. FUTURE

It will be of paramount importance to trace more families with dominant progressive
foveal dystrophy. Whenever such a family is detected, the retinal function should
be investigated as fully as possible so that any possible differences between dominant
and recessive progressive foveal dystrophy (Stargardt’s disease) can be established.
Improved differentiation from the likewise dominant progressive cone dystrophy is
also required. Too few cases have so far been described in the literature.

Also, it is not inconceivable that there are several different dominant progressive
foveal dystrophies. Only careful examination and computation of new cases can
improve our understanding of these conditions.
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22. CASE HISTORIES
1. Fam. Hoo
I-r,2 Nothing is known about their visual acuity. Died 2 long time 2go. There is no consanguinity,

Il-r (JH-r6.03.08) Gradual impairment of visual acuity duting the last years.
r969: VODS 1f10, emmetropic.
Media: Normal,
Fundi: Discs, vessels and retinal peripheries are normal. The foveal reflexes are disturbed. There ate
slight pigmentary alterations in the foveal area.
Visual fields: Central scotoma, approximately 5 degrees in size,
Colour vision: Decreased red sensitivity {anomaloscope).
Dark adaptation: Normal,
ERG: Scot. b-waves OD 2024V; OF 5304V,
Phot. b-waves OD  704V; OS 1102V,
F.ERG: Subnormal.
VER: Subnormal, but present.
EOG: OD 1.76; OS5 1.80.

HiI-r (JH-g1.06.27) Since some years and particulaily in the last year visual impairment,
1369: VOD S—o.50 7/10; VOS S—o.75 2/10.
Media: Normal.
Fundi: Absent foveal reflexes and tiny pigmentary disturbances in the centre of the fovea {fig. 1). Normal
discs, vessels and retinal peripheries.
Visual fieids: Central scotoma of § degrees.
Colonr vision: Decreased red sensitivity (anomaloscope). Mild red-green dyschromatopsia (HRR).
Doark adaptation: Normal.
ERG: Scot. b-waves OD 260xV; OS 2654V.
Phot. b-waves OD 1204V; OS 1204V.
F-ERG: Subnormal.
VER: Subnormal, but present.
EOG: OD w.34; OS 1.28.

Iz (CH-47.08.22) Impairment of visual acuity during the last few years.

Ig65: VOD §-—4.50 1f10; VOS S—5 1/10.

Fundi: Irregular, abnormal foveal reflexes. Slight pigmentary alterations in the foveal area (fig. 2).
Visual fields: Central scotoma of 5 degrees.

Cofonr vision: Decreased red sensitivity (anomaloscope).

Dark adaptation: Normal,

ERG: Scot. b-waves OD 2804V ; OS 2804V, Phot. b-waves OD 1152V; O8 1304V,

F-ERG: Subnormal.

VER: Subnormal but present responses.

EOG: OD 1.70; OS 1.54.

4 2z
TARR T4

Summary: A father and two of his sons with progressive loss of visual acuiry, without distinct ophthalmo-
scopic alterations. The only visible abnormalities consist of irregular or absent foveal reflexes and tiny
pigment disturbances at the sie of the fovea, The results of the retinal function tests indicate foveal
dystrophy. The subnormal EOG reflects a moge diffuse affection of che retina than foveal dystrophy alone.

179



REFERENCES

BLUE, R.: Family degeneration of the macula lutea. J. Amer. Med. Ass. 73:1528-13351 (1919).

BONNET, P. and HUGONNIER, R.: Dégénérescence maculaire familiale progressive étudide sur quatre géné-
rations d'une méme famiile. J. Ophal. 2:356-544 (x943). Ann. Ocul. 180:247 (1947).

CHARBONNEAU, R.: Hérédo-dégénérescence de la maculz (maladic de Stargardt). Trans. Canad. Ophthal,
Soc. 7:10-135 {1954). Cited by Franceschetti et al., 1965.

cLAUSEN, W.: Heredo-degeneration der Makula. Klin. Mbl, Augenheilk. 67:117-118 (1921).

DAVIS, C. T. and HOLLENHORST, R. W.: Hereditary degeneration of the macula {occurring in five generations).
Amer, J. Ophthal. 59:657-643 (1955).

DOLLFUS, M. M. A.: Une famille de dégénérescence rétinienne maculaire. Bull. Soc. frang, Ophtal. 61:345-348
{1948).

DUKE-ELDER, s.: System of ophthalmology. Vol. X. Discases of the zetina. Kimpton, London, 1967.

ELWYN, H.: Heredodegeneration and heredoconstitutional defects of the retina. Arch. Ophthal. 53:619-
633 (1955).

FRANCESCHETTI, A., DIETERLE, P, and GosLICH, 1. : Die Bedeutung der Elcktroretinographie fiir die Prognose
der juvenilen Maculadepencration. Ber. dsch. Ophthal, Ges. 59:66-71 (2955).

FRANCESCHETTI, A., FRANGOIS, J. and BABEL, J.© Les hérédodégénérescences choriorétiniennes. Masson,
Paris, 1963.

FRANGOIS, J.: Contribution & I'étude des hérédodégénérescences tapéto-rétiniennes. {dégénérescence chorio-
rétinienne familiale & hérédité dominante. Coexistence familiale de Iz dégénérescence pigmentaire de la
rétine et de la maladie de Stargardt). Ophthalmologica 118:1-29 (1949).

GASTEIGER, H.: Zur familidren Maculacntartung. Ber, disch. Ophthal. Ges, 51:86-87 (1936).

GASTEIGER, H.: Diskussion. Miteilung von etblicher Makula-degeneration. s1. Tagung ophthal. Ges.
Heidelberg 1936. Zbi. ges. Ophthal. 36:310 (1936).

cosricH, H.: Klinische und elektroretinographische Untersuchungen in drei Generationen von familidz-
hereditir juveniler Mzakuladegeneration (Stargarde). Klin. Mbl. Augenheilk. 127:657-665 (1955).

KODILINYE, H. C.: Cases of familial macular dystrophy. Trans. ophthal. Soc. UK. 71:605-698 (1952). In
Zbl. ges. Ophthal. 59:402 (1952).

MCQUARRIE, M. D.: Two pedigrees of hereditary blindness in man, ], Genet. 30:147-153 {1935).

SORSBY, A.: The dystrophics of the macula, Brit, J, Ophthal. 24:469-533 (1940).

SORSEY, A, and DAVEY, J. B.: Dominant macular dystrophy. Brit. J. Ophthal. 39:385-397 (1955,

SORSBY, 4. Some dominantly inherited central fundus lesions. Acta Gener, Statist, Med. 7:292-295 (1957).

STARGARDY, K.: Ueber familiire, progressive Degeneration in der Makulagegend des Auges. Graefes Arch.
Ophthal. 71:534-550 (1909).

STARGARDT, k.: Ueber familisre, progressive Degencration in der Makulagegend des Auges. Z. Augenheilk,
50:95-115 (1913).

STARGARDT, K.: Zur Kasuistik der “familisiren, progressiven Degeneration in der Makulagegend des Auges™.
Z, Augenheilk, 35:249-255 (1916).

STARGARDT, K.: Ucber familidre Degeneration in der Makulagegend des Auges, mit und chne psychische
Storungen. Arch. Psychiat. Nervenkr. §8:852-887 (x917).

STARGARDT, K.t Ein Fall von familidrer progressiver Makuladegeneration. Klin, Mbl. Augenheilk. 75:246
(1925).

STEINME’:Z, R. D., OGLE, X. N, and RUCKER, c, W.: Some physiological considerations of hereditary macular
degenerations. Amer. J, Ophthal. 42:504-317 (1956).

TETERINA, 7. P.: Hereditary dystrophy of the macula lutea traced in five generations, Vestn, Oftal. (Mosk.)
83:60-64. Z. blatt. ges. Ophthal, 104:133 (1970).

VAIL, D, and $HOCH, D.: Hereditary degeneration of the macula. Trans. Amer. Ophthal. Soc, §6:58-68 {1958),

vAIL, D. and SHOCH, D, : Hereditary degeneration of the macula, Trans, Amer, Ophthal. Soe. 65:51-65 (1965).

ADDENDUM

PONTE, F. and SCIALFA, A.: Some uncommon symptoms of hereditary macular degeneration. Clinical in-
vestigation. G. ital. Oftal. 17:269-290 (1965},

180



Progressive cone dystrophy

I. INTRODUCTION

There are several known types of cone dysfunction, stationary as well as progressive.
Goodman et al. (1963) distinguished the following so-called cone dysfunction
syndromes.

A. Congenital colonr vision defects without amblyopia
Deuteranopia and protanopia (sex-linked recessive transmission), tritanopia (prob-
ably autosomal dominant transmission).

B. Complete colonr blindness without amblyepia
Cone monochromatism. The mode of transmission remains to be established.

C. Congenital incomplete colosr blindness with subnormal viswal acuily
Incomplete achromatopsia. Sex-linked recessive and possibly also autosomal re-
cessive transmission.

D. Congenital complete colonr blindness with subnormal visual acuity
Complete achromatopsia with amblyopia; rod monochromatism. Autosormal re-
cessive transmission.

E. Progressive cone degenerations
Mode of transmission as yet unknown.

F. Generalized cone-rod deficiencies, where symptoms relating to the cone dysfunctions dominate
In our opinion this heading covers the cases of centroperipheral tapetoretinal
dystrophy (Stargardt’s disease with peripheral involvement) (see page 103).

G. Generalized cone-rod deficiencies, where rod disorders dominate
Retinopathiz pigmentosa is a good example of this category.
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"T'o these conditions we made add sex-linked hemeralopia, which is often accormpanied
by myopia, as “congenital cone-rod deficiency where cones and rods seem equally
affected™.

The congenital forms are usually stationary, whereas the forms which become
manifest at a later age, are progressive. The abovementioned “progressive cone
degeneration”, which we prefer to call progressive cone dystrophy, bas so far been
described in only a few reports. Steinmetz et al. (1956), using psychophysical test
methods, demonstrated autosomal dominant progressive cone dysttophy in a
family. Berson et al. (1968) described a father and son with progressive cone dys-
trophy, the paternal father and paternal grandmother having been affected also
according to the history. ERG studies demonstrated a selective dysfunction of the
cone system.

Other retinal dystrophies which seemed to involve selective cone dysfunction
have been described by Frangois et al. (1956), Sloan and Brown (1962) and Goodman
et al. (1963, 1966).

Frangois et al. (1956) presented the case of a 17-year-old male who showed all the
clinical features of Stargardt’s disease. Visual acuity and visual fields were more
affected under photopic than under scotopic conditions, and the retinal centre
totally lacked colour vision. It seems questionable whether this was indeed a case
of progressive cone dystrophy, for colour vision was undisturbed in the retinal
periphery.

Sloan and Brown (1962) described five cases, including two brothers, with pro-
gressive loss of vision and loss of colour vision. Three of the five patients had
relatives with similar disturbances.

Goodman et al. (1963) described a man aged 35 with a two-year history of visual
complaints. Visual acuity was diminished; additional findings were achromatopsia
and absent photopic ERG in the presence of a normal scotopic ERG; these findings
met the criteria of progressive cone dystrophy.

In 1966, Goodman et al. described a 40-year-old man with pronounced loss of
visual acuity and colour vision in the right eye, and a similar but less pronounced
disturbance in the left eye. The changes had come gradually. The photophobia was
such that padent always used sunglasses outdoors, and avoided sunlight whenever
possible.

The “typical finely mottled tapetoretinal degeneration of the macula” described
by Clausen (1921} in a father and three of his children, might likewise represent cone
dystrophy: the patients showed total colour blindness although colour vision had
previously been normal.

Davis and Hollenhorst (295 5) described a family with dominant progressive foveal
dystrophy in which slight foveal changes were accompanied by extreme photophobia
and marked loss of vision and colour vision; this family may also have suffered from
progressive cone dystrophy.

Among our own patients with foveal dystrophies we have found none with
selective cone dystrophy, although in all these patients colour vision and photopic
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ERG were examined. Stationary congenital cone dysfunctions such as complete and
incomplete achromatopsia, however, were observed fairly often; the diagnosis was
verified on the basis of the ERG. This always showed normal scotopic and absent
or decidedly subnormal photopic responses.

2, GENERAL CLINICAL PICTURE IN THE PATIENTS

Patients report to the ophthalmologist because their previously normal vision has
diminished. Photophobia is a common complaint, and colour vision is much
diminished. The photophobia is exactly like that seen in achromatopsia, and suggests
diffuse involvement of the cones. Visual acuity is experienced as much better in
twilight than in bright light (dayblindness). A history disclosing several similarly
affected relatives is not uncommon (Steinmetz et al. 1956; Sloan and Brown 1962;
Berson et al. 1968). The age of manifestation in the cases so far described was
between 6 and 5o years. A striking characteristic of the patients is that thev nearly
always wear sunglasses and avoid sunlight. They feel virtually blinded in bright
sunlight.

3. FUNDUS (OQPHTHALMOSCOPIC FEATURES)
In many cases the retina shows no abnormalities, and certainly not in initial stages.
In some cases, however, there are slight foveal changes such as absent reflexes, slight
depigmentations or slight granular pigmentations. The disc, retinal vessels and

retinal periphery are usually normal, but the temporal part of the disc may show
some pallor.

4- REFRACTION

The patients described by Berson et al. (1968) showed myopia and astigmatism. In
the other publications, refraction is hardly mentioned.

5. VISUAL ACUITY

Visual acuity is initjally normal but in the early stages of the affection soon shows a
diminution which continues down to values below 1/1c. The 45-year-old man
described by Berson et al. (1968) had a vision of z/300 ODS.

6. VISUAL FIELDS

Bilateral central scotomas develop, while the peripheral boundaries remain intact.

7. COLOUR VISION

Colour vision is totally lost after some time (Berson et al. 1968), so that the term
acquired total achromatopsia applies. In early stages there may be a tritanomaly but
also red-green dyschromatopsia (Steinmetz et al. 1956). The process as a rule
develops gradually from normal colour vision to total achromatopsia.
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8. DARK ADAPTATION

‘The dark adaptation test discloses monophasic curves with normal rod thresholds
(Steinmetz et al. 1956; Berson et al. 1968). However, Sloan and Brown (196z)

found a biphasic curve with abnotmal cone and normal or virtually normal rod
thresholds.

9. ELECTRORETINOGRAPHY

The ERG shows markedly diminished or absent cone responses, while the rod
responses are normzl (Sloan and Brown 1962; Goodman et al. 1963; Berson et al.
1968).

I0. ELECTRO-OCULOGRAPHY

The EOG shows a normal Lp/Dt-ratio in progressive cone dystrophy. Both the
standing potential itself and the L/D-ratio are normal (Berson et al. 1968).

II. PHOTOGRAPHY

Photographs of progressive cone dystrophy were published by Goodman et al
(1966). Hardly any changes are discernible.

I2. FLUORESCEIN ANGIOGRAPHY

So far as we know, fluorescein angiography has not been used in this condition. The
inconsiderable ophthalmoscopic changes and the normal EOG indicate that a normal
angiogram might be expected.

13. CARRIERS

Little is known about the mode of transmission of this condition, and nothing about
possible carriers.

I14. HISTOLOGICAL FINDINGS

There are no reports on histological findings in this condition, but it is beyond doubt
that the dystrophy primarily and selectively involves the cones.

i15. PATHOGENESIS

The hypothesis of an enzymatic disorder in the cones proper seems attractive.
16. MODE OF TRANSMISSION
The mode of transmission of progressive cone dystrophy is probably autosomal

dominant (Steinmetz et al. 1956; Berson et al. 1968; Schmidt 1970). However, it is
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possible that there are several modes of transmission (Sloan and Brown 1962;
Goodman et al. 1963).

17. GENERAL PHYSICAL AND LABORATORY FINDINGS

General physical and laboratory findings have been reported as normal (Bersoa et al.
1968).

18. ASSOCIATED CONDITIONS

There is one report on association of progressive cone dystrophy with other af-
fections. Bjork et al. (1956) found several patients with hereditary cerebellar ataxia
and an acquired cone dysfunction.

19. DIFFERENTIAL DIAGNOSIS

Progressive cone dystrophy must be differeatiated from the following conditions.

a. Complete or incomplete achromatopsia. In these cases there is the same retinal
dysfunction as in the terminal stages of progressive cone dystrophy, but the changes
have been present since birth. Slight foveal changes may exist, but normal foveae
have also been described. Complete achromatopsia has an autosomal recessive mode
of transmission; the transmission of incomplete achromatopsia can be autosomal
recessive as well as sex-linked recessive.

b. Dominant progressive foveal dystrophy. In this condition only the fovea and its
immediate surroundings are generally affected. The remaining retina usually shows
quite normal functions of cones as well as rods (page 172).

c. Stargardt’s disease. If in this recessive disease only the central retina is involved,
then the cone and rod fuactions of the remainder of the retina are quite intact. If
both the central and the peripheral retina are involved, then there is an affection of
the cones and rods which in our opinion is identical to the “generalized cone-rod
deficiencies, where symptoms relating to the cone dysfunctions dominate” (Goodman
et al. 1963), and to “progressive cone-rod degeneration” (Berson et al. 1968).

d. Retinopathia pigmentosa. 'This differential diagnosis generally offers no difficulty.
When dealing with the “sine pigmento” variant, the ERG can decide the diagnosis,
at least in the early stages. The scotopic ERG is soon affected while the photopic
ERG remains normal a little longer. The ophthalmoscopic features differ from
those of progressive cone dystrophy in that thete are pale discs, attenuated arteries
and trabecular pigmentations to some extent.

e. Central retinopathia pigmentoss. This condition is characterized by the presence of
perifoveal pigmentation of trabecular shape, and the cone function tests are long
quite normal (page 189).



Fig, ra. Chloroquine retinopathy in a 68-year-old female

showing the pathognomonic bull’s eye picture, This

affection has to be dificrentiated from hereditary foveal
affections.

Fig. ré. Fluorescein angiography reveals a hotizontally
ovoid zone of atrophic pigment epithelinm, surrounding a
centrally located pigmented circular structure.
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f. Drug-induced retinopathy. Chloroquine and phenothiazine derivatives can give
rise to an extensive retinopathy; one of its characteristics is the presence of delicate
central and peripheral retinal pigment changes (fig. 1). In this retinopathy both the
rod and the cone functions are affected after some time (Potts 1966). The scotopic
and photopic ERG as well as the EOG are decidedly pathological in these cases.
Dark adaptation, however, is generally normal until advanced stages.

g. Acquired bilateral optic nerve atrophy. Progressive loss of vision without distinct
ophthalmoscopic changes can cause difficulties of differentiation. ERG and simul-
taneous recording of F-ERG and VER can ascertain the diagnosis. In optic nerve
atrophy, both scotopic and photopic ERG’s are generally normal. The F-ERG is
likewise normal, but the VER are absent.

Zweifach and Wolf (1968) found, that patients with cone dysfunction regularly
demonstrated improvement in acuity with reduction in illumination in contrast to
normals and patients with optic nerve or macular disease.

h. Non-hereditary acquired cone dysfunction. This could be caused by drugs or toxins
(Siegel and Smith 1967).

20. THERAPY
There is no therapy.

2. FUTURE

It is of importance that more families with this condition be described in the near
future, so that the mode of transmission can be established and this condition, as a
separate entity, can be more sharply differentiated from other, similar conditions.

22. CASE HISTORIES

We do not have own case histories.
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VI

Central (and pericentral)

retinopathia pigmentosa

(retinopathia pigmentosa inversa)

I. INTRODUCTION

Duke-Elder (1940, 1967) has defined “central (inverse) pigmentary dystrophy™ as:
“A dystrophy in which the pigmentary disturbances, either as spiderlike clumps or
scattered black dots, take the form of an island round the macula”. Duke-Elder
pointed out that these pigmentations are frequently accompanied by choroidal
atrophy. No strict division into central and peticentral retinopathia pigmentosa can
be made. Duke-Elder defined the latter as 2 condition “showing a picture between
the true central and the classical equatorial lesions, wherein a pigmented zone occurs
immediately around the macula, often having good central vision™.

Franceschetti et al. (1963) presented a similar description of this condition. They
noted that the degenerative process of retinopathia pigmentosa can be confined to
one eye (unilateral retinopathia pigmentosa) or can be localized in a sector of the
retina (sector retinopathy) or ia the posterior pole of the eye, the macula remaining
or not remaining intact. In the latter case they speak of central, pericentral, or
inverse retinopathia pigmentosa.

The literature comprises many controversial views on this condition, and it is
quite evident that authots are by no means always speaking of the same process when
they use one of the three abovementioned designations.

In 1948, Sorsby described retinopathia pigmentosa inversa as an “ill-defined
entity”; today, 2z years later, we are still unable to make a much more positive
statement concerning this condition.

We intend to use this designation with reference to such cases as fulfil the cititeria
set by Duke-Elder (1940, 1967) and Franceschetti et al. (1963). Falls (1966) took a
similar view of this affection.

It should be stressed that we do not use this designation for central] tapetoretinal
dystrophies in which centroperipheral involvement is observed after some time
(Stargardt’s disease with involvement of the periphery); some authors in fact do use
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Fig. 1. Perifovezl bone corpuscles in the right eye of 2
z6-year-old male (Fam. Mel.).

these terms to refer to conditions which we call centroperipheral dystrophies (Von
Rotth 1930; Lux 1961}

In Stargardt’s disease, but also in vitelliform dystrophy of the fovea, extensive
pigmentations can occur in the posterior pole; but in our opinion this does not
warrant 2 description of these conditions as central rednopathia pigmentosa.

Central retinopathia pigmentosa means: changes like those of classical retino-
pathia pigmentosa, but confined to the centre of the retina. The fovea proper con-
tains no vessels, and true trabeculae can therefore not occur at this site.

Retinopathia pigmentosa inversa means: retinopathia pigmentosa which takes a
course that is the opposite of the course of classical peripheral retinopathia pig-
mentosa. Stargardt (1913) used this term, for example, to indicate the inverse course
of a retinopathia pigmentosa-like condition in his $ family. I this family there was
foveal dystrophy and also dystrophy of the peripheral retina, which had probably
occurred later. The affections with these features have been discussed in detail in
the chapter on Stargardt’s disease: Stargardt’s disease with involvement of the
periphery, or centroperipheral TRD. This affection is also known as mixed TRD
or “rod-cone dystrophy”. It is characterized by an initial involvement of the retinal
centre, later followed by involvement of the retinal periphery. In view of this
development, the word “inversa” is very appropriate, even though a centroperipheral
TRD with classical trabeculae, wax-like pallor of the discs and stenosed arteties is
seldom observed. We saw it only in one family (fam. Kni, page 150).
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Since this picture has been discussed in detail in the Stargardt chapter, we need
not dwell on it here.

In this chapter we confine ourselves to conditions in which trabecula-like pig-
mentations are observed around or near the fovea. There are several relevant
publications {(Kapuscinski 1908; Wittmer 1911; Lafon 1913; Pillat r930; Cardello
1949; Frangois et al. 1956; Franceschetti et al. 1965 ; Miglior et al. 196g).

The following publications are probably also dealing with this entity: Danis
(1924); Hine (1928), Renard (1946), Ohrt (1957) and Hommer (1969).

2, GENERAL CLINICAL PICTURE IN THE PATIENTS

Patients are often identified at routine ophthalmoscopic examination; in the eatly
stages in particular, they are asymptomatic.

5. FUNDUS {OPHTHALMOSCOPIC FEATURES)

The fovea presents a normal appearance, with trabecula-like pigmentations sur-
rounding it (fig. 1, 2). The retinal periphery, retinal vessels and disc are quite normal.
The choroid may in some cases present an atrophic appearance, and pigmentations
sometimes come very close to the foveal area (fig. 2ab).

4. REFRACTION

The exact data on this not very clearly defined entity are too scanty to warrant the
conclusion that any abnormality of refraction can be described as charactetistic of
this condition.

§. VISUAL ACUITY

Visual acuity is generally normal in the initial stages, but can be markedly diminished
in more advanced stages.

6. VISUAL FIELDS

The visual fields often show an annular scotoma around the foveal area, and the
retinal periphery shows normal boundaries.

7. COLOUR VISION

Colour vision is normal in the initial stages, but after some time a blue-yellow
dyschromatopsia develops which can be accompanied by diminished red sensitivity
if the fovea proper becomes involved in the dystrophic process.

8. DARK ADAPTATION

Dark adaptation is either normal or shows a very slight delay.
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9. ELECTRORETINOGRAPHY

The ERG is either normal or slightly subnormal (Falls 1966; Duke-Elder 1967;
Miglior et al. 1969).

Fig. 2a-b, Retinopathia pigmentosa-like pigmentations and
choroidal atrophy in the posterior poles of a 46-year-old
man (Fam. Zijl),
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10. ELECTRO-OCULOGRAPHY

The EOG is initizlly normal but after some times becomes subnormal (earlier than
the ERG).

Fig. 3. Conventional and fluorescence photograph of 2
patient with pigmented paravenous retinal degeneration
(after Amalric).
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11. PHOTOGRAPHY
Orthochromatic and panchromatic graphic films produce no very different prints
in this condition.
12. FLUORESCEIN ANGIOGRAPHY

Fluorescein angiography discloses an atrophic pigment epithelium, and shows black
trabecular pigmentations clearly outlined in froat of the fluorescent choroid.

13. CARRIERS

The carriers (the parents of the affected individuals) are quite normal.

I4. HISTOLOGICAL FINDINGS

The histology is probably exactly the same as that of classical retinopathia pig-
mentosa (Duke-Elder 1967), but the process is more localized.

15. PATHOGENESIS

As in classical retinopathia pigmentosa, photoreceptors and pigment epithelium seem
to be primarily affected.

16. MODE OF TRANSMISSION

The mode of transmission of central (pericentral} retinopathia pigmentosa is pre-
sumed to be autosomal recessive (Franceschetti et al. 1963).

I7. GENERAL PHYSICAL AND LABORATORY FINDINGS

There are no characteristic findings of general physical and laboratory studies.

18. ASSOCIATED CONDITIONS

There are no reports on conditions associated with this retinal abnormality.

19. DIFFERENTIAL DIAGNOSIS

Central (pericentral) retinopathia pigmentosa is to be differentiated from the follow-
ing conditions.

a. Classical retinoparbia pigmentosa, in which the posterior pole of the eye remains
intact for a long time.
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b. Sector-shaped retinopathia pigmentosa, in which only a sector of the retina shows
trabecular pigmentations. (Franceschetti et al. 1963 ; Krill et al. 1970).

C. Pigmented paravenous retinal degemeration, in which pigmentations extend along the

veins from the disc to the periphery (Brown, 1937; Weve, 1957; Amalrc and
Schum 1968; Baquis 1968; Bonamour and Ravault, 1968). (fig. 3).

d. Stargards’s disease, in which pigmentations may occur in the atrophic foveal focus
in a minority of cases; no true trabecular pigmentations are found in the posterior

pole.

e. Other conditions in which marked pigmentations can occur in the posterior pole (chorio-
retinitis, vitelliform dystrophy, rubeolar retinopathy, etc.).

20. THERAPY

There is no effective therapy. None of the medications tried (hormonal or vitamin
preparations and vasodilators) has been successful. Nor have surgical interventions
such as placenta implantations been effective. The futility of the abovementioned
therapies is explained by the fact that the primary pathological process is localized
in the photoreceptors and the pigment epithelium, but not in the choroidal and
retinal vasculature.

2I. FUTURE

A more unequivocal and better defined picture of this condition is desirable. To
ensure this, reports on this condition should carefully define what is understood by
central or pericentral or inverse retinopathia pigmentosa. The literature has so far
comprised few cases described with precision.

Extensive family studies and photographic aad retinal function studies can help
us establish whether we atre dealing with a variant of (petipheral) retinopathia pig-
mentosa or rather with a separate entity.

22, CASE HISTORIES

1. Fam. Mel
PAMM-43.07.r0 Since some years poor visual acuity in the right eye. The family is reported to have
normal eyes. The parerts are not consanguineous.
1962: VOD o.5/60; VOS 11/10.
Media: Notmal. :
Fundi: Bone corpuscles in the perifoveal arca. The choroid has an awrophic appearance in the postetior
pole (g, 1).
Viswal fielde: OD central scotoma. OS normal.
Darfe adaptation: Normal.
ERG: Scot. b-waves OD 1604V; OFS 2104V,
Phot. b-waves OD 654V; OS gopV.
7968: VOD 1/60; VOS 10/10.
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Fundi: In the petifoveal area of OD some bone corpuscles and an atrophic choroid. In the retinal peri-
pheties of both eyes some bone corpuscles.
Visual fieldr: OD central scotoma, OS annular scotoma around the fovea,
Colonr vision: OD unrecordable. OS normal.
Dark adapiation: Normal.
ERG: Scot. b-waves OD 1504V; OF 2254V,
Phot.a-waves OD 354V OF s34V,
Phot. b-waves OD souV; OS5 754V,
EOG: OD 1.23; OS 1.98.

Summary: Pericentral retinopathia pigmentosa in a young man. Ophthalmoscopically there are distiner
abnormalities in the right eye and slight abnormalitics in the left eye. Particularly the visual fields indicate
the bilateral affection, which seems to be unilateral on superficial examination.

2. Fam. Zijl

[

x L“']T 201 T 5
Wit WL

1 éj_ﬁ

T2

I (ACZ-22.22.23)
VOD S+o.50=C-—0.25 % 80° 11{10; VOS S5+0.50 10/10,
Media: Notmal,
Fundi: Rather coarse pigmentations scattered over the fundus. The posterior poles show the most
widespread pigmentations.
Visnal frelds: Normal.
Dark adaptation: Normal.,
ERG: Scot. b-waves OD 2722V OS 2604V,
Phot. a-waves OD 38£V; OS 352V
Phot. b-waves OD 824V; O8 744V,
EOG: OD 1.43; OS 1.44.

Iz (CfZ-24.05.21) Poor visual acuity since 10 years. Concomitant divergent strabismus OD.
VOD C1x90® o.5/60; VOS C—1.50x% 110° 2/10,
Media: Normal.
Fundi: Large clumps of pigment in the perifoveal arca. The choroid has an atrophic aspect (fig. zab).Discs
and vessels are normal. The retinal peripheries show a granular pigmentation,
ERG: Scot. b-waves OD 1244V; OS 1284V,
Phot.a-waves OD 184V; OS5 17xV.
Phot. b-waves OD  444V; O8 474V,
EOG: OD 1.41; OS r.17.

Summary: A patient (If-2) with a pericentral retinopathia pigmentosa. His brother had no complaints,
however, diffuse pigmentation was seen throughout the fundus and he had a clearly subnormal EOG.
This might be a patient with a low expression of the pathological gene.
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VII

Vitelliform dystrophy of the fovea

I. INTRODUCTION

It is only in recent years that vitelliform dystrophy of the fovea has been identified
as a clearly separate entity. The many names given to this condition in the course
of the years demonstrate this. In table I we present a review of the various des-
ignations used with reference to vitelliform dystrophy.

In 1883, Adams presented the first report on vitelliform dystrophy of the fovea
in a paper entitled “Case showing peculiar changes in the macula”. He found these
peculiar changes in the eyes of a 37-year-old woman, who nevertheless had a vision
of 1.0 OD and 0.4 OS.

The first familial cases were described by Best in 1905; in 8 of the 59 members of
a family he examined, he found foveal changes which consisted of red, round, sharply
defined foci that closely resembled the cicatrix of central chorioretinitis. In 6 in-
dividuals the condition was bilateral, and in the remaining 2 it was unilateral. None
of the cases described by Best showed the classical, perfectly vitelliform stage which
was later to become known from such publications as that of Zanen and Rausin
(1950). This was possibly due to the fact that the youngest of his patients was
9 years old, while the majority were over zo.

Best found many other ocular abnormalities in this family (the ] family in Klein
Linden, near Giessen). Of the 59 family members examined, 31 showed one of the
often hereditary abnormalities: marked hypermetropia, astigmatism, concomitant
or convergent strabismus and amblyopia.

Further investigations of this faraily were later made by Vossius (1921), Weisel
(1922) and Jung (1936), who identified 22 affected individuals among 300 members
examined.

There are still authors who question the identity of the affection in this family
(later also called Best’s disease) with vitelliform dystrophy of the fovea (Frangois
1967, 1968 ; Zanen and Balsacq 1968), but we have no doubt that the family described
by Best was in fact suffering from vitelliform dystrophy. The fact that Best did not
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observe the classical vitelliform stage later described by such authors as Zanen and
Rausin (1950) does not alter our conviction. For it has been established that the
vitelliform stage tepresents an early developmental phase of this dystrophy and,
moreover, is by no means an obligate feature. We believe that many patients never
show this stage.

In his exhaustive study on heredodegeneration of the macula, Behr (1920) like-
wise described a family with vitelliform dystrophy of the fovea. This family M was
later re-investigated by Friemann (3953). Behr’s description clearly warrants the
conclusion that vitelliform dystrophy was involved. He observed yellow round
structures in the central fundus, with still fairly intact vision, in several generations
with the characteristics of dominant transmission.

Roll (1921) described a patient with a “circular plaque of what appears to be
organized fibrous tissue in the macula of each eye”; this, too may have been a case
of vitelliform dystrophy.

Lable T
1885 Adams Peculiar changes in the macula
1905 Best A hereditary macular degeneration
1921 Vossiug Best’s familial macular degeneration
1936 Jung Congeniral macular degeneration
1940 Huysmans Exudative central detachment of the retina
(macular pscudocysts}
1940 Rochat Familial cystic macular degeneration
1946 Bonnet et al. Central serous chorioretinitis

1049 Berldey and Bussey Heredodegeneration of the macula
195¢ Zanen and Rausin Kyste vitelliforme de la macula
1951 Friedenwald and  Peculiar macular lesions with unaccountably

Maumenec good vision
1943 Pameyer Juvenile disciform macular degeneration
1956 Sorsby et al. Macular cysts
1958 Gregory Familial macular defects
1961 Zanenand Hermans Vitelliform discs
1961 Barkman Central tapetoretinal degeneration
1964 Braley and Spivey Hereditaty vitelline macular degeneration
1965 Remky etal. Dominant autosoral macular degeneration

with cystic and vitelliform stages

1966 Kirill et al, Hereditary vitelliruptive macular degeneration
1966 Falls Best’s disease

A selective review of various designations used with reference to vitclliform dystrophy of the fovea.

It is uncertain whether the 2 brothers with foveal dystrophy described by Steyn
(1926) belong under this heading. The father and his sister had a history of poor
vision; however, they may have suffered from Stargardt’s disease.

So far as can be established, the first report from South America was that of
Tiscornia (1926), who described a 61-year-old woman and 3 of her children with
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greyish-yellow macular foci reminiscent of chotioretinitis. This family, later re-
investigated by Damel (1948), is probably suffering from vitelliform dystrophy.
Argafiaraz and Esteban Androgué (1927) described a family with 3 patients, one

of whom had a disc-sized yellow focus in each fovea; these are probably also cases
of vitelliform dystrophy.

Fig. ra-b. Right and left fovea of a boy with vitelliform
dystrophy showing in both eyes the intact egg-yolk lesion
(Fam. Ko-K).
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Fig, 2, Ruptured vitelliform disc with drusen-like deposits

in a 45-yeat-old man (Fam, FI).

Rieger (1929) described a girl whose left eye contained a structure resembling a
vitelliform lesion.

In 1934, Mazzi found a bilateral oval-shaped foveal chorioretinitis focus with
haemorrhages in a 51-year-old man and his 25-year-old son. In view of the illus-
trations and because vision was not seriously affected, we conclude that these were
cases of vitelliform dystrophy.

The characteristic yellow focus which can be observed in the fovea in vitelliform
dystrophy (fig. 1) was described by Jess (1938) as “ein durch Nebel scheinender
Sonnenball”.

Niccol (1938) described a boy of 4 and his sister of 5 years with bilateral round
yellow-white non-excavated “developmental defects at the macula”. Vision was
undisturbed. The mother’s foveae showed light-yellow spots beneath the retinal
vessels. Both children were hypermetropic, and the boy had a mild degree of con-
vergent strabismus. Niceol himself and subsequent authors described this condition
as macular coloboma. We believe that these were undoubtedly cases of vitelliform
dystrophy: they preseated the appearance, and vision was not markedly disturbed
(which rules out macular coloboma).

The distinction between vitelliform foveal dystrophy and central serous choroid-
opathy (Gass 1967) was initially not at all clear, and the conditions were con-
fused. For example, Streiff (1939) described “chorioretinitis centralis serosa” in a
27-year-old man with a bilateral vesiculiform foveal lesion which encompassed some
sort of hypopyon. This was undoubtedly a case of vitelliform dystrophy.
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Galeazzi (1939) observed a man and 4 of his children with a symmetrical para-
macular lesion which, according to his data, may have been vitelliform dystrophy.

In 1940 three reports described vitelliform dystrophy by different names: “exu-
dative foveal dystrophy” (Sorsby), “exudative central detachment of the retina
(macular pseudocysts)” (Huysmans) and “cystic macular degeneration” (Rochat).

In his exhaustive study on “The dystrophies of the macula”, Sorsby (1940) de-
scribed two families (M and N} with “exudative foveal dystrophy”. The M family
included 14 affected members in 3 generations; in the N family a brother and sister
were affected. These families almost certainly come under the heading of vitelliform
dystrophy.

In The Netherlands Huysmans (194c) described 7 affected siblings as suffering
from “exudative central detachment of the retina (macular pseudocysts)”, while
Rochat (1940} reported on 3 children of the same parents, who showed “cystic
macular degeneration”.

Renard (1946) in France observed 2 families (T and C) with vitelliform changes.
The T family included 3 affected individuals in 2 generations, while the C family
had 4 affected members in 3 generations.

Folk (1946) described 3 families, one of which might have shown the vitelliform
entity. At the 1948 Chicago meeting of the Ametican Academy of Ophthalmology
and Otolaryngology, Riser et al. (1948) presented fundus photographs of several
members of an Amexican family with foveal changes which were described as “an
egg with the sunny side up”.

Fig. 3. Almost intact vitelliform disc in an 8-year-old boy,
son of the man whose fundus is depicted in fig. 2.
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Berkley and Bussey (1949} described a family with 8 patients in 3 generations;
special feature: 3 cases of unilateral vitelliform foveal dystrophy.

The early fifties were characterized by a flood of reports, including the publication
of Zanen and Rausin (195¢), which introduced the designation “vitelliformis”. The
name vitelliform macular degeneration (better: vitelliform foveal dystrophy) has
since been used for all stages of this evolutive condition. The classical egg-yolk
appearance, however, need not be present or have been present in all patients or
families in order to warrant a diagnosis of vitelliform foveal dystrophy. Kxill et al.
(1966) perfer the designation “vitelliruptive macular degeneration” to indicate the
evolutive character of this dystrophy, and also because the name vitelliform refers
to only one particular stage of this condition.

Table IT

Argentina

Anstria
Belginm

Crechoslovafia

Fngland

France

Germrany

Hungary
Ttaly

Japan
the Netherlands

Pery

Sweden
Switzeriand
Uniited States
of America

Tiscornia (1926); Axgafiaraz and Androgué (1927); Damel (1948); Corréa-Meyer (1953);
Garcia Nocito et al. (1964); Urrets-Zavalia and Moyano (1969).

Ricger (1920); Hruby (1956, 1967); Ricger (1965, 1970).

Michiels and Delfosse (1949); Hambresin (1950); Zanen and Rausin {1950, 1951); Zanen
(r953); Zanen and Lempercur (1954); Zanen and Hermans {1961); de Walsche (1963);
Frangois et al. (1966, 1967, 1968); Zanen (1967); Zanen and Balsacq (1968); Frangois
and de Lacy (1569).

Pur {1964); Streicher (1947).

Adams (1883); Roll (19z21); Niccol (1938); Sorsby (1940); Sorsby et al. (1956); Gregory
(2958); Sorsby and Wren (1960); Graham et al. (1964); Sorsby {1964); Rosen (1989).
Bonnet(1¢38); Bonnet ¢t al. (1946); Renard (1946) ; Belz(1948); Bischlet (19$2); Hermann
(1952); Bérard (x953); Renard et 2l (1960); Gallet (1961); Calmettes and Déodati (1962);
Nordmann and Eberhardt (196z); P. Francois ct al. (1963}; Hermann and Vernin (1983);
Moser (1963); Eriennc et al. (1964); Pommier (1964); Bonamour and Pommier {1965);
Bronner et al. (1965); Bérard (1966); Bonnet et al. (1966); Lefranc (1966); Bonamour
(1967); Le Hunsec and Plerre (1967); Dorne (1970); P, Frangois et al. (1970).

Best (1905); Behr (1920); Vossius (1921); Weisel (192z); Blank (1928); Jung (1936);
Jess (x938); Jacger (1951); Richm (1952); Friemann {1953); Weber (1960); Haimbéck
{(1962); Littann (1965); Remky et al. (1965); Denden (1966).

Varga (1967); Bir6 (1968).

Mazzi (1934); Galeazzi (1939); Bruna (1951); Capalbi (1954); Montaldi and Nicodemi
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Fig. 4. Small multiple vitelliform lesions (deposits) near the

margin of a large atrophic vitelliform lesion. This lesion

resembles the figures shown by Braley and diagnosed as
polymorphic foveal dystrophy.

The many publications which have appeared since 1950, will not be discussed in
detail, but they will be mentioned at relevant places elsewhere in this chapter and
tabulated with the earlier publications in table IT.

Although we have long been convinced, with many others, that vitelliform foveal
dystrophy is a separate entity, there is still a surprising amount of confusion about
this condition. In the French literature in particular, the prevalent view is that
retinopathia centralis serosa or chorioidopathia centralis serosa (Gass 1967) is closely
related to vitelliform foveal dystrophy (Bonnet et al. 1938, 1946, 1966; Bischler
1952; Nordmann and Eberhardt 1962; Le Hunsec and Pierte 1967; Martenet 1967;
Urrets-Zavalia and Moyano 1969). Vitelliform foveal dystrophy (VFD) is con-
sequently often described as “atypical retinopathia centralis serosa”. Streiff (1939)
and Riehm (1952) likewise described VFD as atypical retinopathia centralis serosa.
In our opinion, however the two conditions should be regarded as separate entities,
as demonstrated by our EOG findings, which were quite different in the two con-
ditions. A detailed discussion of these findings will be presented later.

There is also often confusion with Stargardt’s disease, but this can also be differ-
entitated in several ways. Bruna (r951) and Bérard (1966) reported VED in families
with Stargardt’s disease. These were undoubtedly families with VFD. There ate no
transitional or mixed forms, and we believe that coincidence of these two entirely
different entities in the same family has never been really observed. Nor is it under-
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Fig. sa. Vitelliform cyst with pseudohypopyon in a 27-
year-old male (Fam. KIK) (after Pameyer).

Fig. sb, The same eye 15 vears later, showing 2 ruptured
cyst with atrophic pigment epithelium centrally and multiple
vitelliform strucrures and deposits at the bottom.
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Fig. 6. Vitelliform cyst with deposits centrally and small
multiple vitelliform lesions at the bottom.

Fig, 7a. A tiny yellowish fleck near the foveola and some
small multiple vitelliform lesions above the fovea in a
44-year-old man (Fam, Vr).
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Fig. 75. One year later a real virelliform disc is visible in the
foveal area,

Fig. re. Fluorescein anglography reveals minimal fluores-
cence centrally and less fluorescence than normal at the site
of the multiple vitelliform lesions.
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standable that Duke-Elder (1967) described a family with VFD while the caption of
the excellent colour photographs read “Stargardt’s disease”; this must have been an
error in printing.

Another condition which closely resembles VFD is central chotioretinitis.
Patients with VFD are still being submitted to extensive examinations and treatments
because an inflammation is believed to exist. In view of the ophthalmoscopic features
this is understandable. Bur it is strange that even in evidently familial cases an in-
flammatory aetiology is often not ruled out, even after 2 negative general clinical
examination (Ferrié 1946; Jaeger 1951; Riehm 1952; Pillat 1962).

It is also remarkable that J. Frangois (1967, 1968) distinguished between VFD,
“cystic macular degeneration” and “Best’s macular heredodegeneration”; in our
opinion there can be no doubt that all these designations refer to the same con-
dition, and several other authors have reached the same conclusion (P. Frangois et al.
1963 ; Braley and Spivey 1964; Remky et al. 1965 ; Kxill et al. 1966; Deutman 1969).

In 1966 Braley introduced what he believed to be a new syndrome, which in our
opinion is an evident representative of VFD. He called this condition “polymorphic
macular degeneration” and Duke-Elder (1967) also described this “polymorphic
macular degencration” as a separate entity. We do not believe that this is in fact a
new syndrome. The clinical features of VID are known to be very variable. In one
of our families (fam. FI) we observed a father with fundus features (fig. z) identical
to the photographs which Braley published to illustrate his polymorphic macular
degeneration; but one of this man’s children showed a classical vitelliform disc ODS
(fig. 3). We made a similar observation in another family (fam. Bl}. The family de-
scribed by Pameyer (1954) had likewise shown true vitelliform lesions in the past
(fam. K1 K), but in 1968 there were extensive changes identical to what Braley in-
troduced as a new entity (fig. 4-6).

The multiple vitelliform lesions (fig. 4-7) so beautifully described by Littann
(1965), and later by Denden (1966) and Deutman (1969), are nothing but variants of
VFD in our opinion. They support the theory (based on EOG findings) that VFD
involves a diffuse disturbance in the deeper retinal layers, probably in the pigment
epithelivm.

Z. GENERAL CLINICAL PICTURE IN THE PATIENTS

A vitelliform lesion can be detected at ophthalmoscopic examination of a patient
with quite normal visual acuity. It is a general fact that substantial ophthalmoscopic
changes can be associated with normal vision, while on the other hand hardly
discernible changes can accompany greatly diminished vision (e.g. in incipient
Stargardt’s disease).

Pronounced hypermetropia with or without astigmatism is a common finding,
and convergent strabismus is also frequent; nystagmus, however, is rarely observed.

Some authots were convinced that the vitelliform lesion is always present at birth
(Best 1905; Jung 1936; Falls, quoted by Grimm and Tedford 1963, and Braley 1966;

208



Fig, 8a. Vitelliform lesion shortly after the origin in an
§-year-old boy (Fam. T-T), filmed on orthechromatic filmn.

Fig. 8. The same lesion photographed on panchromatic
film. More abnormal structures are visible.
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Fig. 9. Delicate alterations in the foveola of a 22-year-old

female. Probably this is an initial stage of the vitelliform

disc. Rather often we found these minimal lesions in

family-metcbers of patients suffering from  vitelliform

dystrophy. A pathological EOG L/D-ratic was always
found in these cases.

Braley 1966), and this is why this condition is still often counted among the con-
genital macular heredodegenerations. Since Barkman (1961) observed this foveal
abnormality in an infant aged 1 week, while Braley (1968) made the same observation
in an infant aged 2 weeks, it is indeed likely that the vitelliform structure can be
present already at birth. Falls (quoted by Grimm and Tedford 1963, and Braley
1966) even held that an individual with normal fundi cannot later develop VFD.
We have found that this is 2 fallacy, because many investigators have observed
normal foveae to develop pathological changes later in life (Huysmans 194c; Her-
mann and Vernin 1963; Friedenwald and Maumenee 1951; Zanen and Hermans
1961).

9We personally observed a vitelliform disc in a 6-year-old boy {IV-15, fam. TT;
fig- 8) and in a 44-vear-old man (V-7, fam. Vr; fig. 7), in eyes which had been normal
or virtually normal. One year earlier the boy’s foveae were entirely normal; but the
man had already shown a few small multiple vitelliform lesions over the right fovea
and a small white-yellow spot at the site of the foveola when examined a year earlier
(fig. 7). In two women aged 43 and 3z, respectively, who were known as carriers
on the basis of EOG findings, we saw normal foveae develop pathological changes
in the course of a year (IIl-2; III-8, fam. EW). It should be pointed out that these
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Fig, ro. Partly ruptured vitelliform disc in a 35-year-old
male. (Fam, B-E}.

Fig. rr. Intravitelline haemorrhage in one of our patients
(Fam, Pl). In all probability these haemorrhages are based
on ruptures in Bruch’s membrane.
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Fig. r2a-b, Vitelliform lesions resembling scars of central
choroiditis (Fam. Vr). In this case a diagnosis of toxo-
plasmosis was initially made.



Fig. r2;. Fluorescein angiography of the left cyc reveals
a central defect of the pigment epithelium. This defect is
not Jarger than is suggested by normal ophthalmoscopy.

Fig. rzd. Therc is after-Auorescence (after the clearance of
the Auorescein from the retinal vessels) but not leakage of
fluorescein. This suggests a normal Bruch’s membrane.



Fig, rza-b. Vitelliform lesions in a 15-year-old boy. In this
case also a diagnosis of toxoplasmosis was made despite
notmal serology (Fam. Vi),
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Fig. 14. Delicate folding of the Internal limiting membrane
around a slightly prominent vitelliform disc (Fam. WA).

pathological changes were very slight: both women showed only 2 small yellow-

white spot at the site of the foveola (fig. 9).

The literature shows that the classical vitelliform Iesion is most frequently observed
between age 3 and age 15, with 2 maximum at about age 6. Since most children
start attending kindergarten at age 4 (vision is usually examined periodically at
schools), this fact need not be conclusive of the age of onset. Even in the presence
of a vitelliform lesion, vision is initially good, and the time of onset can therefore
not be determined on the basis of visual acuity.

The possibility that a vitelliform lesion occurs in senescence cannot be ruled out,
theoretically. This is why a classification of posterior pole dystrophies on the basis
of the age of onset is untenable. Apart from ophthalmoscopic examination at
normal visual acuity, the foveal abnormality can be detected also in a patient with
diminished vision. More ot less acute diminution of vision in patients with VFD
can occur in several different ways:

1. due to rupture of the vitelliform cyst, causing cyst contents to emerge and cause
damage to the photoreceptors. The consequences of a rupture are clearly visible
in patient IV-1, fam. B-E (fig. 10); part of the vitelliform structure is still intact,
while another part has ruptured;

2. due to intravitelline haemorrhage (fig. 11) (III-2, fam. PI);

3. without any ophthalmoscopically visible changes in the existing picture, e.g. in
V-19 and V-20, fam. Vr (fig. 12, 13).

In these patients vision returned to the initial level after some time. At the out-
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patient clinic we also saw several patients (e.g. V-3, fam. W.A.} with acute irreversible
changes in vision, without any changes other than the already observed vitelliform
structures.

In most cases, therefore, the ophthalmoscopic picture gives no information on
vision. This is quite apparent in patient V-3 fam. W.A. This young man showed
more or less identical structures in both foveae but vision was 1¢0/10 OD and
1/10 OS,

Metamorphopsia can occur at the time of diminution of vision, but it is rarely
as pronounced as that in chorioidiopathia centralis serosa. The same applies to
hypermetropia.

It is worthy of note that one of our patients (V-7, fam. Vr) perceived light flashes
in one of his eyes in the dark at the time of occurrence of the vitelliform disc. This
patient was already known to show dubious changes in the posterior pole (fig. 7a),
with a highly pathological EOG. About a year after the last examination at which
no vitelliform structure had been visible in the fovea, the patient complained to me
about light flashes in his left eve. To my surprise, I found a classical, intact vitelli-
form lesion in both foveae (fig. 7b).

5. FUNDUS (OPHTHALMOSCOPIC FEATURES)

In most cases VFD is a bilateral abnormality, but unilateral cases have been fre-
quently described, both in young people and in middle-aged indiviuals (Best 1905;
Huysmans 1940; Berkley and Bussey 1949; Bruna 1951; Zanen and Rausin 19513
Capalbi 1954; Zanen and Hermans 1961; De Walsche 1963 ; Braley and Spivey 1964;
Remky et al. 1965 ; Krill et al. 1966; Frangois 1968 ; Deutman 1969},

De Walsche (1963) described a §6-year-old woman and Zanen and Hermans
(1961) an 11-year-old boy with unilateral VFD; this illustrates that unilateral changes
can be found eazly as well as later ia life.

There are many exact descriptions of the classical vitelliform structure. The fovea
encompasses an egg-yellow (sometimes orange or pinkish red), round, slightly
elevated structure surrounded by a somewhat darker border. The retinal vessels take
an undisturbed course past the edge of this disc (the size of which is 0.5-3 optic disc
diameters), which shows an unmistakable resemblance to the intact yolk of a fried
egg or to 4 tinned peach half (Ag. 1).

Very often this classical structure is not seen at the time of examination, and our
impression is that in some cases this characteristic picture never occurs.

Qur study of 98 ophthalmoscopically affected individuals shows that the pictures
found range from an exceedingly slight change to a condition resembling the
terminal stage of extensive chorjoretinitis. Moreover, the carriers of the pathological
gene can show a normal fovea, or a fovea with a not obviously pathological, morte
or less non-specific macrogranular appearance.

In several cases we found as the first sign of VFD a very small yellow-white spot
(fig. 15}, developing into a small yellowish disc, sometimes exactly in the foveola
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Fig. rra-b. Mild foveal alterations in a 48-year-old female
suffering from vitelliform dystrophy (Fam. Ko-K). This
individual is the mother of the boy whose fundi are

depicted in fig. 1.
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Fig. r6-r7. Foveal changes in the “previtelliform stage”.

These lesions were found during examination of familics of

patients with true vitelliform lesions (Fam. WA; Fl and
Ko-K).
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Fig. r8-rs. Foveal changes in the “previtelliform stage”.

‘These lesions were found during examination of families

of patieats witk true vitelliform lesions (Fam. WA; Fl and
Ko-K.
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but at other times eccentric {fig. 16, 17). This disc can become a vitelliform lesion,
but in some cases several drusen-like or spotty configurations occur (fig. 18, 19). In
many cases, however, the egg-yolk lesion does make its appearance.

The age of occurrence of this vitelliform stage is usually between age 3 and age 15,
according to the literature and our personal observations. We observed the egg-
yolk in 9 patients whose respective ages were 6, 6, 7, 7, 9, 44, 19, 13, and ¢ years
(V-13 fam. BE; IV-2 fam. WE; IV-15 fam. T-T; IV-17 fam. Fl; IX-6 fam. Ko-K;
V-7 fam. Vr; IIl-z fam. Bl; IIT-4 fam. Bl; III-6 fam. BI).

Friedenwald and Maumenee (195 1) observed the vitelliform stage in a woman aged
42 and in a middle-aged man.

The vitelliform lesion is not always found in the exact centre of the retina; this
is quite apparent in the multiple vitelliform structures (Littann 1965 ; Denden 1966).
Extrafoveally localized vitelliform structures were also described by Galeazzi (1939)
and Calmettes and Deodati (1962). Our patients V-7 fam. Vr and II-7 fam. KZ
likewise showed eccentric vitelliform changes (figs. 7 and 20).

The vitelliform lesion can be slightly more prominent than the surrounding
pigment epithelium, but this causes only a slight prominence (rarely exceeding 1
dioptre) of the retina in front of it. As a result, a delicate radial pattern of streaks
can occur around this structure (fig. 14, 21).

Binocular contact lens examination indicates the likelihood that the egg-yolk is
localized in the pigment epithelium (fg. 22}. The fact that the yellow of a fully
developed, intact vitelliform disc is so clearly visible, indicates that the pigment
epithelium cannot be entirely intact in front of it. The fact that vision is usually
normal at this stage proves that het neuroepithelium is still intact. A dark border
surrounds the disc and marks the boundary between egg-yolk and pigment epi-
thelium. The volk proper admits little light, but it is clearly visible that a yellowish,
homogeneous substance, hardly prominent if at all, lies immediately beneath the
retina, that is to say: probably in the pigment epithelium. No true cyst is visible at
this stage, and this is why in the early stages of VFD we use the designation “vitelli-
form disc” (Zanen and Hermans 1961).

Optic disc, retinal vessels and retinal periphery are nearly always quite normal in
patients with VFD. So far as can be established, the choroid shows no abnormality.
Occasionally, several vitelliform structures can be found in the posterior pole (fig.
7, 20), and in a fair number of cases the fundal periphery shows a granular appearance
which cannot be identified as a distinctly pathological change (fig. 23). Ia one patient
(IV-19 fam. UT) we found peripheral areas of pigmentation and depigmentation
(fig. 24). The classical vitelliform lesion is not irreversible but may persist more than
a year before it begins to show distinct changes.

As a rule there is disintegration; the contents of the yolk show fragmentation,
possibly as a result of syneresis of pigment epithelium cells that have become necrotic
(Ag. 25). The yolk may even disappear, whereupon the fovea resumes a virtually
notmal appearance (Zanen and Hermans 1961; Bischler 1952). We ourselves ob-
served complete disappezrance of a vitelliform structure in two cases (II-7 fam. KZ;
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Fig. 20a. Two vitelliform lesions in the eye of a female in

her thirties (Fam. K-Z). At the fovea an atrophic lesion.

On the superior nasal side of this lesion an intact vitelliform
dise,

Fig. 20b. TFluorescein angjography shows pathological

fluorescence mainly at the site of the fovea. Some spots of

inercased fluorescence are visible atr the site of the intact

vitelliform disc. This suggests slight defects in the retinal
pigment epithelium.
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Fig. 2r, Virelliform lesion in an 18-year-old boy. Note the

fine folding of the internal limiting membrane. In the other

eye this boy developed an anterior disinsertion of the
retina (Fam, UT).

V-13 fam. BE). The vitelliform abnormality can recur after such a regression (Zanen
and Hermans 1961 ; Franceschetti et al. 1963).

Regression of the vitelliform lesion to an ophthalmoscopically normal fovea can
be explained both by metabolic processes in the pigment epithelium and by ab-
sorption from the choriocapillaris. As a rule the vitelliform disc develops into a
cyst, in which vitelliform remnants can still be observed (fig. 26). If the egg metaphor
is to be continued, this stage can be described as “scrambled egg” stage. At the site
of disappearance of the egg-yolk one often observes atrophic pigment epithelium
with the choroid (redder than adjacent parts) shimmeting through (fig. 27).

A different course is also possible. The contents of the yolk can become subject
to syneresis, giving rise to a cyst with a fluid-level (fig. 28). Because of the striking
resemblance to a hypopyon, this stage is sometimes called pseudo-hypopyon stage.
There may 2lso be pseudo-descemet mottling on the posterior aspect of the cyst’s
antertor wall, the retina (Pameyer 1954).

Remky et al. (1965) clearly demonstrated the liquid character of this pseudo-
hypopyon by photographing a patient’s fundus in different positions. This pseudo-
hypopyon stage is most commonly encountered between age 30 and age 40 (Remky
et al. 1965). The cyst can rupture, with proliferation of pigment epithelium as a
result, which may produce marked pigmentations.

The resulting clinical picture (fig. 29) can be readily confused with a cicatrix of
chorioretinitis centralis {fig. z0).



Fig, 22, Schematic drawing of six different stages of the rise and fall of the vitelliform disc
(binocular slitlamp-examination).

a. normal fovea, pathological EOG 4. minimal foveal lesion
¢, Intact vitclliform disc 4. ruptured vitelliform disc
¢, pseudo-hypopyon (vitelliform cyst) /- atrophy of the centrs! retina.
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Fig. 23. Fine mottling of pigment as is often scen in the
retinal peripheries of patients with vitelliform dystrophy
(Farn. WA) (panchromatic filra).

Fig. 24. Area of pigmentation and depigmentation in the
retinal periphery of a zr-year-old male with vitelliform
dystrophy.
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Fig, 25a, Inract vitelliform disc in a Guyear-old boy
{Fam, E-W),

Fig, 256, The same eye 6 years later. The disc is disinte~
grated (Fam. E-W).
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Fig. 26, Vitelliform cyst in a 24-year-old male (Fam. Ko-K)-

Fig 27, Vitelliform cyst with yellowish-white deposits in
2 52-year-old male (Fam. Fl).
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Fig. 28. Pscudohypopyon-structure in 2 vitelliform cyst in
the eye of a 37-year-old female (Fam dB).

Fig. 29. Severe pigmentations at the bottom of a vitelliform
lesion in a §z-year-old male (Fam. Fl).
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Fig. j0. Scar of central choroiditis in the foveal area, Note
the small scar infratemporzally from the fovea.

Fig. 37. Multiple deposits in a round area of atrophic
pigment epithelium in a 41-year-old male suffering from
vitelliform dystrophy (Fam. V).
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Fig. 72, Distinct pigmentations in a vitelliform lesion
necessitating differential diagnosis with central choroiditis,
There is also a pigment nacvus near the disc (Fam. UT),

Fig. 33. Acwrophic foveal arca with a delicate honeycomb
structure in a 54-year-old female with vitelliform dystrophy
(Fam. V).
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Fig. 34. Well defined area of retinal atrophy in both eyes
of a 73-year-old male with vitelliform dystrophy (Fam. UT).

230



Fig. 35a-b. Vitelliform cysts with pseudo-hypopyon aspects,
Note the differences in size of the vitelliform cysts in the
right and left eye (Fam. UT).
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In a few cases there may be haemorrhages deep in the retina at the site of the
vitelliform lesion (Mazzi 1954; De Walsche 1963; Braley 1966). We ourselves ob-
served this in only one case (JII-z fam. P1; fig. 11). These haematomas are absorbed
in the course of 2 few weeks. We believe that the occurrence of haemorrhages points
in the direction of a no longer quite intact Bruch’s membrane and/or choriocapillatis.
But in initial stages these haemorrhages are never seen, and on this basis a primary
affection of the choriccapillaris and/or Bruch’s membrane car be practically ruled cut.

The vitelliform lesion ultimately results in a circular area of atrophic pigment
epithelium in which yellow lumps can become manifest (ig. 31). There are some-
times fairly pronounced pigmentations {fig. 32), although in many cases these are
absent (fig. 33). One of the patients in whom we saw this was a 74~year-old man
(II-6 fam. UT), who showed a circumscribed area of pigmental epithelium atrophy
and an atrophic choroid (fig. 34).

Many authors, including Francois (1967) and Krill et al. (1966) maintain that,
after disintegration, the foveal features are indistinguishable from those in other
affections. Although we could confirm this in incidental cases, our study has con-
vinced us that in most cases the foveal abnormality retains its typical characteristics
in which the basic vitelliform process can stll be clearly recognized up to a very
advanced age. We observed this in several patdents (II-6 fam. UT; III-8, IV-5,V-6
and V-g, fam. Vr). The circular central atrophy of the pigment epithelium remains
a characteristic feature of the vitelliform dystrophy until advanced age (fig. 34).

In summary,and in 2 strictly schematic way, the evolution of VED can be described
as follows:
normal fovea (but already a pathological EOG) (fig. 41);
previtelliform stage (Ag. 15);
vitelliform stage (fig. 1, 42b);

“scrambled egg”™ stage (fig. 26, fig. 422).

cyst stage (fig. 27);

. pseudo-hypopyon stage (fig. 28, 35);

7. chorioretinal atrophy stage (fig. 53, 34).

The development of VFD can skip several of these stages, and various transitional
forms of course occur.

Although VFD is usually bilateral, a perfectly symmetrical fundus picture is rarely
seen. There may be substantial differences between OD and OS, both ophthal-
moscopically and in terms of visual acuity (figs. 55, 36).

S

4- REFRACTION

Pronounced hypermetropia with astigmatism is often found in patients as well as
their relatives; convergent concomitant strabismus with amblyopia is also often
observed. Practically all authors mention hypermetropia (Best 1905; Beht 1920;
Huysmans 1940; Sorsby 1940; Berkley and Bussey 1949; Falls 1949; Zanen and
Rausin 1951; Capalbi 1954; Pameyer 1954; McFarland 1955; Sorsby et al. 1956;
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Fig. 36a-b. Vitclliform cysts with pseudo-hypopyon aspects.
Note the differences in size of the vitelliform cysts in the
right and left eye.
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Gregory 1958; Chinaglia and Perini 1964; Braley and Spivey 1964; Melodia and
Tabacchi 1965 ; Spinelli and De Molfetta 1965; Remky et al. 1965; Hermann 1966;
Belmonte 1966; Kiill et al. 1966; Gorgone 1967; Curry and Moorman 1968; and
others).

Yet this hypermetropia is not an obligate finding. In one patient we found slight
myopia (IV-2 fam. EW). Bonnet et al. (1966) saw 2 girl who developed slight
myopia; and Gorgone (1967) saw a myopic gitl with a hypermetropic mother, both
showing VFD. The pronounced hypermetropia usually found cannot be ascribed
to any prominence of the fovea because this is rarely more than 1 dioptre.

There are no marked abnormalities of refraction of the type found in central
serous choroidopathy. The commonly observed hypermetropia with strabismus
malkes it desirable to point out to futute parents in these families that their children
will have to be examined by the ophthalmologist at a very early age.

5. VISUAL ACUITY

Vision is initially normal or only slightly subnormal, even in the presence of a fully
developed vitelliform disc. This often causes surprise. This good vision can only
be explained by assuming that the neurcepithelium (i.e. the cones) are initially not
involved in the pathological process. Moreover, the funciions usually required for
good vision, usually show no fundamental disturbances. In spite of the vitelliform
structure, therefore, the pigment epithelium which is its site will continue to function
fairly well, even at the site of the fovea. A primary disturbance of Bruch’s membrane
is more likely to give rise to exudates and haemorrhagic processes, as in the case of
angioid streaks, Sorsby’s pseudo-inflammatory dystrophy and Junius-Kuhnt
disciform posterior pole degeneration; in that case there is leakage of fluorescein in
fluorescein angiography. But this is never observed in VFD.

If very sensitive methods are used to determine vision, it is probably always
possible to demonstrate at least a very slight diminution of vision. Using a photo-
meter and different light intensities with different wavelengths, Zanen and Balsacq
(1968) found an unmistakable diminution of foveal sensitivity in a patient with VFD
whose visual acuity was still virtually normal. We were able to demonstrate the same
in our of our patients (IV-z fam. EW) with the aid of the Friedman visual field
analyser.

As determined by conventional routine methods now in use, visual acuity is in
many cases still quite normal or only slightly subnormal in the initial stages; but when
the contents of the vitelliform disc begin to disintegrate, vision is seen to diminish.

This diminution of vision can be abrupt (upon rupture of the vitelliform cyst).
The contents of the vitelliform structure then emerge and damage the photoreceptors.
The cause of diminished vision is sometimes quite apparent at ophthalmoscopy; on
the other hand there are many cases without any change at the time of abrupt di-
minution of vision.

As we pointed out, haemorrhages in the vitelliform structure can also cause abrupt
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diminution of vision. It is impossible to predict whether the loss of vision will be
reversible or irreversible, but it is conspicuous that loss of wvision occurs when
general resistance is low, e.g. during illness, after operation or parturition, and also
in response to traumatic mental influences.

In the atrophic terminal stage, vision is often as low as 5/6Go to z/10. Many authors
report that substantial diminution of vision does not occur until a more advanced
age, but we have seen considerably diminished vision at an eazlier age (fam . KL.K).
We saw a patient under 20 whose vision was only o.z ODS (V-19 fam. V) and a boy
of 10 with vision 1/10 ODS (IV-20 fam. UT). Patients with non-specific lesions
(vellow drusen-like alterations in the posterior pole) can retain good vision to a very
advanced age because the neuroepitheliom remains intact.

When the foveal cones are involved, variable patterns of eccentric fixation develop.
Hermann (1966) reported “eccentric viewing” but no genuine eccentric fixation in a
7-year-old girl in whom a vitelliform structure developed in the course of 5 years
to a lesion with degeneration and pigmented changes. In the long run, however,
genuine eccentric fixation does develop as damage of the photoreceptors increases
(Graham et al. 1964; personal observations).

6. VISUAL FIELDS

The peripheral boundaries of the visual fields are quite normal throughout all stages
of this condition. The central visual field of course shows a diminution of sensitivity,
which roughly parallels the loss of vision.

Scotomas occut, initially for red and later for green, followed by relative scotomas
for white light; in serious cases an absolute central scotoma can occur. The size of
the scotoma is dependent on the size of the vitelliform structure.

A paracentral scotoma is occasionally found in association with paracentral
vitelliform structures of the kind sometimes seen in multiple vitelliform lesions.

7- COLOUR VISION

Diminution of visual acuity in VFD is generally accompanied by an acquired
disturbance of colour vision. The patient is usually unaware of this, but some
patients complain that the colour red is less well pezceptible. There are no character-
istic disturbances of colour vision. The findings obtained in this respect prove to be
largely dependent on the methods used to determine colour vision. Central colour
vision shows marked deterioration with increasingly disturbed vision. Kiill et al.
(1966) demonstrated this quite clearly with the Farnsworth-Munsell roc-hue test.

A wide range of various disturbances of colour vision have been described, but
undisturbed colour vision has likewise been reported faitly often (Falls 1949; Zanen
and Rausin 1951; Capalbi 1954; Sorsby and Wren 1960; Hermann and Vernin 1963;
Franceschetti, Frangois and Babel 1963; Etienne et al. 1964; Hermann 1966; Bel-
monte 1966; Le Hunsec and Pierre 1967; Tsukahara et al. 1968).
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Others have reported a slightly diminished general colour sense without specific
axjs {anomalous trichromasia) (Falls 1949; Zanen and Lempereur 1954; Zanen and
Hermans 1961; Vertiest 1964).

Mild red-green dyschromatopsia has been described also (Zanen and Hermans
1961; Grimm and Tedford 1963; Velzeboer 1963 ; Braley and Spivey 1964; Remky
et al. 1965 ; Frangois et al. 1966; Krill et al. 1966).

Many authors reported anomaloscopic evidence of reduced red sensitivity (Bisch-
ler 1952; Sorsby et al. 1956; Zanen and Hermans 1961; Velzeboer 1965 ; Krill et al.
1966). This corresponds to type II of acquired red-green dyschromatopsia (Vertiest
1964). But Braley and Spivey (1964) described type I acquired red-green dyschro-
matopsia, and Melodia and Tabacchi (1965) established mild deuteranomaly with the
roo-hue test. Blue-yellow dyschromatopsia was found in a few cases (Spinelli and
De Molfetta 1965 ; Kiill et al. 1966), and blue-green dyschromatopsia was reported
by others (Zanen and Rausin 1951; Velzeboer 1965; Melodia and Tabacchi 1965;
Krill et al. 1966).

This enumeration shows that a wide variety of disturbances of colour vision can
be found. In 23 of the 30 affected subjects we examined for colour vision, we found
a more or less markedly reduced red sensitivity (anomaloscope). The HRR test
disclosed mild-to-moderate red-green dyschromatopsia in zo of the 3o individuals
examined, and slight blue-yellow dyschromatopsia was observed in only one case.
The decrease in red sensitivity was quite apparent at a vision of o.5 or less. The
Farnsworth panel D-15 test revealed a tritan disorder in 8 patients, while a red-green
disorder was found in only z cases. All the patients with a tritan disorder had a
vision of 0.z or less. Some slight disturbance of colour vision without specific axis
(anomalous trichromasia) was observed in 5 patients.

The effect of the vitelliform abnormality on colour vision is perfectly illustrated
by the data on our patient IV-19 fam. UT, with a vitelliform lesion and loss of vision
to 1/xo OD, and a normal posterior pole, and vision ro/10 OS (table II1).

Table 11T
Vision Anomaloscope HRR test Farnsworth D-15
oD 110 diminished red mild R-G tritan axis
sensitivity dyschromatopsia
(1] 10/10 notmal normal normal

This case confirms the incorrectness of Behr's original view that the colour vision
disorders do not result from the VFD but occur as a concutrent hereditary ab-
normality.

Our conclusion is that with increasing loss of vision colour vision dirninishes on
the whole, and that the red receptors in particular are affected. With increasing loss
of vision, a subsequent tritan disorder is not uncommon.
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8. DARK ADAPTATION

Sorsby et al. (1956) found a slight disturbance of dark adaptation in 2 members of
the CNS family, but good dark adapration in another member of this family. In their
HN family - also with VFD — they found good dark adaptation. Braley and Spivey
(1964) also described a slightly disturbed dark adaptation cutve: “The rod or final
phase of dark adaptation was normal in all our instances, both afflicted and normal.
However, although the early mesopic plateau was not grossly abnormal, there was
certainly a general prolongation of the Kohlrausch kink in those affected”.

Unlike these authors, we found an entirely normal dark adaptation curve in 21 of
22 cases studied. In cases of repeated examination, too, we found no anomalies.
When vision is poor the streak figure of the Goldmann-Weekers apparatus can be
perceived too late, without dark adaptation being pathological.

This possibility should always be borne in mind; in dubious cases the curve
should be plotted again by the integral method.

Other authors have also described normal dark adaptation curves (Remky et al.
1965 ; Frangols et al. 1966, 1967; Krill et al. 1966; Tsukahara et al. 1968).

9. ELECTRORETINOGRAPHY

The ERG is usually normal in VED (Gallet 1961 ; Franceschetti, Frangois and Babel
1963; Braley and Spivey 1964; Chinaglia and Perini 1964; Krill et al. 1966; Bonnet
et al. 1966; Denden 1966; Francois 1967, 1968; Tsukahara et al. 1968; Deutman
1969). The critical flicker fusion (CFF) is likewise normal (Braley and Spivey 1964;
Frangois et al. 1967, 1968).

Frangois et al. (1967, 1968) did poiar out that the ERG values of the 2- and b-waves
were lower than normal, but they defined these values as decidedly within the limits
of normal. Braley and Spivey (1964) likewise reported normal ERG’s. The a-waves
were normal, and failed to show the anomalous slope reported by Ruedemann and
Noell (1961). The following features were found to deviate from the normal. “By
plotting the amplitude of the b-wave in microvolts against time of increasing dark
adaptation at a constant stimulus intensity, it was found that most affected individuals
exhibit 2 slow rise duting the first 12 minutes of dark adaptation. At 2o minutes the
b-wave amplitude exhibits a very sharp elevation to a level equal to that of the
normals. By contrast in the unaffected, the progress is rather rapid to the 12 minute
period. They then show proportionally very little increase in the 2c minute stimulus.”

We ourselves found normal scotopic and photopic ERG values in 23 individuals
(page 432). The photopic a- and b-wave were both normal. In only one man of
77 years (III-8, fam. V) did we find a subnormal scotopic b-wave of the ERG,
probably due to senile retinal changes.

Local ERG of the fovea and visually evoked respornses

The F-ERG was recorded in 7 individuals. It was normal in association with good
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vision, and subnormal when vision was poor (s was to be expected). There was no
distinct correlation between vision and F-ERG response, which was probably in
part determined by the poor fixation in diminishing vision.

We generally found normal responses at a vision exceeding 4/10, and subnormal
responses at lower values. The VER largely parallelled the F-ERG tesponses. They
were normal at a vision exceeding 4/10, and subnormal at lower values.

Biersdorf and Diller (1969), who used a different technique of local foveal stimu-
lation, found a normal foveal response ODS in a patient with VFD whose vision
was 20/40 OD znd 20/20 OS.

Qscillatory potentials

The literature comprises no reports on the OP in VFD. In 2 patients examined
(IV-2 fam. EW; fam. Vr) we found quite normal OP’s and we consequently believe
that the OP as well as the ERG a- and b-waves are generally normal in VED.

IC. ELECTRO-OCULOGRAPHY

Krill et al. (1966) and Frangois et al. (1966, 1967, 1968) obtained a distinctly abnormal
EOG as the sole sign of disturbed retinal function.

The standing potential proper is somewhat low, or normal (Frangois 1966, 1967),
but the Lp/Dt-ratio is clearly pathological. We have confirmed this in 40 cases from
12 different families. In none of the patients did the Lp/Dt-ratio exceed r.50, and
1.65 can be regarded as the extreme lower limit of normal.* Although the EOG can
show marked variations in normal subjects (Kelsey 1967), it can be categorically
stated that our cases of VFD showed a highly pathological EOG, with in many cases
complete absence of a light rise, causing the EOG to take a more or less flat course
(fig- 37)-

‘This flat course of the EOG record is characteristic of VFD.

The foveal changes were not very pronounced in 5 of the 40 patients examined.

Like a patient described by Frangois et al. (1967), our own patient with a uni-
lateral vitelliform abnormality IV-19 fam. UT) also proved to show a highly
pathological EOG in both eyes.

A new finding was that catriers of the pathological gene with ophthalmoscopically
notmal foveae proved to show a highly pathological EOG, like the patients (Deut-
man 1969). This means that the EOG is a useful 2id in the diagnosis of carriers, and
is therefore an indispensable method of investigation in genetic counselling. We
detected 16 ophthalmoscopically normal carriers of the gene in 5 different families
(families T'T, K-Z, EW, dB and Vr); in 2 of these 16, slight ophthalmoscopic changes
were later observed. If 2 patient were exarined for it at birth it is highly probable
that a pathological Lp/Dt-ratio of the EOG would be found.

* The other day we examined a new family with VFD. In this family, thete were two affected individuals
who showed the comparatively high L/D-ratio of 1.60.
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Fig. 37a, EOG bar figure in a normal individual (top} and
in a patient with vitelliform dystrophy (bottom).

The cause of this pathological EOG is probably a metabolic dysfunction resulting
from a disorder of absence of an enzyme in the retinal pigment epithelium.

The EOG should be regarded as a funcdon test for the entire retina, and a patho-
logical EOG therefore indicates an overall retinal dysfunction.

This means that it is an interesting and unexpected finding to encounter a highly
pathological EOG in a condition in which as 2 rule only the central retina shows any
ophthalmoscopic change. The occurrence of multiple vitelliform structures already
suggested a diffuse retinal disorder (Littann 1965 ; Denden 1966). The fact that it is
usually only the fovea which shows changes, can be explained by the fact that the
fovea has a quite special and highly differentiated anatomical and functional position
in the retina. Apart from this, the fovea centralis is a locus minoris resistentiae also
in many other affections, e.g. chloroquine retinopathy (Hobbs et al. 1959; Gouras
and Gunkel 1963; Butler 1966), phenothiazine retinopathy (Verrey 1956; Rintelen
et al. 1957; Alkemade 1968; Henkes